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The present invention relates to steel oil and/orgas 
tubing and, more particularly, to ‘theprotection .of steel - 
oil and/or gas well tubing in sour, condensate oil and/or 
gas wells from failure caused by hydrogen ‘and/ or stress 
corro'sion cracking. . . 1 1'. ‘ ‘ ‘ .. , . . 

As will .be readily appreciated by. those skilled in. the 
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art, serious problems and dif?c'ultieshave heretofore xi‘ 
existed with respect ‘towthe utilization of steel oiland/or 
gas well tubing which, while in service, is prone to failure 
caused by a mechanism involving hydrogen and/ or stress. 
corrosion cracking. ‘ Hydrogen’ cracking or embrittle 25 

ment can be' generally considered a spontaneous failure ‘ 
of metal as the result of atomichydrogen acting within in 
terstitial voids :in the metal, i.e.,‘..discontinuities in the 
atomic structure of the metal, ‘in the presence of some 
minimum stress. . Stress-corrosion cracking has been de 30 

?ned as “including any combined effect of stress and ~ 
corrosion on‘ the behavior of metals.”_ ‘Either type of 
failure may be generically categorized as a, type of 
“brittle” failure,_,the mechanism of. which can be con 
sidered as encompassing two stages. Inthe ?rst stage, a 
crack or pit is developed in the metal and is continued by 
high stresses ~and/or corrosion until the crack or pit 
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crack reaches a critical length with respect to the stresses ’ 
acting normal to the length thereof. In the second stage, 
the crack is continued beyond the critical length until 
failure occurs.‘ , ‘ _ ' 

The problems and difficulties have become particular 
.ly acute anent deep, sour oil and/or gas wells. In such 
wells, hydrogen is activated in, a manner whence‘it comes 
into intimate contact with thesteel tubing. The hydro 
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gen in atomic or nascent form penetrates the voids present : 
in the metal and subsequently,’ because of its native 
activity, forms molecular hydrogen and thus causes‘ an 
expansion in the volume of hydrogen in the void. This 
expansion, so caused, exerts a pressure of ever increasing 
proportion whereby‘ the formation and lengtheningof 
cracks occur until pressure-causes complete fracture. The 
atomic hydrogen may be activated in several ways. For 
example, hydrogen sulphide in the ?uids of sour wells 
reacts with the metal tubing whereby hydrogen is liber 
ated in atomic form and then penetrates the metal. The 
process is facilitated .when a “poisonous” catalyst is 
formed, e.g., ferrous sulphide. The, catalyst acts in a 
manner to encourage entrance or permeation of released 
atomic hydrogen into the metal. This is to say, a source 
of atomic hydrogen is catalytically directed into the 
metal. Another example of the manner in which hydro 
gen is introduced into wells is through well known 
“acidizing” procedures. The acid coming into contact 
with the steel tubing reacts therewith with the evolution 
of atomic hydrogen. ‘ , “ ' . _ 

Conditions for the inducement of steel tubing to stress 
corrosion cracking ‘occur in a variety of ways. For ex 
ample, internal stresses in the tubing metal resulting from 
improper heat treatment or cold work leave‘the metal in 
a condition susceptible to stress-corrosion cracking. 
‘Chloride ions present in‘ aqueous ?uids, e.g., sour vwell 
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Pit cracking or stress-corrosion 
in certain metals until failure 

?uids, cause pitting. 
cracking, continues 
occurs. 
The mechanism of failure by cracking as referred to 

hereinabove is particularly pronounced, peculiarly 
enough, in steel tubing of high mechanical strength, e.g., 
steels having yield strengths of 80,000 p.s.i. (pounds per 
square inch) and up, and even more so in cold-worked 
high strength steels. With respect to hydrogen cracking 
particularly, experience has indicated that the minimum 
stress involved, in cracking as referred to hereinabove, 
apparently varies with the overallv strength of the metal, 
the higher the strength of the metal the lower the mini 
mum'of residual stress to ‘bring about hydrogen crack 
ing. Such ‘high strength steels are generally used in com 
merical practice and are considered necessary for the 
purpose of resisting or counter-acting the effect of high 
tensile stresses, including both external and_ internal 
stresses‘, acting upon or ‘within the metal. External 
stresses are generally the natural result of the use to 
which thesteel tubing is subjected during service where 
as internal stresses primarily result from cold-working or 
“other operations to which the steel is subjected prior to 
‘or in'use. - 

