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Development of On-line Analytiéal Method for Hydrogen
in Molten Steel at Vacuum Degassing Process

Yasuhiro HAYAKAWA, Akihiro ONO, Masao SAEXI,
Kengo SEN0O and Hideaki KiMURA

Synopsis :

Degassing operation in the steel making process is important in the production of low-hydrogen steel.
The conventional analytical method for hydrogen in molten steel with sampling using a quartz tube takes a
long time, and has insufficient accuracy. A direct analytical method for hydrogen in molten steel has been
developed to solve these problems. In this system, a refractory probe is immersed in the molten steel and
inert gas is blown through it into the molten steel. The hydrogen concentration in molten steel is then
continuously measured by recovering samples of gas that has reached equilibrium in floating upward to a
specified level in the ladle. This new analytical system is installed at the RH vacuum degasser of the
steel making plant, and is being tested for its application to commercial operation. During degassing
operation, the analytical values obtained by the proposed method well agree with those by the conventional
method in the low concentration range. On the other hand, the proposed analytical method yields higher
values in the high concentration range, probably because of the escape of hydrogen from the sample during
and after sampling in the conventional method. The new analytical method can continuously measure the
hydrogen concentration of molten steel in 2.5 min, about one-tenth of the analytical time of the conventional
method.

Key words : on-line analysis; hydrogen in molten steel ; degassing process; equilibrium of hydrogen between
molten steel and inert gas; refractory probe for hydrogen sampling.
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Fig. 1. Schematic diagram of direct analytical
system for hydrogen in molten steel at RH process.

O—7%EL, —EREICHEHLZ Ar ¥ 2K EA
tr. B#R Y —ElEFEEL, BMPOKEL FHIE
L7z Ar FRE7u—7LEIOEEN, ¥ 20m ©
HARE (Z7 7V AHE, AE4mme) %@ - THRIE
FIRRIE L /oA EiE £ Tk s s, IS R
BiZE TCD-FR7u<x b3 74— (SRR
GC-8A, 77BN 72 : A 3mmé, £ & 1.5m, FIE
A:ELF2I5—T—T5A, 7 FLEE: 50°C, Ar
Fo ) THARE :150ml/min) 2B L. NEHR
WF— s MBHO -V LI ¥ i— 5 — (AREXR
B PC-9801 VM21) ICHL D A&, WA 2 EBIR P 0%
Ak FiEE % CRT LIZERT 5.

3:2 O—-TJOHEELVHEE

BERADH AVGAL B L OH AR O 2 d 2BV B 7
O— 7, tTaa2iAtsrERksns, £2C, 8
DFETHAE L TLLHSLR TS Si0,,
MgO-C, MgO-Cr,03, Al,0;-Mg0O, Al,0;-SiO,,
Al,04-C, Al,0;3-SiC, SiC iZ2WwT, ¥ 2 EUHE 71—
7 & LT OREEEYE, WREMOKRE 2175 72,

Z OFEER, MgO-C RDOME LW AEHEY, BHRAN
EBIROBENR TS, MIUPEL 70— T~0H
BAWRECTH 72, —F, Al,0s-C ROME Lt
B, WRAME ELIMINL BIFTH - 1258, sk
WWED COTADKERENZFO SN, #2C, Wi
BEBEHOLTRREDY, WREAASAECINTHEC
BEhi: ALO,-SiC ZRDMEX 7u—T7HEAL LTRE
TAHIEICHREL.

