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ABSTRACT 

To reduce the air pollution caused by fossil energy boilers, flue gas desulfurization units are more and more 
used in North America, European countries and Asean. The most common technology consists of scrubbing 
the polluted gas with a slurry of lime or limestone in water. In certain zones of scrubber (absorber) where the 
reaction between polluted gas and the solution is not complete, acidic condensation can occur and, combined 
with high temperatures, chlorides and/or fluorides, lead to very aggressive conditions. 

Generally, metallic materials present the best solution in terms of reliability ad cost. Since the corrosion 
resistance of standard stainless steels, such as 316L, is very limited in such environments, highly alloyed 
stainless steels or nickel based alloys are generally used for the most corrosive conditions. 

Building scrubber units require welded materials. Welded joints are made-up of different zones : thermal 
cycles induce structural modifications, filler materials induce chemical composition variations, and weld 
beads induce geometric variations. Welds are very often the weak point for the corrosion resistance. 

To increase the corrosion resistance of the welds, new stainless steel materials with improved weldability 

have been developed proposing higher corrosion resistance properties (> 6 MO grades, NO8926 or S32050) or 
high corrosion resistance and high mechanical properties (duplex S3 1803/S32205 and superduplex 
S3255O/S32520). More recently, a high nitrogen overalloyed austenitic grade (S31266) providing very high 
corrosion resistance and high mechanical properties has been developed. This new grade with high nitrogen 
content (0.45% by weight) exhibits exceptional corrosion resistance properties in both unwelded and welded 
conditions. 

Nickel based alloys have been also investigated both in solid and clad materials. 

The aim of this paper is to evaluate and compare the behaviour of these materials in simulated FGD 
environments, particularly in welded conditions. Several tests representative of industrial conditions have 
been selected. Test conditions simulating the very corrosive environments of gas cleaning systems : low pH, 
high temperature and high chloride levels have been investigated. 

The critical conditions have been determined for each material in unwelded and welded conditions. The 
results are discussed in terms of technical efficiency and potential applications. 
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INTRODUCTION 

Improving the quality of life and the environment by combining industrial progress and pollution control is 
obviously the most exciting challenge of our decade. We need progress, but without causing damage to our 
beautiful earth. Air, water and land have to be considered as the world’s capital received from our parents. 
Our responsability is to prevent it from injury so that our children may also enjoy life as well as we have. 

Pollution control has thus become a major concern of industrial countries. This has led to the development of 
pollution control equipment, which is becoming a substantial part of the recent investments in industrial 
countries. This results, for some industries, higher operating costs which in turn makes productivity a major 
concern. 

Here, downtime means costly production losses. Material selection has become a key factor of success as 
poor material performance leads to increase maintenance cost and potential risks for human safety and for the 
environment. 

Stainless steels and nickel based alloys are more and more considered in main applications, like FGD 
processes, as the most effective material choice since they offer well known corrosion resistance properties, 
as well as stable, reproducible and controlled properties even at high temperatures. After about 20 years 
experience with different solutions including non-metallic materials, the metallic solutions using high 
corrosion resistance alloys offer optimum performance as the initial higher investment cost quickly balance 
low to very low maintenance costs. 

This paper will outline CL1 successful experience over the last 17 years, including innovative solutions, for 
stainless steel and nickel bases material selection for FGD applications. 

GENERAL CONSIDERATIONS ON FGD UNITS 

In order to fight air pollution caused mainly by coal or fuel burning boilers, FGD units have been considered 
particularly in Europe (Germany, UK, F, I..), America (USA, CANADA) and more recently in Asia, Middle- 
East and former East Europe countries. 

Moreover, new projects and further desulfurization of gas emissions in chemical plants or zinc, lead, copper 
industries are now considered. 

The most common technology consists of scrubbing the SO? containing gas with a slurry of lime or limestone 
in water. In certain areas of the scrubber, the efficiency of the neutralisation reaction between polluted gas 
phase and the slurry is partial and leads to local formation of sulfuric acid. This acid, combined with chloride 
and/or fluoride species derived from the coal or the water, produces an aggressive environment. Typical 
conditions that may be obtained are as follows : 40-70°C (104-158°F) temperature, 5 > pH > 3,CI- about 0.01 
to 0.5 % Cl- and less than 500 ppm Fe Moreover, the corrosion risk is enhanced in the scrubber tower in 
certain parts where the velocity of the the gases is low and scaling occurs. 

