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3Pulping Group, Votorantim Celulose e Papel, SP, Brazil

Abstract: This work evaluated the impact of chip acid leaching prior to kraft cooking
on pulp yield bleachability and strength properties. Optimal leaching time, temperature,
and pH (3 h, 70◦C, and pH 2.0) were used to leach wood chips prior to kraft cooking,
followed by oxygen delignification, ECF, and light-ECF bleaching with the sequences
AZDP (0.19% ClO2), AZDP (0.76% ClO2), and A/Z/EDP (1.06% ClO2). Acid leach-
ing significantly reduced the metals content of the wood chips. Time and pH greatly
influenced the metals removal rate, whereas temperature did not. Acid treatment had no
effect on cooking yield but improved delignification rate. The pulp from acid leached
chips showed improved performance during oxygen delignification and bleaching over
the reference pulp. For light-ECF bleaching, chip leaching resulted in H2O2 and NaOH
savings of 18 and 14.5 kg/t pulp, respectively. No significant differences in strength
properties between the reference and leached pulps were observed.

Keywords: Acid leaching, eucalyptus, kraft pulping, metals, pulp properties

INTRODUCTION

Certain metals are harmful to pulp production processes because they can
negatively affect process chemistry and efficiency as well as pulp proper-
ties and black liquor recovery. They come mostly from the wood and their
content varies widely depending on the species, age, and bark content in
chips.

Interest in the presence of non-process elements (NPEs) such as Al, Ca,
Ba, Cd, Cl, Cu, Fe, K, Mg, Mn, P, and Si in kraft pulps emerged when
TCF bleaching became more common in pulp mills. In practice, transition

Address correspondence to Erica Moreira Pimenta, Rua Inconfidência Mineira,
67/302 Ipatinga, MG, Brazil 35162-375. E-mail: erica m@bol.com.br
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138 E. Moreira et al.

metals such as iron, manganese, and copper have harmful effects in the TCF
process, but many other transition metals are catalytically active and can
cause decomposition of oxygen-derived oxidants used in the bleached pulp
production.

Transition metal ions are very harmful in peroxide bleaching[1–5] because
they catalyze peroxide decomposition, wasting reagent and leading to forma-
tion of radicals that degrade fibers. Transition metals are also undesirable in
oxygen bleaching due to degradation of peroxides generated in this process.[5–7]

Besides the damage caused during bleaching, transition metals participate in
various oxidation reactions that are able to color the pulp. Both iron and alu-
minum limit brightness gain and increase reversion.[8,9] In the recovery cycle,
the accumulation of some of these substances increases recovery boiler load and
can cause scale formation in the digester and black liquor evaporators.[6,10–13]

Potassium and chloride are notorious for their acceleration of recovery boiler
plugging due to formation of sticky ash.[5]

The better understanding of the harmful effects of NPEs in bleached pulp
manufacturing has led to the development of alternatives for removing them
from the process, in order to increase pulp yield and bleachability, and minimize
recovery boiler problems.

One way to remove these NPEs before they enter the process would be the
acid leaching of wood chips, which has proven to be a very effective technique
in reducing damage caused by metals,[14–19] without decreasing pulp quality[19]

and allowing recirculation of bleaching filtrates to the recovery area.[17]

The aim of this study was to investigate the effect of acid leaching of
eucalyptus wood chips during pulping and bleaching stages, and analyze its
effects on the pulp strength properties.

EXPERIMENTAL

Industrial Eucalyptus spp. wood chips with basic density of 464kg/m3 were
used. These chips were divided into two samples, one was acid leached and
both leached and reference chips were studied.

