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In this research electrochemical studies were performed on stainless steels and compared to Cunifel
Monel and Alloy 59 in 3.5% NaCl solatin at (22N2) AC and (50N2) A
have been evaluated using weight loss, Tafel polarization, cyclic polarization and scanning electron
microscopy techniques. Material with the best performance was Alloy 59 which could be used in the
seawater environment at (22N2) AC and (50N2) |
and molybdenum showed high resistance toward selective corrosion and materials with high levels of
copper showed excellent resistance toward pitting comosio
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1. INTRODUCTION

Many marine structures, at some stagé their life span,comeinto contactwith the heated
seawaterCorrosion,usually pitting occurson the walls othese structesandcan quicklylead from
surface damage and aesthetics impairment to deeper darhagmain causes of the corrosiveness are
chloride ionswhich facilitate initiation and propagation of pits particularly at elevated temperatures.
Stainlesssteels prowde a wide range of applications in seawater environments. They are used for the
constructionof heat exchangersanksand capacitor$or electrical systemgefrigeration systems for
power plants,power plantsdriven by waves, tidal power, wind turbineslocalized at sea and
desalinatiorplants [L-4].
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Stainlesssteel type304 in the sea water is susceptible to pitting corrosion 1 @ndtheC ,
more resistancesteel type316, could easily reachthe same perforatiorwith a smalltemperature
increase [512].

Dengetal. [13] have demonstrateitiat thetemperature ranga which W.Nr.1.4462still has
the repassivation capability is froB#.9A C 508.»A C, h@hedtemperature iso-called critical
pitting temperature at whictne materialsill be affeced by pitting corrosion-or the materialVv.Nr.
1.4410 the repassivation capabiligyfrom70.9A C 87.@A C Corrosionof structural materials is also
caused by the sea atmosphetech is constantlysaturated withsalt. In addition, the wind causeseth
deposition of sea salt on all exposed surfaaadwith the oxygenand highaverage temperatures)
conditionsfor theformation ofcorrosiveatmosphere are mgt4-19].

The aim of this research wa® determine corrosion resistance in seawater siated!
environment af2 2 N2 d (& ®fNig differentmaterials recommended ssitablematerialsfor
usein marineenvironment.

2. EXPERIMENTAL

Physical and chemical properties of the tested materials are given in the Table 1. The working
area oftest samples was 1 énmAll samples were gradually polished with the sandpapers with different
grits with the final machining quality N6, so that the maximum deviation of the roughness profile was
Rmax = 2.50m. Afterwards, samples were degreased in ethamd rinsed with demineralized water.

DC electrochemical corrosion tests were conducted in accordance with ASTd [@5] on the
device Potentiostat/Galvanostat Model 273A EG&E with the SoftCorr 11l application. Measurements
were carried out in relatioio the reference saturated calomel electrode (SCE) with known potential of
+0.242 V versus standard hydrogen electrode (SHH)e parameters of general corrosion were
determined: corrosion potentialEry), corrosion current densityjcdr), corrosion rag (Veor),
polarization resistancérf), pitting potential Epi) and protective pitting potentiaEfy).

Table 1 Physical ana&themical propertiesf materials

Sample Common W.Nr. Cr,% Ni,% Mo, % Cu,% E,, g },g/cn?

~_hame

1 Cunifer 2.0882 - 30 - 70 31 8.9
2 S32205 1.4462 23 6 3 - 25.8 7.8
3. S31050 1.4466 25 25 2.1 - 25.7 7.9
4, Monel 2.4360 - 67 - 31 30.1 8.8
5 Alloy 59 2.4605 23 59 16 27 8.6
6 316L  1.4404 18 13 2 - 26.4 8

Where is:
Ew T equivalentweight g
} T density g/cn?
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Electroclemicaltesting of allsamples was carried oirt 3.5 % NaCl solution, at 200pm a
stirrer andat (2 2 N2Q & rOdNR gThe temperature and steering speed were adjustekioplph
3001 series magnetic stirring hotplate.

