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Corrosion is a major problem in sour gas processing. Selec-

tion of materials depends on:

a) mandatory minimum provisions of codes for materials in-
cluding codes covering materials to resist stress corro-
sion cracking (SCC)

b) compromise between carbon steel and alloys to resist
attack by H»S5 and/or CO3

c) know-how accumulated through years of experience.

Some of the mandatory provisions of a) above have been addressed
by C. R. Sivalls' recent paper (l). The compromise between
carbon steel and alloys (a major cost decision in plant con-
struction) will be discussed in this paper.

c02/H2S CORROSION

Water~-wet CO2 in the absence of HS rapidly attacks carbon-
steel. The corrosion rate increases with COs partial pressure
and also with temperature. <Corrosion being a chemical reac-
tion, the rate doubles approximately every 10°C (18°F). The
corrosion only occurs in a wet system -~ if the gas is dry the
corrosion problem disappears.

Ideka's research (2) shows the effect on CO; corrosion rate

of increasing HpS-content (Figure 1) -~ this particular work

is for a chloride containing environment. Note that the high-
est H2S concentration in this work (330 ppm} has the lowest
corrosion rate up to about 250°F.

This very small amounts of H;S (say less than 10 ppmv) may
accelerate COz - caused corrosion. However, as the HzS-content
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in the sour gas increases, an ill-defined point is reached
where the HzS reduces the COz2-induced corrosion rate (20).
Even higher H2S content can provide a sufficiently strong
iron sulfide barrier to permit carbon steel's use with modest
acceptable corrosion rates, and without inhibitors.

The decision between:
' use of carbon steel plus, if necessary, an inhibitor and
- use of an alloy (e.g. stainless steel)

is certainly an econcmic one. The relative cost of carbon
steel/inhibitor should be balanced against stainless steel
and the less expensive material chosen. However, the oper-
ating company's "culture" with respect to materials is a more
subjective factor. Some companies are prepared to accept a
higher first cost to avoid the need for the on-going costs of
inhibitor; and more particularly the additional manpower re-
quired for monitoring the inhibitor program's effectiveness.

Typical corrosion allowances in sour gas processing are 1/16"

in "sweet service" and 1/8" in "sour service". Sometimes
first-cost can be minimized by using carbeon-steel and a very
large corrosion allowance (up to 1/4 inch). Often such large

corrosion allowances are a mistake. The loss of this 1/4"
of metal can lead to such large amounts of iron carbonate and
iron sulfide corrosion products and sludge that:

* severe plugging occurs in eguipment such as: trays, by-pass
lines, instrument taps,

inordinate filtration costs are incurred and filter element/
cake disposal becomes a larger cost and larger problem.

Note also that such large corrosion allowances cannot be ap-
plied to heat exchanger/air cooler tubes and can affect the
internal clearances and surfaces of pumps.

Erosion can dramatically accelerate corrosion in sour gas
systems. This ercosion can be the results of

+ sand in the production stream
+ excessive fluid velocities - this can be a problem down-

stream of flashing control valves (e.g. rich amine let-
down valve)
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OTHER FACTORS CONTRIBUTING TO CORROSION

The production well-stream generally contains water and usually
the water contains chlorides and other salts. Inlet separators
may need chloride resistant material and inhibitors. Plastic
coatings are sometimes used. Alsc the pitting attack of chlor-
ides on stainless steels is much worse in stagnant areas (such
as level bridles) than flowing areas and therefore can be diffi-
cult to detect. When a unit is shutdown for a prolonged period
the internals should be drained and conditioned to prevent cor-
rosion such a pitting attack.

Poorly designed inlet separators can allow carryover of the
chloride-containing produced water. The results of this can
include:

- salt deposits/residue on compressor valves - particularly
on the discharge side (3}.

- salt accumulation in sour gas treating solutions which can
result in severe pitting attack of stainless steel-reboiler
tubes - especially in certain kettle reboiler configurations.