Optimization of acid leaching conditions was carried out using a 33 facto-
rial experimental design (temperature: 50, 70, and 90◦C; time: 1, 3, and 5 h; pH:
1.5; 2.0; and 2.5) with each of the 27 runs performed in duplicate. The reaction
was run at 10:1 liquor to wood ratio with 100 g (dry basis) chip samples. The
samples were placed in plastic grids and autoclaved with deionized water until
reaching the moisture content typical of industrial chips (∼50%). Preliminary
tests indicated that this moisture content is reached after approximately 12 h
in the autoclave under 100 kPa negative pressure. After this preparatory step,
chips were placed in polyethylene bags, the preheated acid solution, prepared
with deionized water was added and the bags were placed in a steam bath at
constant temperature, for the desired reaction time. Following, the excess acid
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Effect of Acid Leaching of Eucalyptus Wood 139

Table 1. Cooking conditions

Chips, g 100% dry 250
Sulfidity, % 30
Active Alkali, % as NaOH Variable
Liquor/wood ratio, L/kg 4/1
Maximum temperature, ◦C 170
Time to maximum temperature, min 90
Time at maximum temperature, min 50

solution was drained out from the chips and analyzed to quantify the amount
of leached metals and organic matter. After drainage the chips had a moisture
content of about 50% and they were cooked at such condition. A fraction of
the chips was dried and weighed to estimate mass loss. Metals and organic
matter contents were analyzed in filtrates by atomic absorption spectrophotom-
etry (AAS) and TOC techniques, respectively. The condition that maximized
metals removal and minimized TOC removal was used to treat a larger amount
of chips for further study.

A comparative study on pulping performance, and bleachability and
strength properties of pulps produced from leached and non-leached (refer-
ence) chips was then carried out. Conventional kraft cooking was carried
out in a 20 L rotary digester with electrical heating and four individual 2
L vessels. All tests were performed using the same conditions, except that
the alkaline charge (as NaOH) was 18% for leached and 18.5% for reference
chips, in order to reach a kappa number of 17 ± 0.5 for both. The cooking
conditions used are detailed in Table 1. The moisture contents of the acid
leached and reference chips were adjusted to similar values before the kraft
cooking.

Three different sequences were used to bleach the pulp: AZDP, with
0.19 (sequence 1) and 0.76% ClO2 (sequence 2), and A/Z/EDP, with 1.06%
ClO2 (sequence 3). The general bleaching conditions used in each stage of
these three sequences are shown in Table 2. All bleaching stages were car-
ried out in duplicate. Inter-stage washings simulated a vacuum filter operating
at a dilution factor of two (inlet and outlet consistencies of 2% and 12.5%,
respectively).

Medium consistency ozone bleaching was carried out with 300 g o.d.
(oven dried) pulp sample in a teflon-lined mixer/reactor (Quantum Technolo-
gies, model Mark V) equipped with an ozone compression system (ozone Cart)
and controls for pressure, temperature, and pH. The acidified pulp was added to
the reactor at the desired temperature and ozone was injected through the com-
pression system. After the pre-established reaction time elapsed, the reactor
pressure was released, the pulp was discharged into a 120 mesh screening box
and 300 mL of liquor were squeezed from the pulp for analysis. Ozone residuals
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140 E. Moreira et al.

Table 2. General bleaching conditions

Bleaching stage

Condition O A Z A/Z/E D P

Time, min 60 120 1 15/1/15 60 90
Temperature, ◦C 100 95 40 60/40/60 85 90
Pressure, kPa 500 — 600 0/0/0 — 250
Consistency, % 10 11 11 11/37/11 11 11
End pH 11.2 2.5 2.7 2.5/2.7/10 3.8 10.3
H2O2, kg/t 20 — — — — ∗∗

H2SO4, kg/t — 7 5 7/0/11 ∗ —
NaOH, kg/t 20 — — — ∗ —
MgSO4.7H2O, kg/t 3 — — — — 2
O3, kg/t — — 4 0/5.5/0 — —
ClO2, kg/t — — — — 0.19;0.76;1.06 —

∗Adjusted to desirable end pH.
∗∗Adjusted to desirable final brightness.

were monitored by UV in the exhausting gases. High consistency ozone treat-
ment was effected with 30 g o.d. fluff pulp in a rotating glass reactor. Pulp
fluffing was achieved in a stainless steel bench scale fluffer manufactured by
Impco Co. Chlorine dioxide (D), alkali extraction (E), and hydrogen peroxide
(P) bleaching stages were performed in polyethylene bags. In all cases, the
required amounts of water and reagents were mixed with the pulp at room
temperature and the mixtures heated to the desired temperature in a microwave
oven. The samples were then placed in a heating bath for the desired reaction
time.

