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ABSTRACT

Several candidate materials were evaluated by corrosion testing in autoclaves containing white and black liquors for
batch digesters. The relationship between corrosion rate and corrosion potential was determined for ASTM SA516-Grade 70
carbon steel, UNS S30403 (Type 304L) auatenitic stainless steel, UNS S3 1803 (“2205”) and UNS S32550 (“2605”) duplex
stainless steels, and two stainless steel weld overlays, applied by the GMAW(’gasmetal arc welding)and SAW(submerged
arc welding) processes. The tests revealed that SA5 16-Grade 70 carbon steel and type 304L stainless steel cm experience
high rates of corrosion. For the duplex stainless steels and weld overlays, corrosion resistance ieuproved with chromium
content. A chromium content of at least 25% was found to be necessary for good corrosion resistance.

~ austenitic stainless steel, black liquor, carbon steel, corrosion testing, duplex stainless steel, pulp and paper,
thermal spray, weld overlay, white liquor.

INTRODUCTION

Rraft digesters in the pulp and paper industry have historically been cnnstmcted from carbon steel; in particular
batch digesterz have been constructed with a generons cnrrosion allowance (at Ieaat 1 inch, or 25 nun). Up to about the
1970’s digesters were usually constructed from ASTM SA285-Grade C carbon steel “moditie&’ to have a low silicon content.
This modified grade is no longer readily available, sn mndem batch digesters have been constructed ffnm SA516-Gmde70
csrbon steel, which has a higher silicon content, and is thus susceptible to higher corrosion rates.
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The batch digester operating environment is a severe one for materials. The cyclic nature of operationresults in
carbon steel experiencing active corrosion at the beginning of each cook, and becoming passive aa the cook proceeds.
Passing through the active/paasive tmm.ition with each cook can result in substantial metal loss. Many carbon steel batch
digesters experience corrosion rates in the order of 250 mpy (2 1.3 MIII/y). When the wall tilckness approachesCode’
miniimn, replacementor restoration of the vessel is necessary. Besides replacement in carbon steel, there are several
alternative materials of construction for new digesters, including clad or solid consh’uction with austenitic or duplex stainless
steels. Options for restoration include application of corrosion resistant weld overlay, or coating with thermal spray; anodic
protection is yet another corrosion preventive option.

The Stone-Consolidated kratl mill in Fort Frances, Ontario has several batch digesters in need of restoration and
replacement. A corrosion test program was initiated to rapidly evaluate several candidate materials in laborato~ autoclaves
containing mixed white and black liquors from the Fort Frances mill.

MATERIALS

The following materials were tested in the mixed white and black (3:1) digester liquors:

1.
2.
3.
4.
5.
6.
7.

SA5 16-Grade 70 carbon steel plate (hot rolled).
UNS S31403 (Type 304L) stainless steel cladding (3 mmonSA516-Grade 70 plate).
UNS S31803 (“2205”) duplex stainless steel plate.
UNS S32550 (“2605”) superduplex stainless steel plate.
ER309LSi Stainless Steel GMAW overlay (single passonSA516-Grade 70 plate).
E309L “Modified” (with high chromium) stainless steel SAW overlay (singlepaasonSA516-Grade 70 plate).
Alloy 625 Combustion Arc (CA) ‘fbemral Spray (32 roils coatingonSA516-Gmde 70 plate).

The compositions of the materials tested are given in Table 1. The overlay compositions are for the as-deposited condition.

