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Rates of Nitrogen Absorption into Liquid Fe-Cr and Fe-Cr-Ni Alloys

Takao CHOH, Tetsuo YAMADA, and Michio INOUYE

Synopsis:

The rates of nitrogen absorption of inductively melted liquid Fe-Cr and Fe-Cr-Ni alloys have been

measured at 1 600°C by Sieverts method.

The apparent mass transfer coefficient of nitrogen absorption of those alloys, Ky, decreases with increas-
ing oxygen concentration as already observed for liquid iron. In the range between 0.01 and 0.03% O,
it has been observed that the values of ky of those liquid alloys are smaller than those of liquid iron, al-
though there are little differences between them below 0.01% O or above 0.03% O

The surface tensions of liquid Fe-Cr and Fe-Cr—Ni alloys were estimated from the experimental results
of nitrogen absorption of those alloys, in order to ascertain the behavior of adsorbed oxygen at the gas—

metal interface.

According to the obtained surface tension for those liquid alloys, it is probable that the excess quantities
of adsorbed oxygen at the gas—metal interface of liquid alloys may be higher than those of liquid iron in
low oxygen level. On the contrary, in high oxygen level, they may be lower than those of liquid iron.

Consequently, the values of 4y may change with the behavior of adsorbed oxygen at the interface.
The differences of the apparent mass transfer coefficient among Fe-18Cr, Fe-18Cr—8Ni and Fe-25Cr-20Ni
alloys are negligibly small. Silicon, vanadium and manganese have little effect on the values of ky for

liquid Fe-18Cr-8Ni alloy.
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Fig. 1. Schematic diagram of apparatus.
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Fig. 2. Reaction chamber.
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Fig. 4. Effect of oxygen on the apparent mass
transfer coefficient of nitrogen absorption
into pure liquid iron at 1 600°C measur-
ed by the sampling method and the
Sieverts method.
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Fig. 5. Nitrogen absorption into liquid Fe-18Cr-
8Ni alloy at 1600°C.
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Fig. 6. Relationship between In [v5/(#s—2] and
Ft/V for liquid Fe-18Cr-8Ni alloy at
1 600°C.
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Fig. 11. Effect of oxygen on the mass transfer
coefficient of nitrogen absorption into
liquid iron, Fe-Cr and Fe-Cr-Ni alloys
at 1600°C.
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Fig. 12. Effect of silicon on the rate of nitrogen
absorption liquid Fe-18Cr-8Ni alloy.
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Fig. 13. Effect of vanadium on the rate of nitrogen
absorption into liquid Fe-18Cr-8Ni alloy.

FRINEFUBELNL OS54 CBER S EL T
Mn 27L& 0f% Fig. 14 wRTH, iy OfE
R~ o T OBEBTREEZZ v, BREC
LI ONTHC /AL 5 HEmME =Y.

DEDREREHBE LT by OE ERINESRE & OB
fraskdd &, Fig. 15 @R TLH1ICh5s. 2RI
EHBRIC BT 55 ERG ORE L3 BEgkPEEE v
NRUVB—FLEVOTCEELETERZ WY, —fgiczh
LDEETRICKIT D by OEIMETZTH LN S(F LS,
V XU Mn QEEEZ T

20

=
RN

05
Fe-18Cr-8 Ni
0 0.14 % Mn
® 0.35% Mn
o 0.52%Mn
0
(0] 50 100 150

F#/V (sec/cm)
Fig. 14. Effect of manganese on the rate of nitrogen
absorption into liquid Fe-18Cr-8Nivalloy.

a4
3 w

- F—o )

Q

L3

o

£

(%3 2 O

:’ —Cr — ~

o Fe~18Cr-8Ni, | 600C

= (® latm A,

x | ® Si, 001~0012%Q |
oV, 0015~0018%Q
© Mn, 0.015~0.018%0

. ]
o} 0.2 0.4 0.6 0.8 1.0 1.2

Alloying element (wt%)

Fig. 15. Effects of silicon, vanadium and manga-
nese on the apparent mass transfer coef-
ficient of nitrogen absorption.

