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Determination of Hydrogen in Liquid Steel by Use of
Evacuated Quartz Tube Sampler with Stainless Steel Lining

Kiichi NARTTA, Masayuki TANIGUGH],

Iwao MATSUMOTO, and Kazuya TOMINAGA

Synopsis: :

A new sampling method has been developed for the determination of hydrogen in liquid steel. The
sampler employed is a newly designed evacuated one which consists of an outer quartz tube and a well
fitted inner tube of degassed austenitic stainless steel. .

In the new procedure developed, liquid steel is aspirated directly from the steel bath in industrial opera—
tion into the inner stainless steel tube, quenched in water, and treated in the same way as in the conventional
rapid-quench methods. The sample as kept in the stainless steel tube is analyzed for hydrogen by the
vacuum hot-extraction method.

Comparative investigations of the newly developed sampler with the conventional evacuated quartz

tube sampler have revealed that the former gives increasingly higher analytical results than the latter does
as the hydrogen content in liquid steel increases. It has been confirmed that the stainless steel tube in
the new sampler prevents loss of hydrogen from the aspirated sample, and accordingly more accurate results
are obtained.

Furthermore, some problems of sample preparation and blank determination which occurred in the
analytical procedure of the new method have been investigated and a satisfactory procedure has been
established.
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Fig. 1. Evacuated quartz tube samplers for

hydrogen analysis.

—

Photo, 1. New sampler and sample taken.
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Table 1. Reproducibility of the hydrogen deter-
mination by the vacuum hot-extraction

method.
Experimental Analytical results of stainless
conditions steel samples (SUS 304)
Sample weight: | n Sample A Sample B
3~10g 1 3.83ppm 0.96ppm
2 3.90 0.98
Heating temp. : 3 3.72 0.90
900~1000°C 4 3.74 0.99
5 3.79 0.97
Extraction time: | 6 3.87
20 min 7 3.80
X 3.81 0.96
o 0.07 0.04
C.V.1.71¢, 3.689,

. Steel wire
. Gas outlet
. Guartz tube

J fk

. Samptler

N oo N W

3 / /° . Induction coil
\] /7 . Motten steel:60g
-8 . AMumina crucible :
o BRIk 20mm 1.D.x50mmH.
50 | % ,. © 8. Graphite crucible
o o
o o 9. Graphite powder
o S \()9 10. Quartz crucible
11. Quartz supporter
10 12. Gas inlet for
—11 N2+H20 or Nz+H2
|

I

Fig. 2. Melting furnace for sampling experiments
in the laboratory.
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Fig. 3. Comparison of the analytical results ob-
tained by the new sampler and the conventio-
nal one for steel baths in industrial opera-
ot tions.
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Fig. 4. Comparison of the analytical results ob-
" tained by the new sampler and the conven-
tional one for experimental steel baths,

7 | Bath:Carbon steel(0.6%C) 4
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» Temp.:1500-1550°C ¢
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2t 3 i
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Fig. 5. Relation between moisture contents of the
carrier gas and analytical results,
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Fig. 6. Comparison of the results of the present
work and those of the similar experi-
ments by other authors,
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Table 2. Data on the precision of the new method in industrial operations.

Kind of bath Duplicate sampling from the same bath Duplicate determination of the same sample
or sample H (ppm) Range H (ppm) Range
— 5.74  5.88 0.14 5.21  5.22 0.01
High-carbon 3.65  3.72 0.07 5.03  4.95 0.08
3.83  4.08 0.25 6.27 6.26 0.01
4.84  5.20 0.36 4.74  4.85 0.11
~ 2.63  2.96 0.33 1.49  1.75 0.26
Low-carhon 2.63  2.47 0.16 1.0l 1.05 0.04
2.57  2.35 0.22 2.20  2.40 0.20
3.55 3.1l 0.44 1.25 1.28 0.03
7.85  7.67 0.18 7.73  7.62 0.11
Fe-0.2C-5Cr 6.64  6.83 0.19 7.51  7.18 0.33
y 6.89  6.95 0.06 8.48  8.52 0.04
6.44  6.85 0.41 7.62  7.84 0.22
A R 0.207 0.106
NT 4, (Reproducibility) (Repeatability)

