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RESUMO 

 

 

BATALHA, Larisse Aparecida Ribas, M.Sc., Universidade Federal de Viçosa, julho de 2011. 

Estudo comparativo de produção de polpa solúvel a partir de bambu e eucalipto. 
Orientador: Jorge Luiz Colodette. Coorientadores: Luiz Claúdio de Almeida Barbosa e Célia 

Regina Alvares Maltha. 

 

 O aumento do consumo de papel tem causado escassez dos recursos florestais. Isso aliado 

com questões ambientais tem levado a pesquisa de matérias-primas alternativas para indústria 

de celulose e papel. Dentre as espécies estudadas, tem-se considerado o bambu como a 

matéria-prima mais promissora, especialmente em virtude da sua abundância, de seu 

crescimento rápido e da sua composição química adequada, que se assemelha à da madeira.  

Por outro lado, os altos custos do linter de algodão e da madeira aliado as restrições 

ambientais causaram aumento significativo no custo da produção de polpa solúvel a partir 

destas matérias-primas. Portanto, é necessário avaliar novas fontes de fibra para a fabricação 

desse tipo de polpa. Neste contexto, o bambu aparece como uma fonte alternativa para 

indústrias de celulose e papel. Portanto, esse trabalho avaliou cavacos comerciais de bambu 

como matéria-prima para produção de polpa solúvel. A pré-hidrólise foi usada como 

tratamento inicial do bambu para produção de polpa de dissolução. Foram realizadas cinco 

tratamentos com pH inicial igual a 1,5; 2,0; 2,5 e 6,9  em cavacos normais  e outro em pH 

inicial igual a 2,5 em cavacos previamente tratados (70 ºC, 60 min e pH=2,5) para remocão de 

cálcio A temperatura e relação licor/madeira usadas foram as mesmas para as cinco pré-

hidrólises. Os cavacos de bambu pré-hidrolisados na condição selecionada (auto-hidrólise) 

passaram por uma etapa de polpação NaOH/AQ e a polpa obtida foi branqueada utilizando a 

sequência: O-CCE-D-(EP)-D-P. A sigla CCE designa uma etapa de extração caústica a frio. 

Foi possível produzir polpa solúvel de boa qualidade a partir dos cavacos de bambu, 

comparativa àquela produzida a partir de cavacos de eucalipto, mesmo considerando-se que a 

química dos cavacos de bambu não era inteiramente favorável (22,4% de lignina; 19,5% de 

xilana; 49,3% de celulose; 16,8% de extrativos totais e 1,5% de cinzas). A polpa produzida 

apresentou alvura de 92,4% e teores de α-celulose, de xilanas, de extrativos e de cinzas de 

94,9%, 5,1%, 0,041% e 0,13%, respectivamente. A polpa solúvel com estas características é 

adequada para a fabricação de viscose com vistas à produção de fios de raiona e outros 

derivados de menor exigência quanto ao teor de alfa-celulose.   
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ABSTRACT  

 

 

BATALHA, Larisse Aparecida Ribas, M.Sc., Federal University of Viçosa, july of 

2011. Comparative study of production of soluble pulp from bamboo and 

eucalyptus. Advisor: Jorge Luiz Colodette. Co-advisor: Luiz Claúdio de Almeida 

Barbosa and Célia Regina Alvares Maltha. 

 

 The increase of paper consumption has caused scarcity of forest resources. This 

coupled with environmental issues have led to research alternative raw materials for 

pulp and paper industry. Among the species studied, we have considered the bamboo as 

the most promising raw material, especially because of its abundance, its fast growth 

and of its adequate chemical composition that is similar to wood. On the other hand, the 

high cost of cotton linter and wood combined with environmental constraints caused a 

significant increase in the cost of pulp production from these soluble materials. 

Therefore, it is necessary to evaluate new sources of fiber for making this. In this 

context, bamboo appears as an alternative source for pulp and paper. Therefore, this 

work evaluated commercial bamboo chips as raw material for dissolving pulp 

production. The pre-hydrolysis was used as the first treatment of bamboo materials for 

the production of soluble pulp. It was carried out five treatments with initials pH equal 

to 1.5; 2.0; 2.5 and 6.9 (in H2O without acidification- auto-hydrolysis); and other pre-

hydrolysis in initial pH equal to 2.5 with a pretreatment in bath under the following 

conditions:  70 ºC and 60 min, pH= 2.5.  The temperature and liquor/wood ratio were 

the same for five pre-hydrolysis. The prehydrolised bamboo chips at chosen condition 

(auto-hydrolysis: AH) went through a stage of NaOH/AQ pulping and the pulp obtained 

was bleached by sequence: O-CCE-D-(EP)-D-P. The CCE designates a cold caustic 

extraction stage. It was possible to produce good quality soluble pulp from the bamboo 

chips, comparative to that produced from eucalyptus chips, even considering that the 

chemistry of bamboo chips was not entirely favorable (22.4% lignin, 19.5% xylan, 

49.3% cellulose, 16.8% of total extractives and 1.5% ash). The produced pulp showed 

the brightness of 92.4% and contents of α-cellulose, xylans, extractives and ashes of 

94.9%, 5.1%, 0,041% and 0.13%, respectively. The soluble pulp with these 

characteristics is suitable for the fabrication of viscose aiming to the production of 

rayon wires and other derivatives of lower requirement on the content of alpha-

cellulose. 
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1. INTRODUCTION 

 Dissolving pulps require high degree of purity. They are used for production of 

cellulose derivatives such as cellulose acetate, cellulose nitrate, viscose, rayon, methyl 

cellulose, carboxymethylcellulose among others. The overall fiber line yield for 

dissolving pulp production rarely exceeds 30–35% and compared to regular paper pulp 

their production costs are quite high. These pulps contain a high alpha-cellulose content 

(95–98%) and relatively low hemicelluloses (1–10%) and lignin (<0.05%) contents 

(Christov et al. 1998). 

 Dissolving pulps are produced from cotton linters (soda pulping) and from wood 

via the pre-hydrolysis Kraft and acid sulfite pulping processes (Barba et al. 2002). 

Wood pulps, especially those derived from the sulfite process, require a subsequent 

hemicellulose removal step; this is usually done through the so-called cold caustic 

extraction (CCE), which is performed during the bleaching operation. The current high 

costs of wood and cotton linters combined with environmental constraints against 

standard bleaching (chlorine and hypochlorite) have caused a significant increase in the 

cost of dissolving pulp derived from these raw materials. Therefore, it is appropriate to 

evaluate new sources of fiber for the manufacture of dissolving pulp. 

