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Microbiologically Influenced Corrosion Behavior in Stainless Steels for Public Sewage Treatment Plants

Masahiro MATSUSHIMA and Yo ToMOTA

Synopsis : A study was performed on the cases of corrosion regarded as microbiologically influenced corrosion (MIC), for stainless steel centrifuge,

which had been used in the processes of sludge concentration and dehydration in public sewage treatment plants. Evaluation was made on

chemical concentrations of the steels and macroscopic as well as microscopic features on the corrosion status. Most of the cases relate to cast

stainless steel with two-phase microstructure similar to that of weld metal. A number of studies have been reported so far on the cases where

MIC occurs on stainless steel in seawater and fresh water, but there have been very few reports on the cases of damage in sewage treatment

plant. Further, almost no study described the corrosion of a material such as duplex stainless steel with highly corrosive property. It is known

that MIC is very likely to occur on weld metal. As the causes of the corrosion, special attention is now focused on influence of oxidation and

reduction in the environment and relation between two-phase microstructure and MIC such as galvanic effect of austenite phase and ferrite

phase in stainless steel weld metal microstructure.
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Table 1. Portions of centrifuge for sewage sludge processing where corrosion had probably been caused by microorganisms, in
which the period of use of the centrifuge before the occurrence of corrosion and features of corrosion are tabulated.

rod

The pferiod of
use of the
Case . ; Material of corroded Depth of material up to The object to be
No. Parts Corrosion Site Portion corrosion the time when processed Features
corrosion was
detected
Branch vipe Broken bores on Thickness Condition with high content of HsS.
FIexibleptlll)be boundary between SUS304 0.5mm Sewage sludge Sewage treatment water for cleaning
1 Thickness 0.5mm liquid feeding portion | (18Cr-8Ni) Penetrating | 1.5 years (deh: ?h‘ation) g purpose flows in 1/3 of the space inside
: and gas phase; at many Y the pipe at a frequency of several
water leakage points hours per week.
SCS13-CF Mixod Corroded in the pfresence of the
o . H ixed raw sludge | attached sulfur of yellowish white
2 Outer Bowl Erlfth speed rotating ?gi‘gaé?\% 0.7mm 2 years and excess sludge | color; pH = 4, Selective corrosion
Stainless steel casting (dehydration) of ferrite phase was seen when ferrite
content is 20%.
Corrosion was detected in regular
che . inspection after the use for 3 years.
Elégé;?;_él\%l)lSSOAL Anti-corrosion coating was added for
: Air-liquid boundary R continuous use.
3 Ecligat;&i:oi‘y of surface of conveying ggrévl%)fnghub ' 3mm 3 years (Sggigei,fi:ggi) After using for 6 years, extreme
¥ surface of conveyor (21Cr-8Ni) Stainless corrosion was found on air-liquid
B boundary surface. Corrosion
steel casting p
proceeded even after adding the
anti-corrosion coating.
: SUS308 equivalent Mizxed raw sludge The space inside the corroded bores;
4 Casing %gﬁﬁgg Plate Fillet (20Cr-9.5Ni) Weld %’enrlxgiltrating 2 years ?dmil e)((icess snl)udge =1 E)lnly the deposited metal
metal ehydratio: was corroded.
Pipe for . .
concentrated sludge | Pipe/elbow Weld SUS3P8 equivalent 5 mm Mixed raw sludge Water leakage due to corrosion from

5 (20Cr-9.5Ni) . 2 years and excess sludge
of the substances to | Joints, water leakage Weld metal Penetrating ¥ (dehydration) g inner space of the pipe
be processed

SUS316L Mixed raw sludge :
6 Liquid feeding pipe | Near the forward end | (17Cr-10N-2Mo) 0.5 mm 3 years and excess sludge Corrosion was found only on outer
Seamless pipe (dehydration) surface
Cylindrical portion | Portion with SCS11 modified
and conical portion | engagement gap. * nodilie Mixed raw sludge . . .

7 of outer tube. High-speed rotating g4Clr 81\112‘.311210) steel 0.5 mm 5 years and excess sludge g‘lheﬁortgdted portion wgsbﬁlleq with
Flanged portion of | untt C:g’tfri{gs ainless stee (Concentration) ack substances caused by corrosion.
ball-shaped cover

Portion with SCS10-CF equivalent
Cylindrical portion | engagement gap. (25.5Cr-7Ni-3Mo-0.2N) Mixed raw sludge The corroded portion was filled with
8 and conical portion | High-speed rotating N bearing high 0.1 mm 8 years and excess sludge black substances caused by corrosion.
of outer tube. unit aorrfsiosrxsresis§ant (Concentration) Corrosion was shallow and slight.
luplex SS casting
At first, bolt made of SUS316 was
SUS329J1 ; used, and no corrosion occurred
Bolt surface ( ) Mixed raw sludge ’ -
P . 24Cr-5.5Ni-1.3Mo) N After SUS329J1 was used, corrosion
9 Fasten bolt Erlfth speed rotating Machined from round 4mm 5 years ?élgnec}é;e;z;ﬁsge started. Extreme corrosion was seen

on the side where the substances to be
processed were present.

Corrosion piercing

weld metal

in fillet

Fig. 1. External appearance of the corroded portion cussed by microorganisms on centrifuge for dehydrated of mixed raw sludge
and excess sludge: (a) outer bowl in the case No. 2, (b) liquid feeding pipe in the case No. 6, (c) casing in the case No. 4
and (d) external appearance of corroded portion on bolt in the case No. 9.
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Fig. 2. The number of years before the corrosion detection
and the relation between corroding speed and gen-
eral corrosion index (GI).
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Fig. 3. SEM image of the surface at corroded portion in case of feeding pipe made of SUS316L: (a) portion with relatively slight
corrosion, (b) the same with (a) observed at a higher magnification, (c¢) portion with deep corrosion and (d) the same with

(c) at a higher magnification.

Fig. 4. SEM image of the surface at corroded portion of a duplex stainless steel corresponding to SUS329J1, observed at a lower

magnification (a) and a higher magnification (b).
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o phase selectively
corroded region

Y phase selectively
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Fig. 5. SEM image of the surface at corroded portion of the case No. 9 (SUS329J1) and cross-sectional microstructures: (a), (b)
surface and (c), (d) cross-sectional microstructures. In (d), excessively non-uniform portions of texture of ¢ phase and ¥
phase were incidentally aligned, where selective corrosion of y phase or o phase is observed.

Table 2. Results of component analysis by EDS on the phases in the selected corroded portions of & phase and y phase as seen on
the same portion of SUS329J1 for the case No. 6.

Region analyzed Phase Ni Cr Mo GI
analyzed :
a phase selectively corroded region | Remained vy 8.34 20.5 1.13 34.7
v phase selectively corroded region | Corroded y 8.47 20.1 1.20 34.7
o phase selectively corroded region | Remained o 4.97 25.5 1.71 37.3
v phase selectively corroded region | Corroded o 5.12 25.8 1.65 37.6
Bulk - 5.4 23.8 1.5 35.5
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