TABLE 1
COMPOSITIONS (WEIGHT PERCENT) OF MATERIALS TESTED

Material c Mn P s Si Ni Cr Mo N
SA516-Gr.70 0.25 1.07 .010 .003 0,17 0.02 0.04 0.00
Carbon Steel
UNs S30403 0.030 1.44 0.035 0.003 0.46 9.3 18.5 0.21
Austenitic SS.
ER309LSi GMAW 0.048 2.03 0.015 <.005 0.76 11.9 21.5 0.12
Overlay
UNS S31803 (2205) 0.026 1.46 0.200 <.005 0.53 5.6 22.1 2.52 0.15
Duplex S.S.
E309L “Mod” SAW 0.046 1.42 0.017 0.012 0.56 13,1 25.7 0.04
Overlay
UNS S32550(2605) 0.012 0.82 0.023 0.003 0.36 5.2 26.2 3.2 0,19
DuplexS.S.$
CombustionArc 66.7 20.3 7.6
ThermalSpray**

* TheUNS S32550duplexstainlesssteelalsocontained 1.9”/.Cu.
** ne combustion arc spray also contained 4.20/.Nh and 10/.Fe.
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The cshmr steel specimens were prepared in cylindrkal form, typically 25 mm long x 8 nun diameter. The stainless
steels (irrcludmg the overlays) were cut into square specimens, typicslly 20 rnnr x 20 mm x 3 nun thick. The stainless steel
cladding and weld overlays were tested with the carbon steel backingmachmedoff, snd withthe tnp surfaceground flat. The
specimens were polished to 600 grit before testing. All specimens were tested in their as-received heat treat conditions.

The thermal spray coupons were supplied as individually-coated specimens, about 25 nun wide x 32 nun long x 10
nun thick. One nf the 25 mm x 32 mm faces was cnated to a thckness of 32 roils (0.8 1 mm). The specimens were drilled mrd
tapped for mnnnting in the autoclaves, but were otherwise tested withnut removal of the carbon steel backing. We measured
the porosity of the thermal spray to be 0.6%.

The carbon steel and thermal spray specimens were &tlled and tapped (5-40 NPT), and the stainless steel specimens

ddled with 3 nun diameter holes such that they could be mounted on Teflon-insulated holders inserted through the lids of the
autoclaves.

LIQUORS

We received samples of white and black liquors from the Fort Frances miO, representative of the liquors added to the
digesters at the hcginniig of a conk. The corrosion tests were done in a 3:1 mixture nf white and black liquors, which was the
liquor ratio charged to the batcb digesters.

Snmples of the white and black liquors were analyzed for their inorganic constituents. Analysis of the orgnnic
compounds is very complex and beyond the capabilities of most laboratories nonetheless, it is believed that certain wood
extractives such as catechols play an important role in the corrosion process. The black liquor in the Fort Frances digesters
would be expected to cnntain extractives from northern sotlwoods (sprnce, pine). The inorganic compositions of the liquors,
tngetber with the estimated composition of the mixed Iiquom before autoclave testing, are given in Table 2.

TABLE 2
COMPOSITIONS OF WHITE AND BLACK LIQUORS.

White Black 3:1
Constituent Liquor Liqunr Mixture

& m m
Hydroxide, as NaOH 101 3.2 76.5
Sulfide, as NalS 45.7 10.0 36.8
Thiosulfate, as NaZSIO~ 7.8 5.6 7.2

Sulfate, ss Na#30~ 8.9 2.8 7.4
Carbonate, as NaZC03 24.6 13.4 21.8

Chlnride, as NaCl 3.26 0.82 2.65

Total Solids 250 161 228

EXPERIMENTALPROCEDURE

Atotilnf6pntentiosmtic poltimtion tests were perfomed timixed (3:l)white mdblack liquors. Thetests were
pefiomed ustigaprocedwe stiilmto onewehave previously published2'3. Ineachtest tbemixed wbheand black liquors
were deaerated and heated to the test temperature (170”C) in a 2 Iitre laboratory autoclave consbucted horn type 316L
stainless steel. Ittookabout 2hoursto reach thetest temperature. Theautoclave penetrations (6specimen holders, reference
electrode holder, 2 counter electrodes, thermowell, pressure relief valve) were in the lids nftbe autoclaves. The specimens
were employed as individual working electrodes. The counter electxnde was a type 304L stainless steel rod. The reference
electrode was a cylindrical sample ofmolybdennm. All potentials are reported with respect to the molybdenum reference
(mV vs Mo),
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‘fhe’ctiee’’corrosio npotential wasmeasured for each specimen when the Iiquorreached thetest temperature of
170”C. ~ecomosion potentials given tiTable 3metiermge of fieeconosion potentials obsewed attiebegMmgoftie6
tests in the mixed (3:1) white and black liquors

