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PFI Standard ES-50
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INTERNAL OXIDATION FOR PIPING WELDS

1. Scope 3.2. The discoloration obtained may be affected by
) ) factors other than oxygen such as:
1.1. This standard was developed to serve as a simple

means of specifying the acceptable level of dis- 3.2.1. Moisture in the pipe. _
coloration of the root side of stainless steel pipe 3.2.2.  Contaminates such as hydrocarbons and dirt
welds. It does this using photographs of root-side on the interior surface. The inside surfaces
surface oxidation of stainless steel welds made us- of the pipe near the weld should be carefully
ing GTAW and purge gas with various oxygen cleaned before fit-up.
levels. Italso gives general guidance on the level 3.2.3.  The metal surface finish roughness.
of root surface discoloration that can be tolerated 3.2.4.  Welding process
for some service conditions. This standard may 3.2.5.  Backing gas composition and purity
be applied to welds made using any welding pro-
cess. While this standard refers to pipe, it is also 3.3. Techniques for purging are beyond the scope of

applicable to welds made using tube.

2. Background

this document!. However, it is important to note
that the air in a pipe assembly needs to be re-
placed many times to drive the oxygen down and
reduce discoloration. The right column of Table

2.1. When welding stainless steel and nickel alloy pip- 1 shows the purge time needed to achieve the
ing using an open root or consumable insert, the i ;
root side of the joint (i.e., the inside surface of the Eﬁ;ﬁ'ﬁ:?ﬁg'& ?t(ggmzn??gfnﬁnggb?g ?gé’?i?
pipe at a weld) must be protected from the oxygen volume. The time required to achieve a given
in the atmosphere, otherwise the liquid weld metal ' . .
will oxidize badly creating a surface that is not S?yffn I:r\]’eils'?ggeuagsj_ezgggéﬂﬂally asutrr::ii\éssl
only discolored, but is also quite rough. See Fig- h Igg ize th ’ duci ﬂyl P | of di
ure 1. This roughness and discoloration will re- S ?u _recog_rllllge that rehucmg tfef %V.e ot dis-
duce the corrosion resistance of the metal at the coloration will increase the cost of fabrication.
weld. 4. Selecting and Specifying an Appropriate
2.2. Roughness occurs because the chromium in stain- Level of Discoloration
less steel oxidizes, forming chromium oxide. 4.1. The contract should specify the ID number of the
Chromium oxide has a melting point that is well color of discoloration shown in Figures 1 and 2.
over A;’OOO F (20’200 ©) gnd that is well above t_he Using the ID number is important since welds on
2,600°F (1,425°C) melting temperature of stain- stainless steel can be made successfully using the
less steel. As a result, chromium oxide forms as GMAW process and achieve a color ID around 8
asolid_ ma_terial on t_he liquid weld pool. Because without purging the pipe. Also, a specific level
the oxide is a solid, it does not form a smooth sur- of discoloration can be reached at a higher oxy-
face; mstegd, it forms the coarse, rough surface gen level by using a small amount of hydrogen in
shown in Figure 1. the backing gas.
3. Prevention of Oxidation 4.2. When welding stainless steel, purging of the root
3.1. The root surface must be protected from the oxy- surface may be nﬁcessiry to rparlfe aV\;eIdr:hat can
gn e smosger g weldig o prv
this oxidation. This is done by displacing the air o LT
i of he piebefore veling s e uing
argon or, for_some stainless stgels, nitrogen 935. would t;e indeterminate with such a surface. Re-
This process is known as "purging," and the inert ducing the oxygen over the weld pool o 2'% i
gas is referred to as a "backing gas." Other tech- LS )
niques for affecting the weld surface such as flux- E%fj'(ﬂeh”;aé?ft otzsji;zfju'gr?b\év\e;ligu 2“”2‘;]9& vaolf
coated filler metal or application of fluxing agents gn y oxidized, y
to the root side of the joint before assembly are umetrically examined successfully.
outside the scope of this document. 4.3. It should be noted that welds other than groove
welds can also discolor during welding even
1 See AWS D10.11, Guide for Root Pass Welding of Pipe Without Back-
ing
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44.

though the weld will not normally penetrate the
interior surface of the pipe. Discoloration ac-
ceptance criteria apply to these welds, interior
surface also; however, care should be taken in
evaluating discoloration as noted in Figure 4.