A well-sized inlet separator will reduce these problems. How-
ever it may be worth adding a filter separator downstream of

a mesh-pad fitted inlet separator to get high ligquid-removal
efficiency.

Chlorides can cause pitting and stress cracking of stainless
steels. Oxygen in the system will accelerate such attack.
Oxygen can enter the system through unblanketed tanks and,
very commonly, poorly designed/operated vapor recovery systems
on tank batteries or product storage tanks that allow the tank
to operate at a slight vacuum. The pitting is not usually
critical in flow lines with a velocity of over 4 feet/second
but in any system it is almost impossible to guard against
some stagnant areas.

Of course in non-chloride containing systems oxygen ingress
can also accelerate corrosion. One tell-tale sign of the
presence of oxygen in H2S - containing systems is a tan
colored sulfur deposit in lines and equipment.

Also it is difficult to separate the effects of one of these
compounds from another, since there is often a synergistic
effect much more reactive than for any one alone. For ex-
ample, the stress cracking potential of H2S is much more
severe in the presence of chlorides than would be anticipated
if the chlorides were absent.
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CODES

Codes are written as minimum requirements and are based on

the best data available at the time. This data is being
further studied and reviewed by such organizations as the
Materials Properties Council. Failure analysis of accidents
also plays a big part in code revisions. The point is that
codes are revised periodically, as are the ASTM specifications.

When referencing a specification, therefore, it should not be
done by a statement “the latest edition". Instead the specific
edition should be noted in the specification or purchase order
to avoid a dispute over a specification change after the order
has been placed. Remember that a specification, by defini~
tion is intended to be specific.

An example of such a change was noted in the 1-1/4% Cr, 1/2%

Mo pipe involved in a recent major Power Plant accident (19).
The allowable stress at the time the plant was built was

higher than it is today. As a result, the pipe met code allow-
able stress at the time but did not meet present day allow-
able stresas for this material.

The selection of material for resistance to sulfide stress
cracking {SCC) caused by HzS (sour service) is well covered by
the NACE standard MR-01-75 (Figure 3). In several states this
is now a mandatory requirement to obtain a permit for opera-
ting such a facility. MR~01-75 has also been revised since
its first introduction (153). This particular standard has
limitations that may not be obvious to the occasional user (16).
A word of caution here: the MR-01-75 is a standard addressing
H28 SCC alone. It does not provide general corrosion protec-
tion, nor recognize other sourcesg such as chlorides or CO2

and H20. Nor does it address the corrosion of carbon steel by
H2S and H20 with oxygen in the system.

A recent serious accident was caused by cracking of the weld
area of a vessel in amine service at a Lemeont, Illinois Plant
(17). From this and other cases, it has become apparent that
both rich and lean amine service piping should have carbon
steel welds stress relieved. Some of the plants are revising
their installations by stress relieving in place, while new
installations are adding stress relieving for this service

as a requirement.

MATERIALS IN COMMON USE

Material selection for sour gas processing is dependent upon
stream compositions, operating temperatures and pressures.
As previously stated, carbon steels are acceptable for most
piping and equipment in sour gas service. Of course, this
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must be qualified based on sour components and water concen-
trations and temperature. Typical grades of carbon steel in
sour services for piping, vessels, columns and heat exchangers
are shown below. These carbon steels are typically low car-
bon steel and fully killed. Specific applications regquire
some of the following:

Seamless Tubes (Heat Exchangers) - SA-179
Tubes - SA-214

Pipe - SA-106 Grade B

Vessels - SA-516 Grade 70, SA-285
Forgings - SA-105

In general, seamless piping and tubing is used in sour service
and threaded connections should be avoided. Sour service pip-
ing and equipment is, in most cases, fully stress relieved
and welds are 100% x-rayed. Hardness of welds and heat af-
fected zones should be checked after stress relieving.

