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Abstract 

Eucalypt wood has become one of the main raw materials for pulp production, mainly in South America. 
Through this study, 19 eucalypt clones were analyzed regarding their forestry production, and chemical 
characteristics.  After this analysis, among the 19 clones, 5 were chosen to be analyzed concerning their 
potential for pulp production, including one commercial clone which was used as a reference clone of high 
quality and performance for pulp production. Two pulping processes were used to convert eucalypt clones 
into pulps, namely, Soda-AQ and kraft processes. The main findings of this paper were: (1) high 
technological quality of Eucalyptus clones evaluated, and that they can be used for pulp production since most 
of the clones had performance similar to clone IP; and (2) the Soda-AQ process seems to be a potentially 
replace the kraft for a high degree of wood delignification. 

I. INTRODUCTION 

Eucalyptus is now one of the main raw materials for pulp production, mainly in South America. The wood 
quality is a factor of extreme importance when the goal is the production of pulp with high industrial yield, 
low cost and high quality. Regarding the process of pulping, the vast majority of variables have been well 
studied and they are known and altered depending on the raw material. Thus, in order to achieve the 
production target pulp of high quality, the biggest challenge industries is the selection of suitable raw 
materials for their supply. Many studies have been done in order to increase wood productivity and improve 
its quality aiming at the pulp production through the selection of clones with better performance and crossings 
between them. Good results have been observed, for example, the average productivity of the Brazilian 
eucalypt forests increased from 24 m3/ha/yr in 1980 to 41m3/ha/yr in 2010, representing a 71% increase in 
productivity of planted forests in Brazil [1]. 
A recent study aiming a better characterization of clones of Eucalyptus grown in Brazil [2] involved the major 
pulp Brazilian industries and showed that these plantations in Brazil have the highest global levels of average 
annual increment (MAI). The eucalypt clones analyzed in his study demonstrate a high productivity, with 
20% of clones with MAI higher than 50 m3/ha/yr, and 70% of the clones showed increments higher than 
40m3/ha/yr. For the scientific community and industries, it is very important to know which are the new 
opportunities and which are the chances of gain in quality with the available raw materials for pulp 
production. Therefore, this study aimed to evaluate the wood quality of 19 eucalypt clones with the most 
recent interbreeding aiming bleached pulp production and testing the best 5. 
 
II. MATERIAL AND METHODS 

For this study, 18 wood samples of Eucalyptus in commercial cutting age were used, provided by 
GENOLYTPUS project, located in Minas Gerais State – Brazil and it was also studied one sample of 
Eucalyptus globulus pure from Europe called IG. The complete list of the eucalypt clones used in this study is 
presented in the Table 1. The eucalypt clones were investigated regarding their biomass productivity, 
moisture, basic density, and chemical characteristics according methodology proposed by Gomes [3]. But 
although this study had 19 eucalypt clones available, only 5 were studied regarding the potential for pulp 
production due to the high cost of such a study. 
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Table 1. Description of the eucalypt clones. 
 Sample Code BiomassType 
1 U1xU2 E. urophylla (Flores IP) x E. urophylla (Timor) 
2 U2xC1 E. urophylla (Timor) x E. camaldulensis (VM1) 
3 G1xUGL E. grandis (Coffs Harbour) x [E. urophylla (R) x E. globulus (R)] 
4 U1xUGL E. urophylla (Flores IP) X [E. urophylla (R) x E. globulus (R)] 
5 U1xC2 E. urophylla (Flores IP) x E. camaldulensis(VM2) 
6 C1xC2 E. camaldulensis (VM1) x E. camaldulensis (VM1) 
7 DGxUGL1 [E. dunnii (R) x E. grandis (R)] x [E. urophylla (R) x E. globulus (R)] 
8 DGxU2 [E. dunnii (R) x E. grandis (R)] x E. urophylla (Timor) 
9 C1xUGL E. camaldulensis (VM1) x [E. urophylla (R) x E. globulus (R)] 
10 G1xGL2 E. grandis (Coffs Harbour)x E. globulus (R) 
11 DGxC1 [E. dunnii (R) x E. grandis (R)] x E. camaldulensis (VM1) 
12 U2xGL1 E. urophylla (Timor) x E. globulus (R) 
13 DGxGL2 [E. dunnii (R) x E. grandis (R)] x E. globulus (R) 
14 U1xD2 E. urophylla (Flores IP) x E. dunnii (R) 
15 U1xG2 E. urophylla (Flores IP) x E. grandis 
16 IP E. urophylla (IP) x E. grandis (IP) commercial clone 
17 VC E. urophylla x E. grandis commercial clone 
18 CC E. urophylla x E. grandis commercial clone 
19 IB Iberian Eucalyptus globulus 

