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The present invention is directed to metal producis
having improved resistance to stress corrosion and a proc-
ess for the preparation of said products.

As used herein, the term “stress corrosion” is defined
in the broad sense to include corrosion which cecurs dur-
ing the application of externally applied stress and also
situations wherein no external stress is applied. When
applied, the external stress can be continuous or inter-
mitteat and can vary in magnitude.

Sieel and other me:als play an important part in the
pioduction, refining and processing of petroleum. Many
of the applicaticns of metals in the petraleum industry
involve corrosive environments. This is particularly true
in the preduction of crude petroleum where envirooments
are encounterad which contain brines, that is, various
metal halides, and in particular, sodium chloride; sulfur-
containing compounds, such as hydrogen sulfide; carbon
dioxide; organic acids and other corrosive materiuls.
Often these corrosive materials are present in the crude
petroleum or, if not, are present in the formations which
are adjacent the petroleum-producing zones. The prob-
lems of corrosion and how to combat it are particularly
important to manufacturers of well casing and tubing
which are employed in connecting the ground surface
with the oil-bearing formations and to the manufacturers
of sucker rods or oil well pump rods which are em-
ployed in conjunction with pumps which affect removal
of crude petroleum through oil well casing. These “sucker
rods” are steel reds which come in various diameters,
usually 25 or 30 feet in length, having threads or other
means at each end whereby the rods can be coupled to-
gether to form a “string” of sufficient length to extend
from the pump driving means which is stationed above
ground dows to the oil well pump which is located down
near the oil-preducing formation.

Sucker rods ate ordinarily made from carbon or low
alloy sicels and are installed in service without any spe-
cial treatment other than heat treatment such as normal-
izing or tempering. Tt is recognized that mill scale-bearing
surfaces are undesirable, and some of the maoufacturers
treat the sucker rods to remove hard mill scale by flame
treatment or, mote commonly, by shot blasting or shot
peening. These varicus processes for removing mill scale
have been followed for up to fifty years or more. In gen-
eral, these processes succeed in removing most but not
all of the miil scale.

At the present time, the life expectancy of sucker rods
is relatively short and in highly corrosive environments
such as those containing a large amount of hydrogen sul-
fide, failure may occur in a very few months or even in
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a shorter time. Failures also occur at a very high rate in
services wherein the stresses placed on the sucker rods
in the pumping operation arc very high. While not sub-
ject to externally applied stresses like the sucker rods, well
casing and tubing also experience in corrosive environ-
ments a much shorter life than would be obtained in the
absence of corrosive matefials,

It is an object of this invention to provide an improved
process for reducing the failure of metals due to stress
corrosion.

It is another object of this invention to provide an im-
proved process for treating the surface of metals to in-
crease their resistance to stress corrosion.

Still another object of this invention is to provide metal
preducts having improved resistance to stress corrosion
by a novel method of surface treatment,

Yet another object of this invention is to provide sucker
rods and tubular goods having improved resistance to
siress corresion.

These and other objcets of the invention will become
more readily apparent from the following detailed de-
seription and discussion.

The foregoing objects are achieved broadly by provid-
ing metzl products from which substantially all oxide-
defective and decarburized surface layers have been
skinned off the metal surface by a mechanical ireatment
and the surface thereafter subjected to surface cold-
working to induce compressive stresses in the metal sur-
face, The oxide-defective and decarburizad surface layers
are those which are formed on the metal usually gither
during manufacture or during subsequent heat treatment.

In the drawings:

FIGURE 1 shows in graphical form the relationship
between reduction in diameter and depth of cold-working
for ALS.1. 1036 steel.

FIGURE 2 shows the results of fatigue tests pertinent
to the invention.

FIGURE 3 is another graphical illustration of fatigne
tests pertinent to the invention.

In one aspect, the invention is directed to improved
sucker rods and their method of preparation. In another
aspect, the invention is directed to improved tubular
goods and their method of preparation; such as, drill pipe,
which is employed in drilling wells and in particular, wells
for the production of hydrocarbons; tubular casing, which
is employed in wells to retain the formation and through
which petroleum products can be produced; production
tubing, which can be disposed within.the well casing for
producing a plurality of formations; and line pipe which
is employed for mavement of petroleum above ground,
for example, in gathering systems.

