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P apermaking technologyis continu-
ally undergoing change which re-
quires the development of new and
improved corrosion and corrosion-fa-
tigue resistant suction-roll shell mate-
rials. In recent years, paper machine
speeds for some paper grades have
increased dramatically. Some tissue
machines are operating in excess of
1800 m/min (5906 ft/min), and a few
newsprint machines are operating in
excess of 1200 m/min (3937 ft/min). It
has become necessary to double-nip
suction-roll shells to maintain press
section efficiency in faster machines.
This change will increase the number
of load cycles a suction-roll shell expe-
riences per revolution and in a given
period of time, Faster paper machines
can result in increased nip loading re-
quirements in the press section.
Machine widths have been increas-
ing, requiring longersuction-roll shells
of increased diameter. Longer shells
will experience increased bending

loads. Obviously, the papermaker re-
quires suction-roll shell materials with
high corrosion-fatigue strength to op-
timize suction roll performance.

In addition to increasing operating
load requirements, suction-roll shells
are being subjected to white waters of
increasing corrosivity. Pulping and
brightening of virgin fiber and deink-
ing of secondary fiber can resultin the
introduction of thiosulfate anions into
the wet end of the paper machine. Re-
cent technical articles have revealed
how the thiosulfate anion, in conjune-
tion with sulfide, chloride, and hydro-
niumions (fromuse of alum and various
acids), has promoted increased pitting
and crevice corrosion of many suction-
roll shell and paper machinery strue-
tural materials (7—11). Other recent
technical articles demonstrate howthe
thiosulfate anion, in conjunction with
other corrosive ions, reduces the cor-
rosion-fatigue strength of suction-roll
shell materials (12) and adversely af-
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fects fatigue-crack growth-rate char-
acteristics (13). White water corrosivity
can be expected to increase further as
aresult of white water system closure
(14, 15) and microbiological activity
(16, 17). Felt and shell cleaning prac-
tices, as well as wire-life-extension
chemicals, alsomay promoteincreased
corrosion of suction-roll shell materi-
als.

An important factor which cannot
be overlooked is that a successful sue-
tion-roll shell material, in addition to
having increased general corrosion re-
sistance and high corrosion-fatigue
strength, also must have very low ten-
sile residual stresses. Tensile residual
stresses are produced in a suction-roll
shell as a result of nonuniform cooling
after any thermal processing step.
High tensile residual stresses, in addi-
tion to normal operating loads
(stresses), have been shown to be det-
rimental to the operating life of Alloy
63, a highly corrosion-fatigue-resistant
material (18). The effect that high ten-
sile residual stress can have on the
performance of a material can be mod-
eled by applying a mean stress in fa-
tigue testing.

Alloy 75, a duplex stainless steel,
was introduced in 1975 and was devel-
opedtotakeadvantage oftheincreased
strength and crack growth resistance
characteristics of duplex stainless
steels. The chemical composition of
Alloy 75 allows this material tobe slowly
cooled to produce the lowest tensile
residual stresses contained in any du-
plex stainless steel suction-roll shell
material in the industry. Although this
material has had an excellent operat-
ing history, in recent years pitting has
beenreported in a few mills containing
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a high level of the thiosulfate ion in
white water process streams.

A duplex stainless steel suction-roll
shell material that is superior to Alloy
75should demonstrate improved resis-
tance to localized forms of corrosion,
such as pitting, in more corrosive white
waters. Pitting acts as a stress raiser
and can promote early erack initiation
under cyclic-loading conditions. The
material also should have the lowest
tensile residual stresses attainable to
promote longer life under increasing
cyclic-load requirements. Therefore,
the new material, like Alloy 75, should
be able to be relieved of harmful tensile
residual stresses by a slow-cool heat
treatment without formation of unac-
ceptable brittle phases (19). The mate-
rial also should have improved
corrosion-fatigue strength and demon-
strate increased resistance to fatigue-
crackinitiation and growthin corrosive
white waters. The material should not
be notch sensitive.

