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Development of an Apparatus for Determination of Diffusible
Hydrogen in Steel

Takashi OHTSUBO, Shunsuke GOTO, and Minoru AMANO

Synopsis :

A new apparatus for the determination of diffusible hydrogen in steel has been developed by using 2
gaschromatograph, thermal conductivity detector, and sequencer.

The characteristics of the apparatus are as follows :

1) The lower limit of detection is 10-5 m/ (N.T.P.), that is 5X 10~ ppm for 2 g specimen.

2) The minimum cycle time of measurement is 3 min.

3) Fifteen samples can be measured in parallel when the measurement is carried out every one hour.

4) The measurement shown above is automatically carried out by a programed sequencer.

5) The coefficient of variance of results (approximately 4 m//100 g) is about 1%.
The apparatus is useful not only for determination of diffusible hydrogen in weld metal but also for de—
termination of diffusivity of hydrogen in iron, alloy-steel and thin foil of amorphous iron and for mea-
surement of permeability of hydrogen through steel.

It was also revealed that for low hydrogen content specimens the glycerine volumetric method gave much
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lower results than those obtained by the present method.
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Fig. 1. Block diagram of the apparatus.

Fig. 2. Collection cell.
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Fig. 3. 6 ports-4 ways valve.
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AR) ZEALS. ZOREETEHMEE LD LED
YEAUELENOBE(LETHE 5.

24 L—&yRGIEEGEEE

AEE T~ ERBAC I ShickBoRER T T
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Fig. 5. Examples of permeation test.
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Fig. 6. Calibration curve.
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s HET 2. —F, AR 0.1%H,/Ar i A% A
wmeokEY BE LR THTH L BREET £ To B
125s THOt. Lo T, TXRTOFERTOWTH
w0 30s RS XKL 150s BEST 5
L.

3) BEHE, 2HEKEERCHIGALLE 0.60m,
1.05ml, 2.04ml, 5.33ml (T h b KExY AVTRIE
L7:) o4 fEEOBREBER X 0.1%H,/Ar 77 A% v
TER L. BohickEHR% Fig. 6 wrd. Ko
£ L S EOREEDOFEIETH A, £ HOREMEDH
B (R) #BF Tl
2:6 F—NLE

A RBTHBE SN CKFRIERCEKE S ik Rk
TRIEXIh, ZOBRSEIHECIRCHIEINS. <D
Fe g h A=y FAa2 L —x (YHP-98I5A) i X
DTEHRK & OB RIEEIC R LRS- D

~1.7x10"5ml ¢HbhH, FERE»LO BHEEEBEL
TEHTXHLECHDHZ L uMWR L. Fi, 32 TR
N5 KEHARBRERORRREDS ZERKROKER TS
Ofe, ek, ZhbOLERBREIIAR DB I K
FETiIe, FARBTROFOBAC I OTELS Y
AFEDEN T AT v= b FIT7DR—R5 [ VR
L, B EAEELLTEEINRKLLDTHS.

3-2 MM

£33 0.19%H,/Ar ¥ A%H AL, BH, 1h #,
24h BEEFhERAE L. Table 1 OfEENLHL
ek s, HAEHED H fiEfEcs L 1 hZoRlE
il 9% Lk, 24hEoREE R 98% UETHS.
RBREICHED 7 v P ERETRILOTWB DL, AR
DBEYEM T.ORBENCOARR CTABH CTHABEIN R
TWALDRELILDOTHS.

C DERE CERBCHMAR O KFRERLT 5B HER
izl ~2 hThroThlERL 9% DEEEZTX
V.

