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On the Condensed Film on the Inner Wall of the Apparatus for

Vacuum Fusion Gas Analysis.

(Studies on the analysis of gasés in steels by the vacuum fusion method—II)-

Takeji Koizumi, Fujio TSUGANE and Masataka KAMAKURA

Synopsis:

In the previous paper, the authors ascertained that when the steel samples contalmng Al
.~ or Mn were analysed by the vacuum fusion method, the O values decreased quantitatively

with the increase of such elements.

In this paper, the following are dealt with:

(1) Relations between the above-mentioned

phenomenon, the temperatures of the inner wall of the apparatus, of the Mo-hood covering

the graphite crucible, and then the components (Fe, Al,

the inner wall surface. (2)

or Mn) of the condensed film on

The analysis of the residues in the crucible revealed the incre-

asing tendency of Mn and Al vaporization proportional to each content.

On these experimental results, it is concluded that when the samples containing Al or Mn
are molten, the vapour pressures of these elements are remarkably high comparing with other -
metals and so the vapourized quantities become larger.

Consequently, a film containing Fe, Al or Mn is formed on the inner wall of the apparatus

and adsorbs the extracted CO gas.
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Thus the O values determined are lowered.
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-Table 1. Temperatures of crucible and inner wall of the furnace tube.

(Effect of “hoods) - e e e :
Temp. of the inner wall of the furnace tube
K Mo—hood Quartz—hood No.
T ~  mm mm mm mm mim mm mm mm
20 up 30 up 20 up 20 up 30 up 30 up 35 up 30 up
2330°C 646°C ‘515°C 559°C 540°C 458°C 423°C 405°C 660°C
1850°C . 555. 434 470 . 430 , 365 335 325 520
K : Kind of hood M : Measured position of inner wall T : Temp. of crucible. - “
Table 2. Temperature of crucible and Mo-hood.
: : ' New Old*
Temp of Mo-hood (mp of tempilstik) : :
899°C 927°C 899°C 927°C
‘ . - mm o o o o
Temp. of Distance .from the top 18 up 1540°C 1720°C 1425°C 1560°C
crucible of crucible » 8 mlilla) 1395 1640 1285 1480

* " gfter 5~6 times use.
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Table 3. Chemicai composition of samples.

No Spec C | S | Mn| P| S |Ni|Cr| Cu| Al | Fe | Oppm

' P % | % | % | % | % | % | % | % | % | % |(Mo-hood used)
oot | ovos | 003 | 07007l 0-011] o o1 | o #110°2( o =4°34)
1 | Pure Fe 0°01 | 0708 | 0°03 | 07007 0°011 0°02 | tr | 001 | 0016 |01 507 27158

. *k . —
2 |50% Ni Permalloy| 07006/ 0°05 | 0°21 | 0°003 0°004/50°04 | tr | tr | 0-010 19679 (0 =6758)

. % £ .
3 $-35-C 0°39 | 0°29 | 0:70 | 0*008| 0*009| 0+08 | 0°09 | 0*17 | 0-029 5 50°9(¢ =193)

47°4( ¢ =5°02)
™ 4 SUs-27 0°06 | 0°79 | 1°24 | 0°014] 0°017| 9+63 [19°24 | 006 | 0°039 60°7(o =5°26)

. * 5. e
5 En-15. 0°44 | 0°30 | 144 | 0°016] 0%019] - 017 | 0030 o"fé-ééizé-;}%

*

6 Pure Fe 001 O'Ol‘ tr 0+002 O'Ol}O 0704 | 0°01 0°018 ©713°7( g =5°05)
Elect. Mn 0°010; tr (99°92 | 0°002| 0°028 0°018
‘ Al ) >99+

*; Const. vol. press. measuring typé. °; Const. press. Orsat type. .
Table 4. Influence of Al on the O Value determined. (Effect of Mo-hood)

