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Rate of Hydrogen Absorption in Liquid Iron and Effect of
Dissolved Oxygen

Takao CHOH, Masaki TAKADA, and Mickio INOUYE

Synopsis:

The rate of hydrogen absorption in the liquid iron stirred inductively were measured by the Sieverts
method at constant pressures. The present measurement was carried out under a small interfacial area
between the gas and iron melt by using a doughnut-shaped alumina plate on the melt in a narrow crucible.

The results show that the rates of hydrogen absorption are represented by the Ist order reaction and
proportional to the square root of hydrogen pressure. The mass transfer coefficients, kg, of hydrogen into
liquid iron under the present inductive stirring could be calculated as (19£1).102 cm/sec at 1 600°C.
This value was somewhat higher than those obtained by the literature px'obably because of the strong inductive
stirring. It was found that it was also proportional to the 2/3 power of the diffusion coefficient, Dy, of
hydrogen in liquid iron,

The effect of dissolved oxygen on the hydrogen absorption seemed to be negligible in the range of low
oxygen contents of below 0.039%, oxygen. The poisoning effect of surface active oxygen on the nitrogen

transfer had been observed, but the similar effect was found in the case of hydrogen absorption.
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Table 1. Chemical compositions of iron,
Elements C Si Mn P S Cu Ni
wt% 0.002 0.004 0.001 0.001 0.001 0.006 <0.001
Elements Cr Ti A% Al Co N O
wt% <0.001 <0.005 <0.001 0.002 0.006 0.0021 0.0091
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Fig. 3. Relationship between In [Cs—C,)/(Cs
—C)] and Ft/V for nitrogen absorption
in liquid iron.
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Table 2. Mass transfer coefficients of hydrogen
in liquid iron at 1 600°C.

Oxygen ky .
No. (wt %) (cm/sec) Crucible
7] 0.0051 0.185
6 | 0.0056 0.185
13 | 0.0075 0.190 | MgO (MC-12)
2| 0.0087 0.200 t 1C2 rz)GSS of crucible :
5| 0.0098 0.200 .0mm
41 0.0120 0.188
ALO,(SSA-S),
85| 0.0146 0.190 thickness of crucible
2.4 mm
Average value | 0.19+0.01
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KICHT Lo +a R IRERE L XV 0BV, JKE
WG 1 RAETIRE O 8% 1570~1630°C D #iH
THIE L7z ZORRXOVRRIC LT by OfEZKD In
ky & YT oG+ 7+E Fig. 9 0X5Chd. 2
NI )b A3 v ¥ —0fE L LT 12kcal/ mol 231§ 5
=73, ZOfEIX BoorstEIN B3 5.5kcal/ mol %
BesTER 5890y 6.5kcal/ mol I LCHRE V. T/
SRR DK R IEEUC BT S &M b= 2 v ¥ — DI 3.3~
9.4kcal/ mol X D 322Kk E WD) L 5 AR
FHTTRIRE LR & &b ESOBRBIELERD

30

X

1600°C
® 1.00atm A,
© 077 -
® 039 -
® 021 -

e

Hydrogen, (C.C,,../100g)
— n
o s)
ﬁ%@
q
L

(@]
&)

10 15 20
Time, #, (min)

Fig. 7. Effect of pressure-of hydrogen on the rate
of hydrogen absorption in liquid iron at
1 600°C.
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Table 3. Mass transfer coefficients of hydrogen in liquid iron obtained by several investigators.

Authors ky x 102 é Method  Melt Dia. of Oxygen

(Year published) (cm/sec) { (Furnace) J weight (g) crucible (cm);  (wt %)
H. KnippEL 9.1 (D) Constant volume | 4000 0.0001
F. OEeTERs (1600°C) method (I. F.) 8 000 ,

(1962) | |
W. M. BOORSTEIN 10.84+0.7(A)* Sieverts method 100 31 0.00085
R. D. PEHLKE 11.241.0(D) (Constant volume)

(1969) (1600°C) (I. F)

W. M. SMALL 10~8 (A) Sieverts method 19, 26, 29, 0.01
R. H. RADZILOWSKI (1 600°C) (Constant volume) 100 31
R. D. PEHLKE (I. F)

(1973)
K. Suzuk: 1.04(D) : (1 580°C)| Carrier gas method 175
K. TawicucHI 0.98(D) : (1550°C)| (R. F.)

(1973)
H. BESTER 1.5(A) (1600°C) | Sieverts method
K. W. LANGE (I. F. with Mo-sus-

(1974) ceptor)

T. CaoH 194+1(A) (1600°C)| Sieverts method 0.0050~
M. Tarapa (Constant pressure) 100 17 0.0146
M. Inouve (I F)

(A) 1 ¥, (D) : i, (I F) : SAEERF, (R F) : &HH

¥ SHEFERUT 100g-melt, 31 mmg-crucible OZ&M42EA U OEBHEREIBIILI. $ D,

X EE2LNS. TibbIEPF 246 L7z Suzu-
KI 5925 ER 52 Tl d 5 H Mo-susceptor Z{HF L
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V3 kpresent/kBoorstein= 1.5 & 7 DIAIERS R X D T E
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BoORSTEIN 5D ky OMELYHIATLZ LB TES.
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—fRCAARD X 57 2 B USE R HH T 544