While it is tealized that the individual steps of remov-
ing surface oxides and decarburized layers from metals
by mechanical treatment and surface cold-working of
metals are koth very old in the art, it has been found
unexpectedly that the combination of these two treat-
ments provides a surface which has substantially greater
resistance to stress corrosion than the ordinary metal
surface. This finding is particularlv unexpectsd when one
considers that stress corresion, particularly that which
occurs in an environment of hydrogen sulfide, has been
considered by many to be aggravaled by stresses iniro-
duced in the surface of metals, for example, by surface
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coldsworking. In addition, skinning-off metal oxides and
decarburized layers to expose the bare metal surface per
so would not be cxpected to provide a material having
enhanced resistance tu sivess carrosion. Yet, as stated, the
combination of these two operations has unexpectedly
provided a very substantial improvement in corrosion
resistance.

In carrying out the process of this invention, the skin-
ning coff process by which the oxide-defective and decar-
burized layers are removed can be effecied by any me-
chanicul means, for example, by a cutling or machining
operation, by milting, by arinding, or by any other ms-
chanical operation which assures substantially complete
cemoval of oxides and decarburized layers and preferably,
in the case of sucker rods or well casing, resulting in a
product of substantially umiform cross section. This mefal
removal process generatly involves an operation to a depth
of from 0.002 10 about 0.010 inch and preferably, not
greater than zbout 0.015 inch. Examination of the metal
for effective oxide and decarburized layer removal can
be made visually or with u suitable scunning device for
a continuous commercial operation.

The second step of the process, the surface cold-work-
ing, is effected in such a manner SO as 10 impart compres-
sive stresses, preferubly of 2 substantially uniform naiure,
in the suiface of the metal, These stresses can be provided
in. any of the conventional manners by the emploeyment
of either constant or irapact tooling, such as, shol peening,
cold-rolling, cold-drawing, and swaging. Surface cold-
working can provide tensile siresses as well as compres-
sive stresses, thercfore, it is important that the cold-work-
ing be carried vul in such o manner as to assure the de-
sired compressive stresses. The surface cold-working can
be employed in varying degrees depending on the partic-
ular metal invoived. Generaily, it is carried out in such
a manner as to provide cold-worked surface layers of a
depth ranging from about ¢.001 inch to as high as 0.02
inch or higher. The compressive siresses involved will
range in magnitude from as low a3 100 p.s.i. to as high as
50,000 p.s.i. or higher.

The process of producing cold-worked surface layers
involves a reduction in thickness of the material being
ireated which differs in magnitude from the depth of cold-
working. Ustally, the reduction in thickness, expressed
as reduction in diameter, is from about {.25 to about 0.45
times the depih of cold-working. The relationship between
reduction in diameter and depth of cold-working for
ALS.I 1036 steel is shown in FIGURE 1 of the draw-
ings.

While the process of treatment as described herein is
referred to us “cold-working,” this treatment can be ¢f-
focted over a range of tenperatures which can be subat-
mospheric, for example —20° F. or —320° F. or lawer,
extending upwerdly, for stecls. to as high as about 9507 I
The temperature of cold-rolling as defined herein is the
temperature at which the surface treatment is initinted, for
¢xample, cold-rolling at atmospheric temperature indicates
1o heating or cocling of the work piecs rrior to cold-roll-
ing. During ihe coid-rotling operation, of course, heat is
seperated dug to the work input to the metal which ordi-
narily results in an incredse of the temperalurc of the
work picce. In any case, the cold-working actions herein
refer to temperatures which do net produce appreciable
by-product annealing and/ox arain growth but which leave
the grains ia 2 strained condition.

The pressure employed during cold-working will depend
on the type of means used for effecting this treatment and
the depth and rapidity of the cold-working operation. Pres-
sure i not critical and any amount required to effect the
cold-warking can be employed.

Qpeels are the principal metals of construction employed
in the oil indusiry. therefore, the invention finds particular
application in the ferrous metals and particularly steels.
More preferably, the invention is dirzected to non-ausien-
itic steeis, that is, those ui a pearlitic or ferritic struc-
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ture. In addition to steels, the invention also finds applica-
tions to other mefals and matal combinations, that is,
alloys, which in theie preparation or processing have ob-
tained an oxide-defective and decarburized surface layer.
Some examples of other metals and alloys which come
within the scope of the invention are those involving K-
Monel, nickel, copper, aluminum, cobalt, iitanivm, zirco-
miom, vanadium, iron, rhodium, platinum and the like.