Endeavors directed to the use of low strength steels, 
e.g., yield strength of about 40,000 to 50,000 p.s.i., have 
‘not been entirely satisfactory. Such low strength steel 
tubing is somewhat susceptible to hydrogen and stress 
corrosion cracking and there is a signi?cant and undesir 
able sacri?ce in mechanical strength, particularly in wells 
where high pressures and temperatures are encountered. 
Moreover, such steels are susceptible to formation of 
blisters which by rupturing can destroy portions or seg 
ments of the tube wall. It also has been proposed to 
subject both high strength and low strength steels to 
heatjtreatment to stress relieve the same, i.e., reduce in 
ternal stress caused by cold working. ‘It is considered 
that such treatment involving relieving internal stress, 
‘substantially reduces the number or size of the voids , 
in the metal. However, it has been found that quench 
ing processes employed after heat treatment set up‘ a 
degree of internalstress. Moreover, it has been found 
generally necessary in practice that since the tubing must 
be straight in order to meet “drift diameter” require 
ments, cold-working procedures must be employed at 
various portions thereof to accomplish the same. Thus, 
additional internal stresses are set up and the voids in 
the metal are ever present and become larger at least 
with'respect to size. Furthermore, improper heat treat 
ments can, as mentioned hereinbefore, be conducive to 
stress-corrosion cracking. 

It has also been proposed heretofore to use plastic 
liners in steel oil well tubing for the protection thereof 
but'it has been found that plastic liners soften at well 
temperatures, e.g., 230° F. to 250° F., to such a de 
trimental degree that they pull loose and ball up even to 
the extent of stopping ?uid ?ow. Some artisans have 
expressed the viewv that when voids occur in plastic liners 
the steel tubing cracks more readily than if the steel tub~ 
ing were left completely exposed. 

It might be well said that the problem is intensi?ed 
and magni?ed in deep, sour wells where extremely high 
pressures and high temperatures, e.g., 15,000 p.s.i and 
about 350° ‘F. prevail. Although many attempts were 
made to overcome the foregoing difficulties and other 
disadvantages, none, as far as we are aware, was entirely 
successful when carried into practice commercially on 
‘an industrial scale. ‘ 

It has now been discovered that hydrogen and stress 
corrosion cracking in steel tubing and particularly oil 
and/or gas well cold-worked steel tubing of high me» 
“chanical strength can be substantially minimized or re 
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duced to a negligible extent by the use of special metal 
liners capable of protecting the steel from atomic hy 
drogen. 

It is an object of the present invention to protect steel 
tubing from. hydrogen and/or stress-corrosion cracking. 

Another object of the invention is to prevent failure 
of steel oil and/or gas well tubing in deep, sour, con 
densate wells caused by hydrogen and/ or stress-corrosion 
cracking. 
The invention also contemplates providing a metal 

liner in combination with steel oil and/ or gas well tubing 
such that the steel tubing will not be subject to hydro 
gen and stress-corrosion cracking and will therefore be 
rendered capable of exhibiting a longer service life than 
when no such liner is used. 

It is a further object of the invention to provide a 
metal liner capable of rendering atomic hydrogen into a 
form inert to steel oil and/ or gas well tubing. 
The invention further contemplates protecting high 

strength, cold-worked steel oil and/or gas well tubing 
and more particularly, such steel tubing used in deep, 
sour wells of high pressures and temperatures from failure 
normally caused by hydrogen and stress-corrosion ‘crack— 
ing. 

Other objects and advantages of the present invention 
will become more apparent from the description taken 
into ‘conjunction with the accompanying drawing in 
which: 

Figures 1 and 2 represent longitudinal sectional views 
and. Figure 3 an end view of Figure 1 showing the lined 
steel oil and/or gas well tubular structure provided in 
accordance with the present invention. In Figures 1 
and 3 the interfacial zone between the tube and liner is 
shown on a greatly enlarged scale for purposes of illus 
tration. 

