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Outline

Biorefinery activities at INNVENTIA
Lignin characterisation methods
Lignin analysis development and validation

Klason and acid-soluble lignin
Carbohydrate content
Determination of lignin content by UV spectroscopy
Determination of malodorous components by head-space GC/MS
Extractives content
Moisture content
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Biorefinery activities at Innventia

Cluster Biorefinery II, 2009-2011
Separation processes
Biorefinery products

Lignin: Carbon fibres, adsorbents, 
surfactants

Hemicellulose: Fibre activating 
agents (improve paper chemical 
performance); polymers for 
biobased composite materials
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Lignin

Black liquor

Large amounts of organic by-products from 
chemical pulping − Today used as internal fuel

Wood to kraft 
pulp mill
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Cellulose
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The LignoBoost process

1.
Precipitation

and
maturing

2.
Filtration

3.
Re-slurrying

4.
Filtration

and
washing

Partially
evaporated
black liquor

CO2 (g)

Filtrate returned to recovery

H2SO4

Filtrate returned to recovery

Acidified wash
liquor

LignoBoost-
lignin

Stage 1 Stage 2

Need for chemical analysis:
Amount and purity of LignoBoost lignin
Lignin properties
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Lignin characterisation methods at INNVENTIA
Examples

Composition
– Acid-insoluble lignin
– Acid-soluble lignin
– ”UV lignin”
– Volatile components
– (Extractives)
– (Carbohydrates)
– (Ash + metals)
– (Anionic ions)
– (Sulphur)
– (Moisture)

Thermal
characterisation

-Ts, Td, etc

Physical characterisation
– Molecular mass distribution (MMD)
– Diffusion coefficent
– Conformation in solution

Structural elucidation
– Phenol groups
– Carboxyl groups
– Carbonyl groups
– Syringyl & guaiacyl groups
– Amount of β-O-4 structures

– etc…
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Acid hydrolysis of black liquor and lignin samples
TAPPI-methods
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Lignin characterisation methods at INNVENTIA
Examples

Composition
– Acid-insoluble lignin
– Acid-soluble lignin
– ”UV lignin”
– Volatile components
– (Extractives)
– (Carbohydrates)
– (Ash + metals)
– (Anionic ions)
– (Sulphur)
– (Moisture)

Thermal
characterisation

-Ts, Td, etc

Physical characterisation
– Molecular mass distribution (MMD)
– Diffusion coefficent
– Conformation in solution

Structural elucidation
– Phenol groups
– Carboxyl groups
– Carbonyl groups
– Syringyl & guaiacyl groups
– Amount of β-O-4 structures

– etc…
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Acid hydrolysis of black liquor and lignin samples
Experimental

Four samples:

– Black liquor 
HW, SW

– LignoBoost lignin
HW, SW
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Acid hydrolysis of black liquor and lignin samples
Experimental protocol
Pre-hydrolys

72% H2SO4

Vacuum, 15 min
30 °C, 1 h
Dilution to
3% H2SO4

Hydrolysis
125 °C, 1 h

Filtration Gravimetry
”Klason lignin”

Retentate

Filtrate

UV spectroscopy
”acid-soluble lignin”

Ion chromatography
carbohydrate composition

Is the method applicable for lignin and BL samples? 
Are all steps necessary?
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Acid hydrolysis of black liquor and lignin samples
Experimental protocol
Pre-hydrolys

72% H2SO4

Vacuum, 15 min
30 °C, 1 h
Dilution to
3% H2SO4

Hydrolysis
121 °C, 1 h

Filtration Gravimetry
”Klason lignin”

Retentate

Filtrate

UV spectroscopy
”acid-soluble lignin”

Ion chromatography
carbohydrate composition

Part 1 (Hydrolysis):
Alt. 1 = All moments (standard method)
Alt. 2 = No vacuum/pre-heating
Alt. 3 = No strong acid
Alt. 4 = No hydrolysis

Part 2 (Determination):
Structures in ”Klason lignin”
UV absorptivities
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Acid hydrolysis of black liquor and lignin samples
Lignin samples after different pre-hydrolyses

Lignin samples
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Acid hydrolysis of black liquor and lignin samples
Lignin composition after different pre-hydrolyses

Lignin samples
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Acid hydrolysis of black liquor and lignin samples
Conclusions from Part 1 (hydrolysis).

