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ABSTRACT

The cyclic anodic polarization test was
used as a method for predicting localized
corrosion resistance of stainless steels in
synthetic paper machine white water constitu-
ents. Ferralium demonstrated a considerably
superior resistance to localized corrosion
to that of 316L in chloride solutions. The
effect of C17, S027, 8,02, S037, and §°
anions, individually or in combination with
each other, on localized corrosion resistance
of Ferralium at pH 4 and 50 C has been investi-
gated. Thiosulfate with chloride, sulfate or
sulfide are the most aggressive solutions.
Sulfate alone or sulfate and chloride mixture
solution containing high concentrations (1000 ppm
for each) are the least aggressive, Chloride
is midway within the two ends of the scale.

The role of each anion in enhancing or” suppre-
ssing local attack has also been discussed.

INTRODUCTION
Paper machine white water is derived from fiber,

papermaking additives, and raw water. So the final chemical
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composition of the white water is unique each individual

mill regardless of category and/or paper product. In

general, white water closure affects corrosivity by a
substantial increase of dissolved slids, temperature ,

and biological activity. Both organic and inorganic
constituents in the dissolved solids influence the severity

of corrosion and most significant among these are chlorides,
sulfates, thiosulfates, sulfites, sulfides, alum,lignin-related
sulfur compounds, organic acids, and carbonates. The corrosicn
of metals by paper machine white water may be uniform and/or
localized. Surveys (1-27) are underway to charactoerize

the chemistry of various white water systems, define a
relative measure of its corrosivity, and determine the

present status of white water closure with the industry.

The present work was undertaken to compare the corrosive
effect of various anions, individually or in combination with
each other, roughly corresponding to the combination present
in the white water environment. The test metal was Ferralium
although stainless steel 316 [ was used in a limited number

of experiments.

FXPERIMENTAL
Disc specimens (15.0 mm diameter and 2 mm thickness)
of 316L and Ferralium stainless steels, whose chemical
compositions are given in Table 1, were used. Before testing,
each specimen was ground, cleaned, degreased, dried then mounted

. . 2
in a specimen holder, to expose 1 c¢m™ surface area.
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Five neck flask was used as a corrosion cell in which
metal specimen represents the working electrode. Two graphite
counter electrodes and a saturated calomel electrode (SCE)
were used. Temperature was controlled by ultrathermostat.
Cyclic anodic polarization curves (4,13,15), a suitable
method for studying localized corrosion, were measured by
using a Wenking Potentioscan (POS 73), under aerated conditiovn.
Begining with one hour hold in test solution, at open circuit,
then scanning at a rate of 0.2 mV/S to an anodic potential.
Potential scan reversal was commenced at an applied current

" density of approximately 1000 U A/cmz.

In an attempt to study the corrosive nature of each
of white water constituents, the test cell environments
were solutions of bidistilled water plus concerned chemical(s):
NaCl, NazSOA, N3282Q3, Na2803, NazS, HC1, stoa and NaOH.
The pH adjustments involved additions of less than 50 ppm
acid anion (€1 or 802" ) and these were taken into account
in the calculated adjusted anion values. The concentrations
were, within the range, based on the reported compositions
given previously, but the level of soﬁe constituents like C1,
Szogj ... etc were intentionally increased to simulate

salt build-up inclosed systems.

RESULTS AND DISCUSSION
Yigure 1 shows the cyclic polarization curves for
3161, ard Ferralium stainless steels in chloride solutions.

T.iie 1 gives the corrosion parameter values; E E, E
- corr, b P
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corr corr) ; deduced from such polarization

curves; for selected alloys and varying environmental conditions.

(Eb - E ), and (Ep - E

It can be noticed that Ferralium shows bhetter localized corrosion
resistance over 316L in chloride solutions; where Eb' Ep'
(Eb-E ) and (E_-E ) values are much higher. On the
corr p corr
other hand an increass in chloride content (from SO0 ppm to
1000 ppm) reduces pitting resistance of 316 L whereas the
effect is not pronounced for Ferralium. Also, as the pH
increases (from 3 to 5) pitting resistance of Ferralium is

increased; the Eb shifts linearly in the noble direction (50 mV/pH).

The effect of sulfate or thiosulfate anion on cyclic
anodic polarization curve for Ferralium is shown in Fig. 2,
It is clear that 1000 ppm chloride is more aggressive than
1000 ppm thiosulfate, which in turn is more aggressive than
1000 ppm sulfate., Table 3 shows that icreasing sulfate ion
levels has no effect on the different parameters Eb, Ep,
(Eb - Ecorr) or_(Ep - Ecorr
for C1 or S,0, indicating that Ferralium shows high pitting

273
corrosion resistance. It is interesting to note that in the

bH Eb is markedly noble than

case of thiosulfate the localized attack passes through a

maximum at 500 ppm.