Common stainless steels used in sour service are:
Tubes (Heat Exchangers) - SA-249 Grades 304, 316, 410
Pipe - SA-312 Grades 304, 410
Vessels - SA-240 Grades 304, 410
Forgings - SA-182 Grades 304, 410

Typically, valves and bubble caps on contactor trays and mist
eliminators are specified as 304 or 410 stainless steel in sour
service. 1In rich amine sweetening units and wet sour systems,
some piping and tubing is specified as stainless steel. In
sour service all austenetic stainless steel are usually in the
solution annealed condition.

‘ . . I . ]
Miscellaneous material in sour service environments commonly
are used:

Instrument Tubing: Polyethylene or 316 stainless steel

Bolting: SA-193-B7 (B7TM is used if the bolt is exposed
to H2S)

Nuts: SA-193 Grade 7

Note: If temperature falls below ~20°F then carbon
steel SA-320 bolts should be used with nuts to match
instead of SaA-193.

Allowable stresses for some common piping material are pre-
sented in Figure 6 (4, 18). Notice the extensive and com-
plex set of notes that accompany this figure. A similar

set of information is available for vessel plate and fittings
in the ASME Pressure Vessel Code (6).
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ALLOYS

A partial listing of alloys found in sour gas processing plants
is presented in Figure 5., These are drawn from ANSI/ASME
B31l.3a (1985) (4), ANSI/ASME B16.5 (5) and ASME Boiler and
Pressure Vessel Code Section VIII (6).

Austenetic stainless steels (18 Cr, 8 Ni) are often used in
sour gas processing plants where carbon steel alone, or carbon
steel with an inhibitor, is unsatisfactory. However, stainless
steel in the presence of 100 ppm chlorides at temperatures
above 150°F may stress crack in service. The stainless steel
should be low-carbon (£ 0.03 wt. %C) to minimize risks of
sensitization and intergranular cracking in the weld's HAZ.

In non-low carbon stainless steels the carbon can precipitate
out of solid solution migrate to the grain boundary location
and draw chromium to form chromium carbide which is a brittle
constituent. The matrix in the immediate vicinity becomes
depleted in chromium which renders it susceptible to inter-
granular corrosion. The alloying materials can only be re-
distributed by solution annealing of the entire component -
this is sometimes impractical (7).

Duplex stainless steels (22-25 Cr, 5 i) have superior resis-
tance to chloride attack. They have been used for example in
one Canadian application at up to 550°F in 3000 ppmw chloride
(no oxygen present). Other applications include gas/oil
gathering systems in sea water (8). They have higher strength
than the 300 series stainless steels and can be designed with
as little as half the corresponding wall thickness. They are
more resistant to chloride stress cracking, pitting, crevice
and general corrosion than type 304 or 316 SS. They are also
more resistant to abrasion type wear.

Titanium is also being used in some high CO2/high H3S appli-
cations - particularly water-wet and chloride containing (9)
(10). An example is heat exchanger tubes where a large cor-
rosion allowance cannot be applied.

Titanium tubing is indeed expensive and thinner tube walls

are used than comparable carbon/stainless steel. The thinner
titanium tubes are less stiff leading to greater risk of tube
vibration and baffle cutting. Dampening devices can be retro-
fitted to exchangers experiencing flow-induced vibration.
Titanium is the base metal and is available in commercially
pure grade. For better strength alloyed titanium is avail-~
able, but as in steels, each alloy has its peculiarities and
should be evaluated by an experienced metallurgist before being
selected.

Methods of cladding titanium to carbon steel have been developed
but have yet to see gignificant use in severe service sour gas
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application (1l1). One reason for this is the difficulty in
welding such a combination. The general rule is do not weld
titanium to anything but itself.

Aluminum alloys have recently been used in high CO2 gather-
ing systems (12), but only in the absence of chlorides (alu-
minum alloys will pit severely in a chloride environment).