TABLE 3
CORROSION POTENTIALS AT THE BEGINNING OF THE

AUTOCLAVE TESTS IN WHITE+ BLACK LIQUORS AT 170”C

I I Corrosion Potential [

The corrosion potential of the carbon steel was representative of active corrosion. The potential of the thermal spray
coated carbon steel specimen was also active, reflecting the predominance of surface area of carbon steel on the thermal spray
coated (one side only) specimens. The stainless steels all had higher corrosion potentials, typical of passive or perhaps
tmnspassive behavior.

Potentiostatic polarization was then commenced such that all the test specimens in a given autoclave were controlled
at a constant corrosion potential for one week (7 days).. The 6 potentiostatic corrosion tests in the mixed white and black
liquors were done at -200, -100, -50, 0, +50 and +100 mV vs Mo, a range which is believed to represent the possible
corrosion potentials which may exist in a krafi batch digester. There were 6 specimens in each autoclave. The S32550
~2605”) superduplex stainless steel was only employed in one test (at +50 mV vs M.), where it replaced the type 304L
stainless steel specimen.

On completion of each test, the specimens were removed, cleaned and weighed. The average corrosion rate was
calculated for each specimen from the measured weight loss. Selected specimens were also examined to determine the
corrosion morphology (i.e., to see if a particular phase was being preferentially attacked) using a scanning electron
microscope (SEM).

Because the thermal spray coated specimens were tested with the carbon steel backing intact, it was not possible to
directly measure the coating corrosion rate. The thermal spray coated specimens were cross sectioned such that the depth of
penetration of the environment into the coating (evidenced by the presence of nickel sulfide corrosion product) could be
determined using a scanning electron microscope (SEM) in conjunction with an x-ray energy spectrograph (XES). The
corrosion product was distinguished from the oxides characteristically found in the thermal spray matrix by quantitative XES
analysis.
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RESULTS

The results of the corrosion tests for the carbon and stainless steels in white plus black liquors (3:1 mixtures) are
given in Table 4, The differences in corrosion behavior for the various materials tested was remarkable. The SA5 16-Grade
70 carbon steel exhibited active/paasive behavior. Type 304L austenitic stainless steel, S31803 (“2205”) duplex stainless
steel, and ER309LSi GMAW overlay all experienced passive behavior at low potentials and increasing corrosion rates with
increasing corrosion potential (thk resembles transpassive behavior). The high-chromium E309L “modified” SAW overlay
efilbited passive behavior over the entire potential range investigated. The S32550 (“2605”) superduplex appeared to be
similar, although it was included in only one test.

TABLE 4
CORROSION RATES (MPY) OF MATERfALS EXPOSED FOR 7 DAYS

fN WHITE+ BLACK LIQUORS (3:1) AT 170°C

Corrosion SA516-70 Type304L ER309LSi “~~oy, E309LMod ‘2605”
Potential Carbon Austenitic GMAW Duplex SAW Duplex
mVvs Mo Steel Cladding Overlay Stainless Overlay Stainless

+100 11.1 39.6 15.4 15.3 2.7
+50 6.3 16.6 10.5 2.4 2.0

0 8.2 10.2 5.2 7.6 1.2
-50 8.4 13.9 5.4 4.8 3.4

-1oo 71.4 2.8 0.9 1.4 2.4
-200 95.4 1.9 1.9 1.1 3.0

Figures 1-3 are graphs showing the variation of corrosion rate as a function of corrosion potential for all the
materials tested. These graphs arealso called `'corrosion polarization curves.''
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FIGURE 1 -Corrosion polarization curve for SA516- FIGURE 2 - Corrosion polarization curves for type
Gr.70 carbon steel in white + black liquors (3:1) at 304L austenitic and 2205 duplex stainless steels in

170”C. white+ blackliquors(3:1) at 170”C.

