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• Introduction 

• Continuous digester considerations

• Methods

• Results and Conclusion
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Some Opinions...
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Factors affecting Kraft Pulping...

• Temperature 

• Chemicals

• Wood Quality

• Residence Time
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Residence Time

• Usually :

– Calculated as function of production rate, digester 

volum and a constant compaction factor.

• But ...

– Compaction factor depends of several variables...
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What is  “compaction” ?
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Chip Compaction

C     =     __Wood dry weight inside of  digester__

Wood dry weight in feed of digester
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Miyanishi, 2001
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Forces affecting Chip Compaction

Miyanishi and Shimada 2001.
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Factors affecting chip compaction disturbances

• Chip Size



5th ICEP International Coloquium on Eucalyptus Pulp

Chip size - Thickness

• Industrial chips:  Typical thickness 4-8 mm

• Diffusion spread of liquor along the length

is ~ 3-5 times higher than in the thickness 

direction  (AGARWAL e GUSTAFSON, 1993). 

↓ Thickness ; ↑ Impregnation     ↓ Buoyance
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Factors affecting chip compaction disturbances

• Chip Size

• Chip Density
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Chip Density

(LEE, 2006).
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Vaporization

↓ Density ; ↑ Impregnation / Diffusion     ↓   Buoyance
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Factors affecting chip compaction disturbances

• Chip Size

• Chip Density

• Chip Flow
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• Basic Questions ...

Would  chip have a constant velocity

from top to the bottom digester?

Considering :

Digester – 24h Normal Operation
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Fernandes and Castro (1999).
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Chip Velocity and Compaction Digester Profile
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Chip Flow

PSL - University of British Columbia

Canadá
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Factors affecting chip compaction disturbances

• Chip Size

• Chip Density

• Chip Flow

• Liquid/Wood Ratio
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Liquid / Wood Ratio

* L/W = 4,5 : chip and liquor moves with the same                         

speed. 

* L/W < 4,5 :  chip speed > liquor speed (desired)

(Michelsen, 1995) 

better chip colum movement↓ L/W ratio
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Factors affecting chip compaction disturbances

• Chip Size

• Chip Density

• Chip Flow

• Liquid/Wood Ratio 

• Dilution Factor
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Dilution Factor 

↓ Dilution Factor  : ↓ counter-corrent flow       better colum movement



5th ICEP International Coloquium on Eucalyptus Pulp

Factors affecting chip compaction disturbances

• Chip Size

• Chip Density

• Chip Flow

• Liquid/Wood Ratio 

• Dilution Factor

• Surface Forces 
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Surface Forces

• Related to fluid viscosity and surface vessel 

wall(pressure and friction).

Occurring between the column of chips and the 

digester wall , and between chips and liquor.
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weld overlay reparing
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Digester wall after weld overlay 

reparing
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Chips Velocity 

Profile
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Factors affecting chip compaction disturbances

• Chip Size

• Chip Density

• Chip Flow

• Liquid/Wood Ratio 

• Dilution Factor

• Surface Forces 

• Liquor Flow 
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Liquor Flow 
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Pougatch, K et all (2006)
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Liquor 

Flow

PSL - University of British Columbia

Canadá
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Factors affecting chip compaction disturbances

• Chip Size

• Chip Density

• Chip Flow

• Liquid/Wood Ratio 

• Dilution Factor

• Surface Forces 

• Liquor Flow 

• Screens 
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Extraction Screens

Lower friction design and higher open area...
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Factors affecting chip compaction disturbances

• Chip Size

• Chip Density

• Chip Flow

• Liquid/Wood Ratio 

• Dilution Factor

• Surface Forces 

• Liquor Flow 

• Screens 

• Delignification
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Delignification

↑ Delignification : ↓Porosity : ↑ Compaction
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Factors affecting chip compaction disturbances

• Chip Size

• Chip Density

• Chip Flow

• Liquid/Wood Ratio 

• Dilution Factor

• Surface Forces 

• Liquor Flow 

• Screens 

• Delignification

• Liquor and Chip Level 
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Chip and liquor level difference
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Chip and liquor level difference

↑ chip and liquor level difference : 

↑ force  pushing chip bed downwards

Laakso, 2008
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: Hanging

: Hangingo

: Cavacada

: Prisão de Coluna

It is an international problem ...