For example, cracking of suetion-
roll shells has occurred under normal
operating conditions as a result of
grooves being introduced on their in-
side surfaces from scoring under nor-
mal operating conditions. These
grooves acted as stress raisers, and
cracking was observed toinitiate at the
base of the grooves.

Alloy 86, a duplex stainless steel,
was developed to satisfy the needs and
requirements described in previous
paragraphs. Initial pitting-resistance
test results and R. R. Moore corrosion-
fatigue strength data in simulated cor-
rosivewhite waters havebeenreported
earlier (19). Alloy 86, as a result of its
chemical composition and proprietary
stress-relieving heat treatment, has
very low tensile residual stresses, com-
parable to those levels determined in
Alloy 75.

Inthis paper, we present the results
of corrosion-fatigue tests involving axi-
ally loaded Alloy 86 and Alloy 75 mate-
rials with and without various levels of
mean stress. Notch sensitivity was in-
vestigated under axially loaded condi-
tions. Additional electrochemical
studieswere conducted tofurtherevalu-
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. Typical chemical composition and tensile properties

Chemical composition, wt%

0.2% Offset yield,

Alloy o} Cr Ni Mn Si Cu Mo
86 0.02 26.0 6.8 0.8 0.75 2.0
75 0.02 26.0 6.8 0.8 0.50

Tensile properties

Ultimate tensile

% Elongation

Alloy MPa (ksi) strength, MPa (ksi) in51mm (2in.)
86 403 (58.5) 759 (110.1) 17
75 430 (62.3) 778 (112.8) 20

ate the pitting resistance of these ma-
terials.

Suction-roll shell lifetime may be
divided into two segments: timeto crack
initiation and the time required for a
crack to propagate to a critical crack
length whereupon catastrophic failure
occurs. This paper includes the results
of evaluation of the fatigue-crack
growth rate characteristics of Alloy 86
and Alloy 75. The evaluation of Alloy 86
and additional suction-roll shell mate-
rials by other investigators is cited to
confirm our results.

Experimental procedures

Materials

Test specimens were machined from
centrifugal castings in these studies.
Table I contains typical chemical com-
position data and tensile properties of
the test materials.

Threetypes of tests were performed:
axial-loading corrosion-fatigue, corro-
sion-fatigue crack propagation, and
electrochemical pitting resistance. Test
procedures employed in each experi-
ment are described in the following
subsections.

Axial-loading corrosion-fatigue
experiments

Specimens were machined from near
the outside surface of rings cut from
production centrifugal castings and
were oriented so that theirlongitudinal
axis was in the same direction as the
longitudinal axis of the centrifugal cast-
ing. Two types of corrosion-fatigue
specimen configurations were evalu-
ated: smooth specimens were used to
measuretheinherent corrosion-fatigue

.resistanceofthematerials, and notched

specimens were used to evaluate the
effect of stress concentration on corro-
sion-fatigue resistance.

Smooth and notched specimen con-
figurations and surface preparations
are discussed in the original paper on
this subject (20).

Smooth specimens had a 6.35-mm
(0.250 in.) gauge-length diameter test
section with no notch. The theoretical
stressconcentration (K ) forthe smooth
specimenwas equal t01.0(27). Notched
specimens had a 7.30-mm (0.288 in.)
gauge-length diameter with a circum-
ferential notch at the midspan. The
minimum diameter of this specimen at
theroot of the notch was 6.35 mm (0.250
in.), and the notch-root radius was 0.81



1. Fatigue-crack-growth-rate specimen configuration. “A” surfaces
should be perpendicular and parallel as applicable to within 0.10 mm.

2. Typical pitting polarization scan
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3. Axial corrosion-fatigue test results for Alloy 86 and Alloy 75 smooth .

(K, = 1) specimens

(K, = 2) specimens

4, Axial corrosion-fatigue test results for Alloy 86 and Alloy 75 notched
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mm (0.032 in.). Based on these speci-
men dimensions, K. was equal to 2.0
20).