B L OEREENREL D 10D, FROBMEIIENAD
haa, EHME—&%LTkY, Bixs rapid-quench i
TRAZEOFLREIEETH Y, KREEEI RS
72 %1% EFTICEEER R LT 5.
3.2 FEDEELIVERS DK

3.2.1 BEROWT

FEEEER I & 0 [ USRI 2 SRR 2 [B1< v IR LEREX
LB OKREEREOTERME (reproducibility) ¥ X
O L7cR U 1 kaRpo b 2 @0 2 KRk 2R3 LT
VR LER LICBAOFHM (repeatability) %R
fokER%y Table 2 iRd. ZhLThoOBEOBRBE
13 6(=R/d;) &1L T 0.21ppm ¥ LUKy 0.11 ppm
THY, BIMROKREEFEREEHET 5D OKRER
BELTREERTREERTHSD. ok 21 StaaTs
S, WEKS RN TKRROBEL D I Tk
LT, SRADHESIES L v BEEFIA L CEHRIRT S
FROLEH C vy v7 5 —RERBELTHH, ©
OHFB L EREC LTRD bR -HHBE (¢ =0.26
ppm ; 0.16 ppm) & HTh L. Table 2 @
repeatability (3 1 REVE D FREOBEE O/ L D 2
KRBPZHIWM L TRDELDOTHY, TOMHELH 1 KR
BRI O KRS HHHE—TH B & Lbibn . Fig. 7
12 1 kBB OERFHAOKESMrRAtoaRCHI?
CRRAERTH DL, AV EPRT L EhD
THE—TH5. Lo LEBEBELSHEL TS HEHRES T
F ORI D157 b2 efB R T

3.2.2 FREIDWT

K L HKRERME L BBRERR A OKETHNE
L OB BIFTH DR (Fig. 5), KFEFAEM

Distance (mm)

koj<- 26 23 26 19—><1j
Lo

H(ppm) 500 521 522 463

Fig. 7. Longitudinal distribution of hydrogen in
a sample taken by the new sampler.
;[ © ¢ Fe-0.6¢,1500-1550°C A
A A Fe—-O-ZC-SCr,1550—1600°C,,/
6} [hHI=2.31x10YPH; e A
(1550°C, iron)14)15) \ A
5 a'l A J
e L
2 o
0‘4 i L ] //o
2 | New sampler ° °
I3 i "/ .
7 Ko
| 25 SN ]
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l”'/’
18-— ;
0 041 0.2 03

JPh, , (atm!/2)

Fig. 8. Relation between partial pressure of hydro-
gen added to the carrier gas and analytical
results.
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Table 3. Comparison of several inner tubes for the new sampler (H, ppm).

Steel bath¥ Conventional SUS 316 SUS 316 SUS 304 Titanium
sampler 5.6mm I.D, 7.0mm 1D, 7.0mm 1.D. 7.0mm I.D.
No. 1 4.2 6.3 6.1 4.9 6.1
No. 2 3.8 5.0 5.2 4.8 5.1
* §45C

Rl L Db, RBROXKZRSEN RNELD
L UEL feote (Vpe,=0.05 {HY) = ricXx3 LBb
N5, Lo LB AERCKHT % F0FEIRINAE
SEOE IR TN & (Vpr,=0.3 T 0.1
ppm) .

Fig. 8 1ti3 WEINSTEIN B2 Sieverts 3ECRD -
BHE (BMES) FoKERBRILOTFERC X 55HE
fE® 7R Lic. AEB T Fe-0.6%C &% Al v Tk
D, REREDOHECTKEDHBENTND Z L WhE
2% EARBEOERIL Z OB, RERET 0K
fETH 5.