»
k: Apparatus Const. press. Orsat type ' Const.‘ vol. press. measuring type
Sample. No. No. 1 No. 1
Spec. , Pure Fe Pure Fe
Al(added)% o 0°5 10 o 0°5 10 1°5
Mo—hood Use | No. | Use | No. | Use | No. | Use | No. | Use | No. | Use | No. | Use | No.
@. Olppm (—;) 1073 102'(5 110°1) 66°1 | 89°5 1618 | 112°5| 108°8 934 | 706 | 92°3 { 72°6 | 92*8 | 38°5
Std. dev. (o )] 7°45 | 6°48 | 3°49 | 14*63 10°28| 5°76 | 4*61 | 4°16 | 4°49 8°08 | 3°76 | 8°67 5’88 6°30

Table 5. Influence of Mn on the O value determined (Effect of Mo-hood)

Apparatus o Const. press. Orsat type
Sample No. |- No. 1 | No. 3 No. 5
Spec. Pure Fe S-35-C En-15
Mn% _ o  (0m2)* ’ (0°5)* | (1+0)* | 0°70 1+44
Mo-hood Use | No. | Use | No. | Use | No. Use ] No. Use No. Use No.
O ppm (%) | 107°3| 102°0| 88°8 ‘ 81°5 | 80°1'| 55°0 82°3 455 4943 | 29%6 150 6°2
Std. dev. (o) | 7°45 | 6°48 | 11°05 10°76| 1349 1375 | 2°12 3+19 1°75 0°74 | 2°82 3747

Apparatus : Const. vol. press. measuring type

Sample No. No. 7 , No.1 | No.2 No. 3 No. 4 No. 5

Spec. Pure Fe Pure Fe | Permalloy §-35-C SUS-27 En-15
Mn% 0 (0+05)* o 021 | 070 1424 1444

Mo-hood Use | No. | Use 1 No. | Use | No. | Use | No. | Use | No. | Use | No. | Use | No.

O ppm () | 71377 718°0) 711°2| 694°7| 11275 108+8 193°0| 186*0| 50°9 | 30°2 | 60°7 | 29°5 | 21*7 | 87

Std. dev. (¢ )| 5°05 | 6°69 | 3°51 % 7°89 | 461 | 4°16 '6'58 8°47 | 1°93 | 3°15 | 5°26 | 6°24 | 1°09 3‘42

*: the case of Mn added.
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(Comparison of Mo-hood, USE and No:.)
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Table 6. Analysis of condensed film on the inner wall of furnace tube and

. . ' (B) Metals condensed on the
%ﬁtgfltA 1 \?aﬁiien (A\?, e}‘%tfl inner wall of furnace tube
Sample - Mo hood A 8 '
determined of Fe Mn Al
(% (ppm specimens

) ppm) | SPECIMENS | (mgy | (mg) | ~(m)

~ No.3 Mn Use "49°3 12°76 — 29°06 0°311

(S35C) 0°70 No. 29'6 14°54 | 992°21 47426 07659

No. 5 “Mn Use 1540 16720 25°10 7095 0°192

(En 15) 1°44 B »

No. 6°2 1507 277710 72°16 0°211

No. 1 Mn (added) Use 88°8 15°28 43721 1576 0-321

(Pure iron) 0°20 No. 81°5 14766 37922 14759 0°304

No. 1 Mn (added) Use 80° 1 15°39 31462 21°09 0°189
(Pure iron) 0°50

No. 55°0 © 14789 | . 472761 28°97 0°442

No. 1 Mn (added) Use 82°3 15709 139406 69°17 0°266

(Pure iron) 1+00 No. 45°5 15°95 53770 74°55 0°216

~ No. 1 Al (added) Use 1085 14°76 44°6 826 0°224

(Pure iron) 0°50 No. 66° 1 14°63 274°6 11°50 0°448

~ No. 1 Al (added) Use 89°5 14°78 20°46 4+81 0-448
(Pure iron) 100

o No. 61°8 14°43 485°46 3°20 1-805

*( ) in Al% column shows insol, Al%.
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B ENbinb. ToT, OFWEE OBEMS Kk
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F®D L & DHAKEEFE (Table 6, 7 i Metal