 
In this study were chosen two processes for producing pulp, Soda AQ and kraft processes. The cooking trials 
of the 5 selected eucalypt clones were done in a CRS digester (CPS 5010 Recycle Digester System), with 2 
individual reactors of 10 liters each, equipped with a forced liquor circulation system and electrically heated 
with temperature and pressure control. The digester is coupled with a cooling system (Coil System with 
residual liquor, involved with water at room temperature), to ensure the cooling of the liquor after the cooking 
simulation.  With the exception of the alkaline charge, the other cooking conditions were kept (1 kg of wood; 
25 % on o.d. chips of Sulfidity as NaOH; liquor to chips ratio of 4/1; 170˚C maximum temperature, being the 
time to maximum temperature of 90 minutes and time at maximum temperature 50 minute). For the Soda-AQ 
processes were used a dosage of 0.05 on o.d. chips of anthraquinone. After determination of the 
delignification curve, two samples of pulp for each clone were prepared at kappa number 20.  

III. DISCUSSION AND RESULTS 

Selection of clones based on forestry, morphological and chemical characteristics 

Forestry characteristics: Two very important factors regarding biomass use for pulp production are moisture 
content and density since they affect harvesting, transportation and utilization costs. The wood eucalypt 
analyzed in this studied show average moisture and density of 55% and 500 kg/m3. These values are 
considered satisfactory for pulp production [2]. The MAI varied in the range of 16-101.6 m3/ha/yr. The lowest 
MAI extreme occurred for the C1xC2 woody raw material. This may be explained due to the fact that 
eucalypt hybrid is poorly adapted to Minas Gerais State climate conditions and did not develop satisfactorily. 
Among the woody raw materials, the highest growth (101.6 m3/ha/yr) was obtained with sample DGxU2. This 
productivity is much above the average MAI obtained in commercial plantations in the Brazilian Territory 
(~40-60 m3/ha/yr) [1].  

Chemical characteristics: Table 2 shows the complete chemical characterization of the eucalypt clones. The 
woody material showed acceptable total extractive contents (1.9-4.9%) for all clones. Regarding the mineral 
contents the amounts of inorganics present in the eucalyptus woods were very low and quite acceptable for 
most applications [4] [5]. The total inorganics measured by complete biomass combustion (ash content) 
varied in the range of 950-2.510 mg/kg biomass. Among the woody biomass, there were significant variations 
among the total lignin contents, in the range of 27.1-31.3%. The maximum value was obtained for the double 
crossing U1xC2 hybrid and the minimum for the G1xGL2 one. However, these values are considered 
acceptable for eucalypt clones, but for pulp production a lower lignin content and high S / G ratio are desired 
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due to the increase of the pulpability of the wood [6]. About the carbohydrate content, the woody biomass 
presented values considered satisfactory for eucalypts for pulp production [2]. 

Table 2. Chemical composition of the eucalypt clones evaluated. 

Sam
ple 

Sample 
Code 

Total 
Extra-
ctives, 

% 

Total 
Ash, 
% 

Sugar Composition, % Acid 
Solu-
ble 

Lignin 
% 

Total 
lignin,

% 

Lignin 
S/G 
ratio 

Acetyl 
Group, 

% 

Uronic 
Acid 

Group   
% 

TOTAL Glucan Xylans Galactans Mannans Arabinans 

1 U1xU2 3.6 0.1 46.1 11.8 0.8 0.8 0.2 4.3 30.3 2.8 2.1 3.7 99.5 
2 U2xC1 3.4 0.19 45.5 10.7 1.2 1 0.2 4.6 30.8 2.7 1.9 4 98.8 
3 G1xUGL 4.9 0.2 43.9 13 0.8 0.9 0.2 4.7 28.9 2.9 2.7 3.8 99.2 
4 U1xUGL 3.6 0.12 44.9 11.7 1.1 0.8 0.2 5 29.7 3.1 2.4 4 98.5 
5 U1xC2 2.8 0.13 45.6 10 1.4 1.1 0.2 4.5 31.3 3 1.8 3.8 98.3 
6 C1xC2 3 0.25 45.6 9.7 1.6 0.9 0.3 5.1 31.1 3 1.6 4.1 98 
7 DGxUGL1 2.8 0.2 45.5 13 0.9 0.8 0.3 5.3 29.2 3.2 2.6 4 99.4 
8 DGxU2 2.7 0.23 45.3 12.6 0.9 1 0.3 4.4 29.8 2.6 2.5 4 99.2 
9 C1xUGL 2.1 0.22 46 11.9 1.1 0.9 0.3 5 30.7 3.2 2.2 4 99.3 
10 G1xGL2 2.8 0.18 46.4 14.1 1 0.8 0.3 5 27.1 3.5 3 3.9 99.6 
11 DGxC1 1.9 0.14 47.2 10.8 1.2 0.9 0.3 4.7 31 2.8 1.8 4 99.1 
12 U2xGL1 2.5 0.18 45.5 13.4 1.2 0.8 0.3 5.6 29.3 3.8 2.6 4 99.7 
13 DGxGL2 1.9 0.18 45.8 12.9 1.1 1 0.3 4.4 28.2 2.9 2.5 3.8 97.8 
14 U1xD2 3 0.14 48.1 11.4 1 0.9 0.3 4.4 28.6 2.6 2 3.9 99.3 
15 U1xG2 2.8 0.19 46.8 11.8 1 0.8 0.3 4.4 30.2 2.6 2 4 99.7 
16 IP 2.3 0.16 49.4 12 1.2 0.9 0.3 4.2 27.2 2.7 1.9 4 99.3 
17 VC 3.7 0.18 46.9 11.4 0.8 1.1 0.2 4.6 28.4 2.9 2.1 3.8 98.5 
18 CC 3.5 0.17 47.4 11.2 1 1.1 0.2 4.1 28.4 2.4 1.9 3.9 98.7 
19 IB 2.5 0.32 46.6 13.6 1.5 1.4 0.2 4.8 28.6 4 2.6 3 100.3 