Axial-loading corrosion-fatigue ex-
periments were performed using
Krouse axial mechanical testing ma-
chines operated at approximately 1750
rpm. These machines produced a sinu-
soidal stressing pattern with a fre-
quency of approximately 1750 cycles

per minute. With these machines, the
mean load could be varied to apply a
mean stress to the specimen to simu-
latethe effects of tensile residual stress
ormeanloadsthat may be encountered
underactual service conditions, or both.
Stress versus number-of-cycles-to-fail-
ure (S-N) curves were developed for
specimens tested at three values of
stressratio(R):R=-1,R=0,andR =

0.5, where Ris theratio of the minimum
to maximum applied stress.
Specimens were cycled until com-
plete fracture occurred, at which point
the test machine and load cyele counter
shut off automatically, or until a test
was stopped without failure. During
each test, a solution of simulated white
water at room temperature was
sprayed onto the vertically oriented
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Il. Axial corrosion-fatigue best-fit constants

5. Near-threshold corrosion-fatigue crack-
growth-rate test results for Alloy 86, Alloy 75,
and 3RE60

Best-fit constants Standard
Test inEq. 2 error of
Alloy conditions b, b, b, estimate
AB6 R=-1 51.76 -19.18 0.00 0.98
A75 Smooth, R=-1 8.28 -0.54 102.29 0.24
K=1 '
R=0 8.56 -0.64 49.53 0.15
A75 R=05 16.74 -4.99 0.00 0.48
A86 R=-1 39.46 -13.54 0.00 0.26
AB6 Notched, R=0 8.12 -0.40 192.96
K=2
A75 R=-1 7.71 -0.48 137.80 0.32
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test section of the specimen every 60
seconds, which was sufficient to en-
sure that the metal surface remained
wetted throughout the test. Fresh so-
lutionwas prepared about twice aweek
and excess solution that was collected
after it dropped off of the specimen
was discarded (itwas notrecirculated).
The simulated white water solution
was prepared in the same manner as
describedin the previous work of Jaske
and Castillo (72).

Corrosion-fatigue
crack-growth-rate studies

Alloy 86 specimens were taken from
rings cut from production centrifugal
castings and were oriented sothat their
loading axis was in the same direction
as the longitudinal axis of the original
casting and the direction of crack propa-
gation was in the circumferential di-
rection of the original casting. This
crack-plane orientation is commonly
designated by the code L-C (22) and
corresponds to the most likely direc-
tion of erack propagation in an actual
suetion-roll shell. After completion of
machining, the‘specimens were thor-
oughly degreased usingreagent-grade
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acetone followed by rinsing with ethyl
aleohol before testing.

Near-threshold corrosion-fatigue
crack-growth-rate studies were per-
formed using 12.70-mm-thick (0.500
in.) by 50.80-mm-wide (2.000in.) stan-
dard compact-type specimens. Speci-
men configuration details are shownin
Fig. 1. The experimental procedures
were in accordance with American
Society for Testing and Materials
(ASTM) E647 (23) and patterned after
those used by Yeske (13, 24). An elec-
trohydraulic testing system, operat-
ing in closed-loop load control, was
used to performthe tests. Theload was
controlled to follow a sinusoidal wave-
form with a cyclic frequency of 25 Hz
and a constant value of either R = 0.1
or R = 0.5. Load shedding (that is,
periodically decreasing theloadrange)
was used to gradually reduce the rate
of erack growth and obtain meaningful
data in the near-threshold region. A
digital computer was used to acquire
the crack-length data and to control
the sequence of load shedding.

The cracklength during testing was
measured by use of a Krak-Gage® *ce-
mented to one face of the specimen,
rather than by using optical readings,

asinthework of Yeske (25). The output
of the Krak-Gage was verified by mak-
ing a few optical readings of crack
length onthe opposite face of the speci-
men and by measuring the final crack
length at the end of the test. In some
experiments, the de electrical poten-
tial method also was used to measure
erack length and provide backup data
to the Krak-Gage measurements.
These crack-measurement procedures
allowed the tests to be automated so
the specimens could be cycled continu-
ously.

