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� virgin fibres

paper production

� 350 million 
tonnes annually
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� virgin fibres

� 350 million 
tonnes annually

� recovered 
paper

paper production
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� recycling - nowadays appr. 50%
� environment (nature degradation, water use, 

chemicals etc)
� economy

� increasing demands of the market
� paper consumption has increased more than 

twice in recent 2 decades
� expectations:
– higher quality
– diverse properties
– better printability

⇓

recycling optimisation

paper recycling
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• paper recycling → "de-inking" process:

� ink removal

� contaminants (ash, sand, metal pieces, 
plastic foils etc.)

� pressure sensitive adhesive (PSA) 
particles - the so-called ”stickies”
(labels, tapes, stickers etc.)

1mm

• "stickies" problem:
� reduce paper strength, quality 

(visual effects), printability
� deposits on the paper machine 

headbox - undesired & 
unpredictable breaks in 
production

� PSA particle are very difficult to 
remove ⇒ specialised deinking  lines

paper recycling
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deinking phases:

� pulping
� screening + µ-filtration
� cleaning
� flotation + µ-flotation
� washing + thickening

Surface properties (flotation)
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⇓

particles: 100μm ÷ ∞

paper recycling
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• slot width

100μm

• paper fibre dimensions

1mm x φ30μm

• rotor function: to clean 
screen plate

• pressure pulse period

T = 20-30ms

• "stickies" with size 3-4 
times the slot width can pass 
the screen (are not rejected)

pressure screen

screening ⇒ particle size: ~100μm ÷ ∞
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"ScreenClean" project

"ScreenClean" project (5FP)

"Optimisation of Screening and Cleaning Technology 
to Control Deinking Pulp Cleanliness"

I N S T Y T U T

CELULOZOWO - PAPIERNICZY

PULP & PAPER  RESEARCH  INSTITUTE
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objective of the research

analysis of "stickies" behaviour in order to identify 
the key parameters

recommendations regarding:

� screen plate design

� screening operational parameters

� PSA material properties

in terms of improved stickies removal efficiency

⇓
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solution strategy

"DECOUPLED" APPROACH

� numerical flow simulation (CFD) - FLUENT
o steady particle loading - no influence of rotor 

taken into account
o rigid particle in rest

� particle deformation (extrusion) analysis - ANSYS

o viscoelastic "stickies" properties
o loading: pressure (CFD) + time 
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step 1:

flow simulation - CFD solver FLUENT

flow simulation
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flow model

simplifications:

• micro-flow simulation

• no axial flow ⇒ 2D/3D

• 1-phase flow (pure water)

• steady flow

• no curvature of the screen

⇓

flow periodicity ⇒ computational domain limited to 

the single waveform



Workshop on Multiphase Flows - Simulation, Experiment & Application, Rossendorf, June 1st-3rd, 2005 13

screen profile geometry #1

• slot width
wsl = 100µm

• slot length
l = 0.8mm

• slot inlet curvature radius
rc = 5 ÷ 100µm

"Microvortex" - Kadant 
Lamort, France
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• slot width
wsl = 100µm

• slot inlet curvature radius
rc = 200µm

• inclination angle
θ = 15°

"Wedge Wire" - Advanced 
Fiber Technology, Canada

screen profile geometry #2
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particle geometry

• Lucas, Venditti, Jameel (2002) – experimental study of 
PSA particles extrusion into laboratory slot

• acrylate–based PSA particles

• domination of "string-like" particles

� length: 2mm

� width: 0.3mm

� thickness: 0.3mm

• cylindrical particles → 2D / 3D simulations
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3D flow simulation

3D geometry / CFD tool

• FLUENT

• turbulence model: k-ε RNG

• 2-layer zonal model

• mesh generator: GAMBIT
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velocity field / pressure distribution

uniform pressure distribution → 2D deformation analysis

x

y

z

3D flow simulation
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step 2:

particle deformation analysis - ANSYS

particle deformation analysis
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PSA material properties

visco-elasticity - generalised Maxwell model

particle deformation analysis

� N = 1
� G1 = 0.07MPa
� G∞ = 0.1G
� λ1 = 1s
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influence of slot inlet curvature