Generally speaking, the present invention contemplates 
protecting steel oil and/or gas tubing and particularly 
high strength, cold-worked oil and/or gas well tubing 
utilized in deep, sour Wells from failure caused or in 
duced by hydrogen and/or stress-corrosion cracking by 
providing within the steel tubing, but in unbonded asso 
ciation therewith, a metal liner pervious to atomic hy 

' drogen penetration, the metal liner being in mechanical 
contact with the steel tubing to form an interfacial zone 
therewith. It is important in accordance with the prin 
ciples of the present invention that the outer surface of 
the protective liner be unbonded with respect to the 
inner surface of the steel tubing, i.e., the metallic liner 
is mechanically expanded or otherwise closely ?tted to 
the inside diameter of the steel tubing throughout its en 
tire length such that there is no metallic path for atomic 
hydrogen to pass into the steel tubing. Thus, there is a 
continuous void, i.e., interfacial zone, existing between 
the metal liner and steel tube. This feature of an inter 
facial zone in combination with the perviousness of the 
metal liner permits atomic hydrogen, which may be 
evolved from a reaction such as, for example, a reaction 
occurring between the liner and hydrogen sul?de, to pre 
ferentially reform into molecular hydrogen on the outside 
surface of the liner. In its molecular state hydrogen is 
substantially inert to the steel tubing at the temperatures 
within the wells. If the metal liner and steel tubing 
were in bonded form, e.g., clad or plated form wherein 
substantial diffusion occurs between the metal receiving 
a deposit and the deposited metal, permeation of the liner 
by atomic hydrogen would continue directly into the 
steel tubing and thus create the conditions which lead to 
cracking. The liner can be conveniently inserted within 
the steel tubing by procedures well known to those skilled 
in the art. For example, the liner can be expanded 
against the inner surface of the steel tubing using hy 
drostatic pressure. 

In carrying the present invention into practice, it is 
preferred to employ metal liners containing metal from 
the group consisting of nickel, copper, and alloys "there 
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4 . 
of. Preferably, the nickel-copper alloys contain about 
63% tol70% nickel and about 25% to 30% copper. 
Small amounts of other elements including up to 2% 
iron, up to 2% manganese, up to 4% aluminum, up to 
1% silicon and up to 0.3% carbon are contemplated 
within the scope of these alloys. Such liners, in addi 
tion to protecting steel tubing from hydrogen and/or 
stress-corrosion cracking failure, have a lower tensile 
modulus and higher thermal expansivity than steel and, 
as a result thereof, an excellent and desirable tight and 
permanent mechanical grip of the liner by the tubing is 
assured when expanded into place hydrostatically, when 
supporting a load in a well, and when heated by earth 
temperatures. Moreover, such liners are‘extremely cor 
rosion-resistant to various corrosive media of well ?uids, 
e.g., hydrogen sul?de of sour wells. It is also a pre~ 
ferred embodiment of the present invention where tem 
peratures in excess of 500° F. and destructive sulfur are 
encountered in wells to employ metal liners pervious to 
atomic hydrogen and comprised of nickel-chromium-iron 
alloys containing nickel in amounts greater than about 
50%, e.g., 75% to 80%, chromium from about 10% to 
35%, e.g., 12% to 15%, with iron being essentially the 
balance, e.g., 5% to 9% or 13%. Such alloys exhibit 
the desirable characteristic of affording substantial resist 
ance to sulfur attack at well temperatures greater than 
500° F. and are highly resistant to stress-corrosion at 
tack normally attributable to the effect of chloride ions. 

Turning to a discussion of the drawing and particu 
larly Figure 2, there is shown a tubular structure com 
prised of an oil well steel tube 1 in mechanical contact, 
i.e., unbonded association, with a pervious metal liner 2. 
Reference numeral 3 indicates the interfacial zone exist 
ing between the steel tube and metal liner. This inter 
facial zone is shown on a greatly enlarged scale in Figures 
1 and 3 for purposes of illustration. Thus, it will be 
understood that oil well steel tube 1 and metal liner 2 
are engaged in mechanical contact such that there is 
formed therebetween a continuous void, i.e., an inter 
facial zone. 

It is to be observed that the present invention pro 
vides special metal liners for the protection of steel oil 
and/or gas tubing from failure normally caused or in 
duced by hydrogen and/or stress-corrosion cracking. 
The fact that the metal liners are in mechanical contact 
such that an interfacial zone is established therebetween 
provides a system for obviating or substantially prevent 
ing atomic hydrogen contact with the steel tubing. The 
establishment of an interfacial zone provides for the se 
lective and preferential formation of molecular hydrogen 
on the outside surface of the metal liner. Hydrogen 
which heretofore contacted the steel tubing in destructive 
atomic or nascent state now, in accordance with the in 
vention, contacts the tubing in harmless molecular form. 

