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Factors affecting corrosion of stainless steels such as pH, oxidation and redox potential (ORP), soil resistivity,
water content of soil, chloride ion concentration, bacteria activity, and corrosion potential have been investigated
using soil analysis, bacterial analysis, surfacial analysis, and analysis of corrosion potentials of several stainless
steels buried in 8 sites of Seoul metropolitan for one year. Corrosion potential was affected by occurrance of
corrosion as well as bacteria activity but the behavior of corrosion potential with time is different depending
on occurrance of corrosion and bacteria activity. The main factor affecting corrosion of stainless steels in soil
is level of chloride ion concentration which is also a main factor affecting corrosion of stainless steels in chloride
containing drinkable water. Furthermore, guideline of stainless steels in drinkable water is concluded to be applicable

to that in soil by the results from surfacial analysis.
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CORROSION OF STAINLESS STEEL PIPES BURIED IN THE SOILS OF SEOUL METROPOLITAN DURING ONE YEAR

Table 1. Properties affecting soil corrosion of steels and their scores depending on their values?

Properties Range Score Properties Range Score
< 700 10 > 100 0
o 700 - 1000 8 Redox potential 50 - 100 3.5
Resistivity 1000 - 1200 5 (ORP, mv) 0 - 50 4
(R-cm) 1200 - 1500 2 <0 5
1500 - 2000 1
> 2000 0 > 20 5
<2 5 Water Content (%) 10 - 20 1
2 -4 3 <10 0
pH 4 -6.5 1
6.5 - 7.5 0 Chloride and sulfate < 100 2
7.5 - 85 1 (mg/ke) > 100 3.5
> 8.5 3 no 0
Summation of scores (Xscore) Corrosivity of soil
0-2 Very mild
3-5 Mild
6-9 Severe
> 10 Very severe
Table 2. Chemical compositions and PREN* of stainless steels (wt%)
Chemical Compositions (wt%
No Family UNS or P (wt%) PREN
Commercial name Cr Ni Mo N
1 Austenite S30400 18.3 8.1 - - 18.3
2 Austenite S31603 17.7 12.1 2.1 0.2 24.6
3 Ferrite S44500 21.0 - - - 21.0
4 Ferrite S44400 18.6 - 2.0 - 252
5 Duplex POSCO 329LD 20.2 2.5 1.4 0.16 29.6
6 Duplex S32205 224 5.9 3.4 0.17 38.7
7 Duplex S32507 25.0 6.9 3.8 0.28 45.9

PREN* (pitting resistance equivalent number) =

%Cr + 3.3 x %Mo + 30 x %N

[304 ] [ a4 ] [304 ] [ a2 ] [ 304 )/ [ a1 )/
[ 360 | [ 445 ] [ 316 | [ 445 | | [ 316L }/ [ 4as }/
BN N ENp.

Fig. 1. Layout of stainless steel specimens buried in soil.
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Table 3. List of properties measured for soil analysis and description on measurements”

Properties

Description on analysis

Particle size
distribution

Measuring particle size of soil according to KS F 2302 and KS F 2309
Defining particle size as an minimum sieve size which 60% of soil can pass through

Resistivity of soil,
@ - cm

Measurements by four point probe method

pH of soil

Measuring pH of distilled water where inorganic species dissolved from soil

Redox potential,

Measuring redox potential of distilled water where inorganic species dissolved from soil

mV

2 Measuring [SO4”] by Turbidimetric method
[SO+], ppm ppm: mg of sulfate per kg of dry soil
[CI, ppm Measuring [Cl] by AgNOs; titrimetric method

ppm: mg of chloride per kg of dry soil

Water content, %

Measuring water weight per dry soil weight according to KS F 2306
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Table 4. Summaries on properties of soil measured at 8 sites
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Fig. 2. Operational taxonomic units (OTUs) of bacteria analyzed
at 7 sites except 5™ site.