WOIE S, WEEOMELTERD LEL T2k
FIEURESRIC X 0 [ USRIG o DRI BREL L, KERE
B LR Table 3 1wid. Wh oIS b
KoL D XY EEES L2, LrbthbofEiEi
I—HLTWA., Lz OFROEREOHEEMN &
LTHERNRIZ D DEGHE LD EBbh b+ vE
ERWIRHEORBRD L—HLTW5B I LA EDIE
WEIERBELT 5. L LHEETILsx vEE2 RV
% LEHER R O DEEOBIKENIENREL 7D, Vo
X5, L LTaafior ~ NPT ERE, SR
DKREDOEE DT REM:, FRIGUR OEEMs &x B8+
% ERNR 5~6mm HEYTH D DTN, (gHDE
EACIL T NCR 5.5mm o SUS 316 &% 7.
3.3 FECHITIEBRADOKS

3-3-1 FRHRER OBHEHE OV

BB 02 AL LT, KBIE BHREERLSHE
B LOEREIR E O EHHAEL A LISGE OKRE
E{E O R %Y Table 4 2R3 \WIFh oA LRI
BOREELHER L CRAREAH L. ZofRict?
EEBHFCIARB L DL BRI TH D, BRUERB X
O ERZERIC & 5 ENE RSB R CUEE R R T
BARERTIHBREROBE & LT R TH 555
BREDVNINT & (KO 1/10) 7o & D 1= DZEE)
Badinl, EBRESERZEDRERELRL, kR
D BN EL TH S, RBOGHEER D
T OTEBIRTLD B CHGE L7 BT d ARG EN
0L LRRWRBRECC EXFER I

Table 4. Effect of the cooling agent on the ana-
lytical results obtained by the new sam-

pler (H, ppm).

Low carbon Cooling agent
teel h
steel bat Water Liquid N, ngpressed
No. 1 3.67 2.15 2.05
No. 2 3.06 1.54 1.33
7 L
6t
5} J
54 - Y
(=% . \
~ Bath:5kg, melted by KO
T3t induction furnace 5 J
Atmospher : /P13 50.3 atm!/2
Temp.: 1550°C 5
di ® Fe-0.2C-5Cr, new sampler ‘\‘ |
0 Low carbon steel, new sampler
1F X Low carbon steel, conventional % A
sampler
Y : . st
0 10 20 30 300
Time(s)

Fig. 9. Effect of the lapse of time between aspira—
tion of liquid steel and water-quenching of
the aspirated sample.

DX, BWERSIL, HEEAHE X DRV LT
HOKRKCBRETHENE CORMYE L B DOKEE
Effo% % Fig. 9 wiRd. EREIRE : CORM
BRI ER DELZR LTS, ¥ i oiEE
ERFEHEBRMERRL, MECD X 50, RE [ BKE
¥ TORFEIN 20~30s LIFCiih T v ZENL BRhic.
BHF OB R TEHFE TORFIERB OFEI /N K
Wi, KEOHEEIA, FURHREN S KRBMEE
DEWEHBABET L 0 s LABREE O T 5 KB

 BTHABRLEERBLTCNS.

VWOIF 5, WO ABH LAY ERCHREL, £
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Table 5. Decrease of hydrogen content with the
lapse of time at room temperature.

Steel Sampler H determined (ppm) H retained
bath P After After (%)
3-6 min 16-20h
6.70 5.37 80
New
Carbon 6.42 4.36 68
steel A 4 Gonven- | 5.04 1.67 33
tional 3.97 1.91 48
2.42 1.88 78
New
Carbon 2.01 1.61 80
steel B
Conven- 2.06 0.67 33
tional 1.96 0.30 15

Table 6. Effect of surface oxides of the stainless
steel tube on analytical results (H,

ppm).
Sample No. 1 2 3 4
Polished 1.30 | 4.85 | 4.85 | 6.10
Unpolished 1.67 | 4.74 | 4.76 | 5.70

DABREEMBORE(ETIC. TibbuoltAR
HEZORE T T AN LA ERDO B#HEHK 3~6
min ¥ X O 24h HE UcBEOKRERBEOEE R
Wiz T OfEFE%L Table 5 wid. HKERKHD 3~6
min IKEERA 2 KABORBC LB el ds X % DR
MM 5. FEEmE & 2500 T fe sk Nt
24 h BB T HKRROBERIE L, KEFLER TIIL
BLI S WIRBECREIE IR T35 & &b b,