If conditions are encountered which are more aggressive than
the limit of endurance of the above materials, then nickel
base materials (e.g. INCONEL or a HASTELLQY) should be con-
sidered. Due to the high cost of these materials their use
should be carefully scrutinized.

FABRICATION CONTROLS TO MINIMIZE CORROSION

In selection material for the aggressive conditions of con-
aminant of H25 greater care should be exercised, than for less
hazardous products, H2S is toxic even in small doses, there-
fore while leaks in systems containing non-toxic products may
be tolerated until repair can be scheduled, such a condition
must be avoided with H2S gas.

Carbon steel can be used for such an H3S system, providing
the temperature does not exceed 550°F although applications
approaching 650°F have been reported. Up to this temperature
limit, a generous corrosion allowance can be used to compen-
sate for the sulfidation which increases with temperature.

Once a suitable specification has been written, it is often
regarded as the ultimate control. There have been many cases
in which the material actually produced did not meet the spec-
ification and this was never detected by inspection. The em-
phasis on inspection is even more important in the present era,
in which competitive bidding is so intense. There is a greater
pressure for certain suppliers to take steps to reduce cost,
even to the point of providing questionable documentation.

In fabrication we shall briefly discuss three main categories
of in-shop fabrication and then draw attention to the impor-
tance of field fabrication. The three categories are vessels,
heat exchangers, and piping.

The vessel fabrication specification usually re-
vVessels quires that the material to be used in fabrication,

and the welding procedures are acceptable to the
buyers, inspectors before the fabrication can begin. The
guality control is therefore much easier to follow than for
fabrication such as piping. It is recommended that this pro-
cedure must continue in order to provide the ultimate of
safety in operation.
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While a significant corrosion allowance can

be used in a vessel and in exchanger tube
Heat Exchangers sheets and shells, it is not so applicable

in the heat exchanger tubing. But the tub-
ing is the heart of the function by conducting heat through
the tube walls. It is therefore a functional requirement
that the tube walls be reasonably thin and a corrosion re-
sistant alloy be used. 1If stainless steel is used in hair-
pin bends, the low-carbon (L) grades should be specified.
These tubes may be bent cold, but they should be re-solution
annealed after bending.

One supplier has an acceptable system of doing this, since it
is impractical to re-solution anneal 50 or 60 foot long hair-
pins, only to accommodate the reverse bend in a furnace with
full containment. This source contacts the tube electrically
about 3 feet from the bend on each side, and applies resis-
tance heat which brings the tube between the contacts to
solution anneal temperature. The current is then turned off
and water is circulateéd through the tubes. The tubes are then
drained by hydraulically pushing oversized plastic plugs
through the tubes. By this method, it has been shown that the
material is in a solution annealed condition without sensitization.

Carbon steel tubes can be handled differently. After bending,
the reverse bend only can be inserted into a furnace, where
stress relieving is applied without affecting the condition
of the unbent tube. However, the temperature of stress re-
lieving must not exceed the manufacturing tube-producing tem-
perature on which the mechanical properties were based.

A more precarious category is piping. Here there
Piping is a myriad of parts and pieces coming together from

various sources. Often the pipe components are
supplied "off the shelf" with an untraceable history of source.
At times the supplier can only provide a certificate of com-
pliance that the material meets an ASTH specification number.

Hot bends are sometimes used instead of using elbows. When
this is done, the more recent induction pushing hot bend is
much more reliable than the old furnace overheat and pull bends.
The induction hot bend provides bends with minimum wall thin-
ning and actually enhances the properties over the older

method.

Specifications should be written to accommodate the limits of
hot bending, instead of adapting the bends to conventional
elbow layouts. There are cost savings to be made in fabri-
cating with bends instead of fittings.

