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Abstract 

Bleached eucalyptus kraft pulps are largely used for manufacturing tissue and print & writing (P&W) paper 

grades and may also be used in mixtures with softwood pulp to improve their strength properties aiming at 

packaging applications such as multilayer cardboard. The final brightness (90 % ISO) and brightness 

stability (<2% ISO) are rather significant for P&W for it affects optical brighteners demand during paper 

manufacture. Bleaching chemical demand, effluent load & treatability, pulp OX, brightness stability, 

beatability and strength are important drivers determining bleach plant operation. This study aimed at 

investigating the feasibility of using hydrogen peroxide in the High Density Tower (HDT), changing the 

sequence OQD*(OP)D to OQD*(OP)DP. In addition to improving brightness and brightness stability it was 

determined that adding hydrogen peroxide in the HDT may save up to 1.2 kg/odt ClO2 and decrease overall 

bleaching effluent load. 
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INTRODUCTION 

Eucalyptus wood has become the most important source of bleached market pulp in the world. The 

demand for market pulp from eucalyptus reached 10 million tons in 2005 and this number is projected to 

reach 16 million tons in 2023(Alípio, 2011). Bleached eucalyptus kraft pulps are largely used to 

manufacture tissue and print & writing (P&W) paper grades and lesser for dissolving pulps; it may also be 

used in mixtures with softwood pulp to improve their strength properties aiming at packaging applications 

such as multilayer cardboard. Final brightness and brightness stability requirements are not so strict for 

tissue (88-90% ISO) but rather important for P&W paper grades (90-92% ISO) since in the latter case these 

two parameters significantly affects optical brightener agent demand during paper manufacture. 

To attend a demanding consumer market for quality products with lower prices and sustainable 

practices, it is necessary developing alternative production processes. In this context the utilization of low 

cost and environmentally friendly chemicals is desirable. The final bleaching stages of a sequence are 
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crucial for securing the target product quality (Loureiroet al., 2010a, b). Among the fully bleached pulp 

properties, brightness and brightness stability are the most relevant and their control during final bleaching 

and pulp drying is very important for a smooth and low cost pulp production operation. 

The use of hydrogen peroxide in the bleaching of chemical pulps is quite well known. Purportedly, it 

improves brightness stability in addition to saving more expensive chemicals and improving overall 

bleaching effluent quality (Suess, 2010). Furthermore, the hydrogen peroxide bleaching stage can be run in 

milder conditions when applied as the last bleaching stage of a sequence because at this point the pulps 

contain low quantities of chromophores and leuco-chromophores to be removed (Loureiroet al., 2010a; 

Suess, 2010; Suess and Filho, 2004; Süsset al., 2000). On the other hand, most of the transition metals 

harmful to peroxide stability are removed in the previous stages of the sequence, which facilitates the 

control of hydrogen peroxide decomposition (Loureiroet al., 2010a); this precludes the need for dedicated 

acid washing or chelation stages as well as the use of stabilizers in the peroxide stage.  

Various studies have shown the benefits of using a final hydrogen peroxide stage in replacement to a 

final chlorine dioxide stage in ECF bleaching of eucalypt pulp (Mcdonough, 2001;Gellerstedt,et al., 1996). 

Such practice has shown to improve pulp brightness ceiling, brightness stability, beatability and tensile 

strength (Suess and Filho, 2004, Silva et al., 2002a, b;Forsskåhl, 2000). 

This paper discusses the feasibility of using hydrogen peroxide not as a replacement for a chlorine 

dioxide stage but in addition to it, applied to the high density storage tower (HDT). The main variables 

involved in this process were optimized. 

 

MATERIALS AND METHODS 

An industrial oxygen delignified Kraft pulp derived from cooking 30% pine and 70% eucalypt chips 

mix was use throughout the work. The sample was collected in the last oxygen stage washer and showed the 

characteristics presented in Table 1 in the inset of the experimentation. 