At the end of the bleaching process, the pulp was diluted to 0.3% consis-
tency, the pH was adjusted to 5.5–6 with SO2/H2SO4, and hand sheets were
formed and dried for 12 h to 9–10% humidity in an environmentally controlled
room (50 ± 2% relative humidity and 23 ± 1◦C). Pulp kappa number, viscosity,
and brightness were measured according to TAPPI T236 cm-85, T254 cm-85,
and T525 om-82 standard procedures, respectively. Pulp hand sheet formation
was effected according to TAPPI T272 sp-97.

The total active chlorine charges required to achieve full brightness are
presented in Table 3. The brightness targets were 88.0 ± 0.5 %ISO in sequence
1 and 90.0 ± 0.5 %ISO in sequences 2 and 3. Final brightness targets were
reached by adjusting the hydrogen peroxide charges in the final P-stage. After
bleaching, pulps were refined to different levels in a PFI mill and their strength
properties were evaluated according to TAPPI standard procedures. Statistical
models were adjusted [property = f (tensile index)] and tested for their identities
with the F-Test using the Statistica software.
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Effect of Acid Leaching of Eucalyptus Wood 141

Table 3. Total active chlorine charges (kg/t dry basis)* required for bleaching

Sequence 1 Sequence 2 Sequence 3

Ref. Leached Ref. Leached Ref. Leached

77.5 38.7 51.6 43.2 65.2 61.3

∗Total active chlorine: 2.63∗(ClO2, kg/t) + 4.44∗(O3, kg/t) + 2.09∗(H2O2, kg/t).

RESULTS AND DISCUSSION

Optimization of Acid Leaching Conditions

The contents of seven non-process elements (NPEs) and total ash quantified
in the reference chips (not leached) are listed in Table 4. Figure 1 shows
average metals removal values obtained in acid chip leaching as a function of
temperature, pH, and time, respectively.

As can be seen in Figure 1a, temperature had the least effect on metal
removal. On the other hand, pH (Figure 1b) and time (Figure 1c) had large ef-
fects on removal. Organic matter loss during acid leaching (Figure 2) increased
greatly under the most severe conditions used: 5 h, 90◦C, and pH 1.5. Based
on these results, it was decided that chip leaching should be carried out using
the intermediate test conditions: 70◦C, 3 h, and pH 2.0.

Metals removal was relatively high; more than 60% removal was achieved
in most cases, but it should be noted that about 11% of leached metals remained
associated with the chips in all cases (Figure 3). Although the chips were
dewatered for removing excess acid solution, which contained the leached
metals, the chips still had a moisture content of about 50%. Thus, effective
metals leaching was 11% lower than presented in Figure 1 because leached
metals were carried over within the moist chips.

Potassium presented the highest removal rate (>85%), followed by magne-
sium (80%), calcium (65%), manganese (60%), and copper (40%). Iron was the
most difficult metal to remove, probably because of its ability to form complexes
with wood components.[20] Chloride concentration was reduced by almost 50%.
Although chloride is not a metal it was included in this study given its great
relevance for the black liquor recovery processes and for corrosion in general.

Table 4. NPEs concentration in the original chips (not leached)

NPEs concentration in chips (mg/kg)

Cu Mg Fe Ca Mn K Cl Total ash
3.69 65.43 9.62 151.3 26.44 323.5 556 2524
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Figure 1. Effect of temperature at pH 2 for 3 h (a), of pH at 70◦C for 3 h (b), and of
time at pH 2 and 70◦C (c) on metals removal during acid leaching.

