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Detection of Hydrogen in a Steel at Elevated Temperatures
by an Electrochemical Method
Harushige TSUBAKINO, Atsushi ANDO, Takashi MASUDA and Koji YAMARKAWA
Synopsis :

An electrochemical permeation method using molten sodium hydroxide is presented to detect hydrogen
in a steel at elevated temperatures (673-773 K) in the range of practical interest for hydrogen attack.

The results are as follows :

(1) The most suitable potential range to detect hydrogen is from —0.8 to —0.6 V vs Air/O%~ (ZrO,).
(2) The experimental permeation curves for specimens with thickness above 4 mm agree fairly well with

the theoretical ones.

(3) Diffusivities of hydrogen in the steel 6.5 mm thick in this study are in good agreement with the values

obtained from a usual gaseous method.

(4) The detection limit of hydrogen content in the steel in this study is less than 0.1 ppm.
(3) Therefore, this electrochemical method will be usuful to predict the hydrogen attack of steels.
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Fig. 1. Principle of hydrogen permeation
technique.
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Fig. 2. Schematic representation of build up
and decay permeation transients detected at the
extraction side accompanying with different
cathodic current applied to the entry side.
Joo shows the steady state permeation current.

Build up Decay

| (Co)y

(Co)y (Co)y n
b

~-r . a b -~r a

(Co),

Fig. 3. Concentration distributions of hydrogen
in hollow cylindrical specimen at various time.
a and' b show inner and outer radii, respec-
tively.

Table 1. Chemical composition of the steel (wt%,).
(wt% )
C Si Mn P N Al

0.19 0.22 1.00 0.018 0.012 0.015
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Fig. 4. Experimental specimen.

Table 2. Dimension of specimen.

a(mm) b (mm) b—a(mm) k=b/a
12.5 14.5 2 1.16
12.5 16.5 4 1.32
12.5 19.0 6.5 1.52
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1 : Specimen, 2 : Stainless steel tube, 3 : Alumina crucible,
4 : Graphite rod, 5: Stainless steel tube, 6 : Nickel wire,
7, 8 : Thermocouple, 9 : Stainless steel wire, 10 : Stabilized

zirconia tube, 11 : Furnace
Fig. 5. Experimental apparatus and electronic
circuit.
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Fig. 6. Polarization curves of the steel in molten
sodium hydroxide at 673K.
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Fig. 7. Typical permeation transients at 673K.
Extraction potential is —0.6 V vs Air/O2- (ZrO,).
Specimen thickness (b—a) is 4 mm.
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Fig. 8. Comparison between theoretical curves
and experimental curves in build up and
decay transients in specimens with various
thickness (b—a).
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Fig. 9. Relationship between displacement of ex-
perimental curve from theoretical curve and spec-
imen thickness.
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Fig. 10. Relationship between diffusivity of
hydrogen in steel and extraction potential.

BT 5. LOLAEIPIL B, BEO—K
BEL e b ERCHD. £IT, & Ji/Joo TOHERE
BeTF—20ThEFBABRCH LRI L Fig. 9 o
Xowricsd. WE 2mm OHED T A ik Build up,
Decay BREL b/ KEV. Thil&PKREOER
EEINNZ VI, BENINIL b LR PO KE
R THDOZEOPENERTE 0 ItD DT
BH5.
WITFhORBOHED, Ji/Je=0.5 TOD ¢t (I Build-
up X 9 Decay BROANRRPKRE . (4)RRRLE
Xow, HRHEDO r LERUFT -2t b DAL BA
HDTHHMNE, DFEIL Build up, Decay BET
DRI HZEHBEWRTS.
3-3 KkFESIXKILEMORERF

FEER AR & RO KRB RER COLLE DB, (4)K
FRAWTxle D L5HEBMOBARE Fig. 10 1R7.
3.2 CE LI L 5 Build up & Decay @8- D 1%
goR e nps, Fig. 10 iz rh bl D OFHEEY 7
vy, b Lic. IeBWE2mm 084, HRMEIERH
BEO—FENENP OO THRA L. WThoREDS
A% D 35 EHBMCEERTRIE—ETHS. WE4
mm OFED D H 6.5mmDTh X h/phXvDiE, %

261
5 T T T T 1 T
(a) b-a=65mm

4r (Joohi00 7

3r (Joo)s0 )
o~ 2_
£ T
} IL .——AJcp o—o— -
- )//ﬂ
30 1 1 R SN 1 1 1
@ | (b) b-a=4mm
o 5F e
a
T4 i
o
s 3 ]
Q

2+ N

./‘—.—-o—o-"'/
1 AJm 4
/’/
0 | I 1 1 | 1

|
-10 -08 -06 -04
Potential (V vs Air 02(Zr0,))

Fig. 11. Relationship between permeation current
density and extraction potential for two cathodic
current densities, 50 and 100 A/ma2.

A Jo is the difference of the two steady state per-
meation current densities.
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Fig. 12. Arrehenius plots of diffusivities of
hydrogen in the steel.
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