 In this context, bamboo appears as an alternative source for pulp and paper 

industries, particularly in the tropical areas of the world. Bamboo is the vernacular or 

common term for members of a particular taxonomic group of large woody grasses 

(subfamily Bambusoideae, family Andropogoneae=Poaceae). Bamboos encompass 

1250 species within 75 genera, most of which are relatively fast-growing, attaining 

stand maturity within five years, but flowering infrequently (Scurlock et al. 2000). As 

an industrial raw material, bamboo has been used to produce both cellulosic fibers for 

paper and starch granules for saccharification and production or ethanol. Other potential 

applications include bamboo shoots for food and culms for production of charcoal 

(Beraldo and Azzini 2004). In general, the alpha-cellulose content in bamboo is 40-

50%, which is comparable with the reported alpha-cellulose contents of softwoods (40-

52%) and hardwoods (38-56%) (Dence 1992). Undoubtedly, bamboo is a potential 

alternative source of raw material for dissolving pulp production. 

 The auto-hydrolysis step has been commercially applied in the so-called pre-

hydrolysis kraft pulping process, which produces dissolving pulp as a product (Liu et al. 

2010). The introduction of auto-hydrolysis prior to any alkaline pulping process helps to 

produce pulp with a satisfactorily high content of alpha-cellulose and with low 

hemicellulose content, resulting from the destruction or degradation of hemicelluloses 

(Behin and Zeyghami 2009).  

Recent literature (Liu et al. 2010) showed that the hemicelluloses may be 

extracted from the auto-hydrolysis liquor through its acidification and subsequent 

addition of ethanol, enabling the use of hemicellulose for the production of several 

value-added products such as biofuels, chemicals and materials. The black liquor 

derived from the pre-hydrolysis kraft process, which typically contains 30–34% of 

lignin is usually burnt to provide energy for mill operations, and to recover the cooking 

chemicals (Wallberg et al. 2005).  A fraction of this black liquor can potentially be 
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isolated and used as the starting material for a series of useful products, such as vanillin, 

phenols, benzene, dispersant, emulsifying and chelant agents, antioxidants, pesticides, 

fertilizers, vegetal charcoal, polymers, adhesives, concrete additives, component for 

resins, among others (Gargulak and Lebo 2000, Mussato et al. 2007).  

 In the biorefinery concept, the three main biopolymers, i.e., cellulose, 

hemicelluloses, and lignin, which are the dominant chemical constituents in 

lignocellulosic raw materials, are to be converted to the building blocks for biofuels, 

biochemicals and biomaterials (Saeed et al. 2010). In this context, recovery of 

hemicelluloses and lignin for using in these nobler purposes in dissolving pulp 

production is in line with the concept of biorefinery.  

This study aimed at evaluating the feasibility of using bamboo to produce 

dissolving pulp with a vision of utilizing left over streams for manufacturing value 

added products. The results are compared with traditional eucalypt dissolving pulp 

production by the pre-hydrolysis Kraft process.  

 

2. MATERIAL AND METHODS 

2.1 Raw Material Preparation and Physical-Chemical Analyses  

 Depithed bamboo chips were provided by a paper pulp manufacturer located in 

the Brazilian Northeast. The eucalyptus chips were provided by a kraft pulp company 

located in the Brazilian Center East. The furnish of eucalyptus chips was comprised of 

12, 9, 7 and 5 year old trees in the following proportion 8:47:28:17 w/w%. Both the 

bamboo and the eucalyptus chips were transported to UFV Pulp and Paper Laboratory, 

classified according to SCAN CN 40:94 standard procedures, dried to about 15% 

moisture and stored for further use. A fraction of the wood and bamboo chips were 

converted into sawdust, classified according to TAPPI T257-cm85 standard procedure, 

dried to 10% moisture and stored in glass jars. Bamboo and eucalyptus basic densities 

were measured on the chips whereas chemical analyses were done on the sawdust.  

Basic density, total extractives, ash, acid insoluble lignin, acid soluble lignin, lignin 

H:S:G ratio, and carbohydrates composition were measured according to TAPPI T258 

om-94, TAPPI T264 cm-97, TAPPI  T211 om-93, Gomide and Demuner (1986), 

Goldshmidt (1971), Lin and Dence (1992) modified, and Wallis et al. (1996), 

respectively. Total uronic acids, and acetyl groups were measured according to Scott 

(1979) and Solar et al (1987). The silica content of bamboo was measured according to 

TAPPI T245 cm-98 and the content of calcium, iron, manganese and magnesium of 

bamboo were determined by atomic absorption spectroscopy, according to the SCAN 

CM 38:96 procedures. 

 

2.2 Pre-hydrolysis   

 The pre-hydrolysis stages for bamboo and eucalyptus were carried out in 7 liter 

M/K digester equipped with a heat exchanger, circulating pump and computer-

controlled time and temperature, under the following conditions: 250 g chips, 4L/1kg 

liquid/fiber ratio, 170 C maximum temperature, 90 min to maximum temperature, 15 

min at maximum temperature, and initials pH equal to 1.5; 2.0; 2.5 and 6.9. One 
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additional pre-hydrolysis treatment was done at initial pH of 2.5 on bamboo chips that 

were previously treated for calcium removal under the following conditions:  70 ºC, 60 

min and pH= 2.5. For eucalyptus wood the pre-hydrolysis was carried out only at the 

initial pH of 6.9.  In those cases where initial pH values were lower than 6.9, sulfuric 

acid was used to adjust the reaction pH. Bamboo and eucalypt chips obtained in pre-

hydrolysis were characterized for their contents of carbohydrates, lignin, extractives, 

minerals, uronic acids, acetyl and uronic acid groups using the procedures previously 

described for the raw materials.  

 

2.3 Cooking  

 After the pre-hydrolysis stage was completed, the digester was cooled to about 

80 ºC and the residual liquor was drained and collected to determine its pH and the 

alkali requirement for raising the pH to 11.  After removal of the residual liquor from 

the pre-hydrolyzed chips, the cooking liquor was added. The volume of pre-hydrolysis 

liquor retained by the chips was determined gravimetrically on the basis of the original 

feedstock dry weight; this determination was necessary to calculate the volume of 

cooking liquor to be injected into the system. The bamboo soda/AQ (sodium 

hydroxide/anthraquinone) cooking was performed under the following conditions:  30% 

active alkali (AA) on dry wood weight, 4L/1kg liquor/bamboo ratio, 162 ºC maximum 

temperature, 60 min to temperature, 45 min at temperature and 0.10% anthraquinone on 

dry wood weight. The eucalypt kraft (sodium hydroxide/sodium sulfide) cooking was 

performed under the following conditions: 17.4% active alkali, 35% sulfidity, 170 
o
C 

maximum temperature, 90 minutes to temperature and 90 min at temperature.  After 

cooking completion, the spent liquor was drained and the cooked chips were thoroughly 

washed with tap water, the fiber separation was done in a 25 liter “hydrapulper”, and the 

pulp was screened using a laboratory 0.2 mm plate screener. Brown pulp obtained was 

characterized for their kappa number, viscosity and brightness, according to TAPPI 

T236 cm-85, T230 om-99 and T 525 om-92, respectively.  