Chip Compaction Disturbances
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Normal running 

digester ...
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Continuous digester

•

Continuous  Discharge

Continuous Feeding
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Normal running 

digester ...
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Normal Chip and Liquor 

Level
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•Channeling  . . .



5th ICEP International Coloquium on Eucalyptus Pulp

•Channeling  . . .
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• High chip level  . . .
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Variations at chip level
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Dropping chip level...
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Chip Level 
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• Instability Plug Movement  (Rettention Time)

• High Blowline Temperature

• High Blowline Kappa Deviation

• Blowline Consistency Variation

• High Pressure Drop Screen (Circulation Flow Impacts)

HANGING DIGESTER OPERATIONAL ISSUES

How to reduce ?
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Y RETTENTION INDEX

• Read and storage main cooking process variable.

• Logical Mathematical Test in each one.

• Result: Rettention Index Equation.

• Dinamic and on line at DCS Screen.
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Rettention Index (Y) 

• chip density difference

• paddle chip level 

• total liquor level

• partial liquor level 

• extraction liquor flow/RPM

• extraction pressure drop

• blow pressure drop

• blow pulp temperature

• blow pulp flow/RPM

• amperage scraper

• circulation temperature
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Materiais and Methods

• Industrial Chip Eucalyptus

• Eucalyptus grandis and Eucalyptus urograndis

– size : 18 - 25 mm ; 

– basic density : 470 - 500 kg/m³ ; 
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Industrial 

Digester 1

Kobudo Mari

Production :

500.000 adt/y
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Industrial

Digester 2

lo-solids

H = 54,60 m ; 

D =  7,60 m ;

Production :

700.000 adt/y
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Process Data

• Colleted over four months; 

• stored in a PIMS;

• available to the operator ( DCS ) .

Feed < 20 rpm = Ignored 

total amount :

– 11,174 observations for the digester 1. 

– 11,308 observations for the digester 2.
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Y Index Schedule
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Y Index Schedule
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DCS Control Room
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Digester 1 – Data Analysis
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Digester 1 – Data Analysis
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Digester 1 – Data Analysis
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Digester 1 – Data Analysis
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Y = 0,01125 + 1,02845*.TD +  1,12405*.VD + 1,12678*.NA + 1,10346*.NL + 

1,13105*.TC + 1,01439*.DD

R2 = 91,56 % 

( * ) -Significant at 1% probability by t student  test.

Digester 1 – Data Analysis
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Digester 2 – Data Analysis
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Digester 2 – Data Analysis

Y = 0,083110 + 0,95393*.TD +  1,01250*.VD + 1,00987*.NA 

+ 1,52048*.NP + 1,05189*.AR + 1,26019*.DD 

R2 = 94,55 % 

( * ) - Significant at 1% probability by t student  test.

.
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Compactions Disturbances 

Production Losses  :
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Conclusions  …
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What to do during compaction disturbances ?

Minimize chip variations ;
Maximize vaporization step ;
Increase top digester pressure ;
Eliminate up-flow liquor ;
Increase kappa number (considering limits);
Increase level difference of liquor and chips ;
Control the chip level through the chip meter ;
Avoid discharge flow above the production rate;
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Conclusions...

• Clustering variables help the operator decision analisys

• Adequate chip level control means adequate retention time 
control.

• High contribution from counter courrent liquor flow.