Max - 4.9 0.3 49.4 14.1 1.6 1.4 0.3 5.6 31.3 4.0 3.0 4.1 - 
Avg - 2.9 0.2 46.2 11.9 1.1 0.9 0.3 4.7 29.4 3.0 2.2 3.9 - 
Min - 1.9 0.1 43.9 9.7 0.8 0.8 0.2 4.1 27.1 2.4 1.6 3.0 - 
SD - 0.7 0.1 1.2 1.2 0.2 0.2 0.1 0.4 1.3 0.4 0.4 0.2 - 

 
Based on all the analyses, the five clones selected for the production of pulp were: (1) U1 x U2 that was 
selected on the basis of its very high annual growth (83 m3/ha/yr), high wood density, excellent 
morphological traits, very high forest yield (43 ton/ha/yr) and low xylan and uronic acid contents;  (2) G1 x 
UGL which presented a high xylan content and possessed Eucalyptus globulus in its genotype, which is of 
interest for high S/G ratio, although it is quite challenging for its high content of extractives (4.9%);  (3) DG x 
U2 that was selected due to its highest annual growth (101 m3/ha/yr) among all eucalypts evaluated, good 
density, outstanding morphological traits, and the highest forest yield (~50 ton/ha/yr);  (4) a commercial elite 
clone (IP) was obtained from a large Brazilian forest company for its excellent forest productivity (38.5 
ton/ha/yr), good density, the highest cellulose content and lowest lignin content among all; also for being a 
very good reference since it is commercially planted by a large pulp company in Brazil. (5) A pure European 
Eucalyptus globulus that was selected in order to compare with the Brazilian wood and a European wood.  

Pulpability of the selected clones: Table 3 shows the pulping results. The best performance observed was for 
the clone IB among all the eucalypt clones in regard to alkali demand, in the whole kappa number range 
studied. This can be attributed to its high S/G ratio of 4/1. The other eucalypt clone showed similar results, 
with the exception of IP with a somewhat lower alkali charge for high delignification values. This was 
attributed to the slightly lower lignin content in relation to the others. Another observed characteristic was that 
the rejected-pulp fraction decreased with delignification intensity as expected and well described in the 
literature [2] and [7].The brightness and viscosity obtained for all eucalypt clones in both processes may be 
considered satisfactory for the most pulp production [2] 
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Table 3. Cooking results of the eucalypt clones evaluated by kraft process. 
  kraft process at kappa number 20 

U1 x U2  G1 x UGL  DG x U2  IP  IB 
Alkaline Charge, % 22 21 22 20 17 
Yield Screened, % 51.2 50.4 52,0 52,0 55,5 
Reject Content, % 0.3 0.5 0.4 0.4 0.6 
Viscosity, dm3/kg 1073 1193 1054 1100 1064 

Brightness, % ISO 31.93 30.57 31.79 31.1 31.6 
HexA, mmol/kg 48.8 48.6 48.9 46.4 37.3 

  Soda-AQ process at kappa number 20 
U1 x U2  G1 x UGL  DG x U2  IP  IB 

Alkaline Charge, % 24 23 22 22 22 
Yield Screened, % 50 51 51,1 51,6 55,2 
Reject Content, % 1.1 0.2 0,4 0.6 0,4 
Viscosity, dm3/kg 919 917 1020 1028 1064 

Brightness, % ISO 30.82 32.05 30.82 29.59 32.18 
HexA, mmol/kg 40.3 48.2 43.4 45.7 41.6 

 
IV. CONCLUSIONS 

The results of this study indicate the high technological quality of Eucalyptus clones evaluated, and that they 
can be used for pulp production since most of the clones had performance similar to clone IP. For the kraft 
process it was observed a higher cooking yield, highest than 50%. Additionally, Soda-AQ process seems to be 
a potential process for replacing the kraft for a high degree of wood delignification. These results also indicate 
that there is still opportunity for more gains in productivity, e.g., if genetic characteristics of the IB clone are 
passed to the clones of greater forest productivity, as DGXU2 (101.6 MAI).  
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	Pulping and pulps characterization
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