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T HE TERM “ENVIRONMENTAL

considerations,” in its nar-
rowest sense, involves
compliance with govern-

mental regulations. However, public
concern for the environment has
moved this issue into the broader
arenas of marketing and corporate
credibility. Consequently, many pulp
mills are working toward closure,
aiming to reduce both pollution and
fresh water consumption.The princi-
pal challenge is learning how to deal
with the subsequent buildup of or-
ganic and inorganic materials in the
process streams.

Oxalic acid is one of the organic
substances formed in pulping and
bleaching of chemical pulp.Together
with calcium ions, which are abun-
dant in the systems, oxalic acid
forms the insoluble salt calcium ox-
alate according to the following re-
action:
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Calcium oxalate can form porce-
lainlike deposits on the equipment
of the bleach plant, for example in fil-
trate tanks and on washing filter
wires. This kind of scaling problem
can limit the degree of closure in a
mill that is practically feasible.

While oxalic acid is formed dur-
ing pulping and bleaching, it is also
present in native wood, which typi-
cally contains about 0.1–0.4 kg ox-
alic acid/metric ton (1) for both soft-
wood and hardwood species. The
green parts of the tree contain ten
times more oxalic acid than the
woody part (2).

Oxalic acid is a dicarboxylic acid,
with the following pK

a
values at

25°C:
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The second pK
a

value increases
with increasing temperature, which
means that a higher pH value is re-
quired for precipitation of calcium
oxalate to occur. The solubility prod-
uct of the precipitate also increases
at higher temperatures. The solubil-
ity product of calcium oxalate in
water is 2 × 10–9 M2, but in process
streams it is higher. The higher solu-
bility in process streams is a function
of the high temperatures as well as
the high concentrations of dissolved
organic material, which can act as a
complexing agent and thereby bind
calcium ions (2). The presence of
EDTA (ethylenediamine tetraacetic
acid) and DTPA (diethylenetriamine
pentaacetic acid) in the filtrates also
increases the solubility of calcium
oxalate in the same way. Neverthe-
less, this enhanced solubility will not
be enough to avoid precipitation
when the concentrations of calcium
and oxalate ions are increased. The
risk of forming calcium oxalate de-
posits is greatest when the pH is be-
tween 4 and 8. Below pH 4, the ox-
alate ions become protonated (as
seen in the given equations), while
above pH 8, the carbonate ions in
the system outrival the oxalate ions
in the competition for calcium ions.

This leads to the formation of cal-
cium carbonate,which can also form
troublesome deposits (3).

Precipitation of calcium oxalate
is often initiated by changes in tem-
perature or pH. This can happen, for
example, when alkaline P-stage fil-
trates, rich in oxalate, are mixed with
acidic filtrates having high calcium
levels.

This research focuses on the for-
mation of oxalic acid in the presence
of a variety of bleaching chemicals
that are commonly applied during
bleaching of softwood kraft pulp.
The formation of oxalic acid in a
conventional elemental-chlorine free
(ECF) bleach sequence and in three
modern bleach sequences was also
studied.

ORIGIN OF OXALIC ACID
Most of the oxalic acid found in the
pulp is formed by oxidative reac-
tions in the bleach plant. Until re-
cently, lignin was thought to be the
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ABSTRACT
Formation of oxalic acid during
bleaching of softwood kraft pulp was
studied. The bleaching agents used
were oxygen, hydrogen peroxide,
chlorine dioxide, peracetic acid, and
ozone. Formation of oxalic acid 
increased linearly with the reduction
in kappa number. However, bleaching
with peracetic acid produced less 
oxalic acid than the other bleaching
agents. In ozone bleaching, about
one-third of the oxalic acid formed is
adsorbed on the pulp and not 
released until pulp pH is increased
during a later stage, where it could
combine with calcium ions to produce
a calcium oxalate scale.

Application:

Mills that are increasing closure in the
bleach plant can avoid scaling problems
by tailoring their operations to minimize
formation of oxalic acid.
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only source of oxalic acid (1). Ex-
periments involving formation of ox-
alic acid from different lignin models
are reported by Kratzl et al. (oxy-
gen/alkali treatment of bicresol) (4)
and Yamamoto et al. (ozonation of
catechol) (5).

When lignin is attacked by alka-
line hydrogen peroxide, the radical
species present in the bleaching sys-
tem attack the aromatic ring to form
muconic acid. This was studied by
Kempf and Dence (6), who reported
oxalic acid to be one of the end
products, as seen in FFiigg..  11.

More recently, it has been re-
ported that xylan can also give rise
to oxalic acid (7). Under the alkaline
conditions in pulping, the 4-o-Me-glu-

more oxalic acid was formed from
lignin than xylan in all cases. This in-
dicates that lignin is the major
source of oxalic acid during bleach-
ing of kraft pulp.