— 8
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L 72 & 2 KERINDOESD p OEICOVWTW X
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SGAEDRERS FAD 1 st & 9 T 5 & po=50~
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Fig. 10. Effect of pressure of helium on the value
of hot volume in Sieverts' reaction cham-
ber.
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5. WTRIZ LT hAMZED X 5 7 %8 I Sieverts i
FIEZ Sieverts FRICHEEET 5 2D X 5 7 BB HE L
WDT, ZOBRTRLULAFFTHS.
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sk - HEVEREE 52.4 X D EH L. Fig. 12 11
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Fig. 11. Effect of oxygen content on the rate of
hydrogen absorption in liquid iron at
1 600°C.
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Fig. 12. Relationship between In [(Cs—Cy)/(Cs
—C)] and F¢/V in hydrogen absorption
in Fe-O melts.
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Fig. 13. Effects of surface active elements on
the rate of hydrogen and nitrogen
absorption in liquid iron at 1600°C.
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HHROKKEBNEES X CERBREORYE 1317

cm/sec L7585, ZORIEFERT 800~1 600cc/ min
HAGRPTH D EMED X S GHEN L EALEET
THELNA-LD TRV D T, TOREXEEFRMEC
WAT S ERMETH B, 2 TIEH0% X UH,S
DOFAEEZ BT 5D CoERYFATL &0
L7z, E97KERP O RERE R 2R LR Rl GE
PV MRFAN D BEFE D HREGEE I X D THIEX NG LIS
THEEDHERICEEAL, BHENOBEIREYR (4)
RiCIX>TEbTZ LT 5.
[0%]=[0%]oexpl—ko- (F/V ) t] - (4)

7272 L [0%]e BHHAIRE (%) % 7Y FREIGEND
KESREEL 4 Lz H,O(g) B hot volume iz k3
DRI X 2TEDLT. T ZTKESH 0.055 atm 175
O RICHR I ZRDTH D &, WIREH 0.0186%0 @
BHEWVE Ndsec TH Y, BHEIREE 0.0174%0 rig
5. —HEEEED0.0388% 0D IESICIE T heyh 77 sec
FELW 0.0366%0 L7n b, BERICLDIEEERMT
faFAR TR ET 5.

FERIC A 5200 Ar-H, BE&H 212 X 5B 8o ik
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DBEHE LW D TKEFHATOBR S LUHMED %S
VRPN HET 2. T b Fe-O F Tl BFIKES
EREZE HO(g) BEgiET 5 729t H,O-H,-O o
KRBT Y, EERIRE S L FHT 5 0.017
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o bt R FO MR GIEET LTV HD T, Ny £ Ar
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Ex bR, EEK Fig. 13 12 ThSThso 228Kk
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DEEI /X .
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LET 50T, KERIGEE i ZIETRENDKERD
BREEZHLPIC LETNIER v, FOTREISEDOS
H/KIBE % 35°C B XK 54°C oL, KERTD
T Y FEISERNOKMEADKESIC X2 LUz &
EOXRERIBEE L KDBZ LT L. Fig. 14 i3zo
& EDRERILERZ (3)RNOBAFRCEM LicERE T
TH, 35°C DFFIC A LT 3 fFoKEREE B2
54°C OBET HERBEARASEKIL L, 723D —E M
TEDLINDLDT, MEBHRELIFELCEELTRT. &
TH LKA K ELIBPBEET DR 5E, LI
PO ek LOKERFREE O F VRO LY,
(3)ROBRIIKL LHE <, i by OEITEEIKDIE
EokET5IEi0hs5. L Lich s Fig. 14 @R
F X 5 AL EHET I 3V TR ER AR R o7k 3k
R[REEBB LR VDT EID L7z 213k, KER
W BT SN O BPUI D T/hI W Zfs§ 2 248
TES. ERARDO XL SKERD L VIEHHEIEES VD
DPERFEBRSTFEZER TS EHEEN5E 0.03% i
FELTHAEREEIE LALET LRV T, 2h
EACERGAERE EEZ DL L TERV. Lah DT
RO BIEFHEBIC DV TV 2 Fe-O RiBHkD K ZE RN
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Fig. 14. Effect of water vapour on the rate of
hydrogen absorption in liquid iron at
1600°C.
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6. &
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ErAE L UTEE FARERNERE BT X 5
Hic. ERHERVBETLDEROLEEDTHS.

1)  BEEEBELEO T COIESRO KERIND WER
BHGE ky 13 1600°C 12 5 WNT kg=(194£1) x10-2cm
/ sec3 g B,

2) pu,=0.21~1.0atm OFMEI T SKETRIGHE
EEVEY B, W B,

3) KEWRD/IDOEML =AM F - &L Tk 12
kcal/ mol 23557

4)  ESROKGE R IUEE VY SN D K E O IREENE &
BT ZEMTE DD, WEBBRE by WEKEDOIENYL
%8 Dy @ 2/3 ETIZEHRA L, BREWRDD VI
JARFCIBDFH R —ICARETHDZ LeTETEH L
O LB Uiz,

5) GEhDOEETFED0.039%0 LUT i SIEMEB IR

il

B ky BERRIBECKTET, AEREARBIIRTBR
mEHEREO ZERAIZRRNOSAGE LM kv &
RS L.

6) Fe-O FRFHIT oW T HAERIGREITIASZHAD
IKEOHTRUEE Ll T L &5 CE /.
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