— 148 —



Bl 2 MBEERMPKFEO L v 5 4 RO

1529

615
SUS plpe {6@x1t) . 310 40
— L
gas out

| 70
o110

Fig. 2. Schematic diagram of
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Fig. 3. Effect of injection gas flow rate on analy-
tical results.
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Fig. 4. Effect of bubble ascent distance on analy-
tical results.
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Table 1. Analytical results of coexisting compo-
nents in the collecting gas (vol% ).
Degassin,
time (i) Hy Cco CO, Ny 0, Ar
5 6.37 5.44 1.12 7.78 0.25 | 79.04
9 1.04 1.05 0.90 6.37 0.25 | 90.39
18 0.18 1.63 1.34 6.91 0.21 | 89.73
6 , OB 1 Degassing |
1 1
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£
2 4 «———— Proposed method
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I 2
d
T~  Pin sampling method
0L 1 ] ] [
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Time / min

Fig. 5. Analytical results of the hydrogen content
in molten steel in degassing process.
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Fig. 6. Relation between the analytical values by
proposed method and those by pin sampling method.
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Fig. 7. Change with time in hydrogen content
after degassing.

RFERE T v FEO L) LRI L
Lawrzs, SR AIRICE R s hTtws, Yoy
ST TETREOHAHRERLE SN B T 10 min L
E RS DA, REOSHERE M 2.5min Th 5.
COSHREBOKER TR 2 0% b 7T T K BT AR
ITREICE L TV DD, H ARG EESAET, Mtk
BN R AT A 2 & T S4B O Ak
U HETH D, B, #30s OEBIEEE O THES
i -8R T 2o H—D@H T CTH B,
EBI, REOGHBRIEGHE CHBMEPE L 21720,
WAL TEDWTREMED 5 5.

5 &

BB KEDA 54 2TV A AGHEOHET
THMZ, ERPICREET 2 FIRE AL, RERAAL
HALEWE DRI IS TRTREYIET S
HEEREL, FPRBRE2IToTax . EREToO RH
Wi 2B 7 0 b 22 BT L OBE % 4T - 725558,
PUFoli#Hs» 2 L7z,

il

(L)BER~NRIEBET DK E T o— 7OME 121k
AlLO3-SiC RV BB TH - 72, 7, BHEH~O AR
AABIUCEINAHEE LTI, 70— 7HNTHZ % FH
I EH L, Ta—7EEL 0 EINY 2 A EE T
59)')7:.

(2 )M KFE L TEIGELAHT XL YT B 72010
Bl % A AMGAAR ST O EBY TH 5 72,

DAr 7 ZAWGA A F & : 1000 ml/min

@Ar T AWGARES : 40~80 mm

(3)ARFEDOHHATERERM X 2.5min/[BITH D, 5HF
TR B M K FIRIER 1 ppm 12 B W THIME R %
#15% T - 7=,

()ARFEEHCDZ LT, (ERICHA~HEE, Efxc
BN KEGNEERECHRLIENTELLS IR
0, BEAOGHIED 7 4 — F35y 7 2 RMICFFD 2
LSTED,

X 73

1) KHE-—H, BRI, 0908 8 &8, 70 (1984), S882

2) KEEZR NEEA, 1IE1E—, SEEE: 828, 7
(1985), A141

3) T. Outsuso, H. KAWASE and S. Yamazakr: Hydrogen
Embrittlement, Prevention and Control, ASTM STP 962
(1987), p. 105

4 ) B, SIS B A, BB, e,
ANEFRRAR, HONESEA: M E a2, 2 (1989), p. 154

5) C. E. RaNsLEY, D. E. J. TaLBoT and H. C. BARLOW:
J. Inst. Met., 86 (1957-58), p. 212

6 ) I %, 4IFRIE: BHE, 27 (1984), p. 22

7 ) J. PLEsSERS, R. MAES and E. VANGELOOVEN: Stahl Eisen,
134 (1988), p. 108

8) AARSFHMIRAEAHEME 19 BB S BMEUL O M P B il
SETHEHE (1984)

9 ) /B, EEEEE, ALRE%: 1L T0%, 30 (1966),
p. 712

10) FKEFFIC, M7 %2, BP9k 15 8k & 48, 59 (1973), p. 1237

11) FR¥FRIEL, BP9 i, BRHET: 8 & 4, 59 (1973), p. 1380

12) AIGERERE, R, (LIS R, EmEL: Sk 8, 75
(1989), p. 175

13) H)IFR5L, NEFRRRL: ¥R & 7o 2,1 (1988), p. 1616

— 152 —