For the inlet ducts, outlet ducts and stacks, more corrosive conditions may be encountered when temperature 
is lower than the dew point since sulfuric acid solutions combined with hydrochloric acid and chloride or 
fluoride species may be present. Design considerations, uses of by-pass or gas reheaters after scrubbing have 
major concern with material selection. 
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MATERIALS 

Our first main order was the Montana Power Colstrip : 3 and 4 projects in 1980 with Bechtel Power Corp. as 
engineering and Mark Steel + Union Boiler as fabricators. In that project, more than 1.500 metric tons of 
S31726 solid and 904 LN clad plates were delivered by CREUSOT-LOIRE INDUSTRIE. This was the first 
main project in the U.S.A. where nitrogen containing super austenitic stainless steels were used on such a big 
scale. 

Already 17 years ago, we were very active in supporting nitrogen additions due to the numerous advantages 
that such a low cost element can bring to the properties of stainless steels. Since that time - Montana Power 
Colstrip project in 1980 - new CREUSOT-LOIRE INDUSTRIE contributions were successfully achieved and 
new products developed including super-austenitic stainless steels with increased nitrogen and molybdenum 
contents, including S32050 and S3 1266 grades, duplex stainless steels with improved microstructure stability 
and corrosion resistance properties (S31803/S32205 and S3255O/S32520) and finally several clad plates 
products including the nickel based alloys (Alloy 625, Alloy C22 and Alloy C276) or titanium clad materials. 

Typical chemical analysis of grades are presented table I. 

I lpecifications AISI / UNS W.Nr EURONORM Cr MO N Other Structure PRENW 

317 LN s31753 ............................. .................................. ..!.:~~3 f?. ?2CrN!.Y:N.!.8:2:i!. .... .............. !A? ... .... ;‘:. ... .. ..O:.!F? ... .... .............. .I .......... ....... 3: ...... 
317LNM S31726 1.4439 XZCrNiMoN 17.13.5 18.5 15 

.. ..g.. 
0.15 

si<ii:‘j’. 
35 ............................. .................................. ................................................................................ ............ .............. ............. ................................. Y ........... .................. 

UR Bb NO8904 1.4539 XlNiCrMoCu 25.20.5 20 25 4.3 - cu=1.5 34 __ __ __ __ __ ...................................................................................................... ........... ............ .............. ............. ................................. Y __ __ __ __ __ __ 
UR B26 NO8926 1.4529 XlNiCrMoCuN25.20.7 20 25 6 0.2 Cu=l __ __ __ __ __ __ __ ...................................................................................................... ....................... ............................ ................................. Y 43 ........... .................. 

SR 5OA@“’ S32050 23 22 6.2 0.25 Cu < 0.4 Y 47 ............................ .................................. ................................................................................ ............ ............... ............. ............................................. .................. 
UR Bbb S31266 (type XlCrNiMoMnCu 24 22 6 0.45 cu = 1.5 Y 56 

24.22.6.3) w=2 ................... .i’. ....................................... ................................................................................ ............ .............. ............. .................... ...................... ................. 
UR 45N old 31803 

new32205 
1.4462 XZCrNiMoN 22.5.3 22.5 6.5 3.2 0.20 - a+y 36 

................... .i’. .................. ................................................................................................................... ............................ ....................... ...................... .................. 
UR 52N S3255OB32520 1.4507 XZCrNlMoCuN 25.6.3 25 7 3.5 0.25 cu=1.5 a + 41 ............................................................................................................................................... ............ ............................ ....................... Y .............. ....... .................. 

WC-22@ NO6022 2.4602 21 bal 13.5 - 
Fe=4 
w=3 Y 66 

..................... ........... ............................ ............................................. .................. 