During load shedding, each reduc-
tion in load range was to a value 10%
below the prior load range. When the
load range was decreased in this man-
ner, there was a slight retardation of
crack growth until the crack grew
through the crack-tip plastic zone as-
sociated with the previous load range,
and the data were not considered valid
until the erack had grown beyond this
zone. The Irwin estimate of the plane-
strain plastic zone size (r ) was used to
screen out the data considered to be
invalid. The equation for estimating

*Krak-Gage is a registered trademark of
Hartrun Corp., 88 Riberia St., St. Augustine,
FL 32084.



Hl. Critical crack length corresponding to
threshold for corrosion-fatigue crack growth
(cyclic stress range = 55 MPa)

V. Critical stress corresponding to threshold
for corrosion-fatigue crack growth (crack
length = 2.54 mm)

Critical AK threshold, Critical stress,
AK threshold,  crack length Alloy MPaim MPa
Alloy MPa/m 2a, mm
86 11 1741
86 11 25.40 75 10 158.3
75 10 21.00 3RE6G0 3 475
3REB0 3 1.89
plastic zone size is: In some of the experiments, an ad-
_ ) ditional strain gauge was secured to
ty = (1AME,,,/YS) D the back face of the specimen. The
where output from this gauge provided an
. . . indication of whether or not crack clo-
K .. = the maximum stress intensity

factor
YS = the 0.2% offset yield strength.

Thus, after a load-range decrease, the
data were not considered valid until
the crack grew an additional length
greater than the value of r associated
with the value of K___at the previous
load range. For example, if K= 22
MPavm and YS = 386 MPa, then:

r, = (1/3n)(22/386)* = 0.34 mm

This indicates that an additional 0.34
mm of crack growth would be required
before the data would be considered
valid for the lower applied load range.
The stress intensity factor range (AK)
is(1-R)K__; thus, for R = 0.5in the
above example, AK = (1~0.5)22 = 11
MPa/m. The valid crack length (a)
versus number-of-cycles (N) datawere
analyzed in accordance with the proce-
dures of ASTM Designation E647 (23)
to produce cyclic-crack-growth-rate
(da/dN) versus AK data.

sure was occurring during a test.

Tests were conducted in the follow-
ing simulated white water: deionized
water containing 200 mg/1. chloride
ion, 50 mg/L thiosulfate ion, and 500
mg/L sulfate ion. The pH of the test
solution was adjusted to 3.5 by sulfuric
acid addition at room temperature.
Tests were conducted at 50°C. This
environment wasusedin Yeske’swork
(22).

Electrochemical studies

An electrochemical method was used
to evaluate the pitting corrosion resis-
tance of Alloy 86 and Alloy 75. Cylin-
drical test specimens were removed
from production centrifugal castings,
machined, and then polished as de-
scribed in an earlier paper (20).
Anodic potentiodynamie polariza-
tion scans were conducted in a deaer-
ated, corrosive simulated newsprint
white water as described earlier (20).
Additional pitting resistance electro-
chemical studies were conducted in a

simulated deinked newsprint white
water solution. The solution was pre-
pared by adding reagent-grade chemi-
cals to deionized water and contained
100 mg/L chloride, 25 mg/L thiosul-
fate, 50 mg/L sulfite (SO%,), and 320
mg/L sulfate anions. The pH was ad-
justed to4.0 by sulfuric acid addition at
25°C. Testing was performed at 50°C.
Pitting eorrosion resistance was de-
termined by obtaining breakdown and
open circuit potentials and then alge-
braically determining a margin of
safety value from each polarization
scan, as shown in Fig. 2.

Alloys that have higher margins of
safety possess greater pitting corro-
sion resistance.

Results and discussion

Axial-loading
corrosion-fatigue studies

Results of the axial corrosion-fatigue
tests of Alloy 86 are shown in Figs. 3
and 4, together with comparable re-
sults for Alloy 75.

Figure3presentsthedatathatwere
obtained from tests of smooth (K, = 1)
specimens, whereas Fig. 4 presents
the data that were obtained from the
tests of notched (K, = 2) specimens.
The data are plotted in terms of the
local stress amplitude, whichwas equal
to the nominal stress amplitude for the
smooth specimens and was equal to
twice (K, = 2) the nominal stress am-
plitude for the notched specimens.