The removal of magnesium is undesirable given its importance in the
pulp for carbohydrate protection in oxygen-based bleaching processes. Mag-
nesium causes dismutation of superoxide radicals, thus minimizing propaga-
tion of free radical chain reactions and the formation of certain harmful free
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Figure 2. Effect of temperature at pH 2 for 3 h (a), of pH at 70◦C for 3 h (b), and of
time at pH 2 and 70◦C (c) on organic matter removal during acid leaching.
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Effect of Acid Leaching of Eucalyptus Wood 143

Figure 3. Effective metals removal during acid leaching under selected conditions:
3 h, 70◦C, and pH 2.0.

radicals.[21] These radicals, particularly hydroxyl radical, cause carbohydrate
degradation.

As shown in Table 4, acid leaching did not degrade significant fractions
of the wood. Similar results have been reported by Brelid,[19] who encountered
only small amounts of carbohydrates in the leaching liquor after acid treatment
at pH 2 and 100◦C for 2 h. The most significant loss was in the glucan fraction.
The total weight loss during acid leaching was 1.8% under the optimized
conditions. Note that the 1.8% (18 kg/t) wood weight loss after leaching comes
from NPEs removal plus organic matter. It was not possible to estimate exactly
how much of the 18 kg/t wood loss derived from NPEs and from organic
matter. However, it is anticipated that NPEs account for very little of this total
loss considering that the total chip ash content was 2.5 kg/t wood (Table 4)
and that not all NPEs were actually removed from the chips during leaching
(Figure 3). The most significant loss likely came from organic matter. The
total organic carbon measurement (TOC) taken on the acid leachate (70◦C,
3 h, pH 2) was 207 mg C/L of leachate or 2.07 kg C/t of wood (0.21%)
or 3.9 kg C/t of pulp assuming the pulping yield of 53.1% (Table 5). The
elemental analysis of various eucalyptus wood samples reveals an average
carbon composition in the range of 48% of total dry weight.[22] Hence, a
2.07 kg C/t wood loss would represent about 4.3 kg/t organic matter loss, if
the material dissolved contained the actual wood carbon composition. That
was obviously not the case in this study since a total loss of 18 kg/t wood
was observed. Very likely, the material lost during the acid leaching derived
from highly oxygenated substances such as sugars, glucans, starch, and low
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144 E. Moreira et al.

Table 5. Effect of acid leaching of chips on wood chemical com-
position (% dry weight)

Component, % Ref. Leached

Glucans 51.80 53.06
Xylans 10.04 9.85
Galactans 1.32 1.13
Arabinans 0.51 0.39
Mannans 1.18 0.80
Soluble lignin 4.17 4.37
Insoluble lignin 23.19 22.71
Total lignin 27.36 27.07
Acetyl groups 2.44 2.39
Total uronic acids 5.36 5.32
Total yield loss — 1.8
TOC — 0.21

molecular weight polysaccharides and minimally from carbon rich components
such as lignin and steryl esters.

Kraft Cooking

The rate of delignification was slightly higher for the acid leached chips as
shown in Figure 4. In other words, for a given kappa number, a lower demand

Ref.:  = 0.2125x2  9.305x + 116.97

R2 = 

Leached:  = 0.1188x2 −

−
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R2 = 0.99
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Figure 4. Effect of the active alkali (AA) charge (% as NaOH) on pulp kappa number
for reference and acid leached chips.
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Effect of Acid Leaching of Eucalyptus Wood 145

of active alkali was observed for these chips in relation to the reference ones.
Such result was unexpected because the acid leached chips had a lower pH
than the reference ones before pulping. The leaching process required about
5 kg of H2SO4 per ton of dry chips, applied at the 10:1 liquor to wood ratio.
A large fraction (89%) of this acid was actually drained out from the chips
before kraft cooking, remaining in the chips only the equivalent to 0.55 kg
H2SO4 per ton. This acid amount was responsible for consuming about 0.45
kg of NaOH per ton of wood or 0.05% active alkali. Hence, a slight increase
in the active alkali demand was anticipated for the acid leached chips but it
did not occur. A possible explanation for the decreased alkali requirement is
the removal of NPEs, especially calcium, and of other organic materials from
the wood chips during acid leaching. These materials may consume significant
amounts of alkali. The breakage of wood lignin-carbohydrate bonds in the acid
treatment may also explain the lower active alkali demand in the subsequent
coking. Cleavage of lignin-hemiceluloses bonds by acid treatment of wood
has been reported elsewhere.[23] Lignin-carbohydrate complexes show low
reactivity toward alkali and their removal prior to kraft cooking can decrease
overall active alkali demand.