� "Microvortex" (MV)
� slot inlet radius

� r = 20μm
� r = 50μm
� r = 90μm

� slot width: 100μm
� particle diameter: 200μm
� loading

� pressure p = 10kPa
� time...

particle deformation analysis
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rc = 20µm

rc = 50µm

rc = 90µm

t=0

p=0

loading (pressure + time) →

particle deformation analysis



Workshop on Multiphase Flows - Simulation, Experiment & Application, Rossendorf, June 1st-3rd, 2005 22

rc = 20µm

rc = 50µm

rc = 90µm

t=0

p=0

t=0

p=10kPa

loading (pressure + time) →

particle deformation analysis



Workshop on Multiphase Flows - Simulation, Experiment & Application, Rossendorf, June 1st-3rd, 2005 23

rc = 20µm

rc = 50µm

rc = 90µm

t=0

p=0

t=2s

p=10kPa

t=0

p=10kPa

loading (pressure + time) →

particle deformation analysis
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rc = 20µm

rc = 50µm

rc = 90µm

t=0

p=0

t=5s

p=10kPa

t=2s

p=10kPa

t=0

p=10kPa

loading (pressure + time) →

particle deformation analysis
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rc = 20µm

rc = 50µm

rc = 90µm

t=0

p=0

t=10s

p=10kPa

t=5s

p=10kPa

t=2s

p=10kPa

t=0

p=10kPa

loading (pressure + time) →

particle deformation analysis



Workshop on Multiphase Flows - Simulation, Experiment & Application, Rossendorf, June 1st-3rd, 2005 26

loading (pressure + time) →

extrusion

time

rc = 20µm

rc = 50µm

rc = 90µm

t=0

p=0

t=20s

p=10kPa

t=10s

p=10kPa

t=5s

p=10kPa

t=2s

p=10kPa

t=0

p=10kPa

particle deformation analysis
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influence of inlet curvature
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particle deformation analysis
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influence of screen profile design

� wedge wire (WW) vs microvortex (MV)

� slot width: 100μm

� paticle diameter: 200μm

� loading

� pressure p = 10kPa

� time...

particle deformation analysis
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wedge 

wire (WW)

microvortex 

(MV)

loading (pressure + time) →

particle deformation analysis
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loading (pressure + time) →

particle deformation analysis
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loading (pressure + time) →

particle deformation analysis
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loading (pressure + time) →

particle deformation analysis
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influence of profile design
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particle deformation analysis

WW design

• less resistance to the flow

• lower "stickies" rejection 
efficiency
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particle deformation analysis

experimental 
verification

full qualitative 
and quantitative 
consistency
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conclusions #1

• CFD → uniform pressure distribution → 2D deformation 
analysis

• parameters influencing particle extrusion:
� pressure (screen flow kinematics)
� elasticity - shear modulus
� viscosity - relaxation time
� geometry
� roughness (friction)

• full consistency with experiment

• implementation of the simulation results:
� new design of the screen
� recycling-friendly "stickies"
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• extremely long extrusion times (~1-10s) when 
compared to pressure pulse period (10-30ms)

⇓

• extrusion lasts for many pressure pulses (including 
positive and negative phases)

⇓

• screening modelling requires the knowledge about 
temporal pressure variations

⇓

• the need of macro-flow simulation - unsteadiness

conclusions #2
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DECOUPLED APPROACH

• macro-flow simulation

• "sticky" deformation analysis for unsteady loading

COUPLED APPROACH

• entire phenomenon treated by CFD code

• material properties implemented

• volume of fluid (VOF) method

• limited extent of computational domain - boudary 
conditions deduced from macro-flow simulation

ongoing and future work