Attachments to the outside of pipe such as sup-
port lugs can also cause discoloration of the in-
side surface of the pipe. Discoloration limits
agreed upon apply to these surfaces.

5. The Origins of Weld Discoloration “Heat
Tint”

5.1

5.2.

Whether or not discoloration is harmful depends
on the service environment. The polychromatic
discoloration evident in Figures 2 and 3 is caused
by light reflection interference phenomenon.
The thickness of the oxide layer determines the
color of light that is reflected from the oxidized
surface. The thinnest oxide reflects a pale yellow
color; as the oxide thickness increases, the yel-
low becomes darker, then it turns successively
orange, brown-red, blue, purple, brown, grey un-
til, ultimately, it forms an opaque grey/brown
film. As the oxygen present during welding in-
creases, the oxide film thickness will increase,
and the discoloration shown in Figures 2 and 3
follow the above progression of color changes.

Evaluation of the composition of the oxide layers
Zshow that its composition changes with thick-
ness. As the oxides form, iron in the stainless
steel oxidizes first, and the yellow discoloration
one sees is iron oxide. The chromium in the metal
beneath this layer is unaffected, and that thin iron
oxide layer actually decreases the pitting poten-
tial of the stainless steel®. As the oxide layer
thickness increases, chromium begins to diffuse
to the surface, and darker oxide films form; they
are mainly chromium oxides. This diffusion of
chromium depletes the chromium from the mate-
rial just beneath the oxide layer* reducing its cor-
rosion resistance. Because iron-based oxide is
volumetrically larger than the metal from which
it is formed, oxide layers are in a state of com-
pression. As the oxide layer thickness increases,
these compressive stresses increase and cause the
oxide to crack. These cracks allow the corroding
media to reach the chromium-depleted layer just

5.3.

PFI Standard ES-50
(Revised September 2023)

beneath the oxide layer, setting up conditions for
crevice corrosion. This leads to pitting beneath
the oxide layer, particularly in the presence of
chlorides. However, in the presence of strong
acidic solutions such as a 10% sulfuric or nitric
acid® or a 3.5% NaCl solution® at a pH of 1, the
oxide layers and chromium-depleted steel under-
neath will be dissolved, and the steel will suffer
from general corrosion rather than pitting attack.
Stagnant potable water, on the other hand, will
cause pitting of thick oxide layers.

Table 2 gives suggested levels of discoloration
for various services based on generally available
resources such as those shown in the foot-
notes. Trace levels of chemicals, fluid flow
rates, temperature, absence of oxygen and many
other factors can have a huge effect on the corro-
sion-resistance of materials and welds. Since
only the purchaser and the design engineer have
access to all the information about the service
conditions that affect corrosion, only they can se-
lect an appropriate level of discoloration; ac-
cordingly, the PFI is not responsible for the se-
lection of an appropriate level of discoloration.

6. Reference Photographs
6.1.

The discoloration levels shown in Figures 2 and
3 were prepared by making eleven autogenous
welds on a 3-inch (50 mm) 304L stainless steel
tube 0.049 inches thick. The welds were made
using an automatic orbital tube welder set so that
the liquid weld pool would penetrate through the
pipe wall and be exposed to the gas inside the
pipe. To provide varying amounts of oxygen in
the backing gas, argon with 2% oxygen was me-
tered into a primary high-purity argon backing
gas. The oxygen level was measured with a cal-
ibrated, high-sensitivity oxygen meter. Color ID
11 in the photos was made using argon with 2%
oxygen.
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