 

Table 1: Initial characteristics of the brown pulp sample 

Characteristics of the sample 

Brightness, % ISO 38.3 

Kappa number 19.1 

Hexenuronic acids, mmol/kg 33.6 

Viscosity, dm3/kg 919 

Metalscontent, mg/kg 

Ca 776 

Fe 8.5 

Mn 26.3 

Mg 158 

Cu 2.0 
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Single stage oxygen delignification (O), hot chlorine dioxide (D*), and pressurized peroxide 

bleaching (PO) stages were performed with 280-300 g oven dried pulp samples in a teflon-lined 

mixer/reactor (Quantum Technologies, model Mark V). The charges of chemicals were added to the reactor 

after the desired pulp temperature was reached and the reaction pressure was adjusted with oxygen and/or 

nitrogen when necessary. 

After the pre-established reaction time elapsed, the reactor pressure was released, the pulp was 

discharged into a 150 mesh screening box and 300 mL of liquor were squeezed from the pulp for analysis. 

Chelation (Q), chlorine dioxide (D), 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.  

Aiming at studying the feasibility of using hydrogen peroxide (H2O2) in the HDT, the pulp was first 

bleached to an ISO brightness of 88% with the OQD*(PO)D sequence and then treated with a peroxide stage 

(P) at a consistency of 10% and reaction time of 4 hours. The hydrogen peroxide charge (1, 2 and 3 of 

H2O2kg/odt pulp), reaction pH (7.5 and 9) and temperature (45oC and 70oC) were optimized in order to 

reach the ISO brightness target of 90 ± 0.2%. The results of the new sequence, OQD*(PO)DP, were 

compared with those of the OQD*(PO)D sequence at the same ISO brightness level. To attain the ISO 

brightness target of 90 ± 0.2% with this sequence without the last P-stage, additional charges of chlorine 

dioxide were added to the D1 stage. 

After bleaching, the pulps were diluted to 0.3% consistency, the pH was adjusted to 5.5-6 with SO2 

and hand sheets were formed and dried for 12 hours to 9-10% humidity in an environmentally controlled 

room (50±2% relative humidity and 23±1°C). Brightness reversion tests were performed in conformity with 

Tappi UM 200 (Tappi, 2000) method using 10 repetitions (4 h, 105±3°C, 0% relative humidity). Pulp metal 

content was measured according to the SCAN-CM 38:96 (Scan, 1996) procedure. Pulp kappa number, 

brightness and viscosity were determined according toT236 om-06 (Tappi, 2006), T525 om-12 (Tappi, 

2012b) and T230 om-08 (Tappi, 2008a) standard methods, respectively. Pulp contents of hexenuronic acids 

and bound chlorine (OX) were measured according to the HUT and PTS-RH: 012/90 methods (Süss and 

Leporini, 2003), respectively. Effluent AOX and COD were measured according to ISO procedures. For the 

determination of pulp physical and mechanical properties, the pulps were beaten in a PFI mill at 10% of 

pulp consistency, handsheets were formed and physical tests according to the Tappi T248 sp-08 (Tappi, 

2008b) and conditioned for 24 h in acclimated room (50±2% relative humidity and 23±1°C). Following, 

they were tested for physical-mechanical properties according to T205 sp-12 (Tappi, 2012a) standard. 

 

RESULTS AND DISCUSSION 

Bleaching performance 

The concept of including an additional P-stage to the OQD*(OP)D sequence, applied to the high 

density storage tower, was achieving a final ISO brightness (90 ± 0.2%) similar to that without such stage, 

without penalizing overall bleaching chemical consumption and reagent cost. Therefore, the pulp that was 

aimed to receive the final P-stage was treated with a lower chlorine dioxide charge in the D1 stage so that 

the ISO brightness was only 88%. A final peroxide stage was applied under optimized high density storage 

tower conditions to reach the target brightness of 90 ± 0.2%. For the sake of comparison, the final brightness 

of 90 ± 0.2% was also targeted with the OQD*(OP)D sequence, without the final P-stage. The main 

characteristics of the pulps bleached to 88 and 90% ISO brightness with the OQD*(OP)D sequence are 
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presented in Table 2. The conditions used in each bleaching stage of this sequence are described in the 

footnotes of Table 2. 