. & g

41 BI/O0LRSEOERZRIVER

UL FEpORCHENKO L2001 MR VWK EE
1.5g, {AEF 1600~1730°C iz 3\ C Fe-18Cr ¥ X
Fe-18Cr-10Ni 44 0@ EWIEE X HIE L, +To
IREEIF T Fe-18Cr 44 ky % Fe-18Cr-10Ni 44
DEXDIREL LB EERLE. TOERAE LT
L r-Fe TR DEE, kFEHD\VIIKEOIRERE
A a-Fe X /S cnz LicER L, Bikikigic
FVWTL7 =54 FZD Fe-18Cr 54k h b4 — 27
F4 bFHOD Fe-18Cr-10Ni 54013 5 BRFFELID
FETHY, BMENBOBEDBRET 1 EVPEOB

— 927 —



340 % & 3

62 &£ (1976) 35

LA NZFEL LB :EFEErMA TN 5.

L LEBLEREIRVTE Fig. 1l wrnd X5
FHE R ARLOEHOBEEARTLO X SREARIE
HONT, iy DIEHZEEAEFC HEZRL TW5E. &
DEEF X FEDORCHENKO HDESES X —F L v 28, @l
HEOBWIZXEL0»ESPIXELA TRV
42 BI/OLAREREOERERMEFCRIETIZAT

DHEREIUBHBUHRDOES

—IRCIERMSEEOEE BIGER 2R VIR 556 T
W, REEERSOEBE & HIIRAEDE VRS HIF
ETRLECRFTORGOEREOEFEILOVTIHEEE
Hhbkirhidie Bisv. Z S ICEPFESEHD X S i Sie-
verts PREF VTV S & ZFIIAUHIIE & A E iRk
HLHOT, [UBERHEICHELTH i D IRELKEEHRSAE
BFEL, ZHHPK[IENOEROBECT B LK
D, BRI Ay ORTOREREELD S5 EMNEX
Lo,

WENHRE LTWBEREERIE2VTwaE, thbi
ZEIEIN54 Cr pEKES 1600°C {m3swvT Fe
DfE (1~2X10-4atm) OEfED IETH T EEH X
e, COESHEEETTHOVWTELND ky OIEIX—
RRICHSROIGE X D ANS KL B2 REMY»H 5.

ULy L7eHs, Fig. 1l XOBALPRISEHFEEEFR
D ky {EHIX¥ 0.01~0.03%,0 DFHEFEE Cr 24
Fhv Fe-O RBEOMEII LIZ LA EEZRIIFED LR
¥, 1 atm Py, O&ET TR Cr ZROEEBULT LD
KEWEEWVE .

—7, Fig. 15 ¢ XUEE Mn REICRWT iy OfE
BETT 5H, Zhix Mn OFEGFEVDRFED 100 {E
BAEICET B DI GV XD RBRE~DEEZD
BEHEEA Mn DR L O EINRD L b LHE
Zbh5.

DT EVEIKIBUED H AN B4 D AR EE R,
el zWEx & 7 —WEKEDRGBH LA 25 H 7
—VEGTFREF,P L&, ZOBEED CO, IR
WX A2 ) —WVIREO LR, 2% D 2 &/ —VDHKFE
HEOH KD D WEHTIRE SIS KOEKRED EFIT
IOTHET TS EVHFEELELM LTV HE W 2 X
5,

i Fig. 15 T XREAPIROE Y 0 2REED kx
DEXMETEH LN 5T EH SRS OB 45 hie
V. ZHIIBEEE 2 0 A8 P OBEOERIINE Wit
DINSOTEORBHEN D ELIS WL LB. 2k
ZWEEY 20 AEEHPOSIOREBEEHIT DWW TEHE KRS
HHWVIRPELPRIEH LTV 5 X DI EEHER Ksi' =

{Si%s]-[0%]% DiElx 1600°C @ Fe-18Cr & Tl
Ksi'=7x10-¢ €50, Cr #E4EVWidsko Ksi'=2
x10-% X 9149 35 ELKREL, HY o 2 KEEPOS
OBREBREIRWZ EBHALI»THSE. O EiifhpV
HHWEIMnzAERAEh, ZERBUEREC RITTHER
MG ORISR OBE X D/ISERLT LD
TED.

43 BIOLARASOZZRNOYPEBBHRY kn &

KREERD (BERER) OBk

Ao T L BESHOERBIORE I RmMEER S DX
BRABE~DBRFE L VETL, TORFRERE (5) Ko
GisBs ORFERIT XD TshkdDSNh 5.

