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� Important Chemical Characteristics:

� C6 Sugars: Glucose, Galactose, Mannose
� C5 Sugars: Arabinose, Xylose
� Lignin content (acid soluble and insoluble)
� Extractives
� Ash.
� Elemental analysis.

� With the development of the theoretical and, later, � With the development of the theoretical and, later, 
practically validated kinetic equations – accurate 
analytical data should enable the prediction of LvA, 
furfural, FA yields from a variety of LA and EU 
feedstocks.

� The amount of solid residue for downstream processing 
(pyrolysis) can also be predicted.

� Hence, determinations as to the value/feasiblity of  
feedstocks in the DIBANET process chain can be made.



Miscanthus

• A C4 grass that is native of Asia
• Various hybrids, typically Miscanthus x giganteus grown
• Grows quickly, harvested annually. 
• Commercial operations require the planting of 

Miscanthus rhizomes harvested from standing stock.Miscanthus rhizomes harvested from standing stock.
• No real pest problems. Very competitive against weeds. 

Low nutrient requirement – nutrients translocated to 
rhizomes following senescence.

• Requires abundant rainfall and mild winters.
• Irish conditions are appropriate for reasonable yields of 

up to 20 dry tonnes per hectare.







• Over 500 samples of 
Miscanthus collected:
• Whole plant
• Leaves (dead/live)
• Sheaths (dead/live)• Sheaths (dead/live)
• Internodes (var heights)
• Nodes (var heights)
• Flowers

• Over 250 other 
samples collected (e.g. 
agricultural wastes, 
energy crops, 
municipal wastes)



Sample Preparation
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DIBANET Itemised Analysis 
Procedures

• UL has developed and written a series of step-by-
step analytical procedures for use for the wet-
chemical analysis of biomass feedstocks and NIRS 
calibration.

• The target is that methods and data are transferrable • The target is that methods and data are transferrable 
and NIRS spectra and reference values can be 
combined and compared on the same basis.



1. Extractives Content

• Extractives - extraneous components that may be 
separated from the insoluble cell wall material by their 
solubility in water or neutral organic solvents. 

• Of relevance to biorefining due to the effects they have 
on the dynamics of stored biomass piles and the on the dynamics of stored biomass piles and the 
accuracy of analysis procedures. 

• Many different extractives, many of which are species-
specific. Major categories include monosaccharides, 
polysaccharides, volatile oils, terpenes, fatty acids and 
their esters, waxes, polyhydric alcohols, alkaloids and 
aromatic compounds. 
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Extractive Removal Employed

• Quantifying all extractives separately is a costly/lengthy 
process.

• Primary concern in our analysis is removal of majority of 
extractives (but not their separate quantification) and, 
particularly, those that may interfere with acid hydrolysis particularly, those that may interfere with acid hydrolysis 
and quantification of hemicellulosic/cellulosic sugars.

• We use the ASTM standard test method for the 
determination of extractives in biomass feedsotcks.

• One solvent (95% ethanol) used, reducing time and 
chemical costs.
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Ethanol-Soluble Extractives
• Traditional method – Soxhlet extraction:

– Ethanol is heated to reflux and passes 
through the sample. Extractable components 
of the sample will dissolve in the solvent. 

– When the Soxhlet chamber is almost full it is 
emptied automatically by a side arm which 
allows the solvent to return to the distillation allows the solvent to return to the distillation 
flask. This is termed a “cycle”.

– With subsequent cycles the “extractives” 
become concentrated in the distillation flask. 

– Under ASTM method, at least 160ml of 95% 
ethanol is used and the system is heated 
under reflux for 24 hrs � 100-200 cycles.

– Rotary evaporator used to remove ethanol 
and quantify extractives. Extractives also 
quantified as dry mass loss in solid during 
process.
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Carbolea Extractives Analysis

• Use Dionex ASE-200 
(Accelerated Solvent 
Extractor)
– Operating pressure 

500-3000 psi.
– Extractions automated, 

take approx 30 
minutes (not 24 
hours!)