Inboth figures, each plotted symbol
represents data obtained from a single
specimen. Arrows associated with a
specific symbol indicate that the speci-
men did not fail. Each trend line
through the data represents a best-fit
S-N curve for the associated set of
data points. Best-fit S-N curves were
obtained by linear least-squares re-
gression analysis as described earlier
(12).

Best-fit values of b, b, and b, in
addition to the calculated standard er-
ror of estimate (standard deviation)
values, are summarized in Table I1.

The information in Table I1 can be
used to estimate suction-roll shell ma-
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6. Polarization scans for Alloy 86 and Alloy 75 in simulated corrosive

. 7. Polarization scans for Alloy 86 and Alloy 75 in simulated corrosive
newsprint white water
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terial average life for a given design
stress or an estimated average design
stress for a required average life. The
design engineer must also include a
safety factor in a final calculation to
obtain a more conservative answer.
For example: Estimate the average
life (N ) for Alloy86at R = -land K, =
1, for a stress (S) of 55.16 MPa (8 ksi).
Employing the equation

log, N,=b, +b,log (S-b) (2)

one obtains

age stress a material can experience
when an average-life valueis required,;
just solve for S and calculate the an-
swer using the appropriate regression
constants.

As shown in Fig. 3, dataat R = -1
are available for smooth specimens of
Alloy 86, whereas data at three stress
ratios (R =-1,R=0,and R = 0.5) are
available for Alloy 75. The evaluation
of Alloy 86 is continuing. Alloy 86 has
greater axial corrosion-fatigue
strength at R = -1 than Alloy 75 (com-
pare filled circles with open circles in

to a minimum, will maximize the ser-
vice life of suction-roll shell materials.

The corrosion-fatigue strength of
Alloy 86 was greater than that of Alloy
75 for the notched specimens, as illus-
tratedin Fig. 4. Most of the datafor the
notched specimens were for fully re-
versed loading (R = -1). Specimens of
Alloy 86 which were evaluated under
animposed mean stress condition at R
= 0 (filled squares) exhibited similar
corrosion-fatigue strength compared
to values obtained under a zero-mean
stresscondition of R = —1 (filled circles).

log, N, =5176-19.18 xlog S Fig. 3). For Alloy 75, increasing the Comparing Fig. 4 with Fig. 3 shows
log, N, =51.76-19.18 x log 55.16 value of R, which corresponds to in- that notched Alloy 86 and Alloy 75

creasing the mean stress, clearly specimens had about the same or
log,,N; = 1836 caused a decreasein corrosion-fatigue  slightly higher corrosion-fatigue
N, = 2.27 x 10% load cycles. strength. A similar reduction in corro-  strength performance (in terms of lo-

The design engineer must calculate a
more conservativelife estimate (N) by
incorporating the suction-roll material
safety factor.

The effect of a notch can be incorpo-
ratedinthe calculation by use of design
factors greater than unity. This would
have the effect of reducing a given
material’s average life.

Using Eq. 2, the design engineer
can also estimate the maximum aver-
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sion-fatigue strength performance is
expected with Alloy 86 and other du-
plex stainless steels as the R value or
mean stress levelisincreased. For this
reason, it is very important that the R
value or operating mean stress level of
suction-roll shells be kept to a mini-
muminactual serviceapplications. The
impactofincreasing R valuealso shows
that tensile residual stresses, in addi-
tion to operating mean stresses, ifkept

cal stress amplitude) than did the same
materials evaluated in the smooth con-
ditionat R = —1. These results indicate
Alloy 75 and Alloy 86 have good corro-
sion-fatigue resistance at stress con-
centration sites. The stress concen-
tration factor can be used by design
engineers to conservatively estimate
the corrosion-fatigue strength in the
presence of anoteh for these two mate-
rials in cases where only smooth speci-



V.Electrochemical pitting resistance test re-
sults

Margin of safety, mV

Simulated
Simulated  newsprint-
Alloy newsprint deinked
Alloy 86 1084 > 1200
Alloy 75 0 425

mens have been evaluated. These
notched-specimen results are signifi-
cant because the potential sites for
corrosion-fatigue-crack initiation in
suction-roll shells are at stress concen-
trations such as drilled holes, grooves,
and localized corrosion (pitting) sites.

