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Wwhen a structural metal is stressed in a hydrogen environment, the
metal may crack at stress levels much lower than its normal strength.
Hydrogen assisted cracking in 4340 steel was studied. The specimens
were normalized austenized, oil quenched, and tempered to give a hard-
ness of Rclﬂ. All specimens were compact tension type. The overall
width, height and thickness is 5.0; 4.8 and 0.25 inches respectively.
The overall crack length is 1 7/8 inches. The same load of 4100 1bs.
was applied to all the specimens. The specimen was contained in a
sealed plastic bag. Specimens were tested in pure hydrogen as refer-
ence and also in mixtures of hydrogen with CO, NH3, st or SOZ' Fifty
cc each of one or two of these gases were added to the bag (estimated
volume of 5 liters): the nominal concentration of the added gas was
approximately 1%Z. The relative displacement of the pin holes was meas-
ured by a linear voltage differential transducer (LVDT). Under con-
stant load, the output of the LVDT is a measure of the crack length.

A more detailed description of the experimental setup is given in Ref.l.

The LVDT output was recorded as a function of time and shown in
Figs. 1-4. Two specimens tested in pur;-e hydrogen failed in approxi-
mately 4 and 8 minutes after incubation. A specimen was loaded in pure
hydrogen, and the crack grew a half inch in 3 minutes, Fig. 1. At that
point, 50 cc of CO was added with a hypodermic syringe. The cracking
rate was drastically reduced, and remained so for 45 minutes. At that
point the load was cycled once, crack grew immediately and the specimenm
failed in 4 minutes.

In Fig. 2, the crack grew 1/4 inch in pure hydrogen in 2 minutes.
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At that point 50 cc NH3 was added, and the cracking rate was greac.y
reduced for the next 59 minutes. At the 61st minute, 50 cc HZS was
added, and the crack grew to failure in 9 minutes.

Throughout this investigation, it has been observed that the ef-
fect of hydrogen on the craciing rate may vary considerably from one
specimen to another, even though, the specimens were heat treated iden-
tically. In Fig. 3 the specimen did not show any indication of crack
growth during the first 31 1/2 minutes; at that time 50 cc H,S was
added and the crack started to grow immediately. HZS gas enhances
cracking. This has also been observed by others. After the addition
of HZS’ the crack grew 1/4 inch in three minutes. At that moment 50
cec SO2 was added. The crack continued to grow to fracture in 6 minutes.

For the next specimen, Fig. 4, 50 cc SO2 was added after the crack
grew 1/4 inch in 2 1/2 minutes. The cracking rate was greatly reduced.
At the 9th minute, 50 cc HZS was added, the cracking rate came to a
complete halt. At the 31st minute, the system was cleaned and the bag
was filled with pure hydrogen. The crack stayed dormant. At 36th min-
ute, 50 cc HZS was added. The crack grew immediately.

It is generally concluded that hydrogen exists in a metal as atoms
or ions. The presence of atomic hydrogen increses the cracking rate by
several orders of magnitude from what was observed in the presence of
molecular hydrogenz. Perhaps the dissociation of molecular hydrogen
is the first step of hydrogen embrittlement. The dissociation energy
of hydrogen molecule is 103.66 kcal/mole. At STP the partial pressure
of atomic hydrogeﬁ is 10-17'8 atm. This concentration is too low to
cause any observable cracking. A model of catalytic dissociation at

defect sites on a metal surface was suggested as the first of the many

steps in the long process of hydrogen assisted crackingl. Hydrogen

IV - 325




When a load cycle was applied, after the cracking was stopped, a

fresh new metal surface is exposed with numerous uncovered dislocation

termini: hence hydrogen dissociation and cracking were resumed, see

Fig. 2. When a metal surface is exposed to an ambient atmosphere, the

oms or molecules, some strongly and some

dislocations are bound with at

weakly. Perhaps, the incubation period is the time necessary to "clean"

up enough dislocation sites through the thermal kinetic process SO that

enough hydrogen molecules are dissociated to cause crack growth.

Not all the gases will stop the dissociation process and cracking.

A clear exception is H,S. It seems that H,S helps to "clean" up those

covered dislocation termini but may also facilitate the dissociation of

molecular hydrogen causing accelerated cracking.

The bonding of atoms oTr molecules to dislocation sites and its ef-

fect on the hydrogen dissociation depends on the electric dipole of a

dislocation, the dipole moment of the molecule, the dissociation energy

and the relative sizes of the atoms and the lattice of the metal sur-

face. Lf these surface interactions were known then the control of

catalytic dissociation and stress corrosion cracking would be possible.
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