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Abstract: In this research work, the Impact of Sensitization on the Corrosion of austenitic stainless steel, type
304 and 316 when immersed in fresh water was investigated in detail. A set of samples has been normalized by
soaking the steel at a temperature range of 550°C — 750°C followed by air cooling. On the other hand, a total of
five sets of the samples of steel were given sensitization treatment by holding at a temperature range of 550 —
750°C for different soaking time periods ranging from 30 minutes, 1 hour, 3 hours, 5 hours and 10 hours. The
microstructure of the sensitized samples was observed under inverted metallurgical microscope. The corrosion
rate of austenitic stainless steel type 304 and 316 was also determined using the total immersion technique. The
corrosion medium was fresh water. The result derived from the corrosion immersion technique indicated that
the corrosion rate for stainless steel type 304 increases progressively with increase in immersion time, while for
stainless steel type 316 decreases progressively with increase in immersion time
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I.  Introduction

Stainless steels have a very good corrosion resistance when properly heated and used in a low
temperature environment. Sometimes, they are susceptible to corrosion when exposed to temperatures between
550°% — 750° (1-4). This is because the formation of Cr-rich Carbides at the grain boundaries and neighboring
matrix, leaving a Cr-depleted zone extending to both side of the grain boundaries.

The importance of austenitic stainless steel (ASS) in the petroleum industries cannot be over
emphasized. Its excellent properties which range from high tensile strength, good impact, wear and corrosion
resistances have found many applications in the petroleum industries. This material is use in almost all
environments that need an optimization of these properties, some of which are, Fossil-fired power plant, flue gas
desulphurization equipment. (5-7). ASSis known for its corrosion resistance principally due to the presence of
chromium which is soluble in the austenitic matrix. Chromium adds to the overall corrosion resistance through a
passivation process by forming a complex spinel-type [(Fe, Ni) 0 (Fe, cr),03] passive film (8-10).

Austenitic stainless steels (ASSs) have a dominant position in the group of SSs. Austenitic stainless
Steels are the most favoured construction materials of various components required in the chemical,
petrochemical and nuclear industries. The exposition in the temperature range of 550°c-750°% leads to the
precipitation of M,3 C¢ chromium-rich Carbide on the grain boundary and to the formation of the chromium
depletion regions. If the chromium content near the grain boundaries drop under the passivity limit 12 wt. %, the
steel becomes to be sensitized (11-14).

Sensitization is a major problem in stainless steels that affects the alloy’s durability.Chromium
additions in steel is the main contributor to sensitization.

Sensitization is defined when a carbide precipitation induced by the welding process or heat treatment
can cause chromium-depletion near the grain boundaries. Chromium is extremely reactive with oxygen and will
form a very thin chromium oxide layer on the surface of stainless steel. Sensitization treatment significantly
modifies the stress corrosion cracking behaviour and the cause of this is the intergranular precipitation and the
grain boundary chromium depletion (15).

Corrosion studies of metallic structures remain a major area of interest for scientific investigation,
Recent effort in the study of mild steel and AISI 304L stainless steel in the presence of dissolved ions in
seawater was recently reported (16) in which the copper ions were found to have pronounced effect on corrosion
rate.

Il. Materials And Method

The materials used for this work include austenitic stainless steel 304 and 316 grade. This special grade
of steel were sourced from NNPC Warri. The chemical composition is shown in table 1 at Turret Engineering
service Ltd, Port Harcourt, Nigeria.