Figures 3,4 and 5, as well as Table 4, illustrate the

results obtained for Ferralium in Clﬁ/Sozj Cl_/SZO%_

SOi— / Szog_ solution mixtures respectively, It is interesring

, and

to note that pitting resistance increases in tle order
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1600C1™ / 500 soz" < 500 C17/ 1000 SO}
for the first set and 1000 C1~/ 500 S.02™ < 500 €1~/ 1000 S,027<

273 273
1000 C1/ 1000 S2 g_ for the second. For the third set, however,

2~ ¢ 1000 €17/ 1000 Soii-

the resistance does not depend on the ionic ratios in the

three mixtures:

1000 5027/ 500 S,027 500 5027/ 1000 $,02" or 1000 SO, / 1000 §,0%
Tt is worthmentioning that sulfate inhibits the action of chlori-
when its concentration is 1000 ppm. But if reduced to 500 ppm
the pitting potential is markedly shifted in the negative
direction. So sulfate ion concentration is the limiting factor

in chloride/ sulfate mixtures.

On the other hand, 1000 ppm C1 / 500 ppm S, Oé_mixture
is the most aggressive chloride/ thiosulfate mixtures. The
other two chloride / thiosulfate mixtures, which are nearly
the same in the level of aggressiveness, contain the same
thiosulfate content (1000 ppm). Since 500 ppm 8205- is more
aggressive than 1000, it follows that thiosulfate ion is also
the determining factor in chloride/ thiosulfate mixtures.

For sulfate / thiosulfate mixtures, 1000 ppm Soz" ;s enough
to inhibit local attack in presence of 500 ppm 8203 . Further-
more 500 ppm Soi“ can inhibit 1000 ppm szogi

To investigate the role played by Na2803 or NaZS, other
tests had been conducted and results are shown in Fig. 6 and
latles 5. It can be stated that pitting resistance decreases

R S M S S
in the crder: C1 / SO4 / 5203 > C1/ SO4 / 82037 503 >
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c1 / 804 / 8203 / S,

It is shown that the addition of sulfide ions causes
severe local attack. Moreover, corrosicn in sulfide environ-
ment obeys an active-passive transition behaviour with pro-

nouncedly higher passive current density.

Taking the breakdown potential, Eb’ as a characteristic
parameter for aggressiveness of different, single ions or
mixtures of these ions we may have the order shown in Table
6. It can be stated that sulfate alone or sulfate and chloride
mixtures, containing high concentrations (1000 ppm for each),
are least aggressive. On the other hand the most aggressive
solutions are those of thiosulfate with chloride, sulfate or
sulfide. This high aggressiveness is slightly decreased when
thiosulfate is alone or when we have chloride and sulfate
(1000 to 500 ppm). It is also of interest to note that chloride
assumes midway values on the scale, i.e., chloride is moderate
as compared to thiosulfate alone or in mixture and is irhibited
by equal amounts of sulfate. However, high concentrations, of
the three ions lead to passivation; which may be due to blocking

the metal surface.

One of the major influences of chloride ien is that, the
; . . +
metal chlorides are so soluble that a sharp increase in H
activity can occur as the dissolved metal ion concentration

increases [ 24). This is in turn causes a sharp nrrease in
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the critical current density for passiyation in the pit

solution, eventually eliminating passi ity altogether.

It is well established that stal, less steels do not
pit in pure sulfate solutions. The reeon is that the hvdro-
lysis of chromium ions cannot lower the pH to a sufficiently
low value to sustain the very high dissolution rate required

for pit initiation [23].

Thiosulfate is an aggressive pitting agent [12], especia-
11y for stainless steels that do not contain Mo. Unlike
chloride pitting, thiosulfate pitting occurs below a certain
critical potential- the thiosulfate reduction potential-which
is usually below Eb[12}. Reduction of thiosulfate in the
presence of hydrogen ions produces an adsorbed sulfur mono-
layer on the metal surface. The adsorbed sulfur activates
the anodic dissolution of the metal and hinders repassivation.
Excess hydrogen ions must be present for acidification of
the pit; further there must also be a larger amount of inert
ions (sulfate and / or chloride) that can be transported into
the pit to meet charge transfer requirements. The worst
condition for thiosulfate pitting occurs at a cetain thiosulfat-
concentration (500 ppm) in the case of single solutions; or

within the molar concentration ratio f121:

N82804 + 1/2 Rall

=10 - 20

NaZSZO3
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in the case of mixed ions solutions. Above the range
represented by the ratio (or below this certain value)
there is insufficient thiosulfate ions to reach the pit
nucleus. Below this range (above this certain value) there
is too much thiosulfate reduction, which prevents acidifi-

cation of the pit according to reaction such as:

5,007 + 6B 4+ 4 €7 —ees 2.5 4 3H0
and probably preventing chloride accumulation in chloride/
thiosulfate solution.
However, once the pit is formed [12], through the reduction
of thiosulfate, it is very stable and are not subject to
spontaneous repassivation; and may be stabilized by chloride

or sulfate ions. In addition, ferrous thiosulfate is highly
soluble [20].

