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Biomass
• Biomass is biological material derived from 

living, or recently living organisms.
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Biomass based chemicals

• 70-100 billion USD (3-4% of global market 
today)

• Possible increase to 17% of global market 
in 2025

• Oil price and type of energy to power the 
vehicles impact the market
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-Starch blends 
(with biobased and biodegradable 

copolymers)

-Cellulose 

-PLA

-PHA/PHB

-Starch blends 
(with biodegradable fossil-based 

coplymers)

-Vegetable-oil based 

polyesters

-PBS

-PBSL

-PBSA

- Starch blends (with 

polyolefins)

-Biobased PE

-Biobased PP

-Biobased PA

-Biobased PB

-PO3G

-Biobased PTT, PBT

-Biobased PET

-Biobased PVC

-Biobased PUR

-Biobased polyacrylates

-Biobased ABS

-Biobased Epoxy resin

-Biobased SBR

-Alkyd resin

-PE

-PP

-PET

-PVC

-PUR

-ABS

-Epoxy resin

-Synthetic rubber

Ample opportunities for bio-based materials 

Total polymer cons. Western Europe: 

~50 million t p.a.

Technical potential bio-based:

~42 million t p.a. (85%)

PRO-BIP Study (2009) / EPNOE
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Three sources of biomass based 
chemicals

1) Direct production

2) Expression in plants

3) Biorefinery
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Direct production

• Biotechnology and chemical technology 
combined

• Propane-diol produced from corn-derived 
glucose (DuPont/Tate&Layle)

• Glucose converted into polylactic acid 
(Cargill)
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Expression in Plants

• Chemicals expressed in genetically 
enhanced plants

• More suitable for annual crops?

• Impact of environment

• Early stage
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Biorefinery
• A biorefinery is a facility that integrates 

biomass conversion processes and equipment 
to produce fuels, power, and chemicals from 
biomass. 

• The biorefinery concept is analogous to 
today's petroleum refineries, which produce 
multiple fuels and products from petroleum. 

• Industrial biorefineries have been identified 
as the most promising route to the creation 
of a new domestic biobased industry. 
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Biorefinery concept 

• Fuel and chemicals/materials platform

• Fractionation into biopolymers and 
biomolecules has a key role

• Not limited to forest sector

• Chemical co-products by genetic 
modification of yeasts (e.g. isobutanol as 
co-product of ethanol)

• Pilot stage
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Fractionation

• Definition of fractionation:

– “Fractionation is a separation process in which a 
certain quantity of a mixture (solid, liquid, solute or 
suspension) is divided up in a number of smaller 
quantities (fractions) in which the composition changes 
according to a gradient”. 

-Wikipedia
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Motivation

• Why should I be interested in fractionation of biomass?

– Separation / dissolution of components

• Crude elimination of the components of interest from the bulk matrix

• Avoiding a high degree of degradation of polymers components.

– Homogenisation / isolation

• Increase of chemical and physical uniformity of heterogenic components.

– Purification

• Thorough elimination of impurities

– Obtaining a pure, homogenous raw material is a key criteria for 
production of new biochemicals from biomass.
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Chemical components in biomass 
raw materials
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Fractionation of solid biomass: 
mechanical methods for fibre 

separation
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Mechanical methods for fibre 
separation

• Mechanical (PGW, TMP)

• Chemimechanical (CMP, CTMP)
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Fractionation of solid biomass: 

chemical methods

Cooking and hydrolysis of wood 
chips or “Fractionation based on 
chemical reactions”
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Recalcitrance in plant cell walls
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Cooking

• Chemical cooking of wood chips 

– Kraft method (alkaline)

• Purpose: Elimination of lignin from the solid 
wood matrix, simultaneously maximizing 
the preservation of hemicelluloses and 
cellulose.
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Purpose of traditional kraft cooking

NaOH
Na2S

HEAT
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Cooking parameters

• The main cooking parameters in order to 
achieve the desired delignification are:

Temperature and temperature profiling
• Typically 150 – 170 oC (max.)

Time
• Typically 3 – 4 hours

Charge of cooking chemicals (alkali charge, 
sulphide content)
• Typical alkali charge 160 – 240 kg effective alkali/ton of 

wood (16 – 24 % EA on wood)

• EA in WL could be 120 g/l NaOH, sulphidity 28 %
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• About 90 % of lignin, 60 % of hemicelluloses and 15 
% of cellulose are dissolved in kraft cooking

• Hydrogen sulfide ions (HS- ) primarily react with 
lignin

• About 20 % of the charged alkali is consumed to 
neutralize degradation products of lignin

• Carbohydrate reactions are affected by alkalinity 
(HO- ions)

Outcome



Laboratory of Fibre and Cellulose Technology
www.abo.fi

An example of the material balance for 
wood organics over the kraft process

Wood (100)

Cellulose 40-45 %

Hemicelluloses 25-35 %

Lignin 20-30 %

Extractives < 5 %

Unbleached pulp (45-55)

Cellulose 65-75 %

Hemicelluloses 20-30 %

Lignin < 5 %

Black liquor (40-50)