The pulp derived from leached chips (Leached) showed higher yield and
viscosity than that of the pulp resulting from reference chips (Ref), for similar
kappa number values (Figure 5). Thus, it is apparent the kraft cooking is
more selective for acid leached chips. One of the possible explanations is the
calcium removal in the leaching process. Calcium is known to hamper the rate
of delignification and the selectivity of the kraft cooking process.[24] However,
if the weight loss (1.8%) after chip leaching step is taken into account, the
overall process yield becomes quite similar to that of the reference (Figure 6).
In other words, the cooking yield benefits due to chip leaching are offset by
the weight losses across acid leaching itself.

Figure 5. Kraft cooking results for reference (Ref.) and acid leached chips (Leached).
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146 E. Moreira et al.

Figure 6. Overall yields across chip leaching and kraft cooking (Ref: pulp from un-
treated chips; Leached: pulp from acid leached chips).

More recent acid leaching studies carried out in our laboratories (not yet
published) using lower liquor to wood ratio (3.5/1) have indicated much lower
yield losses (∼0.8%) after leaching. It is apparent that the 10/1 liquor to wood
ratio used in this particular study was way too high and harmful to yield.

Oxygen Delignification

In the oxygen delignification larger kappa number reduction and brightness gain
for the pulp derived from acid leached chips was observed in comparison with
the reference (Figure 7). A probable explanation for the greater brightness gain

Figure 7. Results after oxygen delignification of pulps from acid leached and reference
chips (UKP: unbleached kraft pulp; O2 Delig.: oxygen delignified pulp).
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Effect of Acid Leaching of Eucalyptus Wood 147

Table 6. Metals content in the unbleached pulps (mg/kg pulp)

Pulp Cu Fe Mn Mg

Ref. 5.37 36.2 13.1 218
Leached 4.48 21.8 8.7 136

is the lower transition metals content present in the former pulp (Table 6), which
resulted in lower peroxide decomposition. A four percent greater viscosity
loss was observed for the pulp derived from leached chips, which may be
explained by the removal of magnesium from the wood during the acid leaching
operation. Magnesium is known to prevent viscosity losses during the oxygen
delignification.[25]

Pulp Bleaching

Figures 8, 9, and 10 show the brightness, viscosity, and kappa number profiles
during pulp bleaching by the three sequences studied. Although acid leached
chips resulted in pulp of lower brightness, such pulp developed greater bright-
ness during bleaching. The higher brightness gains obtained with the pulps

Figure 8. Pulp brightness profiles (%ISO) during bleaching (a—AZDP, 0.19% ClO2;
b—AZDP, 0.76% ClO2; c—A/Z/EDP, 1.06% ClO2; REF: pulp from untreated chips;
Leached: pulp from acid leached chips; UKP: unbleached kraft pulp).
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148 E. Moreira et al.

Figure 9. Pulp viscosity profiles (mPa.s) during bleaching (a—AZDP, 0.19% ClO2;
b—AZDP, 0.76% ClO2; c—A/Z/EDP, 1.06% ClO2; REF: pulp from untreated chips;
Leached: pulp from acid leached chips; UKP: unbleached kraft pulp).