All welds on pipe for H2S5 service, like vessel fabrication,
should be stress relieved.
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A hardness check of the weld metal and the heat affected zone
(HAZ) showing that the hardness is below 22Re (the most common
MR-01-75 hardness limit for H2S service) is sometimes used to
avoid the necessity to stress relieve the weld. Note that the
residual stress, not the hardness, causes the steel to crack.
The hardness is used as a rough but convenient means of check-
ing the stress. Since it is impractical to check the hard-
ness on every inch of weld, there is always the chance that
the weld may be above 22Ry at an untested location. The H3S
environment, however, will find the weakness, and the fact
that a different location checked is below 22Rp, will not
prevent the unchecked zone from the risk of cracking.

The preferable procedure is to stress relieve, which assures
that the local residual stress has been reduced.

If stainless steel is being used, it should not be stress re-
lieved, it should be solution annealed. If the piping system
or part is to be welded, then after welding it should be solu-
tion annealed. If subsequent welding is required after solu-
tion anneal, there is always danger of sensitization. For
that reason, either low carbon stainless steel (the L grades)
or the stabilized grades 347 or 321 should be used. Remember
that the allowable stress on the I grades is lower than the
regular grades, and as such, it may be necessary to look
critically at the design strength and wall thickness. Gener-
ally, stainless steel is received in the solution annealed
condition, but check that it is not in the cold worked
condition.

Field fabrication is performed under less controlled environ-
ments, often with less structured supervision and often in
inclement weather. Good gquality shop fabricated components
can be rendered useless if field welding is not adequately
controlled.

There is always the risk of accelerated corrosion by galvanic
reaction when dissimilar metals are in contact with each other.
Consider the metals in relation to their galvanic potential in
the presence of an electrolyte. Insulating gaskets should

be used where such potential for corrosion exists.

NON-METALLIC MATERIALS

This paper has concentrated on metallurgical issues. However,
materials selection also encompasses many other metallic and
non-metallic materials such as:

Block valve trim (seats, seals)

Control valve trim including springs

Gaskets, bolting

Elastomers (used in many valves and instruments)
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Materials have to resist attack by solvent (glycols, amines,
hot carbonate) as well as wet HyS/COj.

SOME TYPICAL MATERIALS IN USE FOR SPECIFIC UNITS

Sour Gas Plant Inlet Areca

Knockout Vessels - SA-516-70
Piping - SA-106-B, 316 stainless steel
Exchangers -
Tubes - SA-214, SA-106-B, SA-213-304
Tubesheets - SA-5316-70
Shell - SA-516-70

Condensate Stabilizer Area

Vessels/Columns - SA-516-70
Trays - SA-516~70
Valves, Caps - 410, 304, 304L stainless steel
Mist Eliminators - 304, 410 stainless steel
Exchangers -

Tubes -~ SA-214, SA-106-B

Shell - SA-516-70
Piping - SA-106-B, 316 stainless steel

Amine Units

Vessels/Columns - SA-516-70, SA-240-304L
Trays - SA-516-70, SA-240-304L
Valves, Caps - 410, 304, 304L stainless steel
Mist Eliminators - 304, 410 stainless steel
Exchangers -~
Tubes - SA-249-304, 304L, sSA-214, sSa-179
Shell - SA-516-70
Piping - SA~106-B, 304, 3041 stainless steel

Glycol Dehydration Units

vessels/Columns - SA-516-70, SA-53-B
Exchangers -

Tubes - SA-214

Shell - SA-516-70, SA~53-B

SUMMARY

Selection of materials for sour gas processing is heavily in-
fluenced by a compromise between inexpensive carbon steels
and a progressively more expensive range of alloys. Experi-
ence on past units is the key ingredient to satisfactory
selection and service. Meeting mandatory provisions of the
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applicable codes and standards is important for a safe instal-
lation. Also very important is diligent inspection during
fabrication and any field modifications.
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FIGURE 1
EFFECT OF A LITTLE AMOUNT OF H2S AND
TEMPERATURE ON CORROSION RATE (PURE IRON)2
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FIGURE 2
CO,M_S RATIO