• Respect local mill culture at the same time looking for the  
best avalaible practices...
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• Digester Level Improvement
 Improved Plug Movement

 Higher Circulating Liquor Flow

• Digester Blowline Temperature 
Reduction

• Increased Digester Dilution Factor

• Digester Blowline Kappa Improvement
• Higher stability

Benefits Implementation Results…
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Thank you ...
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Developments in Continuous Cooking

• First Prototype Continuous Digestor started in 1938 at a mill in Sweden

with capacity of 20 t/d

• First commercial digestor with capacity 30 tons per day commissioned

in 1948 in a Swedish mill.

• In 1962 in digestor washing called high heat washing became available

• High heat washing simplified the brown stock washing plant

• 1983 the first mill trials with modified Kraft cooking (MCC) were

performed in Finnish mill.

• MCC was developed by STFI & Royal Institute of Technology

Stockholm Sweden.

• 65% of global Kraft pulp production is manufactured by continuous

cooking.
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MCC Split or multiple WL additions for alkali profiling and counter cooking methods to 

minimize  lignin concentration at the end of cook.

EMC High heat wash zone is simultaneously used for cooking and washing.

ITC

Advantages

High heat wash zone is simultaneously used for cooking and washing

• Low knots & rejects 

• Uniform cook with high yield

• Improved Bleachability

• Higher brightness ceiling

Low Solids 

Pulping

Dissolved wood solids are removed from the system by extracting spent liquor at 

multiple locations

First commercial installation in 1993.

Black Liquor 

Impregnation

Advantages

Black liquor pretreatment enhances the delignification during Kraft cooking and 

improves the selectivity of the cook

Extracted Black liquor is  added to the impregnation vessel with a retention time 

of 45 minutes.

Improved pulp properties , improved tear strength(10 % Approx) at the same 

tensile strength

Development in Continuous Cooking
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Adv/Disadvantages of 

Conventional Batch Digesting
Advantage
•Operational flexibility

•Produce diff. Grades in same digester

•Sharp kappa number change

•Tolerant to pins and fines

•Capacity increased by adding digesters

•Less sensitive to chips quality

Disadvantage

•High energy use

•Limited capability to extended

• Delignification

Adv/ Disadvantages of Con. 

Digesting
Advantage

•More constant steam demand

•More compact less space requ.

•Uniformity in pulp quality

•Extended Delignification possibility

•Better pulp strength

Disadvantages

•High capital investment

•Restriction for type and raw material 

quality
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Some Opinions...
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Some Opinions...
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Some Opinions...
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Some Opinions...
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KRAFT PROCESS 

• A.K. Eaton :   

– Improvement in the manufacture of paper pulp - US Patent 
106 143 ; August , 09 , 1870 

– Improvement in the manufacture of paper pulp- US Patent 
119 224 ; September, 26 , 1871

• Na2CO3 > Na2SO4 .

• Germany  C.F. Dahl. 

– US Patent 296 935 ; April, 15 , 1884 
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Liquor Flow

(HE  et all 1999).
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Some Opinions...
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Some Opinions...
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• Basic Questions ...

Would the chip have a constant velocity

from top to the bottom ?

No, of course...

V1

V2

V3

Digester is not a “exact cilinder”
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Surface Forces

Saltin (1992)

ε =  void fraction of chips

μ = Friction coefficient between chips and digester wall

D digester = Diameter of  digester (m)

g = Gravity  (m/s2)

P chips = Chip Pressure (Pa)

P líquido = Liquid Pressure (Pa)

σ chips = Chip Density  (kg/m3)

σ líquid =  Liquid Density (kg/m3)
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Delignification

↑ Delignification : ↓Porosity : ↑ Compaction

Countercorrent

liquor flow effect

Puolaka et all 2005
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MILL LOCATION          
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Digestors 1 / 2 – Comparative Data

* Valid Observations : 11.174 / 11.308

Y Average :  1,49 / 3,09 

Y > 10 :  0,12 / 0,33 (%)

charge      : 2,156 / 1,940 (adt/h.m2).
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Digesters 1 / 2 – Comparative Data
up flow ?
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Thank you ...