Site No Type of soil p pH ORP Water SO42' Cl Co.rros. of
/size(mm) (k&2-cm) (mV) cont. (%) (ppm) (ppm) soil/score

1 Sand/0.5 56.54 6.27 165 10.5 13.52 3.56 Mild/4

2 Sand/2 19.79 7.18 218 15.4 10.16 4.27 Mild/3

3 Sand/2 16.96 8.34 188 16.7 32.54 5.02 Mild/4

4 Silt/10” 19.32 7.53 198 21 73.54 9.64 Mild/4

5 Sand/2 15.08 8.21 191 10.9 47.08 5.93 Mild/4

6 Sand/0.4 8.48 7.68 213 18.3 197.02 14.20 Mild/4.5

7 Sand/1 10.37 7.48 227 16.1 107.2 53.82 Mild/4.5

8 Silt-Sand/0.1 2.64 7.50 208 19.8 3359 728.5 Mild/4.5
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Fig. 3. Relative OUTs of sulfate reducing bacteria (SRB) (a),
iron oxidizing bacteria (IOB) (b), and manganese oxidizing
bacteria (MOB) (c) in soil of 7 sites except 5™ site by using
pyro-sequencing method.
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Fig. 4. Corrosion potential-vs.-time curves of stainless steels

exposed to 8 site soils, which were classified into Type I (a),
Type II (b), and Type III (c).
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Table 5. Results of Bacteria analysis by MICKIT 5

Site No Concentrations (number of bacteria per one dip*)
LNB IRB ANA APB SRB
1 > 100K NA > 10M > 10M 10K ~ 100K
2 > 1M > 100K > 10M IM ~ 10M 10K ~ 100K
3 > IM > 100K > 10M > 10M 10K ~ 100K
4 > IM > 100K > 10M IM ~ 10M 100K ~ 1M
5 10K ~ 100K > 100K > 10M > 10M IK ~ 10K
6 10K ~ 100K > 100K > 10M > 10M 10K ~ 100K
7 M > 100K > 10M > 10M 1K ~ 10K
8 > 1M > 100K > 10M > 10M 10K ~ 100K

One dip = 0.4g

Table 6. Summaries of type of shape of corrosion depending on location of corrosion and type of corosion in Fig. 4

Trends in Corrosion

Surface contacting

potential with time Surface of pipe Rubber stopper Joint
Type 1 No No No
Type 11 A little* A little* No
Type 1II A little* A little* Crevicet

A little* means that rust was rarely observed but was so very thin that the change of surface morphology could not be defect
using SEM with 5K magnification after removing the rust in nitric acid sol’n.

Crevicet was observed at joint parts of type 304 buried in g™

[T B i W N

1an ‘)nﬂ 210

@

Fig. 5. Typical photograph of “a little” (Table 6) rust of type 304 exposed to 6"

rust by EDS (b).

site.

Element Concentrations
wt % at %
O K 8.67 24.22
Al K 0.80 1.32
Si K 1.08 1.72
P K 0.56 0.81
Cr K 17.69 15.21
Fe K 64.32 51.48
Ni K 6.88 5.24

(b)

site (a) and chemical compositions of the

W ES Ak ol FEE QE B F Eo aFuisfel EoF B4, F2 A9 A 9§24 RS Fete]
HEEE Holx 57218 whgo] w9 vizteirh= Zlolty.  A&A] EoF S ollA AHRIZAZ T2 Hol= vAdE
o|HH FF2e] v Y 51te°ﬂ/\1 type 304 ¥2 o] BF % Wk ofye} 28] Ay o Hhof] ks koLt
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CORROSION OF STAINLESS STEEL PIPES BURIED IN THE SOILS OF SEOUL METROPOLITAN DURING ONE YEAR

Carbon

(b)

(a)
Fig. 7. Typical photographs of rust formed on type 304 exposed to 8™ site by using fluorescence microscopy (a), DIC microscopy
(b), and optical microscopy (c).
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Table 7. Summary of the suitability of stainless steels in various waters at temperatures normally encountered in drinking water

supply and treatment'”

Type of water Chloride (ppm) Comment Stainless steel grades
Pure water - <5 304
Supply water > 350 Type 304 suitable up to 200ppm 304, 316
. 304, 316, 2205, Super austenitic
Fresh water or < 1,000 Type 304 suitable up to 200ppm only stainless steels (ASS), Super duplex

ground water

Type 316 suitable up to 1,000ppm only

stainless steels (DSS)

. Estuary or tidal waters type 2205 2205, Super ASS,
Brackish water 10,000-15,000 suitable up to 3,600ppm only Super DSS
15,000-26,000
Sea water (2.5-4% NaCl) > 3,000 Super DSS, Super ASS
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