3-3 MAHICKIARBEESAR

Mk (b S% Table 2 iRT) T KEF +
— 3 (100% H, dg¢ 950°C, 2h m#k, KGHEEDLI
WHhEFERBEE) LEdor 2 THoARTRIEL
FEBEY L b~ ok, RABRE, ME0BE9
¢x20mm(EE 9~10g), HT-80 o 3 A 13 64x12
mm(EE 2.6~2.7¢g) & L1

HERE RSy Table 3 1R, HMgkFURCIRiiEMAK
HEOTHE 4.00ml/100 g i LERE(R% 0.041 ml/
100g, £ (HT-80) 3k T2 EHE 4.39mi/100 ¢
Rl 0.11mi/100 g & BiFicfE R G bhic. RED
BENETH DO, KFEF+—COoFBRECERLT

Table 1. Results of cell sealing test.
=N =N -~
K%E (ml) > ?zﬁﬁ(%g (ml) %Hjjj L. Hdetermined (integrated counts)
5 3 Just after After Recovery After Recovery
3. E’ﬁ% bt%ﬁ@ﬁ“ﬁﬁg Cell N filling 1h (%) 24 h (%)
_ 1 136 193 136 108 99.9 136 072 99.9
3-1 B 2 137 847 137747 99.9 137834 100
o e = BT 3 147 740 147 696 99.9 147676 99.6
% < b 1Y 4 138 691 136 815 99.6 136 859 98.
EOEHROREML, Wl & L b o 5 145637 145639 100 144 251 99.0
g . - 6 141 728 141 660 99.9 139851 9.7
Y ¥ —H AR XOTHHO 7 A RHICHEL, KR 7 142 482 142 330 99.9 142 063 99. 7
- . 8 153 813 153 666 99.9 151 417 9. 4
EZSBREYPIE L. 10 HosacowT 1 hig kg 9 144 442 144 228 999 141559 98.0
. . 10 151 665 151 533 99. 1 149 484 98.6
< 72h ORERT ok, REAFREL 1x10-°
Table 2. Chemical composition of samples for H,-charging test.
Chemical compotition (%)
Treatment
C Si Mn P S Cu Cr Mo Y Al B
Pure Fe <0.003 <0.01 <0.01 <0.003  <0.003 — — — — — — vacuum melt, forged, 20 mm¢
HT-80  0.11 0.25 0.9 0015 0003 020 08 040 004 006 0001 [rachinedinto 6 mm geylinder

from QT plate (25 mm thick)
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Table 3. Reproducibility of diffusible H, deter-
mination (H,-charged samples).

(mi/100 g)
Exp. No. 1 2 3 4 5 av. R g
Sample
Pure iron 4.00 4.03 4.03 3.93 4.01 4,00 0.10 0.041
HT-80 4.36 4.44 4.21 4.46 4.48 4.39 0.27 0.110

Table 4. Comparison of diffusible H, determined
by the present method and other methods.

(ml/100 g)
sample| H2 418 L 1W*  Ipresent method™
charging deter—J av. | R ﬁitr%’* av. | R ﬁfgd av.| R
pure *1 heating inj 139 415 388
iron [Hy 1411 133{022| 392 413|040 392/008
950C,2hr | 119 432 398
weldin 090 237 181
electrode a| "~ _| 093/005| =°'| 227{020 | " 1.600.
{Lsocly] | 095 216 139 | 60042
. 185
190 497 470
electrode b 201]035 5211048 4691003
(L 80) 210 545 467
2.20
*
HT- 80 " 320
330 515 535
electrode ¢ sap | 238(030| oot satj0ss | ] 858 040
(L 88) | ~ '
350
93
"
107 14.2 163
electrode d 12 108 |26 195 169 |53 195 179 3.2
(STO 3) , IAS )

*19 $x20mm, *2 15X15X20mm, *3 45°C, 72h (prolonged

from 48 h specified), *¢ 25°C, 48h

** Tt is obvious that the glycerine method(JIS) gives much lower
results than those obtained by the present method and the
mercury method (IIW) for low diffusible hydrogen specimens.
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KB TIWE L DV IFEVEBL B Z EAEL bR
5. FHE, 48h FBRBICE\Th, KFEOKE M
SHRZ7Y ) vHRRBE L TCW5DONED L.
DT, WERREY 72h KER LA, KRELTESE
DB B, MEMBESHEMLU I D%, A L KREY
ERBE-HLCERI B Rk,

BELBABICOWTY, 7Y 2y viED X 5HIE
RRIL, RED 0~60% & EfEXRLE. OB

b, KRZHEIZ7) vy vRCREB LEEXTRSELT i
LZTENRERETHA 5. Rk EKBEO B TIL, BE
a5 RABLS NI IE—R L BRI B O B
EHEawc L A0 5BE, KEEY wXb it i E A
0.06~0.07ml LD TA7L, Tl o (FEEH 0.01
mi, AREEI W2 gTHBOTH 0.5mi/100g i
L) DEENRAEVIDLEELLRS.

