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Abstract

The effects of an impressed cathodic current on the hydrogen permeation in iron membranes
protected by cement-based composite materials were studied. The electrochemical hydrogen
permeation technique was used to measure the hydrogen permeation current of the membranes.
The main emphasis in this work was to investigate the factors that might affect hydrogen
permeation through cathodically protected iron membranes with and without mortar cover. These
included the effects of the carbon content of steel, impressed cathodic current density, cathodic
electrolyte, and water/cement ratio. Experimental results shows that the hydrogen permeation

current density for bare iron membranes immersed in 3.5% NaCl solution increased with
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decreasing carbon content and increasing cathodic current density. And the hydrogen permeation current density for

the bare iron membranes immersed in a simulated cement pore solution (SPS) with 3.5% NaCl addition was higher

than the one immersed in 3.5% NaCl solution. It appeared that the behavior of hydrogen permeation current density for

the iron membranes covered with mortar was more complex than that without mortar-covered ones.

Keywords : cathodic current density, hydrogen embrittlement, hydrogen permeation, mortar-covered membranes
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1 BB TAEER S TR (wt% )

Table 1 Chemical compositions of steel membrane

(wt%)

TLHR C Si Mn P S Fe

el | 0.97 | 0.28 | 0.42 | 0.04 | 0.05| Balance

s | 0.45 ] 0.16 | 0.72 | 0.04 | 0.05| Balance

{ECHXER | 0.18 | 0.05 | 0.45 | 0.04 | 0.05| Balance

* 2 KV ERIRERENEC L

Table 2 Mix designs for mortar cover

7KK E(wie) | 7Kk kg/m? ) | 7k kg/m?® ) |#iTlE44( kg/m®)
0.4 326 816 1119
0.5 293 586 1405
0.6 286 476 1520
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Table 3 The composition of electrolyte and operation 5 ffg%ﬁi%ﬁ%@
conditions for the Watt bath method 3. BB 4 PY
4. 2ETMEGFTH K EMR)
" : - . 5. EAEEN)E
REERNISO, +6H0) | 240 ¢/ | ¥Rl 45~60°C A5 (RS Ha ) B < 0.1 N NaOH
FLEANICL,  6H0) | 45g] e =g JEM(BE k) FE AR « 3.5% NaCl ~ SPS
fili#%H,BO,) 30 g/l S 6~12 Volts
pHE 45~55 | R 20 ~60 mA/om’ GALVANOSTAT POTENTIOSTAT
R C W woc R |
N>
N>
\ — N 7
R4 PSR T - e To,
Table 4 Hydrogen permeation rates of steel membranes S O / / /
under various conditions s j
2 / j 5
N il 1 4
TR iRl 1] ik el
BEURI L
T = 1.71x10™ | 1.46x10™ | 1.15 x10"
le[H] X m™ X sec’
(molefFt] nr’ xsec’) 1 bR
e R Y R
%mkﬁﬂmm 375 750 1500 3000 Fig 1. Experimental setup of electrochemical
i( uAlem?)
. hydrogen permeation test
BERR] L , , , , ydrogen p
(mole[H] Xm" Xsec”) 7.46 x10"9.64 X 10 1.46 X 10™/1.79 x 10"
. 43.5% NaClz fif
(B il A 0 & i
i SIANCL e Ao
BEHRI L 0 0
(mole[H] X’ X sec) 1.46x 10 3.34 x10
KIERAKIK 0.4 0.5 0.6
wic ratio

(moli%;&]&;x%%cl) 83910 | 12410 | 1.79%10"
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Fig.2 The influence of carbon content in steel on the

hydrogen permeation current
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Fig. 3 The influence of applied cathodic current

density on the hydrogen permeation current

B RBE9143 H

14

s -

= Equation Y = A*X+B

n 12 |-—-—--- A =0.020

Z B=0.113

2 Equation Y = A*POW(X,B)
A=0.040

g 1L B=0.846

2

& |

D z

© o8

g% 4

=

% 061}

o

=9

Zz 04—

23

Q

o

&

a o2}

=

jan)

0 | |
0 10 20 30 40 50 60
SQUARE ROOT OF APPLIED CURRENT DENSITY
(A/em2)1/2

4 FRESBIE IS L AN R EE TR
SEITIRREAER
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Fig. 5 Effect of different electrolyte on the hydrogen

permeation current
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Fig. 6 SEM of the interface calcium deposit on steel
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Fig. 7 The effect of w/c ratio of mortar on the

hydrogen permeation current
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