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⎪ Corrosion control and coatings ⎪

John Tarboton, executive director of Southern Africa’s stainless development association, talks about 
stainless piping and the need to remember that stainless steel surfaces need oxygen in order to 
maintain their protective passivation layer.

From left to right: Lack of weld penetration, weld seam misalignment as well as poor purging was evident on the pipe samples examined. The welds show surface 
oxidation in the HAZ and cauliflowering (roughness) of the weld metal itself.

Left: From the outside of the pipe, the weld may look acceptable, even if no purging has been done on the inside. Right: The inside root seam of an unpurged weld. 
Cauliflowering/crevice formation and HAZ oxidation destroys the chromium-rich passivated layer that protects stainless steel from corrosion.

Oxygen: an essential ingredient 
for stainless passivation

“W
hen stainless pipework 
is installed, it is usually 
pressure tested, which is 
generally done by pump-

ing water into the pipework. If the water is 
left in the pipe after the successful completion 
of the test, it creates deaerated conditions, 
which starve the stainless of oxygen, prevent-
ing the formation of the passive layer on the 
inside surfaces. So the corrosion protection 
breaks down and, within months, pitting cor-
rosion can destroy the pipe,” begins Tarboton.

“I have seen this countless times,” he 
continues, “with 3CR12 stainless steel in the 
mining industry and, most recently, in brand 
new 304L pasteurising holding pipes for a 
local dairy,” he notes.

Explaining why, he says that, “we often find 
that the problem is caused by microbiologi-
cally influenced corrosion (MIC). In stagnant 
water conditions, bacteria grow on the stain-
less surfaces, initiating corrosive conditions 
underneath the patches of bacteria.

“But in the case of the dairy, this was not 
the case. The water used for the pressure test 
had been treated with chlorine and the clean-
ing agent, peracetic acid, to ensure sterile 
conditions were maintained inside the tube.

“Unfortunately, in an effort to save wa-
ter – the drought was on at the time – the 
dairy did not drain the pipe after the test,” 
Tarboton says.

The consequences
In the dairy industry, pasteurisation is 
achieved by raising the temperature of the 
milk and holding that temperature for a 
predetermined length of time: for continuous-
flow pasteurisation, 72°C for a minimum 
of 15 seconds is common, for example. “At 
this dairy, after heating, the milk is pumped 
through about 500  m of holding tube at a 
controlled rate so that, by the time the milk 
exits the tube, it will have been pasteurised,” 
Tarboton explains.

The new holding tube was part of an ex-
pansion project and its installation was being 
done before the Christmas break last year. 
“Pressure testing was successfully completed 
just before closing for the holiday and the 
treated water was left inside the pipe over 
break,” he continues.

“When the dairy was reopened four weeks 
later, the holding pipe was leaking. It was full 
of pinholes caused by pitting corrosion, which 
had penetrated through the 2.0 mm wall thick-
ness in just a few weeks,” Tarboton relates.

On investigation, it was discovered that 
the holes had occurred around the welds of 
the holding tube. Pointing out some of the 
weld photos, Tarboton says that there was 
some evidence of lack of penetration and, due 
to poor purging, oxidation and cauliflowering 
of the welds had occurred.

“The weld quality wasn’t good, mostly 

because of access difficulties at the U-bends. 
And this is a food and beverage application, 
where pickling after welding is avoided, where 
possible,” he says, adding that passivation 
actually occurs naturally on stainless steels 
that have been properly pickled.

“Instead, the industry relies on properly 
managed internal pipe purging to protect the 
inside surfaces during welding. A number of 
things went wrong with this project, however.”

First of these is the above-mentioned 
poor quality welding. “Second, however, the 
purging was clearly inadequate, with clear 
evidence of discolouration around the heat 
affected zones of the internal root seams. 
They did purge the pipe during welding, but 
simply by blocking off the tube, connecting 
an argon gas pipe at the other end, and set-
ting the gas flow rate. This was assumed to 
be adequate,” he says.

“My advice to clients is that they have a 
choice: either purge properly and monitor 
the results or spend the money on getting 
the pipe pickled after welding. Any weld 
discoloration on the inside of a weld will have 
to be removed, anyway, so poor purging is 
pointless,” he suggests.