['=da/Rlena (5)
LT I RIARIRE, o : RIERT, a @ ks ©
ThE, R ARER, T ERE,

7ok 2B SPOBEIC OV ()R K D BEREE R
kDD E, BAERGBERREOLR L EbiTHmL,
¥ 0.03~0.04% Q0 kT 18.0~21.8x10-10 mol/
cm? WO REEIGEL, BROBES FERE REh
627)28).

—%, FEHROEELFORERNT OV bR
NEPPEEREIREGHEACEE LT3 ET, o0
FROEMEAC RETHEOEE CHT SHEE R
v L LD, B2 o AReehoBREDEFERIIM
BOBEIVLET TR L 2Ex5HE, ZORCHY
LZEEORMBIENRE FDfE, LR LOERXEDDH
HbhHBMEEPOBRRIRE b7 VELT % L HER|
Xh5. 4 A G Ivanov B3 iER Fe-Cr(18%)-
Ni(l1%) OHEZETRITsREABROEEILz Z VX
—%BIE L, X5z Al. G. SHALmMOV 53 OF — 4%
e LBEEER T 0.016~0.017%0 THEEICE S
ZEERRL

X CUAHRIC T T SIFRO BRI
FENOEERHEE L 2EE5 S OBECH R XU
Fig. 11 ofllEiER 4B v, Fe-Cr-O &H% Wi Fe-
Cr-Ni-O RALOERWMENZHE LRNEMATAX

>

2

iy te 2, A kR
X IR S 407 w0 X |H)

T RL T OWMEABERE iy LiEHE IV F—E
ORICIZRD ARRHENIUS DRDKN.T H DD ERET
5.
kn=Cyexp (—EJRT) «coereereeeseniinncnenena (6)

7=72 L, & : Boltzmann Fi, C;: T
D ky B XU EDERBHNOBRERETIKET 55

BEOXAEE I KT E° bbb T3,
(6)R¥,

— 98 —

A



s

s

y,

#@h-Fe-Cr % X 08 Fe-Cr-Ni &4 0 2% R 08 i 341

kN=kN° exp [_ (E_E")/kT] (7 )
L. EREHLLT AL —DE (E—E°) BEER
IGAROREEI 44 OEL—HT3LH0T L,
(7)Rxby,

H= (kT/AA) . ([n kN°_1n kN) (8)
OBG%R% 5 5. LT A RERFETFIBRSRNICERT
5L ECEAE I (=00—0, oo: HEERKIETORMER
7)) TR L TRBAECTERST 5 site o@Efizdkb
U, A4 3Fx DL EZRCMSEELTHTALF—%TT.
¥ 7 44 DEREEFOBEICERGRE AL L, BED
BERW I Fe-O T 44=8.5A2 2 APHROBER

ZHWS. E-REREL LTHBEORBOR WESE

BoL ky®=5x%10-2 cm/sec &7 B,

—7%, @Y o0 LREEOEREEE COREENDMER)
EWDEEE L Fe-18Cr: 1550dyn/cm, Fe-18Cr-8
Ni: 1 540dyn/cm, Fe-25Cr-20Ni: 1480dyn/cm & L
7z

DEDZH T CHRE LR Fe-Cr 35X 8 Fe-Cr-
Ni REEOKRERNOE *BRREECH LT e v b
T5&, Fig. 16 R T X5 IhbDEEDEREN
19 0.02%0 FTIFLLETTHZEBAL»TH
5. EXOPTHERL Fe-25Cr-20Ni &£ Dl % 0
EPDOELEX VK. 22T 5O E ERGRE
RV TEER DBREDTERFRE (Fe-18Cr : f,=0.186,
Fe-18Cr-8Ni : £,=0.200, Fe-25Cr-20Ni : f,=0.123)
PEHUCEBEOFERE kDS L L i Fig. 16 R
kLT (5)R Giees 0GR ZEHT 5 &, Fig. 17
DERPELND. HHLHALEE S na LEE
RN OBIRIIEREFAN TRISIFESBERIC D D L A
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Fig. 16. Effect of oxygen on the surface tension
of liquid Fe-Cr and Fe-Cr-Ni alloys at
1 600°C calculated by Eq(8).
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Fig. 17. Relationship between surface tension
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Fig. 18. Excess surface concentrations of oxygen
for liquid iron, Fe-Cr and Fe-Cr-Ni
alloys.