Condensate (B)/(A) DIF) Z»FUEL | CHKFELZE

HIL COHMHER L L 72
EKIG =HRFRER no/MArF#IER use _
BAT7X7EE no : unit condensate (no). Mo 7 —
FELOBEDHEM 1 g ¥ hoXkEE
HAZKEE use : unit condensate (use). Mo 7
~ FREALHAOME 1g %) ORER
L DZRFEL & O RO REZ /"9 7I1UR T L Fig. 6
Fig. 7 DBV L 75 5.

residual metals in graphite crucible (Const. press. Orsat type).

Metal condensate * Residual metals in graphite o Eva;ﬁorated metals from
(B)Y/(A) crucible crucible
Fe Mn Al ~ ¢ Mn Al Mn Al
(mg/gr) (mg/gr) (mg/gr) (%) (%) (%) © (mg) (mg)
14969 778 47+21
60°207 2°868 872 0°221 — 7379
(0)
1+549 4°380 : 738 0°326 0°0189 “170°13
‘ ' (0) _
18°387 4+788 780 0°358 0°0181 16375
2837 | 1+035 : 6°48 0°068 0°0102 2281
25°868 07995 8+27 0°074 00104 2152
(0) -
2°055 1370 8227 0°132 0°0072 56°10
(0) ’
31740 1°946 827 0°147 0°0102 53°17
2588 |  4-584 7461 0°232 0°0109- 112°72
334712 |. 4674 7+20 - 0226 00117 122°75
2°645 0°0133 826 0°435 S 081
16°532 : 00270 7454 0°361 16°00
: : (0) ‘ '
1°384 00303 7464 - 0°648 1°75
v : (0)
33°642 01251 773 0°814 7+07

“#% The value is corrected by C contént of residual alloy.
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Table 7. Analysis of condensed film on the inner wall of furnaée tube andi
. , (B) Metals condensed on the
Mn or Al _ . Oxygen |(A). T otal inner wall of furnace tube
Sample content Mo hood value weight ’
determined of Fe Mo N
‘ (%) (ppm) Specimens ;
7 . (mg) (mg) (mg)
No. ! Mn 0°03 Use 112°5° 2995 165°0 k 2°32 0+ 144
(Pure iron) Al 0016 ' )
) No. 1088 35°35 ‘ 4166 808 0°576
No. 2 M U . -V. . 4 *185
(Permalloy O.gl se 193°0 2642 55 6 4°16 »O 18
: No. 1860 29°15 3254 13°80 0°205
No. 3 Mn Use 50°9 28°32 — 15279 0°608
(S35C) 0°70 No. 30°2 25°92 - — 5582 1°024
. No. 4 Mn. Use 60°7 2811 — 15°02 0°654
(SUS 27) . 124 ‘ ‘
No. 29°5 2146 — 86°07 0339
No. 5 Mn Use 217 30°70 5401 16737 0339
(En 15) 1°44 » :

No. 87 26°90 305°6 140'20 0654
© No. 1 Al(added) Use 934 27438 0°426
(Pure iron) 0°50

No. 706 24°46 1°760

No. 1 Al(added) Use 92°3 28°73 1°440
(Pure iron) 1°00 : :
' No. 72°6 2911 3°680

No. 1 Al(added) Use 92°8 28°05 1°392

- (Pure -iron) 1250 ... : e -
' . No. 385 27°99 . 9720

* ( ).invAl'% column shows insol. Al

-~ T T
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Fig. 4. Relation between Mn content and

evaporated Mn weight.
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- residual metals in graphite crucible (Const. vol. press. measuring type)