Figure 10. Pulp kappa number profiles during bleaching (a—AZDP, 0.19% ClO2;
b—AZDP, 0.76% ClO2; c—A/Z/EDP, 1.06% ClO2; REF: pulp from untreated chips;
Leached: pulp from acid leached chips; UKP: unbleached kraft pulp).
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Effect of Acid Leaching of Eucalyptus Wood 149

Figure 11. Hydrogen peroxide and sodium hydroxide demands to reach the target
brightness three different sequences (Seq. 1—AZDP, 0.19% ClO2; Seq. 2—AZDP,
0.76% ClO2; Seq. 3—A/Z/EDP, 1.06% ClO2; Ref.: pulp from untreated chips; Leached:
pulp from acid leached chips).

from leached chips likely derives from less bleaching oxidant losses caused
by transition mental induced decomposition. Leaching also had a positive ef-
fect on viscosity preservation and kappa number reduction during bleaching.
For all three sequences the control of the final brightness to the desired value
was achieved by playing with the hydrogen peroxide and sodium hydroxide
doses in the last peroxide bleaching stage. The savings of these two chemicals
due to chip leaching were significant for all three sequences (Figure 11), but
much substantial for the light-ECF one (OAZDP with 0.19% ClO2). The gains
were higher for this sequence because of its low use of ClO2, an oxidant lit-
tle influenced by transition metals, and its high use of H2O2, a chemical that
is highly impacted by transition metals. Low dose of ClO2 and high dose of
H2O2 is exactly what characterizes a light-ECF bleaching, which has as conse-
quence a pulp containing low amounts of organically bound chlorine and low
viscosity.

Strength Properties

The bleached pulp strength properties at a tensile index of 70 N.m/g are
presented in Table 7. No significant differences in strength properties were
observed among bleached pulps derived from acid leached chips and reference
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Table 7. Physical properties of bleached pulps, corresponding to a 70 N.m/g tensile
index

AZDP, 0.19%
ClO2

AZDP, 0.76%
ClO2

A/Z/EDP,
1.06% ClO2

Physical property Leached Ref. Leached Ref. Leached Ref.

Refining energy, w.h 16.8 16.5 18.6 18.2 23.4 22.9
Drainage degree, ◦SR 29.1 31.0 31.0 28.2 28.1 29.0
Burst Index (kPa.m2/g) 3.22 3.21 3.53 3.24 3.13 3.30
Tear Index (mN.m2/g) 13.4 13.4 12.3 12.6 11.6 11.8
Air resistance (s/100cm3) 6.2 7.2 9.7 9.8 10.0 10.1
Density (g/cm3) 0.75 0.74 0.72 0.68 0.73 0.73
Bulk (cm3/g) 1.36 1.32 1.43 1.43 1.39 1.39
Stretch (%) 4.34 4.34 4.42 4.58 4.58 4.30
Tensile Energy 143.2 143.2 144.4 154.2 153.0 143.9

Absorption (J/m2)
Tensile Stiffness 5.68 5.68 5.66 5.66 5.78 5.78

Index (MN.m/kg)

pulps, regardless of the bleaching process. However, the bleaching process
itself had some significant effect on certain pulp properties. For example, tear
indexes were slightly lower for the pulps (Ref. and Leach.) bleached with
sequence 3 (A/Z/EDP with 1.06% ClO2) whereas pulps samples bleached
with sequence 1 showed the lowest values of air resistance, that is, they were
more porous. The energy consumption required during refining to achieve a
pulp tensile index of 70 N.m/g and the pulp drain ability were not influenced
by chip leaching. However, refining energy was significantly influenced by the
bleaching process, with highest energy requirements observed for the A/Z/EDP
bleached pulp and lowest for the light-ECF one (OAZDP with 0.19% ClO2).

CONCLUSIONS

Acid leaching of eucalyptus wood chips before cooking reduced metals contents
considerably. Time and pH greatly affected metals removal efficiency, whereas
temperature did not. Loss of organic matter was highly dependent on time,
temperature, and pH. Potassium was the most easily removed metal, reach-
ing about 85%, whereas iron was the most difficult, with only 10% removal.
Acid leaching slightly increased cooking yield, delignification efficiency, and
selectivity. Overall process yield, including weight losses across acid leaching
and cooking, was similar for reference and acid leached chips. Pulp derived
from acid leached chips performed better during oxygen delignification and
bleaching than the reference pulp. Savings of 18 and 14.5 kg/t pulp of H2O2
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and NaOH, respectively, were achieved for the light-ECF bleaching process.
Pulp strength properties, drain ability, and refining ability were not significantly
affected by chip leaching with acid.
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