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Bleach Plant Corrosion

Growing concern about environ-
mental degradation has forced

some chemical industries to seek ac-
ceptable technology to replace con-
ventional methods. The paper
industry is an example, since bleach
plants can create high pollution. Dis-
charge from such plants contains
hazardous by-products of chlorine
including dioxin (1).

Consequently there is an active
search for elemental chlorine free
(ECF) or total chlorine free (TCF)
bleaching sequences (1–3) that the
paper industry can adopt without

major problems. One component of
this search includes using
nonchlorine chemicals such as per-
oxide, oxygen, ozone, etc., as alter-
natives for pulp bleaching. Peroxide
is currently finding acceptability as
an important part of new bleaching
sequences for chemical pulps (4).
Peroxide already finds use in bleach-
ing mechanical pulps. An important
consequence of changing to new
chemicals can be a possible change
in corrosion by the bleach media.
Any modification therefore requires
simultaneous investigations on

corrosivity of liquors for the pro-
posed bleaching processes. One must
also consider the suitability of pres-
ently used and alternative materials
in handling new chemicals. Such
work might suggest different metal-
lurgy for future bleach plants.

The work presented in this paper
relates the corrosion effects on stain-
less steel from peroxide bleach solu-
tions. There have been previous
articles on corrosion of materials in
the presence of hydrogen peroxide
(5–9). Bennett (6) studied the effect
of peroxide addition to the chlorine
dioxide bleaching stage on stainless
steel (SS) 316L. Yau (7, 8) discussed
zirconium as a material of construc-
tion. Bloom et al. (5) suggest stain-
less steel in the 300 series for most
applications dealing with peroxide
solutions. A recent report (9) inves-
tigates the study of corrosion rates
of titanium in the presence of hydro-
gen peroxide in alkaline peroxide
bleach liquor with simulated paper
mill chemistry. This report also dis-
cusses corrosion reduction by poten-
tial corrosion inhibitors. It therefore
is obvious that various efforts are in
progress to seek alternative solu-
tions to corrosion problems with per-
oxide media.

The main problem using stainless
steels with peroxide is the tendency
of increasing decomposition of hy-
drogen peroxide. Adding peroxide
stabilizers—chelants—controls this
phenomenon in pulp bleach plants.
Austenitic stainless steels are the
conventional materials for fabricat-
ing most bleach plant machinery.
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where it was difficult to determine
pitting attack from these curves,
potentiostatic curves measured the
potential range within which the
value of critical pitting potential, Ec,
might fall. Tables II and III give
this potential range and other pa-
rameters—Ecorr, Icorr, and protection
potential, Ep, derived from polariza-
tion curves—for SS-316 and SS-304,
respectively.

Polarization curves of the stain-
less steels in chloride-free peroxide
solutions depict the oxidation kinet-
ics of the peroxide reaction on pas-
sive electrodes. Addition of chloride
in these solutions destabilizes the
passive layer. This shows the vulner-
ability of the steels to localized at-
tack. Two parameters—margin of
safety (MOS) against pitting (Ec –
Ecorr) and crevice corrosion (Ep –
Ecorr)—quantify this. We observed
that MOS for SS-316 decreases with
increasing chloride (Table II) in per-
oxide solution. SS-304 showed pit-
ting and crevice corrosion at all levels
of chloride (Table III and Fig. 2).

Discussion

Polarization measurements on SS-
316 and SS-304 in chloride-free solu-
tions show practically the same
passivation range with breakdown
potential at approximately 1675 mV
(Fig. 1). The results do not show any
tendency for crevice corrosion. The
potential vs. pH diagrams of chro-
mium and molybdenum (13) help in
understanding the similar passiva-
tion behavior of the two stainless
steels. The experimental point rep-
resenting E, the pH values corre-
sponding to Ecorr of carbon-steel
(–183.1 mV) that is mainly iron, and
the pH of the solutions (11) lie in the
passivation domain of the potential
vs. pH diagram of chromium. Passi-
vation behavior of both of the stain-
less steels is therefore similar, and it
is mainly due to chromium. In chlo-
ride containing solutions, however,
the passive film on both stainless
steels appears to break at much lower
potential (Fig. 2). This shows the sus-

tion contained only NaCl (chloride <
3000 ppm). The pH of all the solu-
tions was 11. This value did not
change significantly during the mea-
surements. The test temperature was
50°C.

Most failures of stainless steels in
bleach plants are due to localized cor-
rosion—pitting and crevice corrosion
(12). We therefore attempted to de-
termine the susceptibility of SS-316
and SS-304 to these types of corro-
sion attack in the peroxide bleach
environment. We performed cyclic
polarization and potentiostatic tests
on stainless steel samples using a
commercially available, computer
controlled corrosion measurement
system. Each case involved record-
ing of the polarization curve after
sample immersion in the solution for
approximately one hour. That was

the observation point for attaining
stable open circuit potential. Calcu-
lation of corrosion current, Icorr, used
a commercially available program for
corrosion analysis. Saturated calomel
electrode (SCE) was the reference
electrode in these experiments. All
the potential values in the text use
SCE as a reference unless otherwise
noted.