Metal condensate * Residual metals in graphite **¢ Evaporated metals from
(B)/(A) crucible : crucible
Fe Mn Al C Mn Al Mn Al
(mg/gr) (mg/gr) (mg/gr) (%) (%) (%) (mg) (mg)
: (0)
511 0+081 0°0045. 9°05 0°01 0°007 16470 2°99
(0) -
1116 0216 0°0154 9+00 0°01 0008 16°23 3°00
(0)
2°11 0°157 6°58 005 0°*010 40445
(0) :
11°16 0’473 4°90 0°06 O'QO? 42°10
© 0°558 . 978 11893
2153 - 7°40 125°36
(0°0006) .
0°534 7°78 0°*38 0030 224°59
(0°0008)
4011 7°61 0°34 0033 182°95
(0)
1*76 0°532 6°52 044 0°024 289426
(0) .
11°36 5°213 6°68 0°39 - 0021 270°95
(0) 86°93
0°0156 7°12 0] Q*186
(0) 37°24
0°0720 941 0 0°265
(0) .
Q'O5OI 10°85 0 0618 7507
o) | . \
01264 7°88 0 0°743 ° ‘ 5375
(0) .
0°0496 911 0 0°940 14170
: -(0)
0°3472 7*45 0 1°008 127°55

**  The value is corrected by C content of residual alloy.
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Fig. 5. Relation between Al content and
evaporated Al weight.
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(&% Table 8 TR F. Zhic X Mn, Al 7¢

YOGS 1850°C (I T VMDD T 8 { L D HHTEF

TR BERVBEBRTH D L L3br D IR RAR 1850
°C {ds\F HIFREIX Z. M. Turoviseva ORD i
RR]UEPOEZ AN THER LD TH 5.

Z. M. TuROVTSEVA DT,
W=5-833-10"2P1/M/T gt /cm?-sec
: rate of evaporation.
: molecular weight in gr.
: vapour pressure in mmHg

: gas constant.
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: absolute temperature in °K.
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“Table 8. Vapour pressure and rate of evaporation of various metals®D8D,

o P=1"0ommHg 1850°C
Element | Phase - Rate of
Temp. °C evagoiac%ion P mmHg Rate of evaporation _
Al ' I mg/cm?2-sec mg/cm?2-sec :
: O 1270 |Qapprox . 7°5 . :
1. A 1420 ® 1019
O 1537 O 1618 ® 1161
O approx ' QOapprox 9°5 ‘
Fe ! 1770 | ’
/\  approx
' 1810 AN 077 7°3
] 1910 O 0°55 ® 52
‘Mn i O 1240 |Qapprox 150
A 1250 A 238*72 ® 224149
: ] 140%6 ® - 1320°4
Pt ! O 2580 |Qapprox 10°8 |O 5°0x104 ® - 00088
. AN : 2580 A 3°5X107¢ X 0*0062
1 12689 O 46x107¢ ® 0+0081
A: J. F. Eruior & M. GLEISER®, QO: S. Dusuman?®
®: Z. M. Turovrseva & L. L. Kunin®, [ |: £BHEE '(1%0)5) ‘
DI SEEE L, S 5 ICEREU O Mn % x W

i Al EOBLERETT5 2 LB 251D,
VL. & B .
HUHT, Al, Mo S e 8H T 6B T O&H R

DHEME LSRRI O AR T B £ & RN

P AR TR C 0 BRAME S PRI ST B BT
ISHIH X7 CO B 2B WIET 2720 TH D E LA

L7 XD ICEKEBEORMRS OK 4t Fe, Mn,

Al THBHZEBMBELEDBIT, TOREBELRITT
% 7 DI BSOS D TS O & B ORFIRAE L K

L. Eie, HIBZ ANLREZCHSE Mo 7 ~ K

DI O D &R OEFERE L W7o FETER 2 W LT
CO HRADHEFEEZVLUS LKL T 5 & E23bD
7z. : .
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