—%, BEEBE COWTE, BRKEF»—v R
(KREREDESOEEmDTA) DRSS (Table
4 DRER), FENBERCTATHWEOR D LA
5. BESBABOWEMOHEA (R) wowTiiEeE
CLDKEF +— DXL DOENZHITHSL EELD
nh5.

4. 5 HB B

41 EMIOHBERBORE

3-3 T F, FEEERE (96 %20 mm, H, rr 950°C
X2h 7 —2) 2 HOKRHRHERER T Tl i
REORMEMLLYIEET S - L bTEThHS (Fig. 7
2f). Fick 0ff 2IEACESTHE1 B BiRH —
7 (Fig. 8) Lxflbdsz bickotT, 25°C kit s
KRINBIREL Dasoc=4.5x10-"cm?/s nBHHh3. =
DOfELX, Jounson & HiLL®zia gk (0.04%C, 0.01%
Mn) &3 UC RDV Dysoc=2.2x10-7cm2/s & I <
—HLTW5.
42 FRKRERPOLHMEARDER
BEIFGHELBOKRBHE (BT +» -1 L3)
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Fig. 7. H, evolution curve.
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(1) fERRH & B St

SUELA (FegoP1Cr), BB (FerP1oCiCryo) FhiC Tl
A TIER L= 0T, FRix 2x70x (0.03~0.05)
mm, FEEL 16~35mg BECTHS. WALV
R—s2— (500 FK) CTHEL, 1~5min BEEFHELEGHE,
ERERC X b kFEr s+ — 2 L. BRESEAEZ, BR
#EE 50 mA /cm? ¢ 30 min, BRI 5%H,S0,(5
mgAs,0y/1 AD) V. BfF »—CH, 7=
— T, ERUEDCABCHA LA LT oK.
HIEE, B#o 2 hyt 10min ffEC, ThllExl h
fBifg& L 65h % Cciyoie.

(2) PERREZTOEZE

P ADOKIEAKEREE (65h) 1329.5ppm(0.0115
ml/34.9mg) L 27.2ppm, ¥ i FHE B3 108 ppm
(0.0198ml/16.1mg) ¢ 118 ppm THot:. WRAK &
b, 2EORPEMEAREEYS % NTHOTk.
BB~ D KEOBMBLILE s & D% B ic D\
T, BEBEOAERE TR, ELHELBP TR R
SBEFOMCEBLTVSE Wb TWAY 2%, Fi
Zetlie FORMEHEL A KFEF T » T E LTORE
FBLLTWB EELZ LR TWEY., Ebiz, JEHES
BOEEEKEEIVERTHEERAE2TAZ LR
T 59723, Fe-P-C %R Fe-P-C-Cr RoIEREAE
TOWTULIE E A R LR TV L.
AKBRCHAR OB EEYS ) KFEREEL, FR
D&HETKESF + — ¥ LIERFZRAR (dmmg) D%
h (~4ppm) % Kig EFEOTKY, F 10atCr
2EUEBBo LT Cr2& T VR ADH 3 5%
M2 DI LB LD, Toks, W (1610°C)o
B4 10%Cr Finc X v 1atm KK & PG 5 KRG H
A 25 ppm 2> By 30 ppm i BN 5 = L AEI b
TP, Fi 800°C LIFCixik#lx v 10%Cr Fmn
WMo FHRL LA EVCEREYIDZEIA DT W
59, i, FEBOIOSRBRC LI OTKEF +—
THHEAE, AR (BIRER) LREREDOEK
A IRECH L ZT 52 EAMLR TV 5D THIE DS
B ro ¥ ¥ EREFMOBR LUK T L LxTERL
2, AEBBEOEBOALE LT +4#L5THA
5.
(3) Hmgr— 7okt
Fick 0 2 A ESWCEIFHOIE DO 2% &
U X TR Bk oW T Bl — 7% Ko
%9 L Fig. 9 i oh 5.