H* C-276 Nl0276 2.4819 lb bal lb - 
Fe=5 
w=3 Y 69 

*H = Hastelloy is a trademark of Haynes International Inc. 
PRENW = ?Kr + 3.3(Mo+W) + 16N 

Specimen name [ Parent material 1 Filler m 

1 S31726 ] Alloy 625 

Table II - Welded joints tested 

CORROSION RESISTANCE EVALUATIONS 

Environmental conditions, including absorbers, have been investigated in many testing conditions. If rough 
calculation of the theoretical condensate composition, knowing the gas composition, is possible, it always 
appears very difficult to evaluate exactly the composition of the reactive media (ie. during the scrubbing 
phase). The difficulty increases as local effects such as deposits lead to ion concentrations, (Cl-, F-...) thus 
increasing the aggressiveness. 
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Typical nominal conditions are : Temperature 40 to 70°C (100 to 160°F) 5>pH>3, chlorides about 0.01 to 
0.5% and other species as halides can be present, depending on the process parameters, the nature of the fuel 
(coal, lignite, oil...) and the composition of the water (Cl- content). These conditions can become worse in the 
case of deposits formation due to local phenomena (acidification, concentration) ; the pH can drop to 1 and 
even 0, chloride concentration can increase to 5 or lo%, and fluoride concentration may increase up to 1000 

mm. 

0 Test conditions 

Pitting and crevice corrosion are the main reasons for failure in FGD environments (scrubber). In order to 
take into account the complexity of the environment, several conditions have been tested with variations of 
the pH, the halides content mainly chloride, and the redox potential by means of oxidizing species 
additions or electrochemical devices. For each of them, the corrosion phenomena have been investigated 
by determination of weight losses critical pitting and critical crevice temperatures, and electrochemical 
investigations. 

l Pitting corrosion : the resistance to pit initiation is evaluated by three kinds of tests : 

1 Potentiodynumic polarization measurement allowed to determine the evolution of the pitting 
potential versus the temperature. The higher is the pitting potential, the higher is the resistance. Such 
measures can be completed by free potential measurements versus temperature, indicating the critical 
temperature. 

1 Critical pitting tremperature (CPT) for pit initiation in specific media indicates the corrosion 
resistance level. The CPT is determined by immersion of the specimen during 24-hour periods at 
different temperatures. 

. Crevice corrosion - Very aggressive environments are produced during pit propagation or under 
deposit, In both cases, the local decrease of oxydant species levels lead to an increase of the corrosion 
rate. The dissolution of the constitutive elements of the steel in these confined areas produces a local 
acidification due to the hydrolysis reactions. At the same time, the chloride level is increased due to 
the electrolytic migration of the chloride ions leading to very high local chloride concentrations. 

The crevice corrosion resistance has been evaluated by means of electrochemical tests in concentrated 
acidic solutions and by immersion tests with samples equipped with simulating crevice devices. 

To simulate the crevice phenomena, PTFE (Polytetra-fluoroethylene) multi-crevice washers are fitted on 
the samples with a controlled torque of 0.28 N.m. In the particular case of welded samples, the washer is 
fitted near the weld in order to promote the crevice in the heat affected zone area. 

0 Tested media 

The resistance of the candidate materials and welded joints has been evaluated in several conditions : 

. 3400Uppm NuCf solution : the effect of the temperature on the pitting potential representative of the 
pit initiation sensitivity has been evaluated by potendiodynamic curves in the range 20-90°C (80- 
185’F) 

1 Ferritic chloride medium (6% FeClJ : This very aggressive acidic, oxydizing and chloride containing 
medium is used to compare the localised corrosion performance of high alloyed materials. The test is 
particularly well adapted to detect the metallurgical sensitization induced by heat treatment and 
welding operations. Using this medium (6% FeC& solution according ASTM G48), critical pitting 
temperatures and critical crevice corrosion have been determined by 24-hours immersion periods. 

n ({Green death media>> (11% H$SOd + 1.2% HCl + 1% FeC13 + 1% CuC12) : This medium is considered 
to be close to the corrosive environment of local parts in scrubbers installations. The same method as 
ferric chloride has been used for critical pitting temperature determination. 

1 300 g/l NaCl solution - pH=l ; T=80”C (176’F) : This very severe test is used to simulate a crevice 
corrosion environment (high chloride concentration and low pH). The maximum dissolution current 
measured during potentiodynamic polarisation gives an estimation of the maximum propagations rate 
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of the crevice, while the break potential gives an information of the relative resistance to pitting 
corrosion in very severe conditions of the alloys tested. 

