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Saccharides & their derivatives — why?
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Background & reasons for this research work

» Climate change

—EU legislation to promote the biofuels &

renewable energy sources
» Increased demand for oil, especially in Asia

- We should not be too dependent on oil
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...Background

How about possibilities to compensate or
substitute petrochemical based industry?

» Replacing of some oil based industrial products with the ethanol based
ones:

= E.g. Ornskoldsvik, Sweden in wartime
Paper mill cellulose = Glc = fermentation to EtOH = used as fuel etc.
= USA and Brazil are interested in ethanol as a chemical feedstock =2

(e.g. ethylene from ethanol instead of olefins from petrochemical

steam cracking)
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SAMPLES

POKE Summer School in Saaremaa, Estonia,
August 2014



The studied

LIGNOCELLULOSICS

Softwood

from
Central Finland:

*Scots pine
(Pinus sylvestris)

*Norway spruce
(Picea abies)

Silver Birch
(Betula pendula)

YOUNG SPRUCE

POKE Summer School in Saaremaa, Estonia, August

2014

...and in Chile

Forest residues:
* Eucalyptus

* Lenga
Nothofagus
pumilio

Crops residues:

= Corn
=  Wheat straw



Sample collecting and sampling

To be considered before collecting sample
- Things that might affect the results

¢ heart wood vs. sapwood

& gr0Wing place (e.g. heavy metals in soil?)

¢ age of wood

e condition/healthy of wood (fungi etc.)

e heightwhere sample is taken from (1.2-1.50m)

¢ Usually samples should be free from
reaction wood & compression wood,
branches and knots
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EXPERIMENTAL
PROCEDURES
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Experimental conditions & procedures:

Wood
* milling
* freeze-drying

'

Acetone
extraction[ ?
Cotton linters

do not contam Lignin

>

\

)
IL & HEAT
TREATMENT

e

e 80-120°C
e 2-100 h

nixed

savdust or
woodchips

+ IL
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SACCHARIDES:

* GC(or GC-MS)
* HPLC

Heat, microwaves and
ultra sound contribute
to the degradation of
the polysaccharides!
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IONIC LIQUIDS (ILs)

POKE Summer School in Saaremaa, Estonia,
August 2014

11



1-Ethyl-3-methylimidazolium chloride
EmimCl or [emim]*[CI]

/—Z

=40

CHs

~Cl

Molar mass:
Density

Melting point
Flash point:
Viscosity

Flame point
Solubility in water

Very hygroscopic

146,62 g/mol

1,1120 g/cm3(at 80 °C)

77-80 °C < impurities effect
186 °C

47.4 mPas (at 80 °C)

515 °C

(o =]

Information concerning
melting point varies in
literature



1-Ethyl-3-methylimidazolium acetate
EmimOAc or [emim]* [CH,COO]
CH3 0

Molar mass: 170,21 g/mol ( O CHs

Density 1.027 g/cm3 at 25 °C k
Melting point >30°C Ch
Flash point: 164 °C

Viscosity 10 mPas (at 80 °C)

Solubility in water oo



THE ANALYSIS METHODS
(CE, GC & HPLC)
AND COMPARISON OF THEM IN
THIS PARTICULAR CASE

(FOR ANALYSIS OF CARBOHYDRATES & THEIR
DEGRADATION PRODUCTS IN LIGNOCELLULOSIC
SAMPLES IN THE PRESENCE OF IONIC LIQUIDS)



GC, HPLC & CE

GC analysis HPLC analysis

* calibration samples in eluent solution

Analysis of carbohydrates on extract
Y i * no derivatization/silylation needed

Without acid methanolysis

* calibration samples: STD sugars with xylitol in MeOH
* |STD: xylitolinstead of sorbitol
~Evaporation (N,) + vacuum oven 2
* silylation:
pyridine, HMDS and TMCS
= shaking (and ultrasonic bath)

CE analysis

e calibration: STD sugars + ISTD (e.g. sucrose)
* no derivatization/silylation needed
* liquid phase can be analyzed after centrifuging and filtering
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Differences

Sample results: GC analysis

in analysis methods

...Sample results: HPLC
analysis

Softwood exposed to heat and EmimCl \ bi HPLC analy: d Frmima {
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...Sample results: HPLC

H P LC analysis

Different concentrations of sugar and Crimacs mistures & Risignal (my)  HPLC analysis on suger and ErmimAca mixlures,
HMF and furfural, 550 the RI signals with the flow rate of 0.300 mi‘min
560 - e RIsgraks @ he fow raie of 0.400 miimin,
[ ] ] 50 . '.‘
500 4 ¥ Gl 2 Vor ) o4
a n a S I S ::;;. ‘i‘ y‘;’:::w = x ’ A
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= 04 304
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[ %) Degasser

=M Autosampler lIF -
e | o Pump unit

Chromatography involves a mass transfer
process involving adsorption
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CE (Capillary electrophoresis)

» Separatesions based on their electrophoretic mobility

* Electrophoretic mobility depends on the charge of the
molecule, the viscosity, and the atom's radius.

71.5/80.5 cm

i.d. 50 pym

ila detector
15+0.5°C | capuiar
. > p y ” _
Capillary cassette o ] Tl »
Diode-array detector L )
p light
anode cathode
tatus display (LED) BGE
; EII Fod 130 mM NaOH containing
Outlet lift — ey D ea0aes + 36 mM NazHPO, -
- Inlet lift
, ~agiim clectrolyte s
Tray ———— Replenishment lift contalner
buffer buffer
I

|
high voltage power supply

Replenishment
bottles
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CE (Capillary electrophoresis)

- Detector: diode array UV/Vis

* Background electrolyte/buffer solution:

130 mM NaOH containing 36 mM Na,HPO,

\/

** must always be fresh

*» Sample derivatization is not needed

- instead: dilution, centrifugation & filtration



CE calibration standards

STD mixture 0.10 mM
[ DAD1 D, Sig=270,40 Refeoff (SARNSEP4_6.0)
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A typical example of CE results
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HMF

in pine, spruce and birch samples
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mg/g

8,00

7,00

6,00

5,00

4,00

3,00

2,00

1,00

0,00

0,00

5-HMF in pine, spruce & birch: amount per sample's total mass vs. wood in

the sample (samples consist of wood & IL)

7,56
== pine,HMF/wood
==ié=spruce,HMF/wood 6,57
=@®=birch,HMF/wood
==le=birch,HMF/sample 5,76
== spruce, HMF/sample
=@==pine, HMF/sample
1,41
/ 1,30
1,18
T T T T 1
20,00 40,00 60,00 80,00 100,00

ILand heating treatment time in hours
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Comparison summary (CE, HPLC, GC)

* CE analysis is the method of choice

 GC (+sTDsugar column) is unreliable when

ILs are present: concentration of IL is
critical

* HPLC suffers from peak overlapping

POKE Summer School in Saaremaa, Estonia
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Conclusions

IL pretreatment leads to significant formation of
HMF and in some cases furfural

(like all depolymerization/ degradation
processes) — good indicator to follow up (e.g.
fermentation inhibitors, degree of
depolymerization, colorization ...)
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