Corrosion-fatigue
crack-growth-rate studies

Results of the near-threshold corro-
sion-fatigue crack-growth-ratetests for
Alloy 86 versus two other materials
are presented in Fig. 5.

Figure 5 is a logarithmic plot of the
cyclic-crack growth rate versus the
range of the stress intensity factor.
Data for Alloy 86 were developed at R
= 0.1 (filled circles) and R = 0.5 (filled
squares). The data for Alloy 86 are
compared with past data on Alloy 75 at
R = 0.1 (open circles) and wrought
3RE60 at R = 0.1 (open diamonds)
from the work of Yeske (24). In that
work, Yeske found that Alloy 75 had
the highest crack-growth resistance of
five alloys (Alloy 75, Alloy 63, VK-
Al171, VK-A378, and 3RE60) that he
evaluated, whereas wrought SRE60
had thelowest crack-growthresistance.

The current results show that Alloy 86
has slightly higher fatigue-crack-
growth resistance than Alloy 75. Test
procedures employed by Sandusky
were identical to procedures used by
Yeske, with additional features. Re-
cently Yeske (26) has reported similar
findings from his tests of Alloy 86.
Thus, Alloy 86 has outstanding corro-
sion-fatigue crack-growth resistance
as well as improved corrosion-fatigue
strength.

Also observed in Fig. 5 is the effect
thestressratiohas onthe performance
of Alloy 86. Increasing the R value to
0.5 clearly decreased the corrosion-
fatigue crack-growth resistance of Al-
loy 86 as compared with the data at R
= 0.1 (filled squares versus filled
circles). Again, thisresultindicates the
importance of minimizing applied and
tensile residual stress levels imposed
on a working suction-roll shell to opti-
mize service performance.

Two additional features—monitor-
ing of load versus back-face strain
gauge readings and examination of
fracture surfaces after testing—re-
vealed no significant evidence of crack
closure. Thus, the crack-growth data
were not significantly influenced by
crack closure, and the values of AK do
not have tobereduced to determine an
effective AK. Yeske (26) also has re-
ported no evidence of significant crack
closure effects in his fatigue-crack
growth resistance evaluations of the
six previously mentioned suction-roll
shell materials.

Material fatigue-crack-growth-rate
characteristics are important and use-
ful. The design engineer and paper-
maker can utilize fatigue-crack-
growth-rate test results to estimate
the performance of suction-roll shell
materials under eyclically loaded con-
ditions in a corrosive environment.

In considering crack initiation and
growth under cyclic-loading
conditions,we know that crack growth
depends on the instantaneous crack
length, geometry of the cracked com-
ponent, and the magnitude of the cyclic
loading. These three factors are com-
bined in a quantity called the cyclic
stress intensity range, AK (13). In an

infinite sheet or component containing
acrack of length 2a, the expression for
the cyclic stress intensity range is

AK =AcVaVn (3)

Following Yeske’s example and in
the absence of a better formula for the
stress intensity of a erack in an actual
suction roll, Eq. 3 will be used to dem-
onstrate the usefulness to the design
engineer of fatigue-crack-growth-rate
data.

Atthethreshold conditions we know
that

AK, =Ac/a_ Vn “

where

AK, = cyclic stress intensity range at
threshold

a, = 1/2thecritical crack length or
the critical flaw size for fatigue
crack growth

Ac = range of the applied cyclic
stresses.

Table III contains threshold data
obtained from Fig. 5 for Alloys 86, 75,
and wrought 3RE60 at the stress-ratio
condition of R = 0.1. Assuming a suc-
tion-roll shell operating at an applied
cyclic stress range of 55 MPa (8 ksi),
further calculation shows that Alloy 86
can have a sharp crack of 25.40 mm
(1.00 in.) before crack growth can be-
gin, whereas a crack length of only 1.89
mm (0.07 in.) is necessary in wrought
3RE60 for crack growth to commence.