 

2.4 Bleaching 
 

The bamboo AH-NaOH/AQ and the eucalypt AH-kraft pulps were bleached to 

full brightness with the O-CCE-D-(EP)-D-P and O/O-D-(EP)-D-D sequences, 

respectively, where: O=single-stage oxygen delignification, O/O= double-stage oxygen 

delignification without inter-stage washing, CCE=cold caustic extraction, D= chlorine 

dioxide bleaching, (EP)=oxidative extraction reinforced with hydrogen peroxide, P= 

hydrogen peroxide bleaching. Table 1 shows the conditions used for each bleaching 

stage.  

 The bleached pulps were characterized for their content of carbohydrates by 

high performance liquid chromatography (HPLC), according to the procedure described 

by Wallis et al. (1996). Pulp kappa number, viscosity, brightness, α-cellulose, ashes, 

and dichloromethane extractable contents were measured according to the Tappi 

procedures previously described. The content of metals of bamboo was determined by 
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atomic absorption spectroscopy, according to the SCAN CM 38:96 procedures. The auto-

hydrolysis, cooking and bleaching yields were measured gravimetrically. 

Table 1. General bleaching conditions 

Conditions Bamboo Pulp  Eucalypt Pulp 

O CCE D (EP) D P O/O D (EP) D D 

Consistency (%) 10 12 12 12 12 12 10 10 10 10 10 

Temperature, 
o
C 105 40 60 80 80 80 95/100 55 90 75 75 

Time, min 70 30 40 90 120 120 10/50 40 60 120 120 

Pressure, kPa 600 - - - - - 500/350 - - - - 

O2, kg/t 20 - - - - - 18/0 - - - - 

ClO2 as Cl2, kg/t - - 10 - 30 - - 15.7 - 11 1.0 

NaOH, kg/t 20 80 - 10 5.0 7.0 20/0  - 12.0 - - 

H2SO4, kg/t - - 10 - - - - 5.0 - - 0.5 

MgSO4, kg/t 1.5 - - 1.5 - - 1.5/0 - 1.5 - - 

H2O2, kg/t - - - 3.0 - 3.0 - - 3.0 - - 

Final pH 11.2 13.5 2.8 10.8 4.3 10.3 11.7 2.4 11.2 4.4 4.7 

 

 

3. RESULTS AND DISCUSSION 

3.1 Characterization of Raw Materials 

 The bamboo basic density was 553 kg/m
3
 higher than that of the eucalypt wood 

(516 kg/m³) evaluated. A high density is always favorable in pulp production because it 

increases pulp mill throughput, but may penalize pulping yield due to poor white liquor 

penetration when conditions are not properly optimized; the auto-hydrolysis treatment 

performed before cooking helps white liquor penetration significantly during the 

pulping operation. Therefore, the high density of the bamboo chips does not pose a 

significant problem for dissolving pulp production. 

The chemical characteristics of bamboo and eucalyptus chips are presented in 

Table 2, where it is seen that bamboo glucans content (49.3%) is higher than that of 

eucalypt (47.9%). The bamboo xylan content (19.5%) was also higher than that of 

eucalypt (11.2%), and was compensated by its lower lignin content (22.4%); typically, 

lignin and xylan compensate each other in the chemical composition of biomass 

secondary wall, with the glucan content varying only slightly among different raw 

materials.  The high glucan and xylan contents of bamboo turn this raw material 

interesting for production of dissolving pulp associated with subsequent use of the 

extracted xylan and xylan derivatives for biorefinery purposes. These can be recovered 

through collection and processing of the auto-hydrolysis liquor, after separation of the 

small fraction of lignin (Liu et al. 2010; Danielsson 2007). Bamboo showed very high 

extractive (16.2%) and mineral (1.5%) contents in relation to the eucalypt (4.1% 

extractives and 0.3% minerals). A large fraction of the extractives comes from starch 

but bamboo also presented high content of silica and calcium, 5500 ppm and 1821 ppm, 

respectively. The iron, magnesium and manganese contents were 299.4 ppm, 364.4 

ppm, 9.6 ppm, respectively (Appendix 1). The high extractive and mineral contents is 

quite challengeable for dissolving pulp production. Besides causing a variety of 

operational problems (scaling, corrosion, pitch deposition, chemical degradation during 

bleaching, recovery boiler plugging, etc), minerals and extractives may cause severe 
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difficulties during utilization of the dissolving pulp for production of cellulose 

derivatives, if not properly removed during the process.  

 

Table 2. Quantitative chemical composition of Bamboo and Eucalypt, expressed in 

weight basis percentage of extractive free* dry raw materials. 

Results 
Glucan 

(%) 

Xylan 

(%) 

Galactan 

(%) 

Arabinan 

(%) 

Mannan 

(%) 

Acetyl 

(%) 

Uronic 

Acid 

(%) 

Total 

Extractives** 

(%) 

Ash** 

(%) 

Total 

Lignin 

(%) 

Bamboo 49.3 19.5 0.6 0.8 0.3 3.0 0.9 16.2 1. 5 22.4 

Eucalypt 47.9 11.2 0.9 0.1 0.9 2.0 5.9 4.1 0.3 26.6 

* TAPPI T264 cm-97; **on total wood. 

 

3.2 Pre-hydrolysis of Bamboo Chips 

 Biomass pre-hydrolysis aimed at removing some of its components is usually 

carried out at elevated temperature (150–180 ºC) with water or dilute (sulfuric acid or 

aqueous sulfur dioxide) for reaction times of up to about 2 h depending on the 

temperature (Behin and Zeyghami 2009). The pre-hydrolysis in water is, generally, 

referred as auto-hydrolysis and in mineral acid as acidhydrolysis. During the pre-

hydrolysis in water acetyl groups are cleaved from the β-(1–4)-linked xylan backbone 

and the acetic acid released acts as a catalyst for the hydrolysis of glycosidic bonds. The 

resulting pH in the prehydrolyzate ranges between 3 and 4. The addition of a mineral 

acid catalyst will, of course, greatly increase the rate of solubilization of the xylan (Sixta 

2006). 

 To determine the optimum pre-hydrolysis conditions for maximum removal of 

the xylans of bamboo, various pre-hydrolysis in different initial pH values were carried 

out. Some results obtained in the pre-hydrolysis are shown in Table 3. 

 

Table 3.  Bamboo chips pre-hydrolysis results 
 

Initial pH Final pH 
Hydrolysate solids 

(%) 

Yield  

(%) 

Pre-hydrolysis 

1.5 2.0 7.4 67.7 

2.0 3.7 5.6 73.0 

2.5 4.3 4.4 81.5 

6.9 4.4 4.0 95.1 

 

 It was realized that the yield losses with decreasing pre-hydrolysis pH were 

reflected in increased hydrolysate solids content. Also, it was noticed that even for 

initial pH values lower than 2.5, it was found that final pH values were higher than the 

initial ones. The treatment at initial pH of 6.9 ended at pH 4.4. This drop in pH was 

anticipated since acetic acid is produced in the course of the pre-hydrolysis. In fact this 

pH value was expected to drop much more to a range of 3.0 as is usual for hardwood 

chips. Considering that the bamboo chips studied contained more acetyl groups than 

wood, a pH much lower than 4.4 should have occurred.  