– Uses less ethanol
– Up to 24 

extractions/samples 
can be done in a 
sequence.
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Advantages of ASE-200

• By using conventional solvents at elevated temperatures 
and pressures, the efficiency of extraction is increased.

• The increased temperature accelerates the extraction 
kinetics while the elevated pressure keeps the solvent 
below its boiling point.below its boiling point.

• Allows us to extract up to 12 cells a working day.
• In the last 2 years have analysed 570 samples (490 in 

duplicate, 80 in triplicate)
• Would have taken 5+ years using one soxhlet extractor 

every working day!!!
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2. Acid Hydrolysis of Extracted Biomass

• Follows the Uppsala method, which through a multi-lab 
and multi-feedstock round robin, was found to be 
suitable for both woody and herbaceous feedstocks.

• Involves acid hydrolysis in order to break apart the 
polysaccharides to their constituent free monosaccharide polysaccharides to their constituent free monosaccharide 
units which can then be quantified with chromatography.

• Particle size important for hydrolysis (between 180 and 
850 mm).

• Sample needs to have extractives/starches removed.
• Take 300mg of extracted sample (moisture content 

known), add 3ml of 72% H2SO4 and mix, keep for 1 hr
and 30oC mixing thoroughly at intervals.
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2. Acid Hydrolysis cont’d.

• After 1 hour add 84ml water to dilute solution to 4% acid. 
• Seal pressure tube and put in autoclave at 121oC for 1 

hour to complete the hydrolysis and liberation of sugars
• Autoclaving step associated with loss of free sugars 

(degradation to HMF, furfural, levulinic acid etc.). (degradation to HMF, furfural, levulinic acid etc.). 
• So place sugar solutions of known free sugar (glucose, 

xylose, arabinose etc.) content in autoclave and 
determine the loss of sugars � correction factor for 
samples.
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Outputs of Hydrolysis

• Filter contents of pressure tube.
• Hydrolysate contains:

– Liberated sugars.
– Sugar degradation products.
– Acid soluble lignin.
– Acid soluble ash.
– Other components of polysaccharides (uronic acids, 

acetyl groups).

• Solid residue contains:
– Klason Lignin
– Acid insoluble ash.

• Weigh residue (Acid Insoluble Residue, AIR) 
then ash it. 

• Klason lignin = AIR – (Ash from AIR)
19



Analysis of Sugars in Hydrolysate
• Most interest in (for DIBANET process yields):

Glucose - - Arabinose

Galactose - - Xylose

Mannose -

Rhamnose -

Fucose (internal standard) -

• Can we accurately analyse for all these with one method?
20

6 – carbon sugars

5 – carbon sugars

6 – carbon deoxy sugars



Ion Chromatography

• Separates ions and polar molecules. Analyte molecules 
from the sample are retained on the column due to 
coulombic (ionic) interactions. 

• Separation depends on the reversible adsorption of 
charged solute molecules to immobilised ion exchange charged solute molecules to immobilised ion exchange 
groups of opposite charge.

• IC can be termed HPAEC (anion exchange 
chromatography) when anions are to be resolved and 
analysed and HPCEC (cation exchange 
chromatography) when cations are analysed.

• The stationary phase have ionic functional groups R-X 
(X is a cation X+ in HPAEC and an anion X- in HPCEC)
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IC for Carbohydrates (2)

• The lower the alkalinity of the mobile phase, the higher is 
the selectivity for separation.

• For our analysis it is necessary to use only deionised 
water for the elution of sugars.

180
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IC for Carbohydrates (3)

• A mobile phase of water requires a regeneration step to 
restore full ion-exchange capacity to the column.

• Strongly retained molecules (e.g. uronic acids) also need 
to be pushed from the column.

• Concentrated NaOH used after elution of the • Concentrated NaOH used after elution of the 
monosaccharides of interest. We also introduce sodium 
acetate to the mobile phase at this stage. 

• Acetate binds to the active sites on the column, reducing 
chromotographic run times. 