Sucker rods are normally prepared from solid bar stock,
therefore, the improvements contemplited by this inven-
tion are carried out on the outer surface of the sucker
rods. Tt is possible, however, that for some services a
hollow sucker rod might be desirable, for example, when
it is desired to introduce a corrosion inbihitor or some
olher material to a pumping well. In this cveat, it is con-
templated that the process of the invention can also be
applied to the inner surface through the use of appro-
priate mechanical metal removal means and means for
curface cold-working to apply the desired compressive
stresses. In the case of ail well tubular goods (drill pipe,
casing. production wbing, line pipe, etc.), the process of
the invention can be applied Lo ejther the outer surface
or the inner surface of the metal. or both, if desired.

The following cxamples are presented in illustration of
the invention.

Example 1

Thirty fatigue samples were cut from one piece of -
inch Axelson “60” sucker red. Axclson "60” is a fuly
normalized rod that is made of ATS.IL 1036 steel. (This
rod is labeled rod A in Table I} The specimens were
turned down with a lathe to a diameter of approximately
0.50 inch. A gage section was providad in the middle of
cach specimen having a radius of curvature of 0.5 inch
and a minimum thickness of ¢.30 inch.

The thiry falicue specimens were sanded circumferen-
tially with #1 paper until all of (he tool marks were re-
moved. Then they were normalized in the laboratory fur-
nace. They were heated ta 1650° F. for one hour and then
air couled. This heat treatment left a black oxide {Fe;0.)
scale nn the samples.

After the samples wers normalized, six of them wete
tested in R. R. Moore Rotating Beam Fatigue Machines
at approximately 17235 r.p.m. without disturhing the biack
oxids coating. The resulis of ihis test are shown in FIG-
URE 2 cn the curve labeled “Scale Present.”

The remaining twenty-four samples were sanded cir-
cumferentially with #1 egrit paper until the scale de-
carburized material was removed. (Each specimen was
examined with a low power microscope to ascertain that
the seale and decarburized material was removed,) Eight
of these specimens were then lested in the fatigue
machines, and the results are showm in FIGURE 2 on
the curve designated “Descaled.”

Six of the remaining specimens were cold-worked with
L5.inch balls. Tae balls were rotated around the center

of the gage section of the sample. By using a tapered

cone, the balls were forced into the sample as they
rotated. The samples were cold-worked until their diam-
eter was reduced by 0.010 inch. This produced a cold-
worked band that was about ¥4 of an inch wide. When
these spccimens were run in the fatigue machines, an
increased performance was observed, but all specimens
broke owtside of the cold-worked area in a larger diam-
etor section. (The stress is inversely proportional to the
diameter.) The rtesulis of these tests ure shown in
Table 1.

The depth of the cold-working was measured micro-
scopically to be about 4.020 inch.

The remaining fen specimens were cold-worked with
one-inch balis to produce a cold-worked band through-
out the entire gage section. The reduction of the diam-
eter was measured to be about 0.010 inch. The specimens
were then tested in the fatigue machines with the re-
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sults being shown on the curve “Descaled and Cold-
Worked"” in FIGURE 2.

The fatigue tests were conducted in air. Brine (3 per-
ceat NzCl in distitled water) was dropped on the center
of the sample at a rate that was sufficient to keep it wet.
The samples were tested at pressures varying from 20,-
000 to0 50,000 ps.i, ic., approximately the normal work-
ing stress levels for oil well pumping rods. Usually three
samples of each set were tested at each stress level,

Subsequently, additicnal samples were prepared from
another A.IS.L 1036 steel sucker rod. This set of speci-
mens was from one, %4-inch diameter, Oilwell, Type N
rod. (The Oilwell rod s iabeled rod B in Table L) This
grade red was also normalized al the factory as a stand-
ard manufacturing procadure.

The fatigue performance of this rod (descaled, 3 per-
cenf NaCl) was checked by running one sample at each
of the following stress levels: 26,000, 30,000 and 40,.
000. It was run as nearly as possible vnder the same
conditions as the descaled Ax=lson “60™ rod, znd its
aerobic corrosion fatigue behavior was close to the
performance of the Axelson rod. The results of these
tests are also shown in Table T,

Example 11

Fatigue samples from the Oilwell rod of Example I
were treated in the following manner.

(1) Al specimens were sanded circumferentially with
#1 grit paper.