No major differences between different hydrolysis parameters
No indication of sample degradation
The procedure may be simplified
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Acid hydrolysis of black liquor and lignin samples
Experimental protocol
Pre-hydrolys

72% H2SO4

Vacuum, 15 min
30 °C, 1 h
Dilution to
3% H2SO4

Hydrolysis
121 °C, 1 h

Filtration Gravimetry
”Klason lignin”

Retentate

Filtrate

UV spectroscopy
”acid-soluble lignin”

Ion chromatography

Part 1 (Hydrolysis):
Alt. 1 = All moments (standard method)
Alt. 2 = No vacuum/pre-heating
Alt. 3 = No strong acid
Alt. 4 = No hydrolysis

Part 2 (Determination):
Structures in ”Klason lignin”
UV absorptivities
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Lignin structures in “Klason” lignin
Pyrogram of HW lignin sample
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Acid hydrolysis of black liquor and lignin samples
Identified guaiacyl & syringyl fragments
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Acid hydrolysis of black liquor and lignin samples
Syringyl/Guaiacyl ratio (S/G) in HW samples
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UV absorptivity after acid hydrolysis

Swan, 1956, Sv. Papperstidn. 68, 791 113Hardwood and HW pulp

Reference
a

(L/g*cm)
Sample

Krogerus,1974, KCL Report 119680Semi bleached pulp

Krogerus,1974, KCL Report 1196128Softwood and SW pulp

TAPPI T222 om-00110All samples

UV absorptivities at 205 nm.

Beers law: c = A/(a*b) where: c = sample conc.
A = UV absorbance
a = UV absorptivity
b = cuvette length
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UV absorptivity at 205 nm
Experimental

Lab./ pH 9.5LignoBoost SW 2

Lab./ pH 11.5LignoBoost SW 3

OriginSample

Lab./ pH 10.5
Heat treated

LignoBoost HW 3

Lab./ pH 10.5
Ultrafiltrated

LignoBoost HW 2 

Lab./ pH 9.5LignoBoost HW 1

Pilot scaleLignoBoost SW 1

Acid hydrolysis 
TAPPI T222 om-00
Filtration + gravimetric 
determination (Klason)
Calculation of lignin 
concentration in filtrate (i.e. 
correction for hemi, ash & 
Klason lignin)
Dilution
UV absorption 
measurement at 205 nm
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UV absorptivity at 205 nm
Results

94LignoBoost SW 2

103LignoBoost SW 3

a (L/g*cm)Sample

110LignoBoost HW 3

123LignoBoost HW 2 

109LignoBoost HW 1

86LignoBoost SW 1

UV absorptivities at 205 nm.  LBHW

y = 109.44x + 0.0355

0.0

0.5

1.0

1.5

2.0

0.000 0.005 0.010 0.015
Concentration, mg/ml

A2
05
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Acid hydrolysis of black liquor and lignin samples
Conclusions from Part 2 (determination)

The lignin composition (i.e. guaiacyl/syringyl ratio) is changed
during the LignoBoost process.
The G/S ratio in the Klason lignin is similar to that in the LignoBoost
lignin

The UV aborptivites after acid hydrolysis may differ from those used
in the standard methods
The difference is more pronounced for softwood lignins (up to 35%)
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UV absorptivity at 280 nm
Experimental

Lab./ pH 9.5LignoBoost SW 2

Lab./ pH 11.5LignoBoost SW 3

OriginSample

Lab./ pH 10.5
Heat treated

LignoBoost HW 3

Lab./ pH 10.5
Ultrafiltrated

LignoBoost HW 2 

Lab./ pH 9.5LignoBoost HW 1

Pilot scaleLignoBoost SW 1

Dissolution in 0.1 M NaOH
Dilution
UV absorption 
measurement at 280 nm
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UV absorptivity at 280 nm
Results

21.73

24.52

21.61

Ref. value

4.523.4LB SW 1

-9.426.8LB SW 2

-8.626.6LB SW 3

∆ (%)a (L/g*cm)

-16.625.3LB HW 3

-28.127.8LB HW 2 

-12.024.3LB HW 1

1.421.3Indulin AT

UV absorptivities at 280 nm.

1) Douek & Allen
Pulp Paper Canada 81:11(1980)

2) Norrström
Sv. Papperstidn. 73:19 (1970)

3) Marton
Tappi 50:7 (1967) 
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Overall conclusions
Summary

The traditional methods developed for wood
and pulp samples may not be suitable for 
analysis of black liquor and lignin samples.