• This shift is proportional for all the analytes except 
rhamnose, where it is less pronounced. 

• Hence, we adjust the acetate loading level to achieve 
elution of rhamnose between galactose and glucose. 24



• Lignin and other hydrophobic components may negatively 
affect chromatographic performance.

• Off-line SPE is time consuming.
• We use a valve in the IC to direct flow (post injector valve 

and pre-column) for the first minute to position A (through 

Solid Phase Extraction

and pre-column) for the first minute to position A (through 
an NG1 guard) and then to position B which bypasses this 
guard.

• Allows injected sample to pass through NG1 and ensure 
against non-reversible binding of hydrophobics to 
divinylbenzene backbone of analytical column.

• Periodic cleaning of NG1 column is necessary 
(acetonitrile).



• Some methods advocate neutralisation of acid in 
hydrolysate and removal of sulphate prior to injection.

• Our samples are diluted 5X with an internal standard 
solution (fucose) giving approx. 0.8% acid concentration.

• We find that a sulphate loading of this level can improve 
peak sharpness and reduce retention times.

Sample Preparation

peak sharpness and reduce retention times.
• Our conditions allow linearity in detection for all sugars in 

quantities relevant to biomass samples.
• Conditions:

– Flow rate 1.1 ml/min, 18oC
– 0-16 min H2O, 30 sec ramp to 240mM NaC2H3O2 in 400mM 

NaOH, held for 2 min then 30 sec ramp to H20
– Equilibration with H2O for 15 minutes
– Post column addition of base (0.3M NaOH, 0.3ml/min) required 

for electrochemical detection of carbohydrates. 
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• Standard (containing known amounts of all the 
sugars) injected every 5 injections to determine 
relative response factors (RRFs) compared with 
fucose (internal standard). 

• Each sample has a known quantity of internal 
standard, giving a response factor. This is multiplied 

IC Sequences

standard, giving a response factor. This is multiplied 
by the most recent RRFs giving a unique response 
factor for all sugars for the injected sample.

• Separation is not perfect – specific standards needed 
for each biomass type (e.g. grass, wood, paper, peat 
etc.)

• Sequence can be left to run over weekend (approx
100 injections).



IC - Conductivity Detector 

• We also use IC for the analysis of other anions. 
• These include products of the DIABNET process (e.g. 

levulinic acid, formic acid) and their intermediates (e.g. 
hydroxymethylfurfral).

• For some analytes a conductivity detector is used.• For some analytes a conductivity detector is used.
• This applies a pulsed voltage to two electrodes in the 

conductivity cell to obtain a conductivity which is 
measured in Siemens (S). 

• Conductivity is dependant on the mobility of ions in the 
applied electric field, on the electrical charge and their 
concentration. 
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Detection of LvA and FA
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UV-Visible Analysis

• Some analytes (e.g. furfural, HMF) require ultraviolet 
(UV) detectors.

• UV radiation between 200 and 400 nm is strong enough 
to cause loosely held electrons to change locations.

• These electrons can be either the non-bonding electrons • These electrons can be either the non-bonding electrons 
(n-electrons) of aldehydes or ketones, or they can be the 
p-electrons of conjugated p-systems. 
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UV Analysis of Acid Soluble Lignin

• A small portion of lignin is solubilized during the 
hydrolysis procedure. 

• Traditionally the UV absorbance of the hydrolysate is 
measured at 205nm and an absorptivity (extinction 
coefficient) value of 110 L/g-cm used to calculate the 
amount of acid-soluble lignin present in the hydrolyzate. amount of acid-soluble lignin present in the hydrolyzate. 

• 205nm is chosen because it corresponds to a minimum 
in the UV spectrum of furfural and HMF, and is in a 
region where lignin components (e.g. vanillin, p-coumaric
acid, ferulic acid) absorb strongly. 

• Beer’s Law is assumed to hold (the absorbance of an 
analyte is proportional to its concentration and the path 
length through the sample (transmission spectroscopy)).33