‘jis aﬂA@mﬂjZkiﬁf}i"%y MsshﬁMm 2:5&
PILT My/ Mo DfERTALEZTT 5 & Fig. 10 238 5

2= thickness

Mt/M oo

°' e

1078 1072 10 10°
=Dt /¢?

Fig. 9. Theoretical curve for H, evolution from
thin foil.

g 05 /
g |~
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Fig. 10. H, evolution curve from amorphous
iron foil.
—179® =190 —1qM
mk D=10 D=10 D=
///7 | — ="

102 103 104 10° t(sec)
T 1 1 1
3minthr shr sohr
Fig. 11. Theoretical evolution curve after 30 min
of electrolytic H, charging.

5. WEOHEND, BREE BicsZ 2R3N
5. Zhit, Fig. 9 ko sBclVC- & (1
B R 2 NEBEN —4% : C=C,, t<0) RERFRT
BEREIRTWRWI ERRBLTWS. Fic, RO
M;/Mw=0.98 figon c & ¢ L HWCGERPRIE D% R
BhHE Dyoc=1.7x10-11cm/s & 7z » Bkl o D(=
10-7 cm?/s) L+ H~IEEE /&, 30min OEMF + —
TR KFREN LR L CuWin W ATERES S
5.
WiZ, Diysec % 10-9, 10-1, 10-1, 10-'2cm/s &
REL, 30min BMEF + — O#H © KFKHHHRELETE
TRDHBHE, Fig. 11 pifBohs. 4 XOMBE OO DH
Dysoc=10"1 omz/s DN LR X 5b o (Fig. 10)
LEDILSARLTWS. KL, AREZEREHED
&, BRHOBBOBFNERRD H 1/4 Lig>Tw
5. ZOEEIOWTIE, Q4558 o CEA & N
DDRRIAHZE, FIOURBEEEYHE LI LT L
D EEEEODIMET LTS, HBEVITKERITEH
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Loz i EhnErbhb.
43 754 MRXFYVIAMWMD TIG BEEOH B4
KEOER

Cr RAT v Vv ARIIEBEM < HXTKROIEE
EAMEWZ bR T 5. Ck LU NSRRI L
DREER I OTEBME7 2514 FRAT VLV ABROBK
BENWEBRHO—BLE LT, TIG BEDOY—ALF 7
AFIKFRF TR L CHETC KRR 2 B Iz KEHK
DR A B U 7o,

(1) BrEERAE

4 & LC SM41 L YUSI9L (SUS 444, 19Cr,
2Mo EffiE7 =514 P RAT v L ABR) AV, W&
300°C, 1h ofikKFENEH>FTD7.

TIG 7 1 4z, YUSI9OL %! 1.6 mm¢ # i\ 7-.
ARz, B2 HEE 10mm, jE 15mm, KX 60
mm OLHOXFhHLEIZ4HELC HELYRE 30
mm OFE UMECIE XA T IIW 59  Lich2>C sl
WBET7S5 7L, Ro&HT TIG BEY 1T 7.

TRBEEIR  woeeeeeveeee 250 A

VEBEERE  ceeeereeeen 10 cm/min

7 A ¥ BRI 66 om/min

S S FH R eerennnen a(l00%Ar), b(0.5%H, »4&1i¢
Ar)
c(2.5%H, % &1y Ar), d(5.0%
H, #&%r Ar)

BERTHEORKT, IW B UT7 — 71313 st
WHKKTEHLERNTEFFSATAA-T A2 —Ah T&%

HLt. RER 48 LAREE IW Ik CKkEEXRE
L.
(2) SEBRER
B ohre kR Fig. 1210 R3. ZoR»b,
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Fig. 12. H, evolution curve of TIG weld metal.
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FHE b KERIBAED T B mOTWAH T E, 2) ¥—
A EH ARO Hy HEE 6w BESE» b itiAkFE
BAUEMT 5 &, 3) WHIRHKERRR, BMc YUS
190L #Buwi-bonliiEac s, 4 3 2~20h &%
B, B SM4l 2 Hvic b o 023 BB B K
FENBNZ L b s, BEIhEAKRERB LD
IOV TIRE R ERAFTHS.