 The large amount of Ca present in the bamboo (1821 ppm) may explain this less 

than ideal pH drop in the case of the pre-hydrolysis at initial pH 6.9, through formation 

of calcium hydroxide in reaction with water. Being a weak acid, the acetic would have 

no effect on reducing the pH of the treatments that started at pH 1.5, 2.0 and 2.5. 
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However the pH increase in these cases is difficult to explain. In order to determine the 

effect of calcium on the pH drop and, consequently, on the pre-hydrolysis efficiency, an 

attempt was made to remove calcium from the bamboo before the pre-hydrolysis 

treatment. The chips were treated with acid at mild conditions (70 ºC, 60 min and pH= 

2.5). These chips depleted of calcium were prehydrolyzed at pH 2.5 under the same 

conditions used for the pre-hydrolysis of the original chips. With the calcium depleted 

chips the final pH was 3.8. This value is 0.5 units lower than the pre-hydrolysis in initial 

pH of 2.5 without pretreatment (pH 4.3), indicating that calcium does affect the drop of 

pH across the pre-hydrolysis and, consequently, the efficiency of the process. Metal 

analysis showed that the calcium content decreased 38.9% in the pretreatment plus pre-

hydrolysis while the pre-hydrolysis alone reduced calcium content by only 24.6%.  

Consequently, the removal of acetyl groups, xylans, extractives, minerals and uronic 

acids during the pre-hydrolysis was more significant for the chips that were pretreated 

for calcium removal (Table 4). The lignin content increased (24.0%) and the yield 

(78%) decreased because of the more efficient xylan removal, which affected the mass 

balance.  

 

Table 4. Pre-hydrolysis at initial pH of 2.5 on regular Bamboo chips and chips 

pretreated for calcium removal. 

Pre-hydrolysis  
Yield 

(%) 

Xylan 

Removal 

(%) 

Acetyl 

Removal  

(%) 

Uronic 

Acid 

Removal 

(%) 

Total 

Extractives 

Removal 

(%) 

Ash 

Removal 

 (%) 

Total 

Lignin  

(%) 

Ca 

Removal  

(%) 

Chips 

Pretreated for 

Ca Removal 

78.0 31.2 61.0 39.4 40.8 70.4 24.0 38.9 

Regular Chips 81.5 22.7 56.5 36.6 36.6 65.3 23.3 24.6  

 

 Figure 1A shows that decreasing initial pH favored xylan removal. The pre-

hydrolysis in initial and final pH equal to 1.5 and 2.0, respectively, achieved the higher 

removal with almost 80%, decreasing from its original 19.5% to 5.8%. While the other 

pre-hydrolysis  increased final pH around 1 point, that one increased 0.5 (Table 3), this 

is because the pre-hydrolysis  in initial pH of 1.5 achieved 91% for acetyl group 

removal which by formation of acetic acid in middle it prevented a bigger increasing of 

final pH, decreasing from its original 3.0% to 0.4%. 

 Figures 1B shows that acetyl groups removal increases with decreasing initial 

pH. It is worth noting that increasing initial pH over 2.5 had on a slight impact on end 

pH and acetyl group and xylan removal (Figs 1A and 1B).  Uronic acid removal was 

rather significant up to the initial pH of 2.5, and continued up to the initial pH of 6.9 

(Fig. 1C). A 75% uronic acid removal was achieved at the 1.5 initial pH. The removal 

of uronic acid groups is important for dissolving pulps because they may cause pulp 

brightness instability after being converted into hexenuronic acids during Kraft pulping 

(Sixta 2006). 

 Figure 1D shows the effect of pre-hydrolysis initial pH on bamboo total lignin 

content. The original material contained 22.4% total lignin and its content increased 

with decreasing pre-hydrolysis initial pH up to 2.5. The increase in lignin content is 
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explained by the decrease in xylan content, which affected the total mass balance and 

the relative lignin content. Obviously, there is no absolute increase in the bamboo 

original lignin content. 

  

  

    

  

Figure 1. Effect of pre-hydrolysis pH on xylan removal (A), acetyl groups removal (B), 

uronic acids removal (C), total lignin (D), glucans (E) and total extractive removal (F) 

from bamboo chips. 

 

 The Figure 1E shows the effect of pre-hydrolysis initial pH of bamboo glucans 

content. The original bamboo contained 49.3% glucans, and its content increased with 

decreasing pre-hydrolysis pH from 2.5 to 1.5. The glucans increase occurs as a 

consequence of xylan, mineral, uronic acid, and acetyl group removal, which in turn 

C D 

A B 

E F 
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negatively affected the process yield. The lowest pre-hydrolysis yield (67.7%) occurred 

at initial pH of 1.5.   

 The pre-hydrolysis initial pH also affected extractives removal (Figure 1F). The 

extractives removed during the pre-hydrolysis consist, mainly, of substances soluble in 

hot water. These included tannins, gums, sugars, pigments, and starches (Liu 2004). In 

some bamboo species the starch content may reach 10%.  Since starches are hydrolyzed 

in acid medium, it is believed that the increasing in extractive removal with decreasing 

initial pH is due mainly to starch removal. The extractive removal during pre-hydrolysis 

is desirable to minimize active alkali demand during the subsequent kraft pulping and 

improving white liquor impregnation. The highest extractive removal was 49% (from 

16.2 to 12.2%).  

The presence of certain inorganic compounds such as silicates, Ca salts, and 

catalytically active transition metal ions (Fe, Mn, Co, etc.) clearly impairs the 

filterability and spinnability of a cellulose spinning dope (e.g., viscose or lyocell type of 

fibers). Moreover, pulp contamination with inorganic compounds leads to a gradual 

clogging of the spinnerets, and this alters the uniformity of the fiber titer (Sixta 2006 b). 

So, mineral removal before pulping and bleaching processes is very important for 

dissolving pulp production processes.  
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Figure 2. Effect of pre-hydrolysis pH on mineral removal from bamboo chips.  