Fignre 4 is anSEM surface view of the type 304L specimen tested at + 100 mV, where it had a high corrosion rate of
39.6 mpy(l.01 nunly). The corrosion was essentially uniform, with etching of theaustenite grains, but no evidence of
intergranular attack.
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Figure 5 is an SEM surface view of the S31803 ~2205”) duplex stainless steel specimen tested at +50 mV, where it
had a corrosion rate of 10.5 mpy (0.27 mmly). The corrosion preferentially attacked one phase. X-Ray energy spectroscopy
(xES) of the phase that resisted corrosion revealed it to be characteristic of the ferrite phase. It was enriched in chromium
(24.4% Cr) and molybdenum(3.90%Mo), and lowerin nickel (4.7%Ni) than the bulk alloy composition (22.1% Cr. 2.52%. .
Mo, 5.6% Ni). -

o

\ ‘“ — ER3CSW GMAW
. . . .. . .. EW3LMcd SAW

5 10 15

C0rru3im rate, nqJY
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FIGURE 3- Corrosion polarization curves showing for FIGURE 4 - Surface view of type 304L austenitic
ER309LSi GMAW overlay and E309L “Mod” SAW stainless steel cladding specimen after exposure for 1
overlays in white+ black liquors (3: I) at 170”C. week at +100 mV in white + black liquors (3:1) at

170”C (440X).

Figure 6 is an SEM surface view of the S32550 (“2605”) superduplex stainless steel tested at +50 mV, where it
corroded at 2.0 mpy (0.051 rnrdy). XES analysis of the phase wbicb resisted corrosion revealed enriched chromium (28.9”A
Cr) and molybdenum (5.86% Me), and lower nickel (4.3% Ni) compared with tire bulk composition (25.3% Cr, 3.2% Mo,
5.25%Ni). As with the 2205 duplex, it was the ferrite phase wbicb resisted corrosion, and thus the austenite phase that was

FIGURE 6 - Surface view of the 2605 superduplex
stainless steel specimen atler exposure for 1 week at +100
mV in white + black liquors (3:1) at 170”C (750X).
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FIGURE 8- Surface view of the E309L “Mod.” SAW
overlay specimen afier exposure for 1 week at + 100 mV in
white + black liquors (3:1) at 170”C (750X).

Figures 7 and 8 are SEM surface views of the GMAW and the high-chromium SAW overlay specimens tested at +50
mV, where the corrosion rates were 16.6 mpy (0.42 nunly) and 2.4 mpy (0.061 trimly), respectively. The GMAW overlay
showed preferential corrosion of the prcdomirmnt austenite phase. The corrosion morphology of the SAW overlay appeared
to be more related to grinding marks on the surface than to selective attack of a particular phase.

Because the thermal spray coated specimens were tested with the carbon steel backing, corrosion rates could not be measured.
Instead, the performance of the coatings was evaluated by determining the pcnetiation of the environment into the thermal
spray, and by measuring the coating thickness atter testing. The penetration and thickness results for the tests conducted in
the white + black (3:1) liquors are summarized in Table 5.

TABLE 5
PENETRATION AND THICKNESS OF CA THERMAL

SPRAY COATED SPECIMENS EXPOSED FOR 7 DAYS
fN WHITE+ BLACK LIQUORS (3:1) AT 170°C

Corrosion Thickness
Potential Penetration, AfterTesting, Penetration,
mVvs Mo roils roils “Ii of Thickness

+100 3.6 32.3 11.1
+50 I .5 31.3 4.8

0 1.7 30.1 5.6
-50 2.0 31.7 6.3
-1oo 1.1 31.2 3.5
-200 2.4 31.1 7.7
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None of the thermal spray coated specimens had penetration of the liquor through to the carbon steel substrate;
indeed, the deepest penetration reached only about a tenth of the coating thickaess. The atler-test thicknesses were so close to
the original nominal thickaess (31.9 roils) aa to be within the natural variation in coating thickness.

