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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 wt%

Table 1 Chemical compositions of steel membrane

(wt%)

C Si Mn P S Fe

0.97 0.28 0.42 0.04 0.05 Balance

0.45 0.16 0.72 0.04 0.05 Balance

0.18 0.05 0.45 0.04 0.05 Balance

2

Table 2 Mix designs for mortar cover

(w/c) ( kg/m3 ) ( kg/m3 ) ( kg/m3 )

0.4 326 816 1119

0.5 293 586 1405

0.6 286 476 1520
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3 Watt

Table 3 The composition of electrolyte and operation

conditions for the Watt bath method

(NiSO
4

6H
2
O) 240 g/l 45 60

(NiCl
2

6H
2
O) 45 g/l

(H
3
BO

4
) 30 g/l 6 12 Volts

pH 4.5 5.5 20 60 mA/cm2

4

Table 4 Hydrogen permeation rates of steel membranes

under various conditions

J L
1.71 10-10 1.46 10-10 1.15 10-10

(mole[H] m-1 sec-1)

375 750 1500 3000
i ( A/cm2) 

J L
7.46 10-11 9.64 10-11 1.46 10-10 1.79 10-10

(mole[H] m-1 sec-1)

3.5% NaCl
3.5% NaCl

J L
1.46 10-10 3.34 10-10

(mole[H] m-1 sec-1)

0.4 0.5 0.6
w/c ratio

J L
8.39 10-11 1.24 10-10 1.79 10-10

(mole[H] m-1 sec-1)

1

Fig 1. Experimental setup of electrochemical

hydrogen permeation test
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2

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

        

   
  

 

 

 

 

 
   

           
 

 
   

           
 

 
   

           

 
   

           

4

Fig. 4 Permeation current density versus the square

root of charging current density

     

5

Fig. 5 Effect of different electrolyte on the hydrogen

permeation current
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6

Fig. 6 SEM of the interface calcium deposit on steel

7

Fig. 7 The effect of w/c ratio of mortar on the

hydrogen permeation current

 
  

    

 

 

 

 

8

Fig. 8 Compressive strengths and hydrogen

permeation current densities for mortar with

different w/c ratios
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