 

 The bamboo mineral removal in the pre-hydrolysis increased with decreasing 

initial pH (Figure 2).  A 73.8% removal (from 1.5 to 0.58%) was achieved at the initial 

pH of 1.5. This result was expected since minerals solubility increases with decreasing 

reaction pH; the only exception being for silica and silicates, which are more soluble 

under alkaline reaction conditions. Minerals may deposits in the digester during the 

pulping process, decreased pulp brightness stability and viscosity, chemicals 

decomposition, corrosion and scaling during bleaching. The minerals originate mainly 

from a variety of salts deposited in the fiber cell wall and lumen. Typical deposits are 

various metal salts, such as carbonates, silicates, oxalates, and phosphates (Sjöstrom 

1993). The mineral content of bamboo is made up of inorganic minerals, primarily 

silica, calcium, and potassium. Manganese and magnesium are two other common 

minerals (Liu 2004).  The metal cations are linked to the carboxyl groups of the wood 

components. As the pre-hydrolysis pH is lowered, most of these groups become 



9 
 

40

45

50

55

60

1

2

3

4

5

1 2 3 4 5 6 7

S
il

ic
a

 R
e
m

o
v

a
l 
%

F
in

a
l 
p

H
 

Initial pH

End pH Silica Removal

0

15

30

45

60

75

90

1

2

3

4

5

1 2 3 4 5 6 7

F
e
  
R

e
m

o
v

a
l 
 %

F
in

a
l 
p

H
 

Initial pH

End pH Fe Removal

protonated, which leads to the release of metal ions (Lindgren et al. 2002). Another 

factor that contributes to the removal of minerals at acid pH is metal salts dissolution.  

 Silica content in bamboo is higher in the epidermis, with very little in the nodes 

and absent in the internodes (Liu 2004). Figure 3A shows no relationship between pH of 

pre-hydrolysis and silica removal. When the operation of chipping bamboo is 

performed, crystals of silica are released from the cell wall, forming a dust. This 

represents part of the silica losses observed in most pre-hydrolysis treatments. During 

the washing of the chips resulting from of pre-hydrolysis, part of the silica may be 

leached with water, reducing the silica content, regardless of initial pH. 

 Transition metals may decompose hydrogen peroxide into water and oxygen due 

to their ability to change the oxidation state. The most reactive metals in the bleaching 

process are iron, manganese and copper (Devenyns et al. 1995). The relationship 

between iron removal and pre-hydrolysis initial pH is shown in Figure 3B. Iron removal 

increases with decreasing initial pH, reaching a maximum of 82.8% removal (from 

299.4% to 76.0%) at the pH of 1.5. The pre-hydrolysis at initial pH of 6.9 removed only 

about 10% of the iron. The low iron removal at the higher pH range is explained by the 

strong bonds of this metal to wood components as reported by other authors (Colodette 

and Dence 1989). Thus, a strong acid medium is required to break the complexation and 

warrants sufficient iron removal. 

 

    

Figure 3. Effect of pre-hydrolysis pH on silica (A) and iron (B) removal from bamboo 

chips. 
 

 Calcium causes incrustation in various sectors of pulp and paper mill. 

Magnesium can also cause incrustation, but its presence in bleaching with oxygen and 

hydrogen peroxide is positive since it minimizes the degradation of carbohydrates. It is 

believed that the Mg precipitates with hydroxides, which absorbs other metal ions or 

form a complex with them, turning them unavailable to catalyze the decomposition of 

peroxide (Moreira 2006).  

 The highest removal of magnesium was also at the initial pH of 1.5, with 90.5% 

(Figure 4A). Magnesium minimizes the degradation of carbohydrates during pulp 

bleaching, but its removal is desirable to improve the dissolving pulp quality. The 

removal of manganese was around 87% at an initial pH of 1.5 and decreased with 

increasing pre-hydrolysis pH (Fig. 4B). Manganese has a negative effect on bleaching 

A B 
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since it catalyzes the decomposition of oxygen-based reagents. The calcium removal 

was significant in the pre-hydrolysis at the initial pH 1.5, with almost 70% of removal 

(Figure 4C). High calcium concentrations favor scaling and corrosion during pulping 

and bleaching operations, in addition to their negative effect on dissolving pulp 

derivatives filterability and spinnability and loss of resistance of the wire.  

 

 
 

  

  Figure 4. Effect of pre-hydrolysis initial pH on magnesium removal (A), manganese removal 

(B), calcium removal (C), and yield (D) from bamboo chips.  

 

 The Figure 4D represents yield loss with decreasing pre-hydrolysis pH. The 

overall fiber line yield for dissolving pulp production rarely exceeds 30–35% (Christov 

et al. 1998). Therefore, the yield of pre-hydrolysis should be used as the main factor to 

determine which treatment is chosen. The most efficient treatment for the removal of 

xylan and metals was the pre-hydrolysis at the initial pH of 1.5, but at this pH yield was 

only about 68%. On the other hand, the pre-hydrolysis at pH 6.9, in fact an auto-

hydrolysis, showed the lowest removal of the bamboo components and, consequently, 

the highest yield. In addition, this treatment resulted in low environmental impact and 

lignin re-polymerization was largely avoided due to absence of mineral acids in the 

reaction system (no acid addition), which makes it an attractive for dissolving pulp 

producers. Thus, this work proceeded with the auto-hydrolysis treatment at an initial pH 

of 6.9 in order to produce dissolving pulp from bamboo.  

 

 

A 

B 

C D 



11 
 

3.3 Bamboo versus Eucalyptus Chip Auto-hydrolysis 

 The auto-hydrolysis (AH) treatment resulted in significant xylan removal for 

both bamboo and eucalypt, with the process being more effective for the latter. The 

bamboo xylan content decreased by 9.9%, from its original 19.5% in the wood to 18.5% 

in the AH chips taking into account the 5% yield loss, whereas the eucalypt xylan 

decreased by 29.4%, from 11.2% in the wood to 8.9% in the AH chips, taking into 

account the 11.1% yield loss (Table 5). The auto-hydrolysis of bamboo was less 

effective to remove xylans than the eucalypt one even though the bamboo acetyl group 

content was higher than that of eucalypt.  This fact may be explained by bamboo high 

extractives and mineral contents (particularly starch and calcium), which prevented the 

natural pH drop of the reaction system, which is typical of auto-hydrolysis reactions; the 

end pH reached 4.4 only while the expected would have been 2.5-3.0. On the other hand 

the significant amount of starch existing in the bamboo chips may have hindered chip 

impregnation in the auto-hydrolysis.  Another explanation is the more condensed nature 

of the bamboo lignin which may have impaired the xylan release since xylan is linked to 

lignin. The bamboo and eucalypt lignin H:S:G ratio were 1:2:2.1 and 0.1:2:1, 

respectively. The AH treatment increased bamboo and eucalypt lignin content from 

their original 22.4 and 26.6% to 23.2 and 27.6% in the hydrolyzed chips, respectively. 

This increase in explained by the partial removal of xylans which altered the relative 

mass balance in both feedstocks. It was obtained a total lignin removal of 1.5% and 

7.8% for bamboo and eucalypt, respectively. 

 

Table 5.  Bamboo and Eucalypt chip auto-hydrolysis (AH) results. 