 

Table 2: Bleaching results for the ISO brightness targets of 88 and 90% with the OQD*(OP)D 

sequence 

BleachingParameters 88% ISO 90% ISO 

Kappa No. O-stagepulp 10.4 10.4 

Total Active Chlorine*, % 48.6 51.7 

Brightness, % ISO 88.0 90.1 

PulpViscosity, mPa.s 741 737 

*Total ActiveChlorine = ClO2*2.63 + H2O2*2.09. 

Brown pulp: Kappa 19.1, HexA 33.6 mmol/kg, brightness 38.3% ISO and viscosity 919dm3/kg. 

O-stage: Time: 60 min; consistency: 10%; oxygen pressure: 200 kPa; temperature: 90 ºC; oxygen charge: 

1.7/0%; MgSO4 charge: 0.3%; NaOH charge: 1.5%. 

Q: 10% consistency, 80°C, 30 min, 0.15% DTPA ; D*: 10% consistency, 60°C, 120 min, end pH 3.0, kappa 

factor 0.28; (OP): 10% consistency, 90°C, 120 min, 200 kPa, end pH>10,5, 0.15% MgSO4, 0.34% O2, 

0.60% H2O2; D1: 10% consistency, 70°C, 120 min, end pH 5.5 and variable ClO2 doses in order to achieve 

the target brightness. 

 

In order to convert the OQD*(PO)D sequence into the OQD*(PO)DP one, by adding a final P-stage 

in the high density storage tower (HDT), it was necessary to optimize some of the operational conditions of 

such stage such as end pH, temperature and hydrogen peroxide dose. Concerning pH values used in this 

study for operating of hydrogen peroxide stage investigated, it wasused low values of pH, since  when the 

initial pH is too high, excess alkali increased hydroxyl ions, which in turn produced perhydroxyl ion too 

rapidly to be used, as presented below in the equations 1 (Gomes, 2010; Li et al, 2011). Consequently, 

hydrogen peroxide would be decomposed before it was used for bleaching. At the same time, pulp could 

also become darkened due to alkaline darkening reactions, which can be simply described as Johnson (2002) 

and presented in the equation 2. 

H2O2 + HO- 
→HOO- +H2O

 

H2O2 + HOO-
→ HO- +HO•  + 

H2O 

(1) 

 

lignin + OH �chromophoric 

groups 
(2) 

 

The results shown in Figure 1 indicated no significant difference in brightness development if the P-

stage pH ended at 7.5 or 9.0 for a given reaction time,temperature and hydrogen peroxide dose. This result is 

explained by the long retention time (4hs) existing in the HDT. Considering the low hydrogen peroxide 

charge (1-3kg/odt pulp) used, the peroxide was consumed almost in similar fashion regardless of end pH in 

the range of 7.5-9.0. The same rationale can be used to explain the apparent no effect of P-stage temperature 

on brightness in the range of 45 to 70oC (Figure 2) at a given reaction time, end pH and hydrogen peroxide 
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charge.As anticipated, pulp brightness increased with increasing hydrogen peroxide charge with the 90% 

ISO brightness being achieved at a charge of about 3 kg H2O2/odt pulp (Figs. 1 and 2).Increasing peroxide 

charge over this value implies large residuals and decreased peroxide efficiency as previously reported 

(Suess, 2010). The reason for the limited benefit of increasing peroxide dose after a certain value is the 

moderate number of reactive sites in the remaining lignin. 

 
 

Figure 1: Effect of H2O2 dosage and pH on the final brightness of pulp. The peroxide stage conditions 

in the HDT tower were: 10% consistency, 45°°°°C, 240 min.  

 

 

 
 

Figure 2: Effect of P-stage H2O2 charge and temperature on the pulp final brightness. The peroxide 

stage conditions in the HDT tower were: 10% consistency, 45°°°°C, 240 min, and end pH 7.5 and 9. 