Results

Due to the oxidizing nature of perox-
ide, the corrosion potentials, Ecorr,
for steels in peroxide solution are
approximately 770–780 mV more an-
odic compared to those in NaCl solu-
tion. Figures 1 and 2 show polar-
ization curves of SS-316 and SS-304
in peroxide solutions with and with-
out chloride respectively. In cases

II. Electrochemical parameters of SS-316 in peroxide solutions with and without chloride

H2O2, Cl -, Ecorr, Ep, Ec, Icorr,
ppm ppm mV mV mV µA/cm2

200 0 168 - 1650–1700 1.82
200 183 211 325–375 1.40
500 151 147 230–280 1.64

1000 127 235 100–150 1.61
2000 90 - Pitting occurs -

400 0 155 - 1650–1700 3.25
500 153 207 300–350 3.60

600 0 145 - 1650–1700 3.70
500 152 191 275–325 3.06

III. Electrochemical parameters of SS-304 in peroxide solutions with and without chloride

H2O2, Cl -, Ecorr, Ep, Ec, Icorr,
ppm ppm mV mV mV µA/cm2

200 0 118 - 1575–1625 3.26
200 110 103 Pitting occurs 3.47
500 92 50 Pitting occurs 2.57

1000 -2 -31 Pitting occurs 3.04
2000 - - Pitting occurs -

400 0 116 - 1650–1700 3.56
500 111 61 Pitting occurs 3.62

600 0 93 - 1650–1700 3.93
500 87 76 Pitting occurs 5.98
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ceptibility to localized attack char-
acterized by Ec and Ep (Tables 2 and
3). The MOS against pitting and
crevice corrosion of SS-316 de-
creases with increasing chloride con-
tent, but SS-304 experiences pitting
and crevice corrosion. The experi-
mental E and pH point correspond-
ing to the conditions of occluded cell
corrosion (OCC) in stainless steels
falls in the corrosion region of the
potential vs. pH diagram of chro-
mium in chloride solutions (13) and
in the passivation region for the mo-
lybdenum diagram (14). Since resis-
tance of SS-304 against localized
corrosion is due to chromium, it pits
and experiences crevice corrosion.
Due to presence of molybdenum,
however, SS-316 still shows a non-
zero, though decreased, magnitude
of MOS. SS-316 is therefore supe-
rior to SS-304 against localized cor-
rosion in solutions containing
chloride ions. This property is due
to the presence of molybdenum in
SS-316 (Table I) as earlier litera-
ture indicates (15).

To understand the redox reactions
responsible for corrosion of steel in
peroxide solutions, it is important to
know the nature of any chemical spe-
cies present in the solutions. Figure
3 provides the potential vs. pH dia-
gram of hydrogen peroxide in water
for this purpose (13). In this dia-
gram, line 1 represents a pH value
of 11.63. It shows the transition from
H2O2 to HO2

-. Lines 2 and 3 show
reduction of H2O2 and HO2

-, respec-
tively, to H2O. Lines 4 and 5 show
oxidation of H2O2 and HO2

- to O2 de-
pending upon the pH of the solution.
The experimental points correspond-
ing to Ecorr of SS-316 and SS-304 and
the pH of the experimental solutions
lie within the thick arrow in Fig. 3.
This line is in the stability region of
O2. This means that most of the H2O2
and HO2

- in the solutions have oxi-
dized to O2. Earlier work suggested
this transformation (16). Note that
Fig. 3 shows the experimental points
from earlier work (6). This also sug-
gests similar transformation. Evo-

lution of O2 occurred as bubbles ap-
pearing over the sample in contact
with the peroxide solution in our ex-
periments. The test solution in our
studies was therefore a mixture of
O2 and H2O2. Earlier purging of the
test solution with N2 to draw out
dissolved oxygen did not change the
corrosion behavior of stainless steel.
These observations agree with an
earlier study (17). In a mixture of
H2O2 and O2, however, the following
equations show that H2O2 dominates
the effects on the corrosion poten-
tial of stainless steel (16) due to its
higher oxidation potential:

H
2
O

2
 + 2H+ + 2e- → 2 H

2
O (1)

E = 1127 mV at pH 11

O
2
 + 4H+ + 4e- → 2 H

2
O (2)

E = 580 mV at pH 11

A level of H2O2 in the ppb range is
sufficient to observe the saturation
value of the corrosion potential of

stainless steel (16). We can conse-
quently infer that the specimens in
our work are corroding from H2O2
reduction as in Eq. 1. The Ecorr of
SS-316 and SS-304 observed earlier
(16) match those of our results when
considering the effect of tempera-
ture. For a similar reason, the cor-
rosion behavior of stainless steel is
unlikely to change significantly de-
spite the change in the level of H2O2
observed during the polarization
tests.