“The discoloured oxide layer or the heat 
tint that is formed around a stainless steel 
weld is not the chromium-rich passivating 
layer formed under normal oxidation condi-
tions, so the material’s corrosion resistance 

is immediately compromised,” he adds.
“The higher the chromium to iron ratio in 

the oxide layer, the better the pitting resis-
tance. At low oxidation temperatures (300 
to 600  °C) in the HAZ, the diffusion rate of 
iron is faster than chromium, resulting in an 
iron-rich oxide, which is susceptible to pitting. 
At higher temperatures, up to about 900 °C, 
the chromium diffusion rate becomes faster 
than that of iron and the heat tint in the HAZ 
becomes chromium-rich with associated good 
pitting resistance. 

“At temperatures above 1  000°C, how-
ever, the oxide layer becomes depleted in 
chromium owing to the volatisation of CrO3, 
with resulting lower pitting resistance. Thus, 
to ensure that a chromium-rich pitting resis-
tant surface is maintained during welding, 
oxidation of the HAZ must be avoided by 
eliminating oxygen through effective purging 
with argon,” Tarboton stresses.

“And if stagnant conditions with low 
oxygen content and lots of time are added, 
rapid corrosion will occur. The lack of oxygen 
prevents the formation of any new protective 
film and, if left for several weeks in a slightly 
acidic environment in a pipe with inadequate 
welds, corrosive attack is inevitable,” Tarboton 
tells MechChem Africa.

The peracetic acid sterilant, he continues, 

has a relatively low pH (4.4). “So it should 
not have been harmful to the 304 stainless, 
which would normally resist low pH. But in 
its compromised unpassivated state, acidic 
conditions will contribute to making pitting 
more likely.

“The water also contained about 70 ppm 
of chlorides and about of 0.5 ppm of dissolved 
chlorine, which are also both well below the 
recommended maxima for passivated stain-
less steel of 250 ppm for chloride and 2.0 ppm 
of chlorine, respectively,” he adds.

Tarboton suggests that chromium deple-
tion was more prevalent around the grain 
boundaries because chromium can diffuse 
faster along the boundaries. “In this case, the 
chromium depletion was due selective grain 
boundary oxidation,” he says. 

So what should have been done?
The problem starts with the holding tube 

design. The U-bends of the tube were not 
designed with enough access for welding, 
so achieving acceptable weld quality was 
impossible. “It is likely that, even if the pipe 
had been purged and/or pickled properly, 
hygiene and cleanability problems would 
have eventually have occurred in areas where 
cauliflowering and lack of fusion defects al-
low bacteria to ‘hide’ from the sterilisation 
fluids,” he predicts.

Inadequate purging was the second con-
tributing factor. “Breweries that don’t do 
pickling make 100% sure that the purging is 
done effectively – and borescopes are used to 

check inside the pipes for any discolouration,” 
Tarboton says.

Third, though: “Following pressure test-
ing, it is essential to make sure that the pipe 
is drained and dried, immediately, even if this 
means blowing hot air through the pipe. 

“Deaerated conditions inside stainless 
tubes or vessels are a no-no. Continuous flow 
velocities of above 2.0 m/min, are thought to 
be sufficient to stop the formation of biofilms 
and microbiologically influenced corrosion. It 
also ensures that enough dissolved oxygen is 
entering the flow to maintain the passivation. 
But if the flow stops for any length of time, 
MIC or other problems are likely,” he warns.

Leaving standing liquid in stainless steel 
tanks is also a problem. “In the US, stainless 
tanks were filled for use as ballast during one 
of the recent hurricanes. The water was then 
left to evaporate out of the tanks, completely 
destroying the stainless material.

“Also, municipal water tanks are often 
designed with a conical underside to enable 
sludge to be regularly drained. This reduces 
areas of low oxygen content and enables 
fresh aerated water to reach the entire tank 
surface,” he tells MechChem Africa.

“Stainless is a wonderful material that 
offers excellent corrosion resistance in 
the right conditions. The most routinely 
forgotten among these is access to oxygen, 
which is an essential ingredient of the mate-
rial’s corrosion protection system,” Tarboton 
concludes. q

Oxygen Passive film 2-3 nm thick

The transparent and adherent passive film on stainless steel requires oxygen in order to self repair.