 

Also the type of reaction this lignin undertake with peroxide under moderate conditions (50 to 90oC), 

where lignin side chain elimination is the dominant reaction consuming peroxide(Gellerstedtet al., 1996). 

The P-stage end pH had only a slight effect on pulp viscosity whereas increasing both temperature 

and hydrogen peroxide dose affected viscosity negatively and significantly (Fig. 3).  In the Figure 4 are 

presented the brightness stability of the pulps evaluated. It was not possible to observe a significant 
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difference among the brightness reversion of the pulps due to pH and temperature variation. Concerning the 

hydrogen peroxide dosage, it was observed a tendency of increase the brightness stability with the increasing 

of hydrogen peroxide dose. This result can be explained by the increased use of oxidizing compounds, 

thereby removing larger quantities of the compounds which produce the brightness instability (Eiraset al., 

2003). 

 

Figure 3: Effect of H2O2 dosage, pH and temperature of the peroxide stage made in the HDT on final 

viscosity of pulp. The peroxide stage conditions in the HDT tower were: 10% consistency, 240 min. 

 

Figure 4: Effect of H2O2 dosage, pH and temperature of the peroxide stage made in the HDT on 

brightness reversion of pulp. The peroxide stage conditions in the HDT tower were: 10% consistency, 

240 min. 

 

In the light of Figures 1-4 and the discussions therein, the following conditions were determined for 

running the P-stage in the high density storage tower (HDT):  end pH 9, 45ºC and 3,0 kg of H2O2/odt pulp. 

Table 3 shows a comparison of results obtained with the sequences OQD*(PO)D and OQD*(PO)DP, 

with the last P-stage of the latter sequence run under the aforementionedconditions mimicking the HDT. The 

OQD*(PO)DP sequence consumed 1.2 kg less ClO2/odt pulp in relation to the OQD*(PO)D sequence at the 

cost of additional 3 kg H2O2/odt and 2.3 kg NaOH/odt. Since ClO2 is significantly more costly than H2O2 at 

the same weight basis, the overall bleaching cost decreased slightly. The bleached pulp characteristics as 

580

630

680

730

780

0 1 2 3 4

V
is

co
si

ty
, 
d

m
3
/k

g

H2O2, kg/odt

pH 7.5 a 45°C pH 9.0 a 45°C

pH 7.5 a 70°C pH 9.0 a 70°C

2.50

2.75

3.00

3.25

3.50

3.75

4.00

0 1 2 3 4

B
r
ig

h
tn

e
ss

 R
ev

e
rs

io
n

, 
%

 I
S

O

H2O2, kg/odt

pH 7.5 a 45°C pH 9.0 a 45°C

pH 7.5 a 70°C pH 9.0 a 70°C



European International Journal of Science and Technology                       Vol. 2 No. 6                    July 2013 

 

 

213 

measured by kappa number, HexA, brightness stability, and OX were not significantly affected by the 

additional P-stage. The viscosity was slightly lower for the pulp bleached with the OQD*(PO)DP sequence. 

The bleaching effluent quality as measured by AOX, and COD was slightly better for the sequence 

containing the final P-stage. 

 

Table 3:Summary of chemical consumption, pulp characteristics and effluent load of bleaching with 

the OQD*(PO)D and OQD*(PO)DP sequences to 90 ± 0.2% ISO brightness  

 

AverageResults 
OQD*(PO)D 

Bleaching 

OQD*(PO)DP 

Bleaching 

ClO2, kg/odt 14.9 13.7 

H2O2, kg/odt 6 9 

NaOH, kg/odt 29.6 31.9 

MgSO4, kg/odt 4.5 4.5 

Pulpviscosity, dm3/kg 737 709 

Pulpkappanumber 0.45 0.50 

Pulp ISO brightness, % 

ISO 
90.1 89.8 

Brightnessreversion, % 

ISO 
0.3 0.3 

Pulp Hexenuronic acids, 

mmol/kg pulp 
4.2 4.1 

Pulp OX, mg/kg pulp 92.2 91.3 

Effluent AOX, mg/L 4.4 3.8 

Effluent COD, mg O2/L 486 423 

Brown pulp: Kappa 19.1, HexA 33.6 mmol/kg, brightness 38.3% ISO and viscosity 919dm3/kg. 