AH Results 
Yield  

(%) 

Xylans 

 (%) 

Xylans 

Removal  

(%) 

Lignin 

(%) 

Spent liquor 

pH 

Total  

Lignin Removal 

(%) 

Bamboo 95.1 18.5 9.9 23.2 4.4 1.5 

Eucalypt 88.9 8.9 29.4 27.6 2.8 7.8 

 

3.4 Pulping Results  

 In order to cook the auto-hydrolyzed bamboo and eucalypt chips to kappa 

number 11.2 and 17.4, respectively, alkali charges of 30% and 17.4% as NaOH were 

required (Table 6). Pulp viscosity was quite satisfactory for both bamboo and eucalypt, 

with a higher value for the wood, reflecting its lower active alkali requirement.  

 

Table 6. Kraft pulping results for auto-hydrolyzed Bamboo and Eucalypt chips (from 

Table 2)  

Cooking 

Results 

AA (%) 

NaOH 
Kappa No. 

Pulping 

Yield  

(%) 

AH + 

Pulping 

Yield  

(%) 

Pulp 

Viscosity 

(mPa.s) 

Xylans  

(%) 

BLS 

(%) 

Bamboo 30 11.2 43.4 41.2 46.8 8.4 16.5 

Eucalypt 17.4 17.4 44.6 40.5 61.1 3.3 15.3 
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 The cooking screened yields were determined on the basis of the auto-

hydrolyzed wood chip weight and they were 43.4% and 44.6% for bamboo and wood, 

respectively. Hence, the xylan removal from raw material by AH significantly 

decreased subsequent kraft pulping yield. For bamboo, screened yields of 45-46% have 

reported for the same kappa number range used in this work (Vu et al., 2004 and Guo et 

al., 2010). For the eucalypt Santiago and Neto (2007) found a screened yield of 56.0% 

for target kappa number in this study. The overall yield, including auto-hydrolysis (AH) 

plus pulping were 41.2% and 40.5% for bamboo and eucalypt, respectively. The low 

stability of the carbohydrates remaining in the raw materials after the AH treatment 

towards kraft cooking may be explained by two factors: (1) the xylans remaining in the 

auto-hydrolyzed chips are very sensitive to kraft cooking conditions because they are 

severely degraded,  possessing  very low molecular weight and high concentration of 

reducing end groups and thus very sensitive to alkali; (2) the cellulose chains become 

more susceptible to kraft cooking because the xylan layer existing over the cellulose 

fibrils is partially removed exposing the cellulose to alkali attack with consequent 

decrease in MW and increased polydispersity (Colodette et al. 2011). The xylan retained 

in the pulps derived from bamboo and eucalypt were 8.4% and 3.3%, respectively, after 

the pulping operation.  

 The eucalypt pulp containing only 3.3% xylan can be used for dissolving pulp 

applications grades after bleaching. However, the bamboo pulp containing 8.4 % xylans 

finds little application in the dissolving pulp industry due to its high xylan content, in 

spite of the harsh pulping conditions used. For this pulp a subsequent xylan removal 

step is required during the bleaching operation. 

  

3.5 Oxygen Delignification and Bleaching  

 The oxygen delignification efficiencies of pulps derived from auto-hydrolyzed 

bamboo and eucalypt chips were 66.1% and 66.7%, respectively. The oxygen 

delignification efficiency is calculated on the basis of kappa number before and after the 

oxygen stage. The viscosity drop was higher for the bamboo pulp and resulted in lower 

oxygen stage selectivity for this pulp. The brightness out for the bamboo was 

comparable to eucalypt. In general, the performance of the oxygen delignification was 

quite high for both pulps if compared, for example, with conventional kraft pulps 

derived from wood. The Table 7 shows the results obtained for oxygen delignification. 

 The oxygen delignified pulps derived from bamboo and eucalypt  AH chips 

were further bleached to ≥92% ISO brightness with the CCE-D-(EP)-D-P and D-(EP)-

D-D sequences, respectively (Table 8). A fixed kappa factor was applied in the first 

chlorine dioxide stage and variable chlorine dioxide doses were applied in the second 

D-stage. The total chlorine dioxide dose required to produce full brightness was 

calculated by the sum of the ClO2 applied in the D0 Stage (kappa factor) plus the 

optimum ClO2 dose obtained in the D1 stage, which produced the target brightness. 

More detailed information about the operating conditions used in each bleaching stage 

is given in Table 1 and in the footnotes of Table 8. The brightness obtained for the 

bamboo (92.4%) was similar to that of acetate grade wood pulp (92.7%) reported in 
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literature (He et al. 2008).The total active chlorine demand was higher for the bamboo 

pulp (52.5 kg/odt pulp) in relation to that for the eucalypt one (34 kg/odt pulp). 

 

Table 7. Oxygen delignification performance for pulps derived from Bamboo and 

Eucalypt auto-hydrolyzed (AH) chips 
Oxygen 

Delignification 

Results 

Kappa drop 

(%) 

Viscosity drop 

(%) 

Brightness out 

 (% ISO) 
Selectivity* 

Bamboo 66.1 62.2 47.2 1.1 

Eucalypt 66.7 50.2 47.1 1.3 

*Selectivity=kappa drop (%)/viscosity drop (%) 

 

 Note that the bamboo pulp had a kappa number of 3.8 after oxygen 

delignification while that of the eucalypt had a kappa of 5.8. Hence, the higher active 

chlorine demand of the bamboo pulp in relation to the eucalypt one can only be 

explained assuming that bamboo lignin is more condensed, particularly that fraction 

coming from p-hydroxyphenyl type lignin, which was significant in this bamboo sample 

(H:S:G = 1:2:2.1). The yield loss across bleaching was higher for the bamboo pulp. The 

bamboo pulp also presented lower brightness stability and viscosity than the eucalypt 

one. The low viscosity (6.2 mPa.s) of the bleached bamboo pulp somewhat limits its 

applications for certain dissolving grades applications such as acetate and nitrate; but it 

could be useful for production of viscose rayon and CMC derivatives. According to 

Henriksson et al. (2005) and Kvarnlöf et al. (2006) during the viscose process it is 

necessary to decrease pulp viscosity to values in the range of 200–300 dm³/kg or 3.5–

4.5 mPa.s via a pre-aging stage, since a high viscosity affects the cellulose process 

ability. Considering that the largest viscosity loss of the bamboo pulp occurred in the 

oxygen delignification stage, the use of magnesium in such stage could mitigate the 

problem to some extent. The eucalypt pulp viscosity (16.3 mPa.s) is quite acceptable for 

most dissolving pulp applications.  

 The CCE stage was included in the bleaching of bamboo pulp in order to meet 

the low hemicelluloses and extractives requirements of such pulps. The efficiency of 

conversion of cellulose into specific derivatives is dependent upon hemicelluloses 

content of the dissolving pulp (Christov et al. 1998). Hemicelluloses are undesirable 

impurities in dissolving pulps, affecting the cellulose processability, e.g. the filterability 

and the xanthanation in the viscose process, and properties of the cellulose- end 

products such as the viscose strength (Christov and Prior 1993). In this study, a bamboo 

bleached pulp containing 5.1% xylan was achieved (Table 8), a value which is 

acceptable for many dissolving pulp applications (Christov et al. 1998).   