The aggressive nature of sulfide could be demonstrated
by deliberately adding sulfide ions to our mixtures, thus
intensifying the action of those produced through the reduction
of the thiosulfate ions. Furthermore, formation of porous
sulfide deposits probably has important effects in retaining
pit contents and promoting pitting in sulfur containing

electrolytes,

CONCLUSIONS

1- In chloride solutions, Ferralium is more resistant than
316L SS and the local attack on the former decreases linearly

with increasc in pH.
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2~ At a certain concentration (500 ppm). thiosulfate ion

is more aggressive than chloride ion.

3- Pitting resistance of Perralium in C1/ SO;d or Cl_/SzOg—
mixture decreases as C1 to SOE" or 8203— ratio tends to two.
Sulfate or thiosulfate ion concentration is the limiting factor
in such corresponding chiloride mixtures,

4-- Ferralium is pitted by Na,5 and to lesser extent by N8280

Norn pretective sulfide corrocion product is responsible for

30

promoting pitting im sulfur-containing electrolytes.

5- Sulfate alone or sulfate and chloride mixture (1000 ppm/
1000 ppm) are the least aggressive solutions; whereas thio-
sulfate with chloride, sulfate or sulfide mixtures are the

nost agpgressive ones; chloride occuples midway on such scale,
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Vable 1 ¢ Chemical composition of allovs, wt X
Alloy Structure Cr Ni  Mn C N Si P ) Mo  Fe
Jiel Austenitic 16 13 1.6 0.03 --- 0.1 0.021 0.012 2.8 bal
55
Ferralium Duplex S5 25 5 0.7 0.03 0.16 G.3 0.021 G.002 4.16 bal
255
Tabie 2 : Localized corrosion parameters of stainless gisels in chlorile-
containing solutions at different pH values and 50 C
-'\].10)’ Anion C, Ppa F" Ecarr Ew Ep (Eb - Fearr) (rp = Eiuer)
aV(ECE) mY(SCE) wV{SCE) my mv
316L c1” 500 4.0 13t 150 ~231 19 ~342
1000 4.0 38 =40 =23 162 =131
Ferralium 500 4.0 78 580 5 502 =73
1000 4.0 94 550 I 456 -6U
Ferralium 1000 3.0 186 490 ~55 304 =241
Ferralium 1000 5.0 155 600 21 445 -134
where : ¢ is the concentration in ppm

Ecoer is the corrosion potential

Ew is the breakdown potential (pitting potential)

Fp is the protection poteatial
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Table 3 ¢ Lecalized corrosion parameters of Ferralium in ditieeent

vne= conslitvent solutions at pH 4.0 and 50 'C

Al ok C, ppuu Leore kv | S (Exs = Leoss ) (i'ye = dcurs}
_ uV(SCE) mV (SCE) m¥ (SCL) (Y mt
s0l° 500 175 900 712 720 67
1000 143 900 694 757 5
S204 250 116 429 500 304 g
500 135 290 450 155 35
poue i65 550 650 384 (A
Table 4 : lLocalized corrosion parameters of Ferralium in diiferent
two— couttituents solutions at pli 4.0 and 50 C
Anion C.ppm Ecorr Ev Ep {Ev - Ecorr) (Ly = Leorr)
&Y (5CE) mV(SCE) mV (SCE) [ 13 mY
e 2"
Cl /504 100U/ 1000 207 1009 11 793 =196
50071000 212 900 630 688 418
1000/ 500 192 350 -73 158 =265
el /s2ds 100041000 115 200 495 85 380
500/1000 182 340 536 150 A54
1000/ 500 179 250 =50 71 -229
- 2.
S04 /5205 100071000 170 200 506 30 J30
50071000 207 200 517 -7 L0

OO0/ 500 191 200 661 L] 474




141
Delta J. sci. 16 (1) 1992

Table 5 : Lucalized corrosion paorameters of Ferralium in difterent three and

more than three constituents solutions at pH 4.0 and 50

Anion C,ppa Ecorr En Ep  (Ew-Ecore) (Ep~Ecorr)
BV(SCE) aV(SCE) aV(SCE) m @V
- 7. 2-
Cl /S04 /5203 1000/1000,/1000 155 800 645 645 491
c1'/so.2.'/s,0§'/so§' 1000/1000/1000/1000 244 350 222 106 -2}
cx'/so%';szog'/sz‘ 1000/1000/1000/1000 245 220 -209 -25  -454

Table 6 : Aggressiveness of different, single or mixture, solutions to pitting

for Ferralium at pH 4 ond 50 C.

Breakdown Potential  Aggressiveness Environment
Ev, =Y(5CE} to pitting
2~ - 2- -
200 ~ 250 Sally + Cl or + SUa or ¢ ‘2 .
290 - 400 S20a alone or (500 S04 /1000 Ct )
500 Cl™ alone
BOU Hixture of Sath + CI” + s (100 each)

900 - 1000 sd atone or (1000 sof'/mnu ur SHE CE )
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