 

O-stage: Time: 60 min; consistency: 10%; oxygen pressure: 200 kPa; temperature: 90 ºC; oxygen charge: 

1.7/0%; MgSO4 charge: 0.3%; NaOH charge: 1.5%.Q: 10% consistency, 80°C, 30 min, 0.15% DTPA ; D*: 

10% consistency, 60°C, 120 min, end pH 3.0, kappa factor 0.28; (OP): 10% consistency, 90°C, 120 min, 

200 kPa, end pH>10,5, 0.15% MgSO4, 0.34% O2, 0.60% H2O2; D1: 10% consistency, 70°C, 120 min, end 

pH 5.5 and variable ClO2 doses in order to achieve the target brightness; HDT: 10% consistency, 45°C, 240 

min, end pH 9, and 0.30% H2O2. 

 

Pulp beatability, drainability and physical-mechanical properties 

It has been reported that a final peroxide bleaching stage, for example applied to the high density 

storage tower, increases fiber anionic charge leading to electrolytic fiber swelling that increases pulp 

beatability (Forsskåhl, 2000; Laivins and Scallan, 2000). The effect of fiber charge on promoting swelling 
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and their relationship to paper properties has been stressed for the case of bleached hardwood pulp (Laine 

and Stenius, 1997). Purportedly, the more swollen peroxide bleached pulp provides higher beatability and 

tensile strength (Loureiroet al., 2010a). The results presented in Figure 5 shows no significant effect of the 

final P-stage of beating energy demand for the current study. In other words, the energy consumption 

required to achieve a given oSRdegree were similar for the pulps bleached with the sequences OQD*(PO)D 

and OQD*(PO)DP. The drainability measured by the value of resistance to drainage (oSR) achieved at a 

given energy consumption also indicated no difference between the pulps bleached with the OQD*(PO)D 

and OQD*(PO)DP sequences(Fig. 6). The physical mechanical properties, measured by tensile index, burst 

index, specific elastic modulus, and air resistance at a given resistance to drainage degree (oSR) were similar 

for the pulps bleached with the OQD*(PO)D and OQD*(PO)DP (Fig. 7). An exception to this trend was tear 

index, which was slightly lower for the pulp bleached with the OQD*(PO)DP sequence, a result likely 

explained by the slightly lower viscosity of this pulp; it is worth noting that no impact of viscosity on tear 

index has been reported by some workers (Carneiroet al., 1995;Cauxet al., 2010). 

 

 
 

Figure 5: Beatability as measured by energy consumption at a given resistance to drainage degree 

(
o
SR) of the pulps bleached with the OQD*(PO)D and OQD*(PO)DP sequences to 90 ± 0.2% ISO 

brightness 

 

 
Figure 6: Drainability as measured by resistance to drainage degree (

o
SR) at a given tensile index of 

the pulps bleached with the OQD*(PO)D and OQD*(PO)DP sequences to 90± 0.2% ISO brightness.  
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Figure 7: Physical-mechanical properties as measured tensile index, burst index, specific elastic 

modulus, and air resistance at a given resistance to drainage degree (
o
SR) of the pulps bleached with 

the OQD*(PO)D and OQD*(PO)DP (HDT) sequences to 90± 0.2% ISO brightness. 

 

CONCLUSIONS 

The application of an additional hydrogen peroxide stage at the end of the OQD*(PO)D sequence, 

applied to the high density storage tower, is attractive to reduce  the chlorine dioxide consumption (1.2 

kg/odt). The results obtained in this paper showed no negative effects on pulp quality, but slightly improved 

bleaching effluent quality. 
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