EXAMPLE GUIDELINE FOR MATERIAL SELECTION IN WATER-WET SERVICE

CO,:H,S >100:1 PROBABLY REQUIRE ALLOY OR
CORROSION INHIBITION PROGRAM

€O, :H,S <1011 PROBABLY USE CS

NOTE THE “GRAY AREA" BETWEEN CO, : M,§ OF 100:1 AND 10:1 WHERE THE MATERIAL
SELECTION IS NOT CLEAR - PAST EXPERIENCE WITH SIMILAR MATERIALS AND
GAS ANALYSIS SHOULD BE RELIED UPON.

SELECTION COULD BE AFFECTED BY EROSION DUE TO LINE VELOCITY OR SAND;
ALSO BY CORROSION DUE TO CHLORIDES AND OTHER TRACE CONTAMINANTS.
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FIGURE 3
TYPICAL GAS ANALYSES AND POSSIBLE MATERIAL SELECTIONS
GAS COMPOSITION MATERIAL
MOLE % SELECTION
A 70 Cy WATER WET
20 co, c.s
10 H,S
B. 80 Cy . C.s
19.5 CO, Note 1
0.5 H,S
C. 80 Cy SS OR
20 co, CS winhibitor

10 gr/100 scf H,$ (160 ppmv) ‘

D. 25 C1 SS OR
65 co, | CS wiinhibitor
10 H,8

Notes: 1.Pressure 900 psla, therefore CO, partial pressure Is 900 x 0.195 = 175.5 psia.



Extracted Figures for “Sour Services Designation™ from NACE MR-01.78,
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ASME/ASTM
GRADE DESIGNATION

STAINLESS

304

316

317
321
347

Duplex 2205

ALLOY 20
254 SMO

INCOLLOY 800
INCOLLOY 825

HASTELLOY 276
HASTELLOY 6

INCONEL 625

ADMIRALTY BRASS

‘FIGURE 5
NOMINAL CHEMICAL COMPOSITION OF SOME ALLOYS
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Gas Procensors Associstion
Enginesring Dats Book
Tenth Edition 1987 reproduced with permission

FiG. 8.

Alowable Stresses in Tension for Materials (1}
{Excerpted from ANS| B31.3a- 1985, Appendix A, Tables A-1, A-1B)

BASIC ALLOWABLE STRESBES W TENBION (PS4 )