Weight loss measurements werefpemed according to the ASTNG48G99 standardfor
examination and evaluation of pitting corrosion][lifi 10 % Fe( solution for 72 hoursThe samples
were withdrawn, cleaned and weighted every 24 hours and returtil@d4nFeC] solution.

After electochemical measurements, the surface of the tested specimen was observed and
recorded using stereomicroscope Leica MZ6 (low amplification). After weight loss measurements,
topography of the samples was determined using scanning electron microscope VEGANTESC
5136 MM.

3. RESULTS

Tables 2 and 3 sho®DC testresultsat 22 N2) AC and ( 50The highestC o f
corrosion current densityas measureth sampledV.Nr. 2.0882at both temperatures. SampM&NTr.
2.0882 (@nifer) and W.Nr. 2.4360 (Meel) showed great tendenoy selectivecorrosion(Figure 3)
Other sampletiave showrgood resistance corrosionin chloridesolutionat( 22 N2) AC and
AC.

Table 2.DC testresultsat(2 2 N2Q

Sample EcorVs Jcorr ba be Ro Epit VS Eppit VS
W.Nr.  SCE [nAlcm? [V/dec] [V/dec] [ K Y3 SCE  SCE

[mV] [mV]  [mV]
2.0882 -194 11310 0.104 0.170 0.128  2.820 -50 -60
1.4462  -101 401 0.229 0.113 0.0043 64.31 320 110
1.4466  -132 256 0.240 0.094 0.0027 40.97 390 -10
24360 -204 1621  0.220 0.101 0.0181 13.43 -20 -150

24605  -220 552 0.234 0.241 0.0056 67.91 650 220
1.4404  -155 175 0.171 0.140 0.0019 73.25 290 -230

Table 3.DCtestresultsat(5 0 N2 ) AC
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Figuresland2showy cl i ¢ pol arization di agSampla®.Nat ( :
2.0882 does not show a tendency toward pitting or crevice corrosion. The sample is prone to selective
corrosion duehte standard electrode potential difference of nicke V) and copper (+0.33 V)
versus standard hydrogen electrode (SHH)e elutionof nickel after cyclic polarization, which is
significantly more expressed FRgue350N2) AC, can
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Figure 1. Cyclic polarization diagramef all samples a2 2 N 2 )
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Figure 2. Cyclic polarization diagramef all samples a5 0 N2 ) AC
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W.Nr. 1.4462 (S 32205)

W.Nr. 2.0882 (Cunifer 70/30)
o T i

W.Nr. 2.4360 (Monel)

W.Nr. 1.4404 (316L)

Figure 3. Surface of the samples after the cyclic polarizatioggadd N2 ) AC

Sample W.Nr. 1.4462 (232 05) , at (50N2) AC has 4Figuresnden
1 and 2) Sample surfaces afteyclic polarization showed no visible signs of pitting corrogiBigure
3).

SampleW.Nr. 1.4466(S31050)hassimilar propertiesas the sampl&/.Nr. 1.446 (S32205)
(Tables 2 and 3)Nevertheless, yclic polarizationdiagrams(Figures1 and 2)and sample surfaces
after gsclic polarization(Figure3) show thathere is no tendency for pitting corrosion
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Sample W.Nr. 2.4360 (Moneljloes not show affinity towd pitting and crevice corrosion,
which is evident from the cyclic polarization diagrams (Figures 1 andit2)oth employed
temperaturesHowever, similar to W.Nr. 2.0882, there is a tendency toward selective corrosion
(denickelification) particularly a5 0 N& GFigure 3). This process involves complete dissolution of
the alloy followed by redeposition of nobler constituent (copper). It was demonstrated for cupro
nickels and is facilitated in stagnant sea water polluted with ammonia or sulpB@22].

SampleW.Nr. 2.4605(Alloy 59) has low susceptibility towargitting and crevice corrosion.
From cyclicpolarizationdiagramsit is evident thathis sampleat (50N 2A Mehavess a noblenetal.

It is obvious that there are no initiated pits on thresa surface (Figure 3).