Five set of each coupon were given sensitization treatment under different soaking time of (30mm, 1
hour, 3 hours, 5 hours and 10 hours), in the temperature range of 50°c-750°, using a digital heat treatment
furnace, and cooled in air (normalized).
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Five coupons each of both materials was full immersed in five beakers containing the corrosion
medium with fresh water, labeled. The coupons were cleaned with soft brush and air dried in every two days
intervals for weight loss reading for the total exposure time of 42days, a digitals balance is used for the reading.
The corrosion rate in each of the plastic beakers was calculated for various steel coupons. Another five coupon
each of both materials in the treated condition was cut before the corrosion test, to serve as a control specimen
for metallographic studies. The coupons were mounted and ground progressively on emery grit papers (220-
1000 grits) with water as the coolant. The ground coupon was then polished with diamond polishing paste, and
etched with freshly prepared oxalic acid (HCL) and distilled water in the ratio 30:70. The micrograph of each
etched coupons were viewed under a metallurgical microscope using a magnification of X 100.

Table 1. Chemical Composition of Austenitic Stainless Steel Type 304 and 316

TYPES Fe(%) Mn(%) Cu(%) V(%) | Co(%) Cr(%) Ni(%) Mo(%) Ti(%)
304 69.40 1.25 0.22 0.07 - 18.82 9.99 0.26 -
316 67.48 1.48 0.17 0.06 0.27 17.61 11.00 1.92 0.09

I11. Results And Discussion

The corrosion rate was computed in mils per year (mms) with the standard expression (17-19).
C.R=3.45x10°W

PXAXT
Where W is weight loss in mg. p is the density of the coupons in g/ cm®, A is the exposed area in square cm?,
and T is the exposure time in hours (17).

Fig. 1 show the plots of weight loss of ASS 304 and 316 vs time after immersion in fresh water for
1008 hours. However, it is observed that the weight loss in ASS 304 increased progressive whereas the opposite
effect is been observed for ASS 316 as it’s progressively decreased. This response can be attributed to increases
in the time of exposure for the sensitization of ASS 304 and 316 coupons. From the chemical composition of
ASS 304 (Tablel), Molybdenum is in trace. Which could have enhanced corrosion resistance is conspicuously
low in the matrix of ASS 304.Fig. 2 shows the comparative plots of the corrosion rates of ASS 304 and 316 vs
immersion time. A decrease in corrosion rate of ASS 316 with increasing immersion time was also observed
following similar method when compared to the weight loss whereas the opposite effect was observed for ASS
304 as its progressively increases.
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Fig. 1. Weight loss of ASS 304 and 316 in fresh water
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Fig. 2. Corrosion rate of ASS 304 and 316 in fresh water
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Fig. 3 shows the microstructure of ASS 304 before and after sensitization time for the soaking time
interval of 30min, 1hours, Shours and 10hours at the temperature range of 550°c-750°c, depicting the chromium
depleted morphologies of the experiment.

The microstructures of ASS 304 showed that the chromium depleted zone progressively increases with
increase in sensitization time.Fig. 4 shows the microstructures of ASS 316 before and after giving sensitization
treatment for 30mm, 1hours, 3 hours, 5 hours and 10 hours it shows the morphologies of the chromium depleted
zone. The chromium depletion also increases progressively with increase in sensation time but not as of ASS
304

Before sensitization SS 304

SS 304 Sensitized for 30 min

SS 304 Sensitized for 1hours

SS 304 Sensitized for 3 hours

SS 304 Sensitized for 5 hours

SS 304 Sensitized for 10 hours
Fig. 3. Microstructure of ASS 304 before and after sensitizationat 550°c — 750°
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Before sensitization SS 316

SS 316 Sensitized for 30 min

SS 316 Sensitized for 1hours

SS 316 Sensitized for 3 hours

SS 316 Sensitized for 5 hours

SS 316 Sensitized for 10 hours
Fig. 4. Microstructure of ASS 316 before and after sensitizationat 550°c — 750°
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IV. Conclusion
From the obtained results and analysis related to the corrosion behavior of austenitic stainless steel type 304 and
316, with its associated metallography, the following conclusions are drawn.
(1) The microstructure of Sensitized austenitic stainless steel type 304 and 316 showed an increase in the
chromium depleted zone with increase in Sensitization time.
(2) The corrosion rate of ASS type304 increases progressively with increase in immersion time, while ASS
type 316 decreases progressively with increase in immersion time.
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