Aliphatic acids 40-45 %

Lignin 35-45 %

Other organics 10-15 %
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• Active chemicals 
probably penetrate 
into the middle 
lamella only via cell 
lumens and the 
porous cell wall

• Therefore, much of 
the lignin in the 
secondary cell wall 
will dissolve before 
the middle lamella 
lignin
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The ether bonds are more reactive than C-C bonds
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DELIGNIFICATION THROGH 

FRAGMENTATION OF THE LIGNIN 

CHAIN
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Depolymerisation of lignin
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Depolymerisation of lignin

Sulfidolytic cleavage reaction of -aryl ether bond

in phenolic lignin units. (Fengel 1983).
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Yield during impregnation
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Solids content in the impregnation liquid
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Delignification in kraft cooking

Constant alkali charge,
hardwood / softwood
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Initial, bulk and residual delignification



Laboratory of Fibre and Cellulose Technology
www.abo.fi

Carbohydrate reactions

• Alkaline swelling and 
dissolution

• Reprecipitation

• Alkaline hydrolysis of 
acetyl groups

• Alkaline peeling

• Stopping reactions

• Alkaline hydrolysis and 
depolymerization

MS = monosaccharide unit
HA = hydroxy acid component
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Carbohydrate degradation - cellulose
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Hydrolysis

• Pre-Hydrolysis of wood chips by

– Water (pressurised hot water extraction)

– Acid or alkaline (dilute acid or alkaline hydrolysis)

• Purpose: Disassembly (dissolution) of 
hemicelluloses from the solid wood matrix 
without degradation of lignin or cellulose.
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Prehydrolysis: mildly acidic by heating water at 170 °C (Lai 1990).

Auto hydrolysis: steam (175-220°C) by organic solvents (Lai 1990).

Steam explosion: at 200-250°C by explosive discharge (Puls & Saake 2004)

Enzymatic hydrolysis: by a group of enzymes (Jeoh 1998). 

Hot water extraction: high pressure at 140-190°C (Yoon et al. 2006).  

Other hydrolysis methods
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Xylan
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Xylan
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Hemicellulose extraction kinetics
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Hydrolysis
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Extraction of hemicelluloses
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Extraction of hemicelluloses
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Composition of an extract

Lidia Testova; [2006] 



Laboratory of Fibre and Cellulose Technology
www.abo.fi

Yield
Lidia Testova; [2006] 
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Pre-Hydrolysis + Cooking @ FCT, ÅA

Hemicellulose rich solution

Chips in
reactor

Steam heating
of liqours

Cooler
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Xylan dissolution
Experiment Xylan Retention

(mg/g)

Xylan Dissolution

(mg/g)

Xylan Removal

(%)

Cellulose retention

(mg/g)

Lignin Removal

(%)

1 188.68 106.42 36.06 560.03 0.34

2 178.16 116.94 39.63 493.22 0.65

3 150.65 144.45 48.95 632.35 13.88

4 212.42 82.68 28.02 493.12 4.59

5 106.04 189.06 64.07 362.10 9.84

6 126.18 168.92 57.24 611.20 10.68

7 119.51 175.59 59.50 493.65 14.37

8 142.35 152.75 51.76 588.80 11.45

9 88.65 206.45 69.96 422.81 17.53

10 91.12 203.98 69.12 554.20 17.70

11 41.24 253.86 86.03 383.00 0.45

12 78.68 216.42 73.34 427.76 13.42

13 18.23 276.87 93.82 413.19 29.84

14 16.70 278.40 94.34 394.61 26.64

15 16.70 278.40 94.34 395.56 12.73

16 15.14 279.96 94.87 412.51 29.37
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Process for extraction of hemicelluloses
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Antioxidants and hemicellulose from 
wood

• Antioxidants, e.g. 
phenolics and 
polyphenolics

• Hemicelluloses, e.g. 
xylose
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Fractionation of dispersions
– Cleaning and screening of pulp or 

“Fractionation based on size”
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Cleaning and screening

• Purpose of cleaning: Elimination of 
dissolved products from the wet pulp

• Purpose for screening: Separation and 
elimination of “faulty” solid particles.
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Elimination of impurities in the pulp

• Sedimentation

– Heavy particles e.g. stones and metal 
falls rapidly to the bottom, fibres slowly

• Screening

– The fibres are passed through a screen 
plate with holes or slots whereas ”big” 
impurities are not

• Hydrocyclone cleaning

– Particles are separated by centrifugal and 
shearing forces
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Screening

• Solid material can be separated on the basis of
– Size

– Density difference (sand is heavier, plastics are lighter 
than pulp fibre material)

• Solid contaminants which are separated from pulp 
consist of:
– Uncooked pieces of chips, knots,                       

reaction wood, heartwood (hard)

– Shieves, fibre bundles

– Bark

– Sand and stones

– Metal
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Trycksil + silkorg
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Trycksil + silkorg
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Pressure screening

SCREEN BASKET 

WITH HOLES OR 

SLOTS

FEED

ACCEPT

REJECT
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Screening basket
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Pulp screening
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Virvelrening

For light particles 
(e.g. plastics) the 
centricleaner works 
vice versa, i.e. 
fibres fall down, 
plastics go up
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Fractionation of dissolved biomass
– Purification and homogenisation by precipitation 

or                                                     
“Fractionation based on solubility”
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Solubility

• Purpose: Dissolution and selective re-
precipitation of dissolved components
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Solubility of polymers

• The dissolution of polymers depends not only on 
their physical properties, but also on their chemical 
structure, such as: polarity, molecular weight, 
branching, crosslinking degree, and crystallinity. 