(2) Twelve specimens were cold-worked with one-
inch diameter balls, The one-inch balls cold-worked the
entire gage section. The diameter was reduced by 0.010
inch,
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enclosure where the stress was substantially lower, but
where air and a small amount of H,S and brine were
present. The third sample ran 22,367,000 cycles and
broke in the gage area.

The results of these tests ara shown in FIGURE 3.
Hardness tests were carricd out on one specimen on two
Rockwell ranges with the foflowing results. (The speci-
men was from rod B.)

Cold-worked area;

Rockwell . A 60.5
Rackwell
Rockweil

Average e __ A 60.1
Rockwell __ . B 9%

Non-cold-worked area:

Rockwel}
Rockwell
Rockwell
AVETAZE e oo A 54
Rockwell _. o _____ B 87
Rockwell oo o ____ B 85
Average .. _______ B 86

This shows a cossistent increase in hardmess in the
cold-worked area.
All of ihe data obtained in Examples I and II are pre-

(3) Three of the non-cold-worked specimens were 35 sented in numerical form in Table I.

TABLE I
Cycles
3cale Present Descaled Descaled and Cold-Workad
Stress
3% Nacl 3% Na(l 3% NacCl 1 3% NaCl+I:8 3% NaClt 4% NaCl 8% NaCl+H:8
{Rod A) (Rod B} {Rod A) (Rod B} {Ral AY(kg™" (Rod A)(1” (Red B)
v . Balls) Balls)

20, 0Ca 2,497, 000 2,340,000 3, (120, 000 5, 018, 080 8, 002, 000 37,863, (oo 2 50, 549, 400
1, 086, 800 4, (45, 000 5 550,000 8, 000, 000 31, 43, COG 2 52, 020, 000

1,771,000 2, 055, 000 6, 518, NO0 11, 255, 000 34, 224, £05

Average 1, 786, 000 . 3,040, 000 | 5, 818, 100 7,782, 000 34, 5053, 400
30,000 781, GO0 1, 158,000 1,072, 000 5, 084, 000 3, 141,000 23,225, 000 414,249, 000
799, 000 1,614, (00 3, 294, 000 4, 681, 000 10, 184, 000 12, 368, 000
508, 000 531, {00 2, 559, 000 6, 599, 0% 14, 127, 000 22, 367, 008
Average v19, GCo 1,172, coC 3,835, 000 4, 807, 030 15,849, 000 16, 328, 000

10,000 269, 400 350, Gao 14, 438, 000

11,937, 000

Avcrage 13,027, 030

50,000 87, 000 7, €60, 000

8, 278, 000

Average 6§, 469, 000

L The 14" bulls eold-worked a shost Iengt;I::1 of the gage section and 1l saraples broke cutside of the cold-warked area.

2 Sample did not breck, but it was cracke
2 This spmple is not included in the average.
¢ Sample broke outsice of the goge section.

tested in the fetigue machine at 20,000 p.s.d, and three
were tested at 30,000 p.s.i. These specimens were fested
in 3 percent NaCl saturated with H,S. During the test,
the sample was enciosed in a sealed container which
made the system fairly air free.

(4) Two of the cold-worked samples were tested in
the H,S anaercbic system at 20,000 p.si., and they ran
50,000,000 cycles without breaking, Three of them
were tested at 30,000 p.s.i. and two of them ran 12,000.-
000 cycles, Both samples broke outside of the sealed

It is noted from the data in Table I that the removal
of scale from the specimens provided an increase in
fatigue life (cycles before faiture) ranging from about
25 to 60 percent in the presence of sodium chloride.

70 Further treatment (cold-working with l-inch balls) of

the descaled specimens provided an increase in Nfe over
the untreated specimens from about 1800 to 2100 percent
in the sodium chloride atmosphere.

It is particularly surprising that substantial improve-

75 meat in fatigue life is obtained in the corrosive eaviron-
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ment containing hydrogen sulfide which is cenerally held
to be much more damaging than an environment of so-
dium chloride alone. Normuaily, when steels increase in
hardness, there is an increased hydrogen sulfide cracking
susceptibility.
Example III

Three additional specimens of the Oilwell rod (rod B)
were prepared following the procedure previously de-
scribed. The specimens were tested at 30,000 p.sl in
anaerobic H,S and COy with the following results:

TABLE IT

| Cyeles

Rednetion In | .