‘Tonelle Yield B} " Sletsl Temporaiurg Dogrees Fi7)
. facaer Sirangin  Strangth Ma  Tomp.
Matoriel Speciicslion Grade Class (E)  Min P8I Mia FS Nelts Towp. Toi8 00 300 400 SO0 M6 Mo 70 TSH DG 350 SO0 M4 WG NS e
CARBON STEEL
Sammiess Pips  ASTM AS) A Type 8 48000 0000 57.59 20 19000 18000 16000 16000 16000 14800 14500 14400 10700 $300I 7900 €500 4500 2500 1600 1000
ASTM AS) [ ] Type S 20000 %000 57.58 20 20000 20000 20000 20000 18900 17300 17000 16500 13000 108001 8700 6500 4500 2500 1400 1000
ASTM A8 A 48000 30000 57 20 15000 14000 18000 14000 16000 14800 14500 14400 10700 93001 7300 6500 4500 2500 1§00 1000
ASTMAE @ #0006 35000 57 20 20000 20000 20000 20000 19900 17300 17000 16500 13000 10800 §200 @500 4500 2500 1600 000
ASTM A D8 [+ 70000 40000 ST 20 2300 ZY00 2300 22000 21600 13700 19400 200 14800 12000
ASTU A0 * 20 12000 11400 ]
ASTM AR ] 55000 0000 8759 S0 18300 18300 17700 17200 16200 14800 14500 14400 12000 10200 S0 6500 4300 2500 100 1000
ASTM ATM 1 55000 0000 57,58 50 300 1R300 17700 17200 16200 14800 14500 14400 12000 10200 4300 8500 4500 2500 1600 1000
ASTM AXY ] ] 33000 57 50 20000 20000 20000 20000 18300 17300 Y7000 16500 13000 100D 700 €500 4500 2500 1600 1000
ASTM ATM [ ] 40000 35000 7 ) 20000 20000 20000 20000 900 17300 17000 18500 13000 10800 4700 6500 4300 2500 1600 1000
AP SL A 49000 30000 57.59 20 18000 18000 16000 15000 16000 480G 14500 14400 10700 2300 TH04 4500 4500 2500 1660 1000
AP M a 40000 5000 51.58 20 20000 20000 20000 20000 18900 17300 17000 18500 13000 10800 8700 6500 4500 2500 180G 1000
AP SLX ne2 $0000 42000 8153 20 20000 20000 20000 20000¢
APLSLX b2 ) $3000 6000 54.56 20 21000 21000 27000 21000
AP SLX x52 54000 42000 51.55 20 22000 22000 22000 22000
APESLX x52 72000 52000 51.56 20 24000 24000 24000 24000
Elscrric Reawiance Weided Pigps
ASTM ASY A WoeE OB ap000 0000 57.3% 20 13800 13600 13500 13600 13600 12600 12300 12250 P00 7900 470 5500 Je00 2950 1356
ASTM AS [ ] TroeE 085 80000 35000 57.5%9 20 17000 17000 17000 17000 18100 M700 4500 14000 11000 9200 7350 SA00 MO0 2150 1350 00
ASTM A0 o [} 20 10200 9800
LOW AND INTERMEDIATE ALLOY STEEL 8 STANLESS STEEL (4.40)
Seamiess Ppe
P ASTM A333 3 £5000 35000 150 21700 19600 19600 18700 17900 16800 8300 15500 13900 11400 9000 &500 4500 2900 1600 100D
3N ASTM AN 3 - 45000 5000 1S0 21700 19500 19500 34700 17600 18800 16300 15500 013900 19400 9000 €500 4500 2500 1600 1000
W-Cr-Cu-Mh ASTM AXX 4 &000D 5000 150 20000 19100 1820G 17300 18400 13500 15000
24N ASTM AJD) 7 $5000 25000 100 21700 19600 19500 1700 17500 15800 IE300 15500 13900 11400 9000 §500 4500 2500 1600 100D
M ASTM AN 7 65000 35000 100 25700 19600 15600 18700 17600 18800 18300 15500 13900 11400 9000 &S00 4500 2500 - 1500 1000
N ASTid AJ3 [ ] 100000 75000 47 320 00 N0
" ASTMAIM 8 100000 75000 320 300 00
OG- Ppa  ASTM AITE WPl 75000 W V087210 425 20000 20000 20000 4700 17500 (6400 16200 18000 ISEO0 15200 14300 14600 34400 12900 12700 70O
WC-0 Ppe  ASTM AJ7S TPI04H 79000 30000 26 31.06 335 20000 20000 20000 8700 17500 16400 16200 16000 15600 15200 14300 14600 14400 13000 12200 9700

NOTE: These Noles are requ
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irements of the Code. Those marked with an asterink (*1 restate

materials. Full interpretation of these notes will require reference (o ANSKASME H3).3a — 1984 Edition.

The siress valuss in Table A-1 and the design stress vajues in
Talle A-2 are besic allewabls sireases in Lension 10 accordance
wilh 362.3.11). For pressure design, the stress values fram
Table A-1 are multiplivd by Lhe appropriate quality factor £ E,
from Table A-1A, or E, from Table A-1B). Stress values in shear
snd bearing are siated in 302.3.1(b); those in comprension in
302.3.Mz1.