3-3-2 HEoEMPFEIOWT

2 KRBT, WEEONEEETE LICEE &
L7s\WEE OREEEM O s Ra Table 6 wRd .
DR TIRREEL R LT ERMEICK S 7oL
A bR\, BEREREGR O RIE & FFEE Lic\  TKRY
EE LT 5 PR REBIER C X AR DWW T h
HEERTHE W, KikTd Table 6 DOEBMAOH
BN CIIEREEZE® LS 5 L TE%. LirLlo
FoHRIEREL, KEMERXT L& LT
ThbbEREMEL BT &, (1) BggEo:
DlKEORWHIEL £5  (BEMHBEOBE), (2)
My 2D CO I EDRFEHF ADRNSZ B, (3)ER
B DK D B\ LT DBORBIOE h B Hic &
>k, BALBEE kS EoRitic X5 OH #a'
kL, FBEYELD (BB AV2RIFED
BETYENRRE), (4) RBPOKEI BILHE &

B LUTKE LT Eh®, ffEs b2 % (N
HHEBEOBEE), REDEMENREL bhb.

3.3.3 2AF vUASEESORE

PR OBEDE I, A —AFFAL - AF VY
2RO BEEY WEIVRC BB Lzt BALTY
5. WEAREERNBCSBUEEEYNEY T3
X b, KEOBOEMBFIESh, FEREL D bEED
Bohz BEHE LT, —BoX¥0oznFzrLbh
5.

(1) WEEC X3R5 EMO2BHROIDKED
ENZEDE L 185,

(2) PEEERTAR L ELcEEL, TOBER
weix Ni, Cr e E DI S h, PR 5
DKREDIRE Y - = THHIEh 5.

(3) BT ENERREY, BEILEVD, BE
REECHEBEINBER, BRMORS[EERD LKL E
TR IOKEBEOWH, FTiobbilll L BBEEN T2
EBRTH B L e, RERE DB Ih 3 KB H/E
ORIV U CREE L, EEEE THE Y X <ERTS.

Zhbnss (1) oFLHFoowTil, BAssErT
X0 CassLEr 520 23R OFHEER % “Immer-
sion mould” & UCIMFER LIBEDL LT Ly 2
AR HA UTIBCIBA L, %5 S h 5 FEREE o2
REERIND L DX T LM T A HERRAE LT 5.
L LEE S OB T BREEEO/NS WA — AT
FA b AT VUAERE, L RS A EEN &
LTHWA DT, 8RB MR TR EEE LR
#H LU CHTARBHOGEWRE /LD TE D, KBshRE*E
zbhise. F (2) OFZTHTEARPFR TOLFOR
LWL TH Ok, SHOEREEOHBMNTIL, HEE
ERTER SR LA ERE L TR LT, LonfREk
A, Liehi 2 TR (3) oB&RBZ 2T
BEELZLNRLDT, LD gL R L.

FPFRI I L KABROKEDO SRR DD,
FOWBERHEID, WKRAR LT TN LER
% Table 7 ird. KERZ, HBEEPCHDERE
IR, BERIh TR, ol s, REERkFCcm
BRI L7 SR DR & IR E ORE DT %
e D, —BIEA—ATFA b AT VL ARRT
TIRAKERD BHET REE L, Woild), IhBuE

T OERE CokEL XD TEL 1edW. Lichi>T
F—AFFA T« ATV VARGEEE, BTk
{ &% 800~1000°C P EoEiRcRiFIh 2 RE([EE
M BKSERTE T O, WEEEBRIEI K
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Table 7. Distribution of hydrogen between inner
metal aspirated and outer stainless steel
layer (H, ppm).

Steel bath A* B* Cx*
Inner metal
ggfgfgifn aspirated. 2.10 3.89 4.49 )
tion Outer stainless| 3.54 ‘ 5.18 9.35
steel layer
Analytical values by the 5.88 8.09

new sampler 3.4 2%x%| 5 T4xEkK T Bekkk

Results byjthe conven-
tional sampler

2.23 3.91 5.81

* Industrial bath (S45C)
#% Experimental bath (Fe-0.2C-5Cr) : 1/ Pg,%0.3 atm!/?
#kk  (Calculated by using the hydrogen distribution data in the
above sections of the same column

EERIVL, ¥ kB EL 5 KEDBOBH
B, CoOWNKEOERHEEIH L bEEL,
BEREECHE IO T2@BERTHLEL LS.

BEE D ISR 2 o AR E RINLS B2 &
i, IHEOFDOZ ENLLERTES.

