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Monitoring of the Hydrogen Permeation Behavior in Pipeline

Harushige 'TSUBAKINO, Tetsupa M1zUNO and Koji YAMAKAWA

Synopsis:

A monitoring apparatus and some techniques to measure hydrogen content in line pipe steel over a long
term have been developed and established, by using electrochemical permeation method (nickel-plating
method).

This monitoring system consists of cells for nickel-plating and monitoring, which are made from acrylic
resin, pumping equipment for supply of electrolyte and electronic equipment (Yosmizawa type).  The
cells can be easily set at any position on the external surface of the line pipe. After nickel-plating, the
monitoring cell is set and filled with IN NaOH solution and then the electronic equipment is operated
potentiostatically at 150 mV vs Hg/HgO. Anodic current decreases gradually to the value less than 0.04
uAJcm? within one day. After such preparation, the hydrogen content can be monitored. The detection

limit of the hydrogen content by this monitoring system is 0.01 ppm.
The field test for monitoring hydrogen content in line pipe is performed with high reliability over three

months.
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Table 1. Chemical composition of line pipe steel (wt2;).

C Si Mn P S Cu Cr Ni Mo Nb Ti Al Ca
0,07 0. 30 .23 0.016 0. 001 0.03 0.03 0.03 0.06 0.032 0.017 0. 041 0.023
Specimen  Ni layer Table 2. Surface preparation of line pipe steel.
/.
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. - ™ 1 Mechanical polishing ----Emery paper (up to #600)
H'4+e—H| H 2 Electropolishing -~ - - - ~ HgPO4Cr03,0.3 A/cm?,12 min
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Fig. 1. Principle of electrochemical permeation (Entry Side) (Extraction Side)
method and hydrogen content at the steady
permeation state. ﬁ\ )
Specimeén Ni- Layer
C E : Counter electrode, WE : Working electrode,
Cy(wt . 1.318 Joo (A) L (cm) R E : Reference electrode (Ag/AgCl), G S : Galvanostat,
oW _ppm) - S(sz)D(sz/S) """"" (2 ) P.S : Potentiostat,. R =-Reco.rder
Fig. 2. Electric circuit and cell for electro-
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WE : Working electrode (line pipe), CE : Counter electrode (Ni),
R E : Reference electrode (Hg/HgO), C : Cock

Fig. 3. Electric circuit and cells for field test.

1 : Pumping equipment, 2: Fixing belt, 3 : Rubber plate,

4 : Line pipe, 5: Cell
Photo. 1. (a) Hydrogen monitoring system and
pumping equipment for supply of electrolyte, and
(b) fixing of cell.
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P : Motor pump, S : Volt slider, C : Cock
Fig. 4. Schematic representation of pumping
equipment for supply of electrolyte. Arrows
show the flow directions of electrolyte.

— 50 —



RA TS5 L VICETAKREEBEHHOE=5x1) v 975

| : Recorder, 2: Current, 3 : Switching of nickel-plating or
monitoring, 4 : Potential, 5: to cell, 6 : Output

Photo. 2. Electronic equipment of hydrogen mon-
itoring system (YOSHIZAWA type).
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Fig. 5. Arrhenius plots of diffusivities of
hydrogen in line pipe steel.
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Fig. 6. Typical relation between passive current
density of nickel-plating and time. Arrow shows
the residual current density i.e., detection limit of
probe.
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SS bath : Synthetic sea water+H3S

AS bath : 0.5% CH3;COOH+H;S

NACE bath : 5% NaCl1+0.5% CH3;COOH+H,S
open mark : crack free, solid mark : cracking

Fig. 7. Relation between permeation current
density and hydrogen content, evaluated from
eq.(2) using IKEDA et al’s datals)1e),
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Fig. 8 o (1) : ¥ TEHBEEHRE Y <1 7N <
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DEIDKFEEHEIL, 0.01~0.02ppm THDOt:.
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0.4g/lHwmmL, 70 HEwdhizoTe=42 ) v 7 LTk
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t2 0°C it ’s D pR(4)OMNELTIZIITRZ T EFHBAEL T
',:,17)‘

Time (4)

Joo : Permeation current density, 7 : Temperature,
Cy : Hydrogen content

Fig. 8. Monitoring of hydrogen content in line
pipe steel (long term measurement).

(1) : CH;COOH buffer solution is filled in pipe,
(II) : addition of Na,S in CH;COOH buffer solu-
tion and ([[) : after draining the electrolyte.
Arrows show the addition of Na,S (0.4 g/!).

T{°0)

Jo (uA/em?)

Time (d)

Fig. 9. Details in the variation of hydrogen
content after 28 days in Fig. 8.
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