.3O,UOOppm NuCf + 0.1% Fe2 (Sod3 - Nature aearation, pH = 2 obtained by sulfuric acid additions. In 
these conditions, the specimen potential wereafter potential stabilisation for each temperature. The 
initial temperatures 25°C (77’F) has been increased by 5°C (9°F) steps after potential stabilisation 
(several days). This test allowed to determine a critical pitting temperature by potential measurement. 
The CPT criteria is not a weight loss or a visul observation, but a sharp decrease of the potential 
connected to the pits propagation. After the test, the pits are observed by visual and microscopic 
examinations. 

9 FGD media (several contents of Ct, SO,, Ph 4-6, Temperature 50-60°C) test results have been 
reported by Mitsubishi Heavy Industry on samples (welded and unwelded samples). Electrochemical 
devices have been used. Some date performed by a Spanish university are also reported. 

1 Sulphuric acid solutions, pH (O-2) ; temperature (60-9O”C), Cl- (0 -30 000 ppm) - Weight losses 
investigations as well as polarization curves have been performed on several stainless steels and nickel 
based alloys. 

EXPERIMENTAL RESULTS 

0 General corrosion resistance 

Figure 2 presents some general corrosion resistance properties performed in simulated scrubber solutions. 
We must point out that the duplex stainless steels perform very well, much better than the S3 1726 and 904 
LN alloys. 

The 25 Cr duplex grade (S3255OB32520) and the 6 MO (NO8926) austenitic grades are immuned to 
corrosion in these test conditions. This is explained by the high level of chromium, molybdenum and 
copper addtions (copper additions are very effective to increase the corrosion resistance in sulfuric acid 
mixtures). A same excellent behaviour is observed for S32050 and S3 1266 grades. 

Figure 3 presents iso-corrosion curves for several sulfuric acid concentrations. It is observed that 
superduplex grade S3255O/S32520 performs much better than superduplex 2507 grade thanks to its copper 
additions which are very effective in improving the corrosion resistance behaviour of stainless steels in 
sulfuric acid solutions. Alloy S3 1266 behaves also very well. Its behaviour is superior to all other stainless 
steel grades. 

0 Pittiw corrosion investieations 

. 30,000 ppm NuCI solution : effects of the temperature on the pitting potential were investigated by 
potentiodynamic curves at different temperatures on unwelded samples. The results of these 
measurements are presented in figure 4 - and the values are characteristic of the resistance to the pit 
initiation. These results show that in these conditons, S3 1803 duplex grade) appears to be equivalent to 
S31726 -317LNM austenitic grade with a critical temperature around 70°C (158’F), whereas 
S3255OB32520 super-duplex and NO8926 (6 MO austenitic grade) present a critical temperature around 
90°C (194°F). The S3 1266 grade is not sensitive to the temperature of more than 95°C (203’F). 

. Ferric chloride media (6% FeCfJ : Critical pitting temperatures were determined in ferric chloride 
media for unwelded and welded samples. The critical pitting temperatures have been investigated by 
optical observations and weight loss measurements with a weight loss criteria of 10 mg on standard 
samples. The critical pitting tempertures are summarized in the graphs presented infigures 5 and 6. 

The critical pitting temperature of the unwelded materials increases, as expected with their PREN level, 
from 35°C (95°F) for the S31726 to 70°C (158’F) for the N08926. The grade S31266 exhibits a CPT 
superior to 100°C (212’F), superior to that of the nickel alloy N06625. 
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For the critical pitting temperatures of the welded samples @gure 6) S2 1726 and S3 1803 with high 
PREN appear to be at an equivalent level, aound 3O”C, whereas the CPT of the grade UNS 32550 is 
between 40 and 50°C (104 and 122°F) depending on the filler material used. Among the superaustenitic 
and nickel based alloy materials, the CPT are included between 55°C (13l’F) and 7O”C, for the UNS 
08926 up to 95°C (203’F) ), while the grade SR 50A performs better. The grade B66 presents a high 
CPT, superior to that of N 06625. 