SampleW.Nr. 1.4404 816L) has greatendencyfor pitting corrosion,which ispronouncecht
(50N 2 A CFigure 3 show initiated pits on the surface of the sample which are significantly more
prominent a(50N 2A C

The results ofweight loss measurements in 10 % FgQ&d t (22K2) and at
presented on Figures 4 and 5. Materials with high content of copper (W.Nr. 2.0882 and W.Nr. 2.4360)
showed highestveight loss at both temperatures during-if@ur period, due to the preéantial
selective corrosion occurrence.

16 Y W.Nr. 2.0882 (Cunifer)

-O-W.Nr. 1.4462 (S 32205)
14 1 —-W.Nr. 1.4466 (S 31050)
I+W.Nr. 2.4360 ( Monel)

12 -0-W.Nr. 2.4605 (Alloy 59)
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Figure 4. Weight loss measurements in 10 % kB2 2 N2 ) AC

At elevated temperature the weight loss was approximately double when compared to ambient
temperatur e. Negl i gi bl e werecgrided onldopsexs W.Nrall446@ and a t
austenitic stainless steel W.Nr. 1.4466 and are written down at right corner on Figure 4. At elevated
temperature those alloys showed substantial and similar weight loss (appfdX2 @)IThose values
were also simar to alloy W.Nr. 1.4404 at elevated temperature, while at ambient temperature alloy
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W.Nr. 1.4404 showed medium weight loss value. Alloy 59, in concordance to DC tests, showed lower
weight | oss at (50N2) AC t hen stattallyHgR @dun0.9% . Wh
at (50N2) AC it was negligible and the exact v
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Figure 5. Weight lossmeasurements in 10 % Fg@(5 0 N2 ) AC

Scanning electron micrographs of the surfaces of alloy spesmafter theweight loss
measurement at (50N2) AC are presented on Fi g
with previously described results. Stainless steels displayed rather clean surface with exception of 31€
L which had several disictive pit initiation sites on the surface. Materials with high content of copper
(W.Nr. 2.0882 and W.Nr. 2.4360) showed non homogenous surface resulted from selective corrosion.

W.Nr. 2.0882 (Cunifer) _ W.Nr. 1.4462 (S32205)

A

e T e I 3 o
SEM MAG: 401 x DET: SE Detector SEM MAG: 401 x DET: SE Detector bttt ]
Hv: 20.0 kY DATE: 04/08/13 100 um Vega @Tescan HY: 200 kY DATE: 04/08/13 100 um Vega ©Tescan
VAC: Hivac Device: TS5136MM Digital Microscopy Imaging VAC: Hivac Device: TS5136MM Digital Microscopy Imaging
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W.Nr. 1.4466(S 31050) W.Nr. 2.4360 (Monel)

SEM MAG: 401 x DET: SE Detector Lttt d i i 3 R
HY: 20.0 k¥ DATE: 04/08/13 100 um Vega @Tescan HY: 0 kY DATE: 04/08/13 100 um Vega @Tescan
WVAC: HiVac Device: TS5136MM Digital Microscopy Imaging WAC: Hivac Device: TS5136MM Digital Microscopy Imaging

W.Nr. 2.4605 (Alloy 59) W.Nr. 1.4404 816L)

SEM MAG: 401 x DET: SE Detector
HY: 20.0 kY DATE: 04/08/13 100 um Vega @Tescan
VAC: Hivac Device: TS5136MM Digital Microscopy Imaging

Figure 6. Scanning electron micrograph of the surfaces of tested specimens after lesight
measurementsin 10 %0 Fg@t(5 0O N2) A C

4. DISCUSSION

Test results for all sample@xcept for sample 5) indicate significantly higher corrosion
resistance at (22N2jTabks2andBmpared to (50N2) AC
W.Nr. 2.0882 (Cunifer) does not show tendency for pitting corro@tayures 1 and 2t both
employed temperature#t is well known that coppenickel alloys are highly resistant to chloride
pitting corrosion in broad temperature rangat sulphides can cause pitting, especially wheatee
water is mixed with sulphideontaining water Ferrous sulphate dosing is practical ol to this
problem[ 22].

Because of its excellent resistance to seawater corrosion Cunifer is recommended and used ir
several marine applications i.e. for heat exchange and condenser tubes, piping, platform sheating