Ar IW 3 (2hoRFEE) oK 2\ T
(%, 0~10ml/100 g &M T IR DBIRAE 5
i,

Hyyw=0.84H4:—0.20, (HBSMRH »=0.998)

44 FHAENLOFEBMKEDORE

BHAEL L OBRIBCEED DT W55, @RI
T35 EKRFBC L HEBNBEERZIUNELL®BEL LA
ML ShTvb. ENEEEESEOHREO L
LT, EMRER X 5 ENMERERRIIC AL b AR
CREAT L AKEEYEHOCIEET 5 EBE T oK.

(1) BRREERBREH

ekt A (3 130 kg/mm?, B3 140kg/mm? 0FH
A (2mm¢ CET 95 mm) T, o {bFHEEY
Table 5 iz7;x73. Fig. 5 @ R_RLA-Xsedm i+ %
ML 12mm¢x55mm o HEEEMEZ O, ATV
VASRBL A TERBEELICE v v T EEIERD 2
1 7 OfEEY 64 =2, 7RNLTHAI e 757
R L.

KB, BATOBE LSRG (5l kg/mm?) %2
FicBs (R LARBOZ) Lo TiTy, RiFEO
BA1: 600ml o 0.1 NHCI friz £ LT Pz
H£HETHKFEELX | hDEHIE L. BEOHA, £
Bl !lo 0.1NHC o—f%, AREELEE~NEHE
B2 bRRCHE L.

(2) BIERR

mEMTOREREY Fig. 13 Rid. AR TR
S B0 KEI R 30wkt UBRABTIKRE
BriEbdThThThsb. ARKCH 100h #HicE
BAFEOHMAMER L TWAA, ZhIZARERCE
BERHOEENTET HClL 2 X 280 BRMBHIEX
HKEOBAIELLLbDEEL BN D. HEHZERA
OHMHBARFED LI, WABOBRBERZE (&

Table 5. Chemical composition of HT-bolt test
(%)

Si  Mn P S Ti B Cr Mo Al

C
21 0.24 1.10 0.021 0.018 0.02 0.0023 — —
22

A O
‘BU 0.73 0.64 0.006 0.007 0.05 0.0021 1.32 0.52 002
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Fig. 13. H, permeation into HT-bolt.
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Fig. 14. H, permeation through a HT bolt under
load (test piece A).

HERBR CORABEWIS T, B 5\ I FHWERIRER) &t
LT\ A.
ABRRHCBIRRIGTT (51 kg/mm?) % hi 7oBH O HIE
E% Fig. M icpnd. BAHOBECHND LBRE
FELLBMUAERBLT 80h HoBREAEEILE
ARoEED 0.25ml xtl 0.70ml k3 fZic 88
LT\ 5.

5. F & 0B

BEEERIEI Y A 7~ 757, REAR, v—
vy —EHAEE THP OB AEL ERT 53
EXBEFREL.

AEBC XD

(1) 10*ml(FRBREEWN 2 g DHEH
CHY) CELIWEARLBE LIS ERETED.

(2) BB oKE I35 KFEREYRE 3 min o FiH

5x10-4ppm

THEBTE 5.

(3) #Hol hAMCEETHHEE
HTLTCHETE 5.

(4) LI EoEEN Y —r v —ic X ) BB 4T
T&E5.

(5) # 4ml/100g DFEHZ DT DOHETE DEEXER
# (o) 12 0.04ml/100 g TEERBUIH 1 % THS.
¥7., Ao PEHEE 7Y vV v EISEED 2 KEEE
B A LTARS L,

(6) 794y vEIAETIIAED 30~60% ofEiL
HE LRV, FRCKRBREME & i, BEIRENE
PR AR

(7) KBHEEETIIALD 75~95% OE1E LR
5.

AEE L, BESBRY OB AROEELT
T, WPEE~OKREEZEOWE, Bhado
ABEHE, X DRITELTOIBER BT b FIH
TEDHZ EuBITRLL.
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