. ((Green death medium>> - The tests carried out in the ((green death)) medium confirm the ranking 
obtained by the ferric chloride tests, but the higher alloyed grades exhibit different behaviour. The 
results presented in figures 7 and 8 show that, for the grades S3 1726, S31803 and S32550, the CPT 
levels in ((green death medium)) are between 35°C (95°F) for the S31726 and 50°C (122’F) for the 
S32550 in the unwelded state. For the welded samples, the CPT decreases of around 5°C to 10°C (41°F 
to 50°F) compared to the unwelded state, dependent upon the overalloying level of the filler materials. 
The superaustenitic and nickel based alloys exhibit different results. The grade NO8926 presents a CPT 
of 60°C (140°F) in green death medium in the unwelded state, and 50°C (122°F) in welded conditions, 
and NO6625 has a CPT of 65°C (149°F) in these conditions. The new grade S3 1266 exhibits very good 
behaviour with a CPT superior to 90°C (194’F) 

.30,000ppm NaCf + 0.1% Fe(SOdj, pZZ=2 : The influence of the temperature on the pitting sensitivity of 
the welded joints has been investigated by free corrosion potential measurements of welded samples in a 
simulated scrubber medium (NaC130 g/l ; Fez(SO& O.l%, pH=2). The curves representing the potential 
versus the temperature are presented in figure 9. The behaviour of the welds S3 1726, S3 1803W, and 
S3255OWl are similar with critical temperatures of 35”C, 45°C and 5O”C, respectively 95,113,122’F. 
The welds S3255OW2, N08926W display a different evolution with critical temperatures of 75’C, 85°C - 
167,185”F respectively, and superior to 95°C (212°F) forN06622W and S31266Wl. 

Cl Crevice corrosion investieations : 

. Ferric chloride medium (6% FeClJ : As for pitting corrosion, the crevice corrosion sensitivity has been 
investigated in 6% ferric chloride solution. The results of the tests are presented injigures 10 and 11 for 
unwelded and welded samples. The critical crevice temperatures have been evaluated by optical 
observation and completed by weight loss measurements. 

In unwelded condition, the critical crevice temperature (CCT) of the grade S31726 is around 25°C 
(77OF). The duplex and superduplex grades exhibit higher critical crevice temperatures, of 30 and 40°C 
(86OF and 104°F). In the superaustenitic and nickel based alloy families, the NO8926 specimen presents a 
CCT around 40°C (104°F) whereas the S31266 presents a CCT superior to 60°C (140OF). In testing 
conditions, the NO6625 specimen has a CCT under 40°C (104°F). 

. In welded conditions, the critical crevice temperatures remain at very similar levels as presented in 
jigure II. 

In order to evaluate the crevice propagation sensitivity of each type of alloy, potentiodynamic curves 
have been plotted in an acidic concentrated medium simulating the crevice media (NaCI 3OOg/l, pH = I, 
T=80°C/1760F). These curves are presented in figure Z2. In these conditions, the 6 MO grade behaves 
much better than 904L grade. The S3 1266 grade and the nickel based alloy N10276 present roughly the 
same behaviour, much better than 6 MO austenitic grades, with a low activation peak and rupture 
potential around +800 mV/SCE. 

0 FGD simulation testings 

Tables ZZZ and IV present typical polarisation curves obtained for 2 test conditions (very severe 
conditions). On welded samples, it can be observed that alloy S31726 is very sensitive to localised 
corrosion in such media tested. Superduplex grade performs better, but still is affected for the more severe 
conditions. 6 MO-NO8926 grade is also borderline since when corrosion starts repassivation is very 
difficult. Overalloyed superaustenitic grades perform much better. This particularly obvious for alloy 
S3 1266 : its behavour is even much better than nickel grades (alloy 276) in such conditions ! The general 
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corrosion rate is much less than that of the nickel based grade 276 while its behaviour, when considering 
the localised corrosion resistance, is also much better. 

Such results in medium acidified and oxyding solutions containing chloride ions is well known. This has 
also been confirmed in bleaching process in the pulp and paper industry. Alloy S3 1266 has been specified 
in place of nickel based alloys which corrodes. This is explained by the transpassivity corrosion of nickel 
based alloys in such conditions. Nickel based alloys (276, 22, 59) performs better than alloy S3 1266 only 
when the pH is very low ie. close to 0. 

In FGD scrubiug system this is not the normal in-service conditions i.e. pH is mostly between 6-8 units. 