(1) Photo. 1 inbhbhb ko, |KAROH
BRI TS B O — S B B OB n b Sh T
FONEE R EE, TORMEAET S D, 1KRER
D RTINS aR BRI %, oz
L1 L KB E R I L, VIR B T A
BRLT 7 AT vH AR YD MERKRR 170708
B, TR b L kB OB~ HTAD Y — 723
F o WO BRicholcl L b bR I .

(2) F—=AFF4 b AT vV AROBEZRREIL
R, EBASWMc L Thich kEVLWOT, BiE
2 HOBHLBE CRBEEE I NREAR ~EE T HEEN
Bb. LidoT, HEE &N & 0BT/
TeREBRASEFE LT 2 o~ S KR ke b RE
Ly, WEE~SOFBEEIGEIhE LEELDRS.

(3) 1 kAR OHEEHORERBRREIT OIRER
THLHEE L WHHE L oBERRIZRIFTHS (Pho-
to. 2 (2)). Lo LIMBGHHECTKARLYER LIS LD
REITEFOEENED bhd (Photo. 2 (b)) .

(4) XZEOWHBERIA—AFFA P AT VUVA
P T3 1000°C i chfeh k&<, 10-4cm?/
SDA—F—=Thb. ZHITKENEHH CHEE DA
FREEYIB LY 5REXTHY, HHAEI PEE
RIS 5 @ENIE CEE I RS LRE LB A I
WEE ORISR+ s o LR TES.

(3) 1 kAR OHEE OINEEITIKEE OB
AT C525, HEEE & DBEERIISBIRYE

4 mm
P

b) after hydrogen analysis by hot-extraction

a) before hydrogen analysis

Photo. 2. Dye penetrant inspection on the cross-
section of sample.

LT\ 5. kb AEH I B S s m i 22 Tk
FOE Lo 2 OERERECRES R, WolE)5, b
KA CIREBLHELKBZOKRE2IH T 20T, PR
B BDOKEORIN, FEECEFTHS.

3:3-4 1 REVKHERIRR DK > DR

—RCEEPOKEYTEEL XS L TAEA, LKA
BrOBR, 2 KA OFEME L OKEREEDOKHBET,
BHBOKD D EKKF ORI X HEOREEMED
BHHZEPBHINT B, 2 CRERDOWTDH
Lk BB RBRE L.

T3 LRI R O KD OB L LT, B2k
Bl Lico bEBAIKCBE L, ARELHER L CRmALE
w17 o BRe, EIEKEEMT I HETOINEREMU, D
KEELTRATHHE L HEE OWMHMA X b WEZR
L ORI H B LA s 7 v 25y 7K &
LCEBALEDBWAWAREESY I JITTHE L1E

2 bhhd. L LKSBECRT S 1 R O/

BOKEDER A DTIE, WeLLs 529, GuioNNET? &
¥ X 08 STAATS BB L DR EEMITER LS5 B Z L x
HEL TS, L AR OSEECIITEE OFEC
I Y KASBEMORBHREZEKE L ) o0ERTH D,
L 3R O R A B /N S W 1o DSNRTE D@ HEEE B
KELDOT, FORFEEITA . WoIlE 5, RiECHR
AN kb AR TR T I EEIREE O
Wah, HABECIHEEE LAHMEB & OEERED
BIFCHBOT, KEBADLPHRFRAD: 7r2r3
v 7 WE I BEYE L EEE & o BRI s & ~H#EA T
HAREME S A isuo.

WP LC B Er BRELOHERTINE Y, 1
WEEHEIR R B HA & LTKEB WA LR X 2R
MIBLEAE RN EEZDBRS., Dz EiX, SHErOE
DEBFERN B LERTES.

(1) BohUORAKBEME LA —ATFAI b+ A
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w65 4 (1979) 102

TV VAROWEE R LOR 5.5 mm OEMEENRE
NARFCEZEHAL, ZhbaBXK T 1000~1 200
°C MB LD, REFLHEFAELTKPTESL,
KRZER L TEOHENEL R, £ofERcrs L
POEE DI EREA D b OREA K X 5 NIREARIE B
~DEEBEIRATS 0.2ppm LUF & #E Shi-.

(2) RPWEE OMERM» SRIDEA LTKE
ERECEETS LT, 1 KEBNOKRSHIR
B o CE—RABATOFEEENEL LD, &K
TV CRRENE LS L FHEERS. L LERK
FEBANOBEREIREFTH Y, MR T FHE RS
R EfEx~T (Table 2, Fig. 7).

