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 TECHNICAL NOTE

It has been observed over years that an 
unusual surface morphology appears on 
stainless steel surfaces at circumferential 
welds in vessels (commonly austenitic 
grades 304 or 316) if microbiologically 
influenced corrosion (MIC) occurs due 
to contaminated water lying stagnant 
in the vessel for a period of time1. The 
unusual appearance of the MIC pattern 
has been described as tiger striping. There 
does not appear to be any satisfactory 
explanation in the literature as to why 
the tiger stripe phenomenon occurs. 

The tiger stripe effect has been associated 
(using microbiological techniques) 
with the presence of iron-oxidizing 
bacteria (IOB) such as the Gallionella 
and Siderocapsa strains in contaminated 
fresh water sourced from subterranean 
and ground water supplies. The water 
is often raw water or bore water with 
micro-organisms present. The water may 
be stored in a stainless steel (SS) vessel 
for use as cooling water, fire water, or 
for hydro-testing of newly fabricated 
stainless steel plant. A requirement for 
tiger striping to occur appears to be that 
the water lies stagnant inside the SS 
vessel for a period of time, at least days 
but sometimes weeks. 

The tiger striping appearance due to MIC 
occurring on the surface of a 304 SS 
vessel filled with contaminated stagnant 
water at circumferential welds is shown 
in Figure 1. Microbiological assay showed 
the presence of IOB strains associated 
with the localised corrosion at the 
circumferential weld.

It has been observed that localised 
corrosion damage (e.g. pitting corrosion) 
occurs at the horizontal welds in SS 
vessels where corrosion cells form and 
rust-coloured streaking (rainbow hues) 
occurs above and below a weld. The 

vertical streaking does not appear to be 
associated with corrosion on the parent 
metal; the streaking occurs on SS welds. 
Tiger striping occurs only when MIC is 
also present on the circumferential SS 
welds. Another image of tiger striping on 
304L SS, which is more advanced than 
in Figure 1, is shown in Figure 2. 

It can be observed in the two images 
that rainbow hues are present on the SS 
surface at the perimeters of the corrosion 
streaks2. The rainbow hue is likely due 
to interference fringes between light 
reflected from the stainless steel surface 
and the top layer of the iron corrosion 
products that are generated during 
corrosion. The interference pattern 
on the SS is similar to heat tinting that 
occurs on SS due to a thermal treatment, 
e.g. welding. However, thermal 
treatment of SS usually produces more 
dense darker coloured metal oxides than 
when tiger striping occurs. 

As is known from studies on the cause of 
heat tinting of SS weldments, the surface 
finish on the SS influences the heat 
discolouration that is produced. The 
thickness of the oxide film (chromium 
oxide) present on the SS surface 
after welding influences the surface 
discolouration that is observed. It is also 
noticed that the formation of a rainbow 
hue on a SS surface in food processing 
industries is an indication that a biofilm 
is forming on the SS during service. 
The rainbow coloured film on a SS 
surface must be removed immediately 
by cleaning to maintain essential food 
hygiene requirements.

Tiger striping due to hydro-testing of 
SS plant with contaminated water has 
been described in various publications 
over recent years3. A question that arises 
about tiger striping on SS surfaces is why 
the vertical streak pattern develops on SS 

welds - upwards and downwards of the 
centre of the weld where localised MIC 
occurs (i.e. pitting corrosion). 

A possible cause of the vertical streaking 
at circumferential welds in contact 
with stagnant contaminated water is 
convection currents developing in the 
water due to temperature variations of 
the stagnant water. The temperature 
variations are caused by differences in 
heating of the water in contact with the 
vessel walls compared to the water in 
the centre of the vessel. The downward 
striping pattern is due to the corrosion 
process producing iron corrosion 
products that descend due to gravity. 
The upward pattern is likely due to the 
effect of a thermal gradient existing 
in the vessel between the water at the 
vessel walls and a cooler central column 
of water. Because the water at the centre 
of the vessel is at a cooler temperature it 
descends while the water in contact with 
the vessel walls is hotter and therefore 
rises dragging the corrosion products 
upwards with the convection current. 
This effect produces the tiger stripe effect 
on the SS welds which occurs when 
IOB micro-organism are present in the 
contained water. 

The microbe population in the water 
assists the localised electrochemical 
corrosion mechanism to develop at a 
weld. But it appears that tiger striping 
is due to the corrosion mechanism 
producing iron corrosion products that 
in turn produce rainbow hues on the SS. 
Thus, tiger striping is due to the localised 
corrosion acting conjointly with 
convection currents in the contained 
stagnant water that then produces the 
vertical streaking pattern.
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The Tiger Stripe effect observed when MIC 
occurs at welds of stainless steel vessels 
containing stagnant water.

Figure 1. MIC at welds in a 304L SS vessel 
that contained contaminated bore water for 
hydro-testing.

Figure 2. Tiger striping occurring on SS 
welds in raw water at a potable water 
treatment plant.