The procedure for acid hydrolysis could be 
simplified

The methods using UV absorptivities may be 
used for estimation of lignin content, but not for 
exact measures

Further investigation is in progress!
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Malodorous compounds in lignin samples
Experimental

Four samples:
– Eucalyptus LignoBoost lignin, unwashed (Stage 1 only), sealed
– Eucalyptus LignoBoost lignin, sealed
– Eucalyptus LignoBoost lignin, air dried 5 months
– SW LignoBoost lignin (Bäckhammar), air dried 12 months

Samples suspended in 6 mL NaCl-saturated water

Analysis of headspace with SPME-GC-MS

Sampling at 80 °C during 30 min
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Malodorous compounds in lignin samples
Identified volatile organic compounds (VOCs)

Eucalyptus lignin, unwashed
– 38 VOCs (more sulfides and phenols) 

Eucalyptus lignin
– 28 VOCs

Eucalyptus lignin, air dried
– 26 VOCs

SW lignin, air dried
– 26 VOCs
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Malodorous compounds in lignin samples
Quantification of 4-ethyl guaiacol

4-Ethyl guiaicol concentration (µg/g)

0
5

10
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20
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35
40
45
50

Euc. lignin  
(unwashed)

Euc. lignin Euc. lignin  
(air dried)

SW  lignin   
(air dried)
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Malodorous compounds in lignin samples
Summary

Headspace-SPME-GC-MS may be used to 
quantify malodorous compounds in lignin 
samples.

Less good method for sulfides.

The headspace content of guaiacol vary
drastically during the LignoBoost process 
and during sample storage.



2010-04-09
Cost FP0901, "Current needs in biorefinery analytics", Vienna, 4-5/1-2010

30

Moisture/dry content

Air drying (25°C) – drying at 40/150°C – reconditioning (25°C) 

Four LignoBoost samples:
SW
HW
HW (high sulphur content)
Eucalyptus

Is the dry content value affected by drying temperature?
Does the drying affect the lignin?
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105°C40°C

98% (-0,3%)99% (<0,1%)LignoBoost HW
(high sulphur content)

89% (-1,2%)92% (1,2%)LignoBoost eucalyptus

95% (-3,0%)96% (-0,6%)LignoBoost HW

95% (-2,2%)97% (-0,1%)LignoBoost SW

Dry content (weight difference after reconditioning)

Conclusion: Drying should be performed at 40°C

Moisture/dry content - results
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Extractives content

Petroleum ether, bp 40-60°C
Petroleum ether, bp 60-80°C
Hexane

Three LignoBoost samples:
SW
HW
Eucalyptus

Different solvents are suggested for removal of extractives. 
Which is the most suitable?
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0.12*

0.34

0.70

p-ether
bp 40-60°C

Hexanep-ether
bp 60-80°C

0.18*0.18*LignoBoost eucalyptus

0.370.37LignoBoost HW

0.580.73LignoBoost SW

Extractives content (% of dry sample)

Conclusion: No solvent can be pointed out as better

Extractives content - results

*) Value below the limit for correct weighing
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Chemical Analysis group at INNVENTIA

Thank you for listening!
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Cluster Biorefinery II, 2009-2011

Contact: Birgit Backlund
birgit.backlund@innventia.com

Goals
Value-added chemical products and materials 
from wood-derived components in process 
liquors and forestry residues. 

System solutions for integration of the new 
technologies with the pulp mill
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Methods are developed for separation 
and upgrading of lignin and hemi-
cellulose (xylan) from process liquors.

Among the tools are e.g. ultrafiltration
and the LignoBoost process, developed 
by Innventia, for separation of lignin. 

System studies and techno-economical 
evaluation of new processes are made.

Ultrafiltration is one of 
the methods used in 
the separation systems

Separation 
processes
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New chemicals and materials are 
developed from wood-derived lignin and 
hemicellulose. Examples:

Lignin: Carbon fibres, adsorbents, 
surfactants
Hemicellulose: Fibre activating 
agents (improve paper chemical 
performance); polymers for 
biobased composite materials

Market aspects are evaluated for 
potential products

One of the challenges: 
carbon fibre from
kraft lignin

Biorefinery products