Table IZZ 

Cl- 28,996 mgil 

S04* 14,350 mgil 

PH 4,s 

57T (aeration) 

Table IV 

Cl- 11,437 mg/l 

SO,* 32,967 mg/l 

PH 5,5 

58T (aeration) 

DISCUSSION 

0 General corrosion resistance 

Most of stainless steels with 3% MO and 20% Cr are almost not affected by general corrosion problems in 
FGD systems. The most critical behaviour is that of localised corrosion resistance. In the most aggressive 
conditions, overalloying by using at least 6 MO grades is to be considered. 

We have also pointed out that, for sulfuric acid solutions, copper additions are very positive to improve 
the behaviour of the steels. Finally, when considering FGD solutions, stainless steels grades (NO8926, 
S32050, S31266) or better than the nickel based alloys, due to the fact that nickel based have higher 
uniform corrosion notes and have lower resistance to localised corrosion when considering medium (pH 
(3-5) conditions. 

0 Pittinp Corrosion Resistance 

The tests performed in several types of media show that the pitting corrosion resistance is dependant on 
the chemical composition of the materials in neutral containing chloride media, as well as in oxidizing 
acid chloride containing media. However, the results observed for the S3 1266 suggest a positive effect of 
combining W, N, MO additions to explain this high critical pitting corrosion resistance. 

The welding operations, even carried out with overalloyed filler materials, generally reduce the pitting 
resistance of the welded plate. 
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The alloys S31726 and S3 1803, with high PREN, appear to be slightly affected by the welding operations. 
Among the superduplex welded joints, the CPT level is more than 10°C (50°F) higher than for S3 1726. 
The results obtained with the nickel base filler material are higher than with the superduplex filler 
material. 

Superaustenitic alloys are not very affected by welding and their CPT remains at very high levels. Among 
the nickel based alloys, the critical crevice temperature of the NO6625 is reduced in the welded conditions, 
probably due to the crevice effect induced by the bead geometry. 

The effect of the temperature in the simulated scrubber media by measurement of the free potentials 
underlines the differences between each type of grade and the effects of the filler material composition. 
Particularly, the critical temperature of the superduplex welded joint S3255OWl is 25°C lower than the 
welded joint S3255OW2 showing the advantage of the nickel base filler material overalloying. Among the 
austenitic and nickel based alloy grades, the critical temperature of the new grade S3 1266 welded is very 
close to that of nickel based alloy NO6022 and much better than 625 grade. Tungsten addition, high 
chromium, molybdenum and nitrogen levels appear again to have benelicial effects particularly in the 
acidic oxydising media. Extensive work investigating high nitrogen stainless steels and alloys have 
proposed a pitting resistance equivalent formula introducing the tungsten content with a factor 0.5 to 1 
compared to the molybdenum efficiency. S32050 grade presents much better results than conventional 6 
MO super-austenitic grades. 

0 Critical Crevice Resistance 

Crevice corrosion can be investigated in term of crevice initiation giving the limiting conditions for the 
crevice phenomena, and in term of propagation giving an evaluation of the corrosion rate in the crevice. 

The results of the crevice corrosion resistance show several particularities : 

l Duplex grades and particularly the superduplex welded joints (present a small decrease of the 
critical temperatures compared to the pitting conditions. This behaviour is different from that of the 
austenitic grades and particularly the nickel alloy N06625, which are subject to important decreases 
of critical temperatures in crevice conditions. 

l 6 MO stainless steels perform better than super-duplex grades when considering the properties of 
welded joints. This is explained by the synergetic effects of Cr MO, N overalloyings. 

+ The S3 1266 welded joints present a particularly good behaviour. Indeed, whereas superaustenitic 
and nickel based alloy NO6625 present critical crevice temperatures around 35°C (95”F), S3 1266 
presents much higher CCT values in unwelded as well as welded conditions. In these conditions, 
such a behaviour approachs that of the alloy N06022. 

Behaviours of the nickel based alloy N10276 and S3 1266 grade are excellent, since the activation peaks, 
determined by polarization curves, are very low and the rupture potentials is more than 800 mV/SCE. 
Here, more than for pitting corrosion, the positive influence of the tungsten additions on the corrosion 
behaviour is observed. 