• The general principle that states like dissolves like
is also appropriate in the case of polymers. Thus, 
polar macromolecules are soluble in water. 

• Conversely, nonpolar polymers or polymer showing 
a low polarity are soluble in nonpolar solvents.

http://pslc.ws/macrog/property/solpol/ps1.htm



Laboratory of Fibre and Cellulose Technology
www.abo.fi

Solubility of polymers

• The molecular weight of polymers plays an important role in 
their solubility.

• In a given solvent at a particular temperature, as molecular 
weight increases, the solubility of a polymer decreases. This 
same behavior is also noticed as crosslinking degree 
increases, since strongly crosslinked polymers will inhibit the 
interaction between polymer chains and solvent molecules, 
preventing those polymer chains from being transported into 
solution.

• A similar situation occurs with crystalline macromolecules, 
although in such a case the dissolution can be forced if an 
appropriate solvent is available, or warming the polymer up 
to temperatures slightly below its crystalline melting point

http://pslc.ws/macrog/property/solpol/ps1.htm
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Solubility – DP (MW) dependence

Two-dimensional lattice
model of solubility for
a low molecular weight
solute

Two-dimensional 
lattice model of 
solubility for a 
polymer solute

Mixing of small molecules results in a greater number of possible molecular
arrangements than the mixing of a polymeric solute with a solvent.
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Solubility of polymers

www.chemeng.queensu.ca
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Dissolution of polymers

http://pslc.ws/macrog/property/solpol/ps1.htm
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Goal of dissolution of biomass
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Goal of dissolution
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Solubility of hemicelluloses

• In the native state the xylan is supposed to be O-
acetylated. The content of acetyl groups of MGX 
isolated from hardwoods of temperate zones 
varies in the range 3–13%.

• The acetyl groups are split during the necessary 
alkaline extraction conditions resulting in partial 
or full water-insolubility of the xylan preparations. 
But the acetyl groups may be, at least in part, 
preserved by treating with hot water or steam.

Polysaccharides I
T. Heinze, Dieter Klemm (2006)
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Solubility
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Solubility
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Solubility of hemicelluloses



Laboratory of Fibre and Cellulose Technology
www.abo.fi

Solubility of hemicelluloses
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Solubility of cellulose
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Solubility of cellulose
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Solubility of cellulose
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Solubility of cellulose
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Effect of molar mass on solubility
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Solubility of cellulose in Ionic Liquid
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Solubility in Ionic Liquid
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Dissolving of cellulose in IL

Swatloski, et. al “Dissolution of Cellulose with Ionic Liquids” J. Am. Chem. Soc., 2002, 124, 4974.
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Solubility of cellulose in IL
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Euca pulp solutions in BMIMCl -
viscosity measurements
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Partial dissolution of whole wood 
in IL

Fort et. al

• Partial dissolution of
wood

•5-8 % *)

•80-100 ºC
•2-24 h
•[bmim]Cl/15% DMSO
•[amim]Cl *)

•Pine, poplar, euca, oak
•Spruce *)

*) Kilpeläinen et al. 
Science and Technology of Biomasses”
(Rome, Italy, 8-10 May 2007) Italic 4
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Solubility of cellulose in phosphoric acid
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Solubility of viscose in DMF
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Solubility of cellulose in NaOH/urea
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Solubility of cellulose
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Deep Eutectic Mixtures

• A deep eutectic 
solvent is a mixture 
which forms a eutectic 
with a melting point 
much lower than either 
of the individual 
components. 

http://www.rsc.org/Education/EiC/issues/2005_Jan/salty.asp
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Solubility of biomass in Deep 
Eutectic Mixtures
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Centrifugal precipitation chromatography
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Centrifugal precipitation chromatography
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Centrifugal precipitation chromatography
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Selective precipitation

• Whole or partial 
dissolution of solid 
material

• Tuning of the solvent 
properties …
– pH

– Temperature

– Concentration of additive 
(salt, polymer, adsorbent, 
…)

– Dilution

– Addition of other solvent 
(miscible or non-miscible)

– ---

• … may lead to a less 
favorable interaction 
between the dissolved 
matter and the solvent.

•  flocculation and phase 
separation of the 
fraction(s) with least 
interaction with the 
solvent. Fractions with 
more favorable interaction 
remain dissolved.

• = DP (DS) fractionation
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Summary

• Fractionation based on chemical reactions

– Controlled by chemical charge (acid, base, 
additives, type of solvent) and experimental 
set-up (time, temp,..)

• Fractionation based on size

– Controlled by design of the device

• Fractionation based on solubility

– Controlled by regulating the solvent properties