EXPERIMENTAL
The influence of different bleaching
agents and bleaching sequences on
the formation of oxalic acid was
studied. The pulp used was a com-
mercially produced oxygen-deligni-
fied softwood kraft pulp of kappa
no.14.6.The formation of oxalic acid
in a traditional ECF sequence was
also studied,but in this case, the pulp
was an unbleached softwood kraft
pulp (kappa no. 26) that was oxygen
delignified in the laboratory.

With each bleaching agent, the
bleaching time or the charge was
varied, depending on the reaction
rate. Before the acidic bleaching
stages, the pulp was washed with a
mild acidic wash (pH 2) to remove
calcium in order to prevent calcium
oxalate from precipitating during
the experiments. Prior to hydrogen
peroxide bleaching, the pulp was
treated with EDTA.

All nonpressurized bleaching ex-
periments were performed in poly-
ethylene bags where the pulp was
diluted with deionized water to 10%
consistency. After the charge of
bleaching chemicals and pH adjust-
ment, the sealed bags were kneaded
in a special device and placed in a
thermostatic water bath for the time
desired. TTaabbllee  II provides more de-
tailed information about the condi-
tions used for the various bleaching
agents and the different bleaching
sequences.

curonic acid substituents attached to
the xylan backbone are converted
into hexenuronic acid groups (8, 9).
As seen in FFiigg..  22, the unsaturated
structure is formed by eliminating
methanol from the glucuronic acid.
In the bleach plant, the double bond
of the hexenuronic acid is suscepti-
ble to attack from electrophilic
bleaching agents such as ozone. One
of the reaction products formed is
oxalic acid.

In a comparative study (10), kraft
lignin from black liquor and alkali-
treated xylan were oxidized with dif-
ferent bleaching agents. The hex-
enuronic acid content in the
modified xylan was measured using
a new method (11).As seen in FFiigg..  33,

1. Reaction between hydrogen peroxide and lignin (5)

2. Formation of hexenuronic acid during
pulping
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FIRST THIRD FOURTH
STAGE SECOND STAGE STAGE STAGE
(OP) (D) (Paa)* (Z) (P) (PO)

Concentration, % 12 10 10 10 10 12
Temperature, °C 100 70 70 45 70 100
Time, min 5–120 60 60 5 15–360 120
Charge, kg/metric ton 5 4–18 10–40 2.5–6.5 40 10
End pH 11.0 3.5 5.5 2.5 11.0 10.5
Pressure, bar 7 … … 5 … 7
* Peracetic acid

I. Conditions used in the bleaching experiments
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The ECF sequence studied was a D(E+P)D(E+P)D se-
quence. The initial pulp kappa number (after oxygen
delignification in the laboratory) was 13.7. The total
charge of chlorine dioxide in the sequence was 17
kg/metric ton, and the hydrogen peroxide charge was 6
kg/metric ton. The other conditions in this sequence
were chosen to achieve full brightness and good pulp
quality.

Three modern bleach sequences also were studied on
the oxygen-delignified pulp: (OP) D Q (PO),
(OP)PaaQ(PO), and (OP)ZQ(PO).

The oxalic acid in the filtrates from the different
bleaching stages and in some pulps was analyzed by ion
chromatography (12). Kappa number was determined in
accordance with SCAN C 1:77.

RESULTS AND DISCUSSION
Bleaching agents

All bleaching agents promote formation of oxalic acid as
the delignification proceeds. This is shown in FFiigg..  44,
where formation of oxalic acid is plotted against con-
sumed oxidation equivalents with each of four bleaching

agents. Peracetic acid (Paa) formed less oxalic acid com-
pared with the other bleaching agents. This distinctive
behavior of peracetic acid is easier to see when the for-
mation of oxalic acid is plotted against the kappa num-
ber reduction for each bleaching agent, as seen in FFiigg..  55.
Hydrogen peroxide, chlorine dioxide, and ozone bleach-
ing gave rise to approximately 80 g oxalic acid/metric
ton per delignified kappa number unit, while peracetic
acid bleaching results in about 20 g/metric ton per
kappa number unit.

Kappa number analysis is not the best way of mea-
suring delignification, since the hexenuronic groups also
contribute to the kappa number. However, kappa num-
ber is widely used to evaluate bleaching sequences, so it
was also used as the benchmark in this work.

Conventional ECF bleaching 
sequence

FFiigguurree  66 shows the formation of oxalic acid in each stage
along a conventional ECF bleaching sequence,
OD(E+P)D(E+P)D. The pulp used was an unbleached
softwood pulp. The largest amount of oxalic acid was
formed during the oxygen delignification. This seldom
leads to scaling problems because the pH is too high for

3. Formation of oxalic acid during oxidation of xylan and lignin
with different bleaching agents

4. Oxalic acid formed vs. consumed oxidation equivalents with
different bleaching agents
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sequence
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calcium oxalate to form. However,
depending on the efficiency of the
wash after oxygen delignification,
oxalic acid can be transferred with
the pulp into the bleach plant.