Stress {p.8.1.) Diamezer, j
inch Caold-worked Non-
Cold-warked
\ !
30,000 .. e G017 | 17,638, 600 4, 4013, 000
i } 2, 120, 000

Example [V

Twelve additional specimens of the Oilwell rod (rod B)
were prepared following the procedure previously de-
scribed. The specimens were cold treated to different
depths and then were tested at 20,000 and 30,000 ps.i. in
aerobic 3 percent NaCl. The results of the test are shown
in Table IIL

TABLE T1L
Reduction Reduetion .
Stiess Of Cyoles Ot Cyeles
{p.s..) Dinmeter, Diareter, |
inch ineh ‘
0. 0075 5 17, 160, 000 0171 Y 28, 525,000
0.0091 | 17, 766, 000 0, 3183 | 335, 619,000
0.00%6 | 18, 135, 000 1.3192 | 23,450,000
D, G084 § 16, 660, 06D 0.0182 27,365,000
- 00069 | 5 054, 000 90183 17,414, 000
0.0059 | 6, 765,900 09178 | 13,132,000
D.0061 | 4, 740,900 00168 © 13, 134, 000
Average. 7.60G3 | 5,723,000 0.0183 | 14,770,000
I

The results of this example shew that cold-working to
a depth of about 0.021 inch (reduction in diameter from
0.0171 to 0.0192 inch) provides substantially improved
performance over a lower amount of cold-working, name-
ly, to a depth of about 0.017 inch (reduction in diameter
from 0.0059 to 0.0091 inch).

Example V

Additional specimens were prepared from K-Monel in
dimensions corresponding to these set forth In Example 1.
These specimens were sanded and annealed at 1300° F.
followed by a water guench, Half of them were cold-
worked to a depth of 0.013 inch (reduction in diameter
0.010 inch) and were then tested &t 30,000 ps.i. in aerobic
3 percent NaCl. The results of these tests are presented
in Table 1V,

TABLE IV

Cyeles

Coid-Weoiked

| Non-Celd-Werked

Stress {p.s.i.) l
i

11, 821, 000
i 17, 440, G0B
9, 733, 60

12, 295, 000

Averaga. ... l
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It ts apparent from the dula in Table 1V that greatly
improved life under corrosive conditions is also obtained
by treating a metal other than steel in accordance with the
process of this invention.

The reasons for the great improvement in resistance to
stress corrosion obtained by ihe process ane products of
this invention is not readily apparent. For example, as
pointed out previously, sucker rods have been treated by
shot peening which would induce compressive stresses in
the surface of the rods. Rods treated in this manner. how-
ever, have been shown by tests to be not substantially
bhetter than untreated rods. Thus, it appears that the de-
scaled step of the present invention is of major importance
even though this step per se does not provide a significant
improvement in 1¢sistance to stress corrosion. Since re-
moval of szale and decarburized layers is so important,
it is possible that previous methods of treatment such as
shot peening have been ineffective in their failure to re-
move substantially all of the oxide scale and decarburized
layers from the metal surface. fn anv event, notwith-
standing any speculations as to the reasons for the im-
provement vbtained, it is apparent that the combined oxide
and decarhurized layers removal and cold-working sleps
oi the present iavention resuli in major improvements in
resistance of metals to stress corrosion.

Although this invention has been described with re-
spect to particular embodiments thereof, it is not to be
50 limited ns changes and modifications ray be made
therein which are within the spirit and scope of the in-
vention as defined by the appended claims.

We claim:

1. A process for the treatment of a stesl sucker rod
for use im corrcsive environmenis containing hydrogen
sulfide which comprises skinning-off by mechanical treat-
ment substantially all oxide-defective and decarburized
surface layers and thercafter inducing compressive stresses
in the surface of said sucker rod by surface cold-working.

2. Sucker rods prepared in accordance with the process
of elaim 1.

3. The process of claim 1 in which the cold-working
is effected to a depth not exceeding about $4.020 inch.

4. A prozass for the treatment of steel oil well piping
or use in corrosive environments containing hydrogen
sulfide which comprises skinning-off by mechanical treat-
sens substentially all oxide-defective and decarburized
surface layers and thereafter inducing compressive siresses
in the surface of said oil well piping by surface cold-work-
ing.

5. Oil wall piping prepared in accordance with the
process of claim 4.

6. The process of claim 4 in which the cold-working is
effected to a depth not exceeding about 0.020 inch.
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