TLENRTES. WEHERELZECAN T Fe-18Cr
} XU Fe-18Cr-8Ni S E&DBHE I RI—EBI KT
BT E, EROARLVEERMARIRE L LT
Imax=14xX10"1"mol/cm? #9 5. —F Fe-25Cr-20
Ni & Tl IMmax=11x10"""mol/cm? 71 %. Zd
I'ofaz MIEREERT 525, (8RO Fe-O RiEghkic
Bd 5™ L k4 5 &, Fig. 18 wR/T X 5ic Cr
IREOWEIE & DILETT 5. Lo dEHEOAELETD
BEBRFERE Ivanov B3R L7z 0.016~0.017% O &
Fitkic 0.015%0 T L3 Ttk Bl T35 2L
PRLHPTH L. FEBREHRCSI 5847 F IO
MEROBETERZH 2 &, A4FORFERIT Kozake-
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vITCH 5OERITH L TR 2B R IR R,
FUIROERIEE AV Hatbey LOEX ) /T
EHBEERENS. 3b5HA Fig 18 ORI LTEER
HENDOHIEBELXUEIHEF vodESE T >VWT+
578 D ELRE R HACHIET U U oS, B0
RRBGEE RIESFREOPIREROFEC R ZES
Nozr%%Fx5%L, Fig. 18 0&&EFTBITHigkicE
5B EREE T 2 NIRRT © % ¥ Fig. 1]
D hkny OFEBCERTDZ EPE L bRD.

bbb 0.01~0.03%0 DREMEARIVTESETR
D ky OESHESX VET T 52 213, Fig. 18 X13ER
FIRERWHALT LT3 L3V EvDS, Zofk
HiREWHCE I 5EERO I OEBHEI D I REN
zriieAT S5 LHElENS. £/ 0.03%0 Llbick
WTIIEEFRD kxy OEXPHEKOETF LS, BV
RBRRKREL DD, X TOEEFROT OfED
Fig. 18 tRT X ORIV NSV ELIBEE R
5hb.

—>% 1 Fig. 18 wH b5 I OEDZEENE, HBOBE]
EREDHHWIIEFNOBEEHET 2EE LS55,
Figks X VIBME S ROERZRIBUEE,» L& X TIZIER
WM HDEARTZENTELS.

5. ¥

77l Fe-18Cr, Fe-18Cr-8Ni 35 X t® Fe-25Cr-20Ni
L& DERTIGEE % Sieverts FRic X D CHIE LIRDHE
REB.

(1) BREEOREBRNCET 2R, JoWwEBH
158 kn DfENE 0.01~0.02% 0 OEEEIBEMHBICIV
CTEERIREEREINE & DT L, 0.02%0LL hicisd &
FEAEE{L L WERERT. Ei 0.01%0 LUFT
Sk & SIS — 5T 555, U.01~0.03%0 i S T
BWTREEFHD by ESMEKROEL 9SS,

(2) AERBRIBBTD by OHEIEESL Y 1600°C i
% Fe-Cr X0 Fe-Cr-Ni &&0ERMENTHE
L, zhic GibbsoBAERZBEA LcHER, waaeR
HOBEBRER S FRIMEOEHE X D bESRFIRES
LR ENS Z &L LD Thid Ay OfEDS
WPk X 0 HEBMEULSETT2EVS (1) 0ERED
FoFEBETLERTEDS. EFBETOTALIE
BEBIHSKOE L VAW & DHERTE .

(3) kxn OECRETHROZE AR THERLE
LT =54 bROD Fe-18Cr &4, #—RX77F4 b5k
@ Fe-18Cr-8Ni s X (f Fe-25Cr-20Ni 54DV 3 Ui
DT HERIBD SR O

il

(4) Fe-18Cr-8Nifg&*Hliz L, —EBHRE LAV
DHETD by DECEIFT Si, V 5L Mn OEE
ZEIE LR, kv OER ALK ORFIZLOT
ETRKELRDD, HEGEOESEIERELRDIOTENE
EMBAL E DTz, Fic MniBE DT WSS Mn
DEFCREL, Ay OEIFPLPET L.

HDiwdicy Fe-Cr-Ni RAELORWEN BT 55
M7 — 2 R EDTEWE LEFUNKETESIIEH
RFTFECE#H VAR LET. AW EOETIC Y —
iy I hiAEEEI¥ TS esELET.

735, AWIFILIE 46 FE T HEAREHRER OB
2RI Tfibhic.
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