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Effect of Various Additives on the Permeation Rate

of Hydrogen through Iron in an Acid Solution.

Namio OHTANI * Yasunori HAYASHI
Hideki HAGI - Yukio NAKANO - Seiji KITAYAMA

An investigation was carried out to determine the effect of various organic and inorganic
additives on the permeation rate and efficiency of hydrogen through iron in H,SO, solu-
tion. This is intended to provide the basis on which any measures to prevent hydrogen
embrittlement of iron can be attained by controlling surface reactions.

The results obtained are summarized as follows :

(1) The permeation rate of hydrogen is, generally speaking, proportional to the corrosion
rate of iron at the corrosion potential.

(2) Some elements, such as S and P may accelerate the rate of hydrogen discharge, act-
ing as bridging ligands, and increase the amount of hydrogen adsorpted on iron.

(3) The evolution reaction of hydrogen seems to be electrochemical on iron surface in an
acid solution containing As and Te.

(4) In acid solution containing As or Te, an adhesive layer is formed on iron, in which
the bonding energy between As and H is large and the hydrogen evolution reaction is
suppressed.

(5) Some organic additives such as thiourea, coumarin and vanillin decrease the permea-
tion rate of hydrogen through iron by “covering effect”. From the standpoint of preven-
tion of hydrogen embrittlement of iron, therefore, it is concluded that it is desirable to use
such additives which have the covering effect or decrease the amount of soluble hydrogen

in the layer formed on iron surface and accelerate the rate of hydrogen evolution.
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Table 1 Chemical composition of the material used. (wt %)
C N S P Si Mn
0.0155 0.0022 0.005 0.002

0.005 0.005

Table 2 List of additives used.

thiourea (NH,),CS
coumarin CyH,0,

Organic additives 2-butyn-1.4-diol OHCH,C=CCH,0OH
vanillin HOCsH,; (OCH,;)CHO
B-naphthol C.,oH,OH
sodium phosphate Na,HPO,
arsenic trioxide AS,0,

. . selenious acid H,SeO,

Inorganic additives antimony trioxide Sb,0,
sodium tellurite Na,TeO;
sodium sulfide Na,S
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Fig. 1 Structural formulae of organic additives.
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Fig. 2 Experimental apparatus for the measurement
of hydrogen permeation.
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Fig. 5 Relation between corrosion rate and hydrogen
pemeation rate at corrosion potential of iron.
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Fig. 8 Hydrogen evolution and entry scheme.
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Fig. 9 Permeation rate as a func-
tion of the square root of cathodic
current density in IN H,SO, solution
containing S-naphthol.

Table 3 Rate determining step of hydrogen evolution reaction

Additive mot/m | (A ot | (mV/decade) | RD:S.
thiourea 1 0.9 - 25.6 50.5 120
10 0.1 -168 26.5 120 R
10 42.4 -105 13.2 460
A -naphthol 1 6.4 - 44.1 30 140
10 11.2 -240 7.9 190 R
free 3.6 - 40 15.6 120 R
2-butyn-1,4-diol 1 2.9 - 78.4 9.6 155
10 0.9 - 13.2 20 200 R
102 0.12 - 5.6 15 130
coumarin 1 10 - 62.5 10 190
10 10 - 32.4 11.4 190 R
Sat 3.6 -160 10 155
vanillin 1 16.9 -160 10.6 170
10 1.6 - 27.2 4.6 120-240 R
P 1.10 ?
As 2.5x1072 0.2 - 2 160 190
1.3 0.29 - 1.23 46 360 E
Se 1 1.9 - 47.5 10.5 210
10 8.4 - 32.4 18 280 R(7)
Sb
Te 1 0.676- 32.4 11.5 160
10 4.48 - 38 170 R
S 1,10 7
notes : R. D. S.(Rate Determining Step), R(Recombination), E(Electrochemical)
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