MATERIAL SELECTION 

0 Scrubber units 

Tests results confirm that, for the severe conditions, super-duplex grades or super-austenitic grades are the 
most cost effective choice. For security aspects, one should nevertheless consider over-alloyed 6 MO 
grades like S32050 grade or even better S3 1266 alloy. For the inlect duct, wet/dry interfaces, Nickel based 
grades are to be considered. 

48018 

Rodney Rice - Invoice INV-1164564-L0H1G7, downloaded on 4/12/2017 9:50AM - Single-user license only, copying/networking prohibited.



0 Ductinm / Stacks 

Real in-service conditions are very important to determine the best cost effective material selection. The 
most critical in-service conditions are high temperatures (90-150°C) gases with working conditions under 
the dew point. The use of by-pass and mixing chamber design should carefully be investigated/designed. 
In these conditions, Nickel based alloys are to be considered. For less aggressive conditions, superduplex 
S3255OB32520 with copper additions is probably one of the most cost effective choice (copper improves 
the corrosion resistance when sulfuric acid solutions are considered). 

Figure 13 shows some references for pollution control equipments. It can be observed that a very wide 
spectrum of alloys, including solid and clad plates, has been provided. 

CONCLUSIONS 

The corrosion properties of several stainless steels and nickel based alloys have been investigated. 

These materials have been tested in unwelded and welded conditions with overalloyed filler materials. Pitting 
and crevice corrosion resistances have been studied in simulated scrubber environments and in standard 
media. Compared to grade S3 1726, duplex grade S3 1803 with a PREN > 35 (S3 1803/S32205) appears to be 
equivalent in unwelded or welded conditions. The superduplex grade S3255OB32520 exhibits an excellent 
behaviour, very superior to that of the reference material S3 1726 in unwelded as well as in welded conditions. 
The use of a nickel based alloy filler material improves the corrosion resistance of the welded joint. 

The new high nitrogen superaustenitic stainless steels S32050 or better S3 1266 present corrosion resistance 
properties, better than the 6 MO grades and alloy 625, and very close to those of nickel based alloys NO6022 
or N 10276 in unwelded as well as in welded conditions. 

Due to its high mechanical properties, S32550 with a high nitrogen level is a very competitive grade for 
medium severe conditions with a corrosion resistance, much higher than the classical solution S3 1726. The 
corrosion resistance of the welded joints can be improved by the use of specific overalloyed nickel based 
alloy filler materials. 

The new high nitrogen containing grades S3 1266 has been found to be always better than NO6625 and 6 MO 
grade, and close to nickel based alloys type N10726 and NO6022 in the tested conditions. It’s good corrosion 
properties, associated with high mechanical properties make it a very promising alloy for severe corrosive 
media. That alloy is also much more cost effective and available in solid and clad plates when compared to 
nickel based grades. 
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- Medium NaCl3Ogll+ Fe2 (SO4)3 O.1%, pH2 (HZS04). aerated 
- Test duration : 15 days-temperature 60-C 

Figure 1 - Uniform corrosion test results Figure 2 - Crevice corrosion tests performed in a 
60 gr/l NH.2 solution at pH2 60°C/1400F 
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Figure 3 General corrosion resistance in Sulfuric acid Figure 4 Effects of temperature on the pitting potential in 30 g/l N&l 

based on maximum 0.1 mm per year -ASTM G61 
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Figure 5 Critical pitting temperature (CPT) 

according to ASTM G48A FeCl3 6% 
solution 
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Figure 6 - Critical pitting temperature 

(CPTI of welded joints according to 
ASTM G48A FeCl3 6% solution 
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figure 7 - Critical pitting temperature in Green death 

solution (base metal) 
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Figure 8 Critical pitting temperature of welded joints in 
*green death mediumti 
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Figure 9 Effect of the temperature on the free corrosion potential Figure 70 - Critical crevice temperature (CCT) according to 
30,OOOppm NaCl+ ASTM G78 - Multicrevice washers - FeCh 6% 
0.1 %FefSO+, natural aeration p> H = 2 - Temperature steps : solution 
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Figure 11 Critical crevice temperature ICCTj of welded joint! 

according to ASTM G78-FeCh 69/o solution 
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Figure 12 - Electrochemical /Polarization curves 

Solution : 300 gr/l NaCl - pH 80°C 
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Figure 13 
Some references 
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