Figure 9 is a surface cross section views of the combustion arc thermal spray specimen with the deepest penemation.
The location of the deepest penetration of the environment is indicated by the label “NI,S”, (The presence of nickel sulfide
corrosion product is evidence that the liquor environment penetrated to the location indicated.) This cross section also shows
a small amount of porosity (the black spots, whichrepresent0,6% of the coatingvolume)and considerableoxides (light gsay
in CO1OW,representing about 14“Aof the coating volume, which is characteristic of combustion arc deposits). The surface haa
been converted mainly to nickel sulfide (slightly darker gray).

FIGURE 9- Surface cross section view of the CA thermal
spray coating atler exposure for 1 week at +50 mV in white
+ black liquors (3:1) at 170”C (750X).

DISCUSSION

The corrosion testing haa revealed that mixed white+ black (3:1) liquors from the Fort Frances mill are particularly
aggressive, not only to carbon steel, but also to conventional type 304L stainless steel, It appears that the cnrrosinn
resistance of the stainless steels is a function of the chromium content, and that a bulk chromium content of about 250/. is
required for good resistance to corrosion.

The “corrosion polarization curves” (Figures 1-3) may be employed to obtain first order estimates of the corrosion
rates that may occur in mixed white+ black (3:1) liquors This requires knowledge of the corrosion potentia~ if the potential
is known, the corresponding corrosion rate can simply be read off the curve. In the absence of corrosion prnbes in the
digesters to provide corrosion potential information, we can use the value of cnrrosion potential that we measured
immediately prior to commencing the autoclave tests (Table 3). The corrosion potentials in an actual digester will vary with
time due to many factors, including consumption of the cooking chemicals and changing temperature. Use of corrosion
potentials measured in the autoclaves should be considered at best a first order estimate of actual digester potentials, perhaps
a “snapshot” of conditions at the beginning of a cook.

Tab!e 6 contains the corrnsion rates estimated for the different materials at their highest pre-test corrosion potentials.
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TABLE 6
CORROSION RATES IN WHITE+ BLACK (3:1) LIQUORS AT 170”C,
ESTIMATED FROM FREE CORROSION POTENTfALS MEASURED

PROIR TO POTENTIOSTATIC POLARIZATION TESTING

CorrosionPotential CorrosionRate
Material mVvs Mo mpy

SA516-Gr.70 Carbon Steel -193 93
Type 304L Cladding 24 17
ER309LSi GMAW Overlay 22 10
S31803 (2205) Duplex 24 9
E309L “Mud” SAW Overlay 22 1.5
S32550 (2605) Superduplex 17 Q:

* No corrosion polarization curve was generated for the S32550 superduplex; however.
it’s corrosion behavior may be similar to that of the E309L Mod. SAW overlay.

SA516-Grade70 CarbonSteel

The predicted active corrosion rate for the carbon steel is 93 mpy (2.36 MM/y). It is likely that carbon steel would be
in the active condition (characterized by comosion potentials <-50 mV vs Mo) at the start a COOKindeed, the measured
corrosion potentials were all <<-50 mV. The corrosion potential is believed to change with time during the cook from active
to passive values (characterized by potentials >-50 mV), as the liquor is consumed in the cooking process. Installation of
corrosion probes would be required to veri~ bow quickly tbk transition from active to passive potentials occurs, and if it
occurs more slowly irrdifferent zones of the digester.

