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FINAL REMARKS 



 THE WOOD CELL WALL STRUCTURE 

15- 30 % 

30- 50 % 

10- 25 % 

The wood structure is a complex and sustainable raw materials that the 

nature takes many years to construct it and I believe we are going to 

use it for so many years to make papers. 

 



  THE FIBER CELL WALL STRUCTURE  

The fibers cell wall are very important composite materials. They are the main 
elements on the paper structure. We should be able to find a technology to 
cause less damage to the fibers during the papermaking process. 

Source:Zimmermann et. al. 

(2005). 



THE PAPER STRUCTURE AND STRENGTH 

BASICALLY DEPENDS ON: 

• The fiber properties 

• The number of fiber bonds 

• The bond resistances 

 



THE INDUSTRY FROM WOOD TO PAPER 



THE INDUSTRY FROM WOOD TO PAPER 



 
PAPER MANUFACTURE: FROM WET END TO DRY END 

 

STOCK PREPARATION 

PAPER FORMATION 

REELING 

DRY SECTION 

PRESSING SECTION 

THE  
MECHANICAL 
REFINING  
TECHNIQUE 



 
 MECHANICAL REFINING TECHNIQUE  

 

Intra-Fiber Bond Break 
Fiber Cut 
Fines Generation 
Fiber Defibrillations 
 



ULTRASONIC VIBRATIONS OF PULP FIBERS  
TO IMPROVE PAPER STRENGHT 
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     Virsonic 475  

(190 Watts; 20 kHz) 

Variables: 

Eucalyptus pulp 

pH: 7,0 and 10,0 

Pulp Consistency: 

0,5%, 1%, 2% and 4% 

Time: 5 min, 10 min 

and 20 min 



ULTRASOUND PHENOMENON 
When mechanical longitudinal waves with frequency higher than 
20 kHz propagate in a liquid occur the cavitations' phenomenon 

Low 
pressure 
moment 

High 
pressure 
moment 

FIBER SURFACE 

FIBER SURFACE 

FIBER SURFACE 
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 ULTRASOUND TECHINIQUE RESULTS 

 

Pulp Consistency : 
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 ULTRASOUND TECHINIQUE RESULTS 

 

Pulp Consistency : 
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 ULTRASOUND TECHINIQUE RESULTS 

 

Pulp Consistency : 
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 ULTRASOUND TECHINIQUE RESULTS 

 

Pulp Consistency : 



PFI                  Ultrasound (U.S.) 
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PFI                  Ultrasound (U.S.) 
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 ULTRASOUND TECHINIQUE RESULTS 

 



PFI                  Ultrasound (U.S.) 
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r² = 0,98 
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 ULTRASOUND TECHINIQUE RESULTS 

 



 CONCLUSIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 The Ultrasonic technology can be successfully used to improve 

the paper strength. Our hypothesis: Ultrasonic treatment acts 

mainly on fiber surface leading external fiber defibrillation with less 

impact on bulk than PFI refine; 

Pulp consistency in the range (0.5%-4%) didn't affects the results; 

Increasing the pH makes the treatment more efficient for some 

specific properties; 

Efficient to increase the paper strength with less fiber damages; 

Little impact on Bulk; very much recommended to tissue word 

Less fiber cut and fines production than refine in PFI, to the same 

°SR increasing; 

New studies are need using more powerful ultrasound device, but 

with saving energy. 

 

 

 

 

 

 

 

 

 
 



THE INDUSTRY FROM WOOD TO PAPER 



 
PAPER MANUFACTURE: FROM WET END TO DRY END 

 

STOCK PREPARATION 

PAPER FORMATION 

REELING 

DRY SECTION 

PRESSING SECTION 

DRYIER CYLINDERS 



 
 DRYING PAPER BY HEAT CONDUCTION  

 

 
 
 
 
 
 
Fiber Cell Wall Delaminations. 
Increase fiber stiffness and hornification 
Intra-Fiber Bond Break. 
Intrinsic fiber strength reduction. 
Decrease inter-fiber bonds potential. 
Quality decreasing due to new 
production cycle. 
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LABORATORY MICROWAVE EXPERIMENT 

MICROWAVE DRYER:Temperature:80 oC; Final Handsheet consistency:95 % 

Cylinder Dryer: Temperature: 100 oC; Final Handsheet Consistency: 95 % 



 

Source: GOULD (1995). 

 400 a 20.000 MHz 

MICROWAVES PHENOMENON 
When Microwaves with frequency between 400 to 20.000 MHz 

propagate in liquid or solid medium occur the friction 

phenomenon 

Ionic Orientation Molecular Orientation 

ELETRIC 
FIELD 



Suggestion mechanisms for Drying Fibers by 
Conventional Heat Conduction and by Microwaves 

Radiation HEAT  CONDUCTION 

MICROWAVES RADIATION 
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CROSS SECTION OF FIBERS WALL 
A)Drying by microwaves         B) Drying by Heat Conduction 

 

SEM Picture:  3000 x 
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 CONCLUSIONS 

The results of laboratory studies show that the application of microwave 
radiation is a drying feasible alternative to dry paper.  
 
The drying by microwave radiation provided a better preservation of the 
structural properties related to the fiber length and cell wall thickness when 
compared to conventional heat conduction.  

 
The fibers of dried papers by microwave radiation had higher content of xylan, 
but this preservation was not reflected in better mechanical properties.  

 
The dried papers by microwave radiation behaved similarly for all drying cycles 
in relation to the mechanical and optical properties compared to paper dried to 
conventional heat conduction.  Except for the smoothness property, where the 
microwave drying tend to produce papers with higher values.  
 
The previous conclusion reinforces that this technology presents itself as a 
possible alternative to the industries of paper, mainly from the tissue segment. 
However, requiring more studies with respect to its economic viability and how 
dangerous it may be to papermaker. 
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FOR THE NEXT ICEP!!!! 

Enhance of Eucalyptus Fiber Properties  

Using Dielectric-Barrier Discharge 
PLASMA TECHNIQUE TO IMPROVE  INTERFIBERS BOND SURFACES 

 

 