 The mineral content of the bleached bamboo pulp were within acceptable levels. 

For example, Barba et al. (2002) showed that  carboxymethylcellulose (CMC) can be 

produced from non-wood dissolving pulps an ash content about six times greater than 

the one found for the bamboo pulp of this work. A detailed study (Table 9) of the 

bamboo ash showed that it is mainly comprised of calcium, iron, manganese, copper 

and silica. The α-cellulose content (94.9%) is in agreement with the values (>90%) 
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reported in the literature for viscose grade pulps (Christov et al. 1998; Behin and 

Zeyghami 2009) and 90-99% (Ibarra et al. 2010). 

 The dichloromethane (DCM) extractive content of bamboo pulp obtained was 

0.041% (Table 9). Recent literature (He et al. 2008) found that DCM extractive content 

for acetate and viscose grade bamboo pulp were 0.08% and 0.22%, respectively. This 

shows that the proposed cooking e bleaching method, including a CCE stage, was 

effective in achieving suitable pulp extractive levels for dissolving applications. 

 

4. CONCLUSIONS 

 The chip auto-hydrolysis process applied to dissolving pulp production improves 

the xylan removal but decreases pulp yield. The AH-NaOH/AQ pulping process and the 

O-CCE-D-(EP)-D-P bleaching sequence proved suitable for production of dissolving 

pulp from bamboo and resulted in bleached pulp of 94.9% α-cellulose, 92.4% 

brightness, 6.2 mPa.s viscosity,  5.1% xylans, 0.04% DCM extractives and 0.13% ash, 

which are acceptable specifications for many dissolving grade pups. The low viscosity 

limits the applications of the bamboo pulp for certain dissolving grades applications 

such as acetate and nitrate; but it is useful for production of viscose rayon and CMC 

derivatives. When compared to eucalypt dissolving pulp, the bamboo pulp is of slightly 

lower quality and its production is more costly. The use of a mineral acid in the auto-

hydrolysis, converting it into an acid pre-hydrolysis is effective for bamboo xylan 

removal but result in very low fiber line yield. 
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Table 8. Bleaching and pulp quality results for Bamboo and Eucalypt dissolving pulps. 

Conditions 
Bamboo Pulp  Eucalypt Pulp 

O CCE D0 (EP) D1 P O/O D
 

(EP) D1 D2 

Reagent 

Consumed, % 
- - 98.4 100 99.3 100 - 100 100 100 100 

Kappa Number 3.8 3.5 - - - - 5.8 - 1.2 - - 

Brightness, % 

ISO 
47.2 45.4 71.7 81.1 91.5 92.4 50.5 74.7 84.9 91.3 92.0 

Brightness 

Reversion, % 

ISO 

- - - - - 2.4 - - - - 1.5 

Viscosity, mPa.s 17.7 23.3 - 6.9 6.8 6.2 30.4 - 20.5 19.4 16.3 

Yield, % - - - -  92.7 - - - - 95.6 

Xylans, % - - - - - 5.1 - - - - - 

Alpha-Cellulose - - - - - 94.9 - - - - - 

Ash, % - - - - - 0.13 - - - - - 

Ca, ppm - - - - - 277 - - - - - 

Fe, ppm - - - - - 25.5 - - - - - 

Mn, ppm - - - - - 1.7 - - - - - 

Si, ppm - - - - - 24 - - - - - 

Dichloromethane 

Extractable, % 
- - - - - 0.041 - - - - - 

1
Total Active 

Chlorine, kg/bdt 
  52.5      34   

2
Yield loss, %   7.3      4.3   

*Bamboo: D0-stage:12% consistency, 60
o
C, 40 min, Kappa Factor 0.20, 2.8 end pH and 10 kg/bdt; D1-

stage:12% consistency, 80
o
C, 120 min, 4.5 end pH and 10, 15, 20 and 30 ClO2; Eucalypt: D1-stage:10% 

consistency, 75
o
C, 120 min, Kappa Factor 0.27, 4.5 end pH; D2-stage:10% consistency, 75

o
C, 120 min, 

4.5 end pH and 1, 2, 4 and 6 kg/bdt ClO2. 
1
Total active chlorine (kg/bdt) = ClO2(kg/bdt)*2.63 + H2O2(kg/bdt)*2.09; 

2
Includes yield loss across oxygen delignification stage 
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Table 1. Chemical Analysis for Pre-hydrolysis bamboo 

Sample 
Glucans 

(%) 

Xylans 

(%) 

Galactans 

(%) 

Mannans 

(%) 

Arabinans 

(%) 

Soluble 

Lig.  

(%) 

Insoluble 

Lig.  

(%) 

Total 

Lignin 

(%) 

Uronic 

acid 

(%) 

Acetyl 

(%) 

Total 

Extractive 

(%) 

Ash 

(%) 

Bambu 

original 

49.2 19.7 0.6 0.2 0.7 0.8 21.5 22.3 0.9 3.0 16.2 1.5 

49.3 19.2 0.6 0.3 0.8 0.8 21.6 22.4 0.9 2.9 16.2 1.5 

Average 49.3 19.5 0.6 0.3 0.8 0.8 21.6 22.4 0.9 3.0 16.2 1.5 

 
Initial pH 

6.9 

53.2 18.6 0.4 
 

0.6 0.8 22.3 23.1 0.7 1.5 11.4 0.69 

52.6 18.3 0.4 
 

0.7 0.7 22.0 22.7 0.8 1.5 11.8 0.65 

Average 52.9 18.5 0.4 ND 0.7 0.8 22.2 22.9 0.8 1.5 11.6 0.67 

 
Initial pH 

2.5 with 

pretreatment 

56.3 17.3 
   

0.5 23.7 24.2 0.7 1.5 12.5 0.58 

55.2 17.0 
   

0.5 23.2 23.8 0.6 1.5 12.1 0.56 

Average 55.8 17.2 ND ND ND 0.5 23.5 24.0 0.7 1.5 12.3 0.57 

 
Initial pH 

2.5 

54.4 18.5 
   

0.5 23.1 23.6 0.7 1.6 12.9 0.63 

53.4 18.4 
   

0.5 22.5 23.0 0.7 1.6 12.3 0.64 

Average 53.9 18.5 ND ND ND 0.5 22.8 23.3 0.7 1.6 12.6 0.64 

 

Initial pH 2 
58.6 16.3 

   
0.3 24,0 24.3 0.7 1.3 11.4 0.64 

57.8 15.8 
   

0.3 24.1 24.4 0.6 1.3 12.0 0.64 

Average 58.2 16.1 ND ND ND 0.3 24.1 24.4 0.7 1.3 11.7 0.64 

 
Inital pH 

1.5 

68.1 5.9 
   

0.3 25.9 26.2 0.3 0.4 12.0 0.56 

64.2 5.7 
   

0.3 26.3 26.6 0.3 0.4 12.4 0.59 

Average 66.2 5.8 ND ND ND 0.3 26.1 26.4 0.3 0.4 12.2 0.58 
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Table 2. Chemical Analysis for Pre-hydrolysis bamboo 
Sample Fe (ppm) Mg (ppm) Ca (ppm) Mn (ppm) Si (ppm) 