Construction from carbon steel witbout any additional corrosion protection (weld overlay, thermal spray coating or
mrodic protection) would require considerable corrosion allowance (e.g., 1 inch) if a service life of at least 10 years is desired.
Depending on the silicon content of the steel actually used, the corrosion rate could be even higher. The steel tested
contained 0.177. Si, which was on the low end of the permitted silicon range (O.15-0.30% Si) for SA5 16-Grade 70.

The corrosion polarization curve also demonstrated that anodic protection is possible. If the corrosion potential of a
carbon steel d]gester can be raised above -50 mV vs Mo (preferably well above, such as to +100 mV) the vessel becomes
passive. Anodic protection would not completely stop the corrosion, but would certainly lower it, perhaps to 10 mpy (0.25
mmly).

Type 304L StainlessSteelCladding

The predicted corrosion rate for type 304L stainless steel is 17 mpy (0.43 nrdy), which is close to the actual
corrosion rates experienced irr the clad type 304L stainless steel digesters at Fort Frances. This corrosion testing only served
tu conti the unsuitability of this material; a 1/8 (3 mm) thick layer of cladding is predicted to be consumed witbin 10
years. The chromium content of this alloy (18.5%) was the lowest of any of the sainless steels tested. Even higher comosion
rates (due to intergrmmlar corrosion) would be expected if the type 304L cladding was sensitized, such as would happen if the
digester was post weld heat treate~.

ER309LSiStainlessSteelGMAWOverlay

The predicted corrosion rate for ER309LSi weld overlay is 10 mpy (0.25 mmly), which is far higher than the
corrosion rates we have observed for tbk overlay in continuous digester extraction liquora2”3.This overlay contains over 22°/0
Cr, which waa believed to bc sufficiently high for corrosion resistance in digester liquors. This testing shows that 22% Cr is
not sufficient in aggressive digester liquors such as those horn Fort Frances. A 3/16” (4.8 mm) thick deposit of ER309LSi
overlay is predicted to be consumed in less than 20 years.
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S31803(2205)Duplex StainlessSteel

The corrosion testing suggests that S3 1803 (2205) duplex stainless steel may experience appreciable corrosion in
Fort Frances digester liquom The austenite phase corroded preferentially, and the ferrite phnse resisted corrosion (the alloy
contains roughly equal amounts of both phases). The non-corroded ferrite was found to contain 24.4% CC assuming the
austenite and ferrite phases occurred in equal amounts, the austenite phase is estimated to have 19.60/. Cr. ‘Ilk is nnly
slightly bigher than the chromium content of the type 304L austenitic stainless steel, which also corroded. This suggests that
a hlgber bulk chromium content than 220/0is required for a duplex stainless steel to resist corrosion in Fort Frances digester
liquors.

Construction of a digester tiom 2205 duplex stainless steel would require a corrosion allowance to accommodate the
corrosion of thk alloy. At the predicted corrosion rate of 9 mpy (0.23 MM/y), a cnrrosion allowance of 1/4” (6 mm) would
give a service life of nearly 30 years. Welds in duplex stainless steel vessels may not be as corrosinn resistant, depending on
their composition, micrnstmcture, and the existence of intermetallic precipitates however, properly made welds using
enriched filler metals are not expected to be a problem.

S32550 (2605) SuperduplexStainlessSteel

The S32550 (2605) superduplex stainless steel had a bulk chromium content of 26.2%, which appears to be high
enough that even the chromium-depleted austenite phase had sufficient chromium for resistance to corrosion. We measured
the chromium content of the corrosion resisting ferrite phase to be 28.9%. If the phases occurred in equal amounts, the
austenite phase could thus contain as little as 23.50/. Cr.

Only a single corrosion test was done with the 2605 superduplex stainless steel; fortunately, it was at a very relevant
cnrrosion potential (close to the actual corrosion potential this alloy may experience in service). It is likely that this alloy
would experience corrosinn rates <2 mpy (< 0.05 MM/y) at the other cormsinn potentials tested, and would thus be a gond
candidate material of construction for new digesters. Construction in UNS S32550 (2605) or S32570 (2507) superduplex
stainless steel with a 1/8” (3 mm) corrosion allowance would ensure a long service life of> 60 years.

