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Hardwoods in papermaking

ÅHardwood pulps are widely used in printing papers because they 

give good printing base

ÅThey form smooth, bulky sheet with good porosity and formation
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Pine
Pinus silvestris

27 µm 16 µm

Fiber length 3.5 mm

Coarseness 0.16é0.23 mg/m

Fibers 2.5 million per gram

Eucalyptus

16 µm 8 µm

Fiber length 0.77 mm

Coarseness 0.08 mg/m

Fibers 13 million per gram

ÅDifferent refining treatment 
needed for different pulps

- Fillings pattern

- Intensity and energy

ÅHardwood fibers have a lower 
flocculation ability and they are weaker 
than softwood fibers

- Hardwood requires finer fillings

- Hardwood canôt be loaded as much
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Hardwoods in papermaking
Fibers comparison

ÅEucalyptus and Acacia fibers have narrow fiber length distribution

ÅThese fibers provide good paper web consolidation and formation
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Hardwoods in papermaking
Hardwoods comparison from papermaking point of view

ÅWhen compared to Acacia

- Birch gives the best strength

- Eucalyptus gives slightly better strength than Acacia, other characteristics more 

or less on the same level

- Mixed Tropical Hardwood gives bulky, stiff sheet 
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 Birch Eucalyptus Acacia MTH 

Formation - - - 0 - - 

Opacity - - - 0 - 

Smoothness -(-) - 0 - - 

Strength + + + 0 - 

Bulk/Stiffness - 0 0 + 
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Hardwoods in papermaking
Vessel elements

ÅAll hardwoods have special cells, vessel 

elements, for transportation of water. They 

link to each other forming long vertical 

vessels in the stem.

ÅIn papermaking and printing vessel elements 

cause problems when they get loose. 

Dusting in tissue production and òvessel 

pickingò in printing

ÅVessel elements may not take ink as the 

fibers around, making the print look non-

uniform, òstar groundò
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Hardwod block with tubings 

formed by the vessels

Vessel picking area at a 

printed paper surface
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Hardwoods in papermaking
Vessel elements

ÅVessel element dimensions and 

frequency vary according to 

species

ÅVessel elements which length to 

diameter ratio is higher than 8...10 

bahave rather like fibers (e.g. 

Birch)
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Eucalyptus
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Hardwoods in papermaking
Minimizing vessel picking problem

ÅRefining contributes to vessel fragmentation and collapsing

- Homogenization of printing paper surface

- Better bonding of vessel fragments

- Excessive refining impairs drainage, paper opacity, porosity, dimensional 

stability and bulk

ÅSurface sizing

- Surface starch bounds fibers and vessel elements

- Excessive use reduces opacity and renders the paper too rigid
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Refining process
Effect of LC-refining

M. Partanen9

ÅThe refining affects the fibre properties. => The paperproperties are a 

product of the fibre properties

Refining 

process

Cons. pH

Speed, rpm

Energy input

Fillings design

- CEL

- Bar groove

etc.

Fiber
properties

Length
WRV, curl,
fines

Fibrillation,

(inner- and outer)

Homogeneity/
heterogeneity

etc.

Paper properties

Tensile index, TEA
Tear strength

Density/Bulk

Porosity

Light scattering/
Opacity

Bond

Surface roughness

Etcé
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Refining process
Pattern selection

M. Partanen10

ÅFiber morphology is the key parameter for pattern design
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MicroBar
Standard fillings vs MicroBar
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ÅStandard filling designs

- Hardwood refining requires a 

dense filling pattern.

- Narrow grooves limit hydraulic 

capacity.

ÅMicroBar

- Uniform supply of pulp to 

refining area.

ÅFeeding grooves enable high 

hydraulic capacity

ÅOptimized bar edges for fiber raw 

material => possiblity to produce 

very dense patterns.
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MicroBar
Standard fillings vs MicroBar
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Softwood filling
- Large groove area

Ą Good hydraulic capacity

Ą Fast fiber flow

Hardwood filling
- Dense design with narrow grooves

Ą Low hydraulic capacity

Ą Slow fiber flow

MicroBar: Combination of high 

cutting edge length and capacity
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MicroBar
Preferred application areas for best results
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ÅHardwood refining (Eucalyptus)

- Energy savings

- Optimal loadability and high 

hydraulic capacity

ÅMixed pulp refining

- Easy runnability

- Good loadability and less 

plugging when compared with 

standard fillings when SW/HW 

ratio varition is high
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MicroBar
Benefits: Energy savings, eucalyptus refining
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MicroBar
Benefits: Energy savings, eucalyptus refining
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MicroBar
Benefits: Energy savings, eucalyptus refining
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MicroBar
Mixed refining: Eucalyptus and softwood
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MicroBar
Benefits: Energy savings, eucalyptus and mixed pulp refining
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Summary
- Lower energy consumption with eucalyptus

ÅCompared to dense standard fillings MicroBar needs 0-40% less 

energy to same SR or tensile levels.

- Higher loadability with eucalyptus
ÅMicroBar can be used at higher loads (due to a higher Cutting Edge 

Length of the denser design)

ÅLeads to reduced wear due to less segment contact 

ÅNeed of fewer refiners

- Good hydraulic capacity
ÅIn larger refiners MicroBar has higher hydraulic capacity than dense 

standard patterns

ÅEnables MicroBar use in mixed pulp refining
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Extending fillings lifetime
Harder material

ÅFillings wear and leading edge rounding causes

- Poor qaulity

- Increased energy consumption

- Reduced hydraulic capacity (short lifetime)

M. Partanen19
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Extending fillings lifetime
NV-alloy family

Åimproved wear resistance

Åno decrease in ductility

-> Increased lifetime of fillings

ÅMill experience: in recycled 

fiber refining lifetime doubled 

from 700-900 hours to 1900 

hours
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Wear 
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New generation refiner
Refining mechanism

Date Author Title21

ÅSuccessful refining requires adequate loadability of the fibers (fiber

mat). Prerequisite for strong fiber mat is that

1. Sufficient number of fibers are accumulated and trapped on bar 

edges

2. Trapped fibers are moved between bars where the forces of 

passing bars press and stretch them

3. Release of fibers

A B C D

Rotor

Stator



© Metso

New generation refiner
OptiFiner Pro
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ÅIn  traditional refiner most of the fibers circle in rotor and stator grooves and 

are moved along with the main flow, which direction is parallel with grooves, 

out of refiner never passing through the fillings gap

Rotor

Stator

Rotor

Stator
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New generation refiner
OptiFiner Pro
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ÅIn OptiFiner Pro refiner pulp is fed to refining zone through holes in rotor and 

is taken out through holes in stator. Flow passes through refining zone and 

therefore fibers have higher propability to be trapped between rotor and 

stator bars

Rotor

Stator

Rotor

Stator
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New generation refiner
OptiFiner Pro
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New generation refiner
OptiFiner Pro

M. Partanen25

Outlet

Inlet

ÅOptiFiner Pro 1

ÅMotor power up to 630 kW

ÅSpeed 1500 rpm

ÅNo load power 50 kW

ÅProduction 35...120 TPD

Techonology Center installation
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New generation refiner
OptiFiner Pro, Eucalyptus refining

ÅOptiFiner Pro develops refining 

degree with less energy than a 

tradiotional refiner

ÅWith OptiFiner Pro strength 

development is as good, if not 

better than with traditional 

refiners
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