Modern bleaching sequences
Three alternative bleaching se-
quences—(OP)DQ(PO),(OP)PaaQ(PO),
and (OP) Z Q(PO)—also were stud-
ied. Oxygen-delignified pulp was
used in these bleaching experi-
ments. All three sequences included
a second oxygen stage and a pres-
surized peroxide stage. The se-
quences were performed with one
of three bleaching agents—chlorine
dioxide, peracetic acid, or ozone—
applied after the second oxygen
stage.

Formation of oxalic acid in the
chlorine dioxide-based sequence
can be seen in FFiigg..  77. A similar se-
quence, but based on peracetic acid
instead of chlorine dioxide, is shown
in FFiigg..  88. The amount of oxalic acid
formed in the peracetic acid stage
was low, as expected. Another inter-
esting point is that the formation of

from the pulp prior to the ozone
bleaching. One possible explanation
could be that oxalic acid at this pH
(about pH 2) partly exists as diproto-
nated. This undissociated oxalic acid
has a low solubility in water and
could therefore “precipitate” on the
fibers. Another explanation could be
the presence of oxidized groups in
lignin or carbohydrates in the pulp.
Such groups could release oxalic
acid as the pH is raised in a later
stage. However, this phenomenon of
oxalic acid adsorption in pulp was
not observed in chlorine dioxide
bleaching, despite a similar pH dur-
ing bleaching.

The kappa numbers and the ox-
alic acid formed in each stage of the
three bleaching sequences are listed
in Table II.The pulp used was an oxy-
gen-delignified softwood pulp of
kappa no. 14.6.

Ozone bleaching
A closer look at the formation of ox-
alic acid during ozone bleaching
confirms the phenomenon proposed
to explain the elevated level in the Q
stage. The lower line in FFiigg..  1100 rep-
resents the oxalic acid found in the
filtrate, while the upper line repre-
sents the oxalic acid found in the fil-
trate plus the oxalic acid found in
the washed pulp. About 30% of the
oxalic acid formed during ozone
bleaching was adsorbed on the pulp
and not released until the following
Q stage. No adsorbed oxalic acid
was found in chlorine dioxide-
bleached pulp. According to these

oxalic acid in the pressurized perox-
ide stage is slightly lower in this se-
quence than in the former, despite
the higher kappa number in the
same position. The total delignifica-
tion in this sequence was less than in
the corresponding D sequence, as
seen in TTaabbllee  IIII.

The last sequence was carried
out with an ozone bleaching stage in
the second position. The results in
FFiigg..  99 show that the ozone stage
gave rise to more oxalic acid than
did the chlorine dioxide and per-
acetic acid stages in the same posi-
tion. The most remarkable thing
about this sequence, however, is the
high amount of oxalic acid liberated
in the Q stage. In this stage,no oxalic
acid is formed, and the pulp was
thoroughly washed after the ozone
stage to avoid carryover.Yet 0.3 kg of
oxalic acid per metric ton was ad-
sorbed by the pulp and released in
the following Q stage when the pH
was raised. This adsorption was not
caused by precipitation of calcium
oxalate, since calcium was removed

7. Oxalic acid formed in each stage of an (OP)DQ(PO) sequence 8. Oxalic acid formed in each stage of an (OP)PaaQ(PO)
sequence

FIRST SECOND THIRD FOURTH
STAGE STAGE STAGE STAGE
(OP) (D), (Paa), or (Z) (Q) (PO)

Oxalic Kappa Oxalic Kappa Oxalic Kappa Oxalic Kappa
acid number acid number acid number acid number

(OP)DQ(PO) 0.48 10 0.36 2.9 0.01 2.8 0.26 1.6
(OP)PaaQ(PO) 0.48 10 0.13 6.1 0.03 5.5 0.21 3.6
(OP)ZQ(PO) 0.48 10 0.45 5.9 0.36 4.2 0.22 2.6

II. Oxalic acid (kg/metric ton) formed during each stage of the three bleaching 
sequences and kappa number after each stage
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results, ozone is the bleaching agent
that forms the most oxalic acid.

CONCLUSION
Formation of oxalic acid during
bleaching increases linearly with the
reduction in kappa number.This was
true for all bleaching agents studied.
However, peracetic acid showed sig-
nificantly lower formation than the
other bleaching agents. Ozone
bleaching showed the greatest for-
mation of oxalic acid, which could
lead to scaling problems in the
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ozone stage or later in the sequence.
This is because one-third of the ox-
alic acid formed in the ozone stage is
adsorbed by the pulp, despite good
washing. The adsorbed oxalic acid is
not released until the pH of the pulp
is raised in a later stage. Taking this
last 30% oxalic acid into account, it is
clear that ozone is the bleaching
agent giving rise to the most oxalic
acid. TJ
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