E309LModifiedSAWOverlay

The “E309L mnditied SAW nverlay performed very well, apparently a consequence of its high chromium content
nf 25.7%. The ferrite phase in thk overlay (which cnntains > 25% ferrite as measured with a Severe gauge) would be
enriched in chromium, and so wnuld resist cnrrosion even more than the austenite phasq however, the bulk chromium content
is sufficiently h@ that even the chromium-depleted austenite phase likely contains > 24°A Cr, and still has good corrosion
resistance. At the predicted corrosion rate of 1.5 mpy (0.038 mdy), a 3/16“ (4.8 nun) tilck depnsit of “E309L modified”
SAW overlay is expected to have a service life> 100 yenrs

Combustion Arc Thermal Spray

The thermal spray coated specimens resisted complete penetration by the liquor in all the corrosion tests; indeed, the
penetration was no greater than 3.6 roils (0.09 nun) into the32mil(0.81 mm) tMck coating. Thk is no doubt a consequence
of the low porosity (0.6”/0) of this coating. The penetrations observed here were sidar to those measured in continuous
digester extraction liquors; the higher aggressiveness of the Fort Frances batch digester liquors did not result in deeper
penetration. It has been mu experience that most of the penetration occurs within the fust few days of exposure of the cnating
to liquor, and that the rate of penetration slows dramatically thereafter, possibly due to plugging of the porosity with nickel
sultide corrosion product. Consumption of the thermal spray coating due to corrosionwould be expected to occur at a rate
similar to that of Alloy 625 (tested elsewbere3), perhaps at 3 mpy (0.076 mniy), which suggests a service life of about 10
years for a 30 mil thick cnating.
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CONCLUS1ONS

The corrosion tests carried out in autoclaves containing white+ black liquors (3:1 mixture) tlom the Fort Frances mill have
revealed that

1.

2.

3.

4.

5.

6.

7.

8.

9.

10

11

1.

2.

3.

4.

Carbon steel experiences rapid active corrosion at an estimated 93 mpy (2.36 MM/y), and may not be suitable for new
digester conshuction even with a generous corrosion allowance.

Type 304L stainless steel cladding experiences an unacceptably high corrosion at an estimated 17 mpy (0.43 MM/y), and
would not be suitable for new digester consh’uction.

UNS S3 1803 (“2205”) duplex stainless steel experiences significant corrosion at an estimated 9 mpy (0.23 mdy), and
would require a corrosion allowance if employed for new digester consnwction,

UNS S32550 (“2605”) superduplex stainless steel experiences low corrosion at an estimated <2 mpy (< 0.05 nun/y)
and would be suitable for new digester constmction.

ER309LSi stainless steel GMAW overlay experiences significant corrosion at an estimated 10 mpy (0.25 MM/y) a
3/16“ (4.8 mm) thick overlay would have a service life of 18.8 years.

“E309L modified” SAW overlay experiences low corrosion at an estimated 1.5 mpy (0.038 nndyl a 3/16” (4.8 MM)
thick overlay would have a service life of >100 years.

Carbon steel experiences activelpassive behavior, and can theoretically be protected by anodic protection.

The corrosion of stainless steels is related to the chromium content bigher chromium gives better corrosion resistance.
At least 25% Cr may be required for a sutlciently high degree of corrosion resistance.

The austenite phase corrodes preferentially from duplex stainless steels, likely because it is lower in chromium OIanthe
ferrite phase.

The superior corrosion resistance of the S32550 (’2605”) superduplex stainless steel compared witi the regular S3 1803
~2205”) duplex stainless steel is Iiiely due to the higher chromium content of the austenite phase in the “2605”.

Combustion arc spray is penetrated by the environment to only about 3 roils (0.076 nun), or about 10% of the coating
thickness, and protects the underlying carbon steel fromcorrosion.
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