What if a crack length is known and
the design engineer or papermaker
wants to estimate the critical range of
applied stress that will cause crack
growth to commence in a suction-roll
shell material? Theoretically, AK,, can
be used to estimate the stress (load) a
suction roll can experience without
causing a pre-existing sharp crack or
flaw to grow.

Table 1V contains critical stress
values for Alloys 86, 75, and wrought
3RE60, given the fact that a small
sharp crack of 2.54 mm (0.10in.) exists
in each material. Based on threshold
dataobtained at R = 0.1in Fiig. 5, Alloy
75 and Alloy 86 can withstand 3.3 to 3.7
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times greater cyclic stresses before
crack growth commences thanwrought
3REGO.

Examples of crack growth in these
materials, based on critical flaw size,
have been given earlier (24, 25). Inthe
examples just described and cited, a
material’s resistance to fatigue crack
growth is based on the fact that it has
ahighAK  inacorrosive environment.
The duplex stainless steels, Alloy 86
and Alloy 75, have high AK values.
The determination of correet and ac-
curatematerial AK | values, by empiri-
cal means, is exfremely important.
Thus, it is eritical that proper experi-
mental procedures be employed, docu-
mented, and reported.

Electrochemical polarization studies

Figure 6 illustrates the enhanced pit-
ting corrosion resistance of Alloy 86
versus Alloy 75, as determined by an-
odic polarization scans, in a corrosive
simulated newsprint white water. The
excellent pitting resistance of Alloy 86
is demonstrated by the 1084 mV mar-
gin of safety value obtained and shown
in Table V. In separate studies at
Sandusky, the pitting resistance of
Alloy 86 was greater than that deter-
mined for molybdenum containing
3RE60 material, in the same simu-
lated corrosive newsprint white water.

The excellent pitting resistance of
Alloy 86 versus Alloy 75 is further
demonstrated in a corrosive simulated
newsprint-deinked white waterin Fig.
7. Thiosulfate and sulfite ions are
formed in the white water as the direct
result of chemical decomposition of
sodium hydrosulfite which is used in a
post-bleach deink pulp-brightening
step. Corresponding margins of safety
for both materials in the newsprint-
deinkwhite water arelistedinTable V.
The Alloy 75 is observed in this in-
stance to have improved pitting resis-
tance versus its performance in the
simulated newsprint white water seen
in Fig. 6.

The enhanced pitting resistance of
Alloy 86 is attributed to the formation
of a copper-rich oxide on the surface of
the metal when exposed to the corro-
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sive newsprint white water containing
thiosulfate anions. The copper-rich
oxide provides an effective passive film
barrier which protects the base metal
from the combination of chloride, thio-
sulfate, and hydrogen ions.

Conclusions

Alloy 86 has improved corrosion-fa-
tigue strength versus Alloy 75inavery
corrosiveacid-chloride simulated news-
print white water containing 40 mg/L
thiosulfate.

Alloy 86 and Alloy 75 have good
notched corrosion-fatigue strength,
which is an important characteristic of
thesematerials when considering their
use as suction roll shells. Drilled holes,
localized corrosion, or shell-surface
grooving, a service related problem,
are stress concentration areas and are
potential sites for corrosion fatigue or
stress-related crack initiation.

Based on this work and past crack
growth studies conducted in the same
environment (24), Alloy 86 and Alloy
75 have greater resistance to corro-
sion-fatigue crack growth in an acid-
chloride white water containing 50 mg/
L thiosulfate than Alloy 63, VK-A378,
VK-A171, and wrought SRE60 suction
roll shell materials.

Alloy 86 has improved pitting resis-
tanceinsimulated newsprint and news-
print-deink acid white waters
containing chlorides and the highly cor-
rosiveanion, thiosulfate. Thisenhanced
pitting corrosionresistanceis obtained
by the presence of 2wt % copperinthe
alloy and without the addition of mo-
lybdenum. il
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