Peroxide solutions
without chloride
Without chloride ions, both stainless
steels do not show localized corro-
sion. The fact that Ecorr is less than
the breakdown potential is also evi-
dence of this. Figure 1 showing cy-
clic polarization without hysteresis
behavior is further evidence. Addi-
tion of H2O2 shows an increase in
passivation range. This suggests im-
provement in resistance of stainless
steel against localized attack. The

3. Potential vs. pH diagram of H2O2 and H2O system (3)
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corrosion rates for both stainless
steels (Table 2) increase in peroxide
solutions. Since these steels are in
the passivation region in these solu-
tions, the increase in corrosion rate
is an indication of the increase in
passivation current. Upon destabili-
zation of the protective layer, a new
film forms quickly. This results in
an increase in passivation current.
In this manner, resistance against
localized corrosion also improves
(higher passivation range). This rea-
soning also explains the change of
Ecorr to more active values with addi-
tion of H2O2 up to 600 ppm as Fig. 4
shows. The authors feel that increase
in passivation current due to H2O2
may result in increased concentra-
tion of iron. Iron will catalyze de-
composition of H2O2 (18). As noted
above, such a reaction does occur
thermodynamically.

Effect of chloride
Presence of chloride ions in H2O2
solutions drastically reduces Ec and

therefore MOS against localized cor-
rosion (Tables II and III and Fig. 2).
Susceptibility of stainless steels to
localized corrosion in chloride con-
taining solutions is a common phe-
nomenon. Corrosion potential for
both types of steels decreases with
increasing chloride content (Tables
II and III). This behavior shown in
Fig. 5 could be due to the decrease
of Ec and shifting of the cathodic
polarization curve of H2O2 and H2O
toward lower current values with an
increase in chloride. The later change
occurred in cathodic polarization ex-
periments on a platinum electrode
in solutions containing H2O2 and chlo-
ride.

SS-304 experienced pitting and
crevice corrosion, but SS-316 did not
undergo corrosion attack until chlo-
ride increased above 1000 ppm (Fig.
2). To check this further,
potentiostatic tests measured Ec to
corroborate the above results
(Tables II and III). With increased
chloride, the stainless steel obviously

becomes more susceptible to local-
ized attack. The corrosion rate of
SS-316 in the passive state or under
localized corrosion is less than SS-
304 provided H2O2 concentration is
approximately 200 ppm. Above this
level of H2O2, both steels corrode at
identical rates.

TCF bleaching processes at sites
having fresh water with almost no
chloride will have negligible chloride
content. SS-304 and SS-316 there-
fore probably would not undergo lo-
calized corrosion attack. If H2O2
levels are higher than 200 ppm, one
might consider using SS-304, since
this steel is lower cost. For H202 lev-
els over 200 ppm, SS-316 might be a
better alternative. Note that with
10% consistency, 1–3% H2O2 charge,
and 20% residual peroxide in the
washer for peroxide bleaching of
chemical pulp (18), the H2O2 content
in the liquid media would be 200–600
ppm. If chloride is over 500 ppm in
the solutions, one may use SS-316,
since it would not undergo localized

4. Corrosion potential of stainless steel with addition of H2O2
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IV. Effect of chelants on performance of stainless steels in 200 ppm peroxide solution

Ecorr/OCP,a Ec, MOS,
Solution mV mV mV

SS-316

Cl- = 200 ppm 183 325–375 142–192
Cl- = 200 ppm, MgSO4 161.6 400–450 238.4–288.4
Cl- = 200 ppm, EDTA 143.8 400–450 256.2–306.2
Cl- = 200 ppm, MgSO4 + EDTA 120.7 425–475 304.3–354.3
Cl- = 1000 ppm, MgSO4 + EDTA 71 130–180 59–109
Cl- = 1500 ppm, MgSO4 + EDTA 58 60–110 2–52

SS-304

Cl- = 200 ppm 110 Pitting N. A.
Cl- = 200 ppm, MgSO4 116.1 Pitting N. A.
Cl- = 200 ppm, EDTA 120.4 165–215 44.6–94.6
Cl- = 200 ppm, MgSO4 + EDTA 99.1 155–205 55.9–105.9

aOCP = Open circuit potential

H2O2. For peroxide media of the TCF
bleaching process where chloride
ions are negligible, use of both stain-
less steels is possible without the
risk of localized corrosion. In the
presence of chloride such as with
the peroxide media of ECF bleach-
ing, SS-316 would not undergo local-
ized corrosion at chloride levels
below 500 ppm. The addition of
chelants enhances the resistance of
both steels. In the peroxide bleach
liquor with simulated paper mill
chemistry, SS-316 can handle higher
chloride contents of over 1500 ppm
and SS-304 can tolerate up to 200
ppm without experiencing pitting.
The study therefore suggests an eco-
nomic benefit for changing to an en-

vironmentally friendly bleaching
process such as peroxide. It will be
possible to use the less costly and
more available SS-316 and SS-304 to
handle the liquor compared to the
chlorine and chlorine dioxide stages
of conventional bleaching processes.
In those cases, replacement of steel
due to excessive corrosion requires
more expensive stainless steel prod-
ucts having higher molybdenum con-
tent. Titanium and zirconium are also
competitive materials to the 300 se-
ries stainless steels. SS-316 and SS-
304 may prove economical compared
to zirconium in handling peroxide
media containing chelants depend-
ing on the chloride level. TJ
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