(3) KX 2EEBOWREMITARICIE H7s\y 25,
AETHEBEBELER T 0T, WHRE & ORIRE Y
RERBR I FT LOWAKRBAREEL S LD TES.
T TR D B IRy OREDR D bbb b D LRET
&, REOEEMELEREDO L E IR LISE,
FBRENC MO KR VS LEEIR A 7T ADMET B
BPTHB. L LEBRRIKEZEVIAD RSB0
S T7ARHEALTS (Fig. 3, 4).

3-3:-5 2%FABOMELKECEROKYOHE

OEWR, 1RERZUIN LT 2 ke 35 5
i3, BELTREIRTORRBNERI S & 5k
KRR DR HFRIERE NG T % 0 ¢, YRTEI EZE
KEBfT S, UleadoT YIHEAET © 8BS & O
B, 127mrz35, 7, WKELLELBHE, KYPDOAS
FREMED B 5. b LD X 5 el BHKE & A IR 2 il
R X 0 PR, KRR SHOIF E RIS LTK
ExERL, BlEYELS. FhBdEEORETY
AT DY NEW L DT AR ERAT 5T
hIEBRER 52 5.

Lo Lo oA 2 Rk 2 & 05k Tz
THZ L VB ROEELHRL & LB TEL.

(1) NG AP CORED E 2B TR X
DKERERET LB, RBERRRCTHIEERL,
X B 3 min BRIERE Loy, KEXER L.
= DBA OWMELESDR A TR T B 70D, PO
IHEFLOED b bk R b s U FiKTME L
DHLKCRE L TGEHEDOKYEEE IR, ORAW,
FOBRMIRGOKELERE Lic. 20X 5 nERO/K
B X AUE BN R 3 min ¢4 ChH 7.

(2) HEehzdhBEe X ) KEEZERETHEAIT
HREEROLCHHTHOk. TihbbZ DBAIIL 2
KRR TIBIE R CER KD D B0 Th, AR EEEE
A LT LW E ToRcHRNAHE S h

50T, DARPWCIHEZRAELINZ bh b,
4. FEOEFREEANESE

AEIEOHRLZ BT, kX v 8RTH
TEAL IR TV B HECIRAATEHYCESE LT e—
W DKREDEINTE BIEFHERFETH D Iad’ih, L
b PCERWR L ThEH. EMIVEBREL TR
HBEUTIERE L ko “HERIUER kLo seald-
mould IENRH BH, T DI CILERINEE ORI HAE
TERRFCAEEEL, o “BEAER" & “mEdH
HARER” R4 cERE L CAETHIRENRD D, (FEM
CRT Ttz hick UTARE T, seald-mould
DK R EMBHHAKRO GBI Y T5KEY L@
DHEETERETHZ LNTES.

AL Fig. 3,4 /iR Lic X 5 ikféskd rapid-quench
EXVEEERG 250, ThbOBR: DA%
oK, RERAREEROZVHEBIZERRELD B
BE L FHCAREEROEMYAET S LN TE
5. —REC SR DXZRIERE & OBEES LI OKE
YBT3 556, TOaERLIEMRCIEET 5 L8
1, KRESEROLEWS HEBEEWETHY, Lo
LB AWCEREN LB THHC bbb, L
2 U7l DAREORR 2 T3 iy, SN
~OFAR, (2E, B EOHMEEED b Ud
TR L, T HEED Lo REE D IRk R iR
WTBHENEETHS.

5. #

B OKEZEERUEH O L& & LT
F—=ATFTFA b AT VVUVARMOPEELED Lich
ROSDERAEL, TOEE L BRAELERE L.

T DORER, AEREER & H % H B IR CRE I
B KREOBERD DS, KREEHRO LB CEIR
¥ CEMIcEREYG 2, FEREIREFCHY, THKC
FHREL S %2 RO Lo LRI, ko
rapid-quench & seald-mould B:ie 3283 0f
RN& LT, KEORIL, BEEMH %R T %O RN
PRFELCE IBRETH Y, RERBOMBELE, #E,
BIEEERECOWCTIESEBL I bR O K 2 B
5.
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