This casting quality faclor cun be enhanced by supplementary
examination in sccordance with 2.0 3ic1 and Table 302.3.3C.
The higher factor from Table 302.3.3C may be subsatituted for
this facior in pressure design equatinns.

In shaded areas, siress values printed in talics exceed lwa-
thirds of the expected yield strength at temperature. All other
stress vaiues in shaded areas are equal ta 903 of expocted yield
strength At temperature. See 3023 . 20d¥ 41 and 302.3 2idy
[ Node t3)].

The minimum lemperature shown is that design minimum
temperature for which the material iv normally suitable with-
out impact testing other than that required by the materisl
specificution. However, Ltha use of a matersal at a deuiygn muni-
mum temperaiure below - 200F(  29°C) is cstabiished by
rules elsewhere in this Code, including any necessary impact
ieat requitementa. .

A single bar (1 in these Stress Tubles indicalex there sre con-
ditiony other thun wress which affect usuge shove or hekow the
Lemperature, an described in other referenced Notes. A double
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bar ti sfler g tabled strems indicates thatl une of the material
in prohibiled sbove (het temperaiure. A double bar (1 befoce
{he stress value ko “Min. Temp. 1o 100 °F indicatesithut the
use of the muterial in prohibited below the listed minitwum
temperalure. Al lomperatures where there ure no sires val-
ues, the mutecinl may be used in uccordance with 32:1.2 unlemn
prohibited by » doudde bar f:.

There are restrsctions on the use of thia maierinl in the text of
the Code.

For pipe sizes NPS 8 and larger and for wall thicknesses of
Scheduie 140 or heavier, Lhe minimum speaified (enmle
atrength in 7O kai (483 MPu. \

These unstabilized grades of stainicas sieel have increasing
tendency to intergranular carbide precipitation us the carbon
condunl Increases ahove .03

For Lemperatures above HU0 F 1538°C), these stress values ap-
ply only when the carbon conient in 0.04'§ or higher.

¥ar emperatures above HOO'F i538°C1. these stress values
muy be used only if the material has been heat trented at a
tempersture of 20007 F 11080°CY gunimum,

For temperatures above 0 F (508 C1, these sirens vaiues
uty be used only of the mutenial has been hewt breated by bhont-
ink ta n minimum lemperature of 1900°F 110401 C) and
quenching 1n water or rapudly conling by other means.

The supecificatson permiin this material to be furnihed without
solution heat Ireatment or with other thas 8 solution heat Lrest-

requirementy found in the text of the Code. The alher Noles are limitations or special requirenvents applicable to pariwular
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ment. When the muterisl hax not been solulion hest trested.
the minimum temperuture shall be - 208+ - 29 Cruniess the
malersal iv impact tended per 3213,

The wirew vitlnes for amtenitc stainlem steels in theee Tobles
may nol be applicable if the material has bren givwn a finat
heat treniment other thun that required by The material spre-
ificution and any overtiding reguirenwents of this Cude culled
fr by Note 130108 «31,

f no welding in empioyed in fubrication of piping from these
maleriain, (he ntrens valusa may he increnxed (o 3330 k=
(230 MPa).

Special P-Numbers SP-1, SP-2, and S5P-3 of carban seels aee
not snchuded in P-No. | hecause of posishle high carbon, high
manganese combination which would reguire spectal connid-
eration in qualification. Qualificaton of uny high carbim, hith
mangunese grade may be extended to nthey grades in itdgroup.
Pipe produced 1o Lhis specification i oot intended lor high tem-
peruture wervice. The stresn valuen apply Lo either noa-
expnnded or cold expanded muterial 1n the as-rolled,
normalized, ur normalised and tempered oonditaon,
Conversion of curbdes to gruphste may sccur sfler prolonged
exposure to temperadures over BT F 1425 Craines Appendix Fi
For temperatures above 300 F 1480 1, vonsuder the advan-
tages of kithed steel e Apperdix ¥
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