Furthermore, the invention provides for the protection 
of high strength, cold-worked steel oil and/or gas well 
tubing employed in deep, sour wells from hydrogen 
and/or stress-corrosion cracking. The metal liners 
described hereinbefore easily Withstand the high tem 
peratures and pressures of deep wells. It is to be 
noted that since cold-worked steels of high strength, e.g., 
80,000 psi,‘ and containing small amounts of alloying 
elements, e.g., 0.75% to 1% chromium, 0.08% to 0.1% 
molybdenum, 0.5% to 1.25% manganese and 0.75% to 
1.25 % nickel, can be safely employed in oil and/or gas 
wells in accordance with the invention, no sacri?ce in 
mechanical strength thereof is incurred as in the case of 
using low strength steels, e.g., steels having a yield 
strength of about 40,000 p.s.i. The voids present in the 
cold-workedsteel and which would have hitherto normal 
ly served as accumulators for atomic hydrogen no longer 
present a hazardous condition. Thus, maximum protec 
tion is coupled with maximum strength. 

Moreover, the invention provides a new bi-metallic oil 
and/or gas well tubular structure ‘having high overall 
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strength and being comprised of an outer shell of cold 
worked and/or high strength steel and an inner shell in 
mechanical contact therewith and being comprised ‘of the 
liner materials in accordance with the invention. 

It is to be noted that the present invention is not to be 
confused with the more protection of steel tubing from 
general corrosive effects, for example, gradual corroding 
of metal through the formation of steel compounds which 
eventually become loose ‘from the steel tubing and ?ake 
oif. Such corrosive activity which can belconsidered as 
general corrosion, although it is prevented by the present 
invention, is quite distinct from the problem of prevent- ' 
ing hydrogen and/ or stress-corrosion or cracking failure. 

Although the present invention has been described in 
conjunction with preferred embodiments, it is to be un 
derstood that modi?cations and variations may be resorted 
to without departing from the spirit and scope of the in 
vention, as those skilled in the art will readily understand. 
‘Such modi?cations and variationsv are considered to be 
within the ‘purview and scope of the invention and ap 
pended claims. ' ' ~ 

We claim: - . i 

1. As a new article of manufacture, an improved oil 
and/or gas well tubular. structure capable of use, under 
relatively high pressures and temperatures in deep, sour 

20 

25 

wells and adapted to resist failure caused or induced by ‘ 
hydrogen and stress-corrosion cracking while in service, 
said tubular structure being comprised of an outer steel 
shell comprised of a steel possessing a yield strength of 
at least about 80,000 pounds per square inch and being 
in the cold-worked condition, and a corrosion resistant 
inner metal liner pervious to atomic hydrogen penetraa 
tion, said metal liner containing metal selected from the 
group consisting of nickel, copper and alloys thereof, 
said shell and liner being in mechanical contact such that 
there exists therebetween an interfacial zone to thereby 
provide for the selective and preferential formation of 
molecular hydrogen on the outside surface of said liner 
while in service, whereby detrimental atomic hydrogen 
contact with said steel shell is prevented. 

2. The article of manufacture as described in claim‘ 
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1 wherein the metal liner is comprised of a nickel-copper ' 
alloy containing about 63% to 70% nickel and about 
25% to 30% copper. 

3. As a new article of manufacture, abi-metallic oil 
and/ or gas well‘tubular structure adapted to resist failure 
caused or induced by hydrogen and/or stress-corrosion 
cracking while in service, said tubular structure being 
comprised of an outer shell formed of a steel possessing 
a yield strength of at least about 80,000 pounds per 
square inch and an inner metal liner pervious to atomic 
hydrogen penetration, said liner being comprised of an 
alloy containing at least 50% nickel, from about 10% 
to about 35% chromium, and the balance essentially 
iron, said shell and liner being in mechanical con 
tact such that there exists’an' interfacial zone therebe 
tween and to thereby provide for the preferential forma 
tion of molecular hydrogen on the outside surface of ' 
said liner while in service, whereby detrimental atomic 
hydrogen contact with saidv steel tubing is prevented“ 

a 4. The article of manufacture as described in claim 
3 wherein the metal liner is comprised of an alloy con 
taining about 75% to 80% nickel, about 12% to 15% 
chromium, and the balance essentially iron. 
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