Bambu original 
301.2 398.0 1823.2 9.6 6000 

297.5 330.7 1818.8 9.6 5000 

Average 299.4 364.4 1821.0 9.6 5500 

 

Initial pH 6.9 
290.0 190.4 1782.2 8.9 3000 

276.8 181.1 1764.6 9.6 3000 

Average 283.4 185.7 1773.4 9.3 3000 

 
Initial pH 2.5 

with pretreatment 

281.0 94.9 1438.6 5.8 3000 

271.6 88.4 1415.6 5.8 3000 

Average 276.3 91.7 1427.1 5.8 3000 

 

Initial pH 2.5 
288.8 136.3 1658.3 7.8 4000 

296.7 140.0 1709.5 7.7 3000 

Average 292.8 138.2 1683.9 7.8 3500 

 

Initial pH 2 
222.9 81.7 1117.1 4.3 4000 

227.0 79.9 1204.6 4.2 3000 

Average 224.9 80.8 1160.8 4.3 3500 

 

Inital pH 1.5 
79.4 50.8 822.0 1.8 4000 

72.6 51.9 795.3 1.7 5000 

Average 76.0 51.4 808.6 1.8 4500 

Table 3. Pre-hydrolysis 

Sample 

Hydrolysate 

solids 

(%)  

Final 

pH 

Yield 

(%) 

Initial pH 

6.9 
4.0 4.4 95.1 

Initial pH 

2.5 with 

pretreatment 

5.0 3.8 78.0 

Initial 

pH=2.5 
4.4 4.3 81.5 

Initial 

pH=2.0 
5.6 3.7 73.0 

Initial 

pH=1.5 
7.4 2.0 67.7 
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Table 4. Pulping 

Sample 
Active 

Alkali, % 
Kappa 

Pulping Yield, % PHK+ 

Pulping 

Yield, % 

Viscosity, 

mPa.s 
Xylans, % 

Screened Rejects Total 

Eucalypt 

17.4 17.6 45.1 0,1 45.2 40.2  --- 

17.4 18.2 45.2 0.2 45.4 40.4  --- 

17.4 18.0 44.7 0.1 44.8 39.8  --- 

17.4 16.0 45.0 0.0 45.0 40.0  --- 

17.4 16.7 44.3 0.1 44.4 39.5  --- 

17.4 16.2 44.7 0.1 44.8 39.8  --- 

17.4 17.7 44.3 0.1 44.4 39.5  --- 

17.4 17.7 44.3 0.1 44.4 39.5  --- 

17.4 17.7 43.9 0.1 44.0 39.1  3.4 

17.4 17.7 43.9 0.1 44.0 39.1  3.2 

17.4 17.4 44.5 0.1 45.6 40.5 61.1 3.3 

Bamboo 

30.0 9.7 42.6 0.0 42.6 40.0  --- 

30.0 12.5 44.3 0.0 44.3 42.2  --- 

30.0 12.2 43.5 0.0 43.5 41.4  --- 

30.0 11.0 44.0 0.0 44.0 41.9  --- 

30.0 11.4 43.7 0.0 43.7 41.6  --- 

30.0 11.2 43.0 0.0 43.0 40.7 46.9 8.23 

30.0 9.2 42.8 0.0 42.8 40.3 46.5 8.54 

30.0 11.2 43.4 0.0 43.4 41.2 46.8 8.38 
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Table 5. Bleaching- Eucalypt 

Conditions and Results 

  Bleaching Stage 

O/O D EP D1 D2 D2 D2 D2 

Consistency, % 10 10 10 10 10 10 10 10 

Temperature, 
o
C (95+100) 55 90 75 75 75 75 75 

Time, min (10+50) 40 (15+45) 120 120 120 120 120 

Kappa factor - 0.27 - - - - - - 

ClO2 as Cl2, kg/t - 15.66 - 11 1 2 4 6 

H2O2, kg/t - - 3 - - - - - 

NaOH, kg/t (20+0)  - 12.0 - - - - 0.3 

MgSO4, kg/t (1.5+0) - 1.5 - - - - - 

H2SO4, kg/t - 5 - - 0.5 0.3 - - 

O2, kg/t (18+0) - - - - - - - 

Pressure, kPa  500 - - - - - - - 

Final pH  11.7 2.4 11.2 4.4 4.7 4.6 4.6 4.5 

Reagent Consumed, % - 100.0 100.0 100 100 100.0 100.0 100.0 

Kappa number 5.8 - 1.2 - - - - - 

Bleaching Yield, % 98.1    97.5    

Brightness, % ISO 47.1 70.4 83.0 91.8 92.0 92.2 92.5 92.9 

Reversion, % ISO  - - - - 1.5 1.7 1.6 1.6 

Viscosity, mPa.s  30.4 - 20.4 19.4 16.3 - - -  
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Table 6. Bleaching- Bamboo 

Conditions and Results  
Bleaching Stage 

O CCE D (EP) D D D D P P P P 

Consistency, % 10 12 12 12 12 12 12 12 12 12 12 12 

Temperature, 
o
C 105 40 60 80 80 80 80 80 80 80 80 80 

Time, min 70 30 40 90 120 120 120 120 120 120 120 120 

 Kappa factor - - - - - - - - - - - - 

ClO2 as Cl2, kg/t - - 10 - 10 15 20 30 - - - - 

H2O2, kg/t - - - 3 - - - - 3 3 3 3 

NaOH, kg/t 20 80 - 10 - 1 2 5 7 7 7 7 

MgSO4, kg/t 1.5 - - 1,5 - - - - - - - - 

H2SO4, kg/t - - 10 - - - - - - - - - 

O2, kg/t 20 - - - - - - - - - - - 

Presssure, kPa 600 - - - - - - - - - - - 

Reagent Consumed, % - - 98.4 100 100 99.3 99.2 99.3 100 100 100 100 

pH Final 11.2 13.5 2.8 10.8 3.9 4.2 3.9 4.3 10 10.2 9.9 10.3 

 Kappa Number 3.8 3.5 - - - - - - - - - - 

Bleaching Yield, % - - - - - - - 92.7 - - - 
 

Brightness, % ISO 47.2 45.4 71.7 81.1 89.9 90.6 91 91.5 90.5 91 91.7 92.4 

Reversion, % ISO - - - - - - - - 2.5 2.3 2.2 2.4 

Viscosity, mPa.s 17.7 23.3 - 6.9 - - - 6.8 - - - 6.2 

Yield, % - - - - - - - 92.7 - - - 
 

Xylans, % - - - - - - - - - - - 5.1 
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