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Since cellulose and hemicelluloses along with lignin are the main
components of biomass, fast pyrolysis of wood yields a complex
mixture of products, among which sugars and anhydrosugars are
one of the most abundant and valuable components. Because of the
presence of high molecular compounds, this sugar mixture of py-
rolysis products has proven to be difficult to analyze. In this study,
research has been done to improve the characterization of pyrolysis
liquids by sample separation on an ion exchange resin. In order to
characterize the pyrolysis liquids, an iodometric titration method
is used to determine sugar and anhydrosugar content in the pyroly-
sis liquids with and without sample separation on an ion exchange
column.
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INTRODUCTION

With the wasting of fossil resources it is necessary
to find new sustainable means for the production
of fuels, materials, and chemicals. Wood - one
of the most typical examples of biomass — can be
processed by hydrolysis or pyrolysis to obtain a
vast array of chemical compounds, such as ace-
tic acid [1], methanol [2], various sugars [3], etc.
This work is focused on anhydrosugars, main-
ly 1,6-anhydro-B-D-glucopyranose (AGP) and
1,6-anhydro-p-D-glucofuranose (AGF), which
are the products of fast pyrolysis of wood.

The three main constituents of wood are lig-
nin, cellulose and hemicelluloses, and the total
products of wood pyrolysis consist of the pyroly-
sis products of each of the separate constituents.
Pyrolysis is the thermal processing of wood in the
absence of molecular oxygen, and according to
the pyrolysis conditions there are different types

of pyrolysis. Fast pyrolysis is characterized by a
rapid increase of temperature, and also a short
hot vapor residence time in the reactor. Fast py-
rolysis has a characteristically high yield of liquid
products — about 75%, 12% gaseous products and
13% solids or char [4]. The single chemical with
the highest yield in pyrolysis liquids is AGP, also
known as levoglucosan [5], however, there are
also smaller amounts of some other cellulose-de-
rived anhydrosugars present in pyrolysis liquids,
such as AGE cellobiosan, and 1,4:3,6-dianhy-
dro-a-D-glucopyranose [6].

AGF and, especially, AGP have potential uses
in the production of polymers, drugs and surfac-
tants [7-8], however, up till now a perfect method
for the separation, purification, and determina-
tion of the compounds in pyrolysis liquids has not
been developed [4].

The presence of AGF can influence the results
of the determination of AGP using instrumental
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as well as classical analytical methods. In this stu-
dy an iodometric titration method is used to de-
termine anhydrosugars in the presence of other
sugars. The method is based on the periodate oxi-
dation of carbohydrates. Monosaccharides such
as glucose react with 5 moles of sodium periodate
[9], AGP reacts with 2 moles of periodate [10],
and, conclusively, AGF reacts with 1 mole of peri-
odate (Fig. 1). The difference between the mono-
saccharide and anhydrosaccharide stoichiometry
allows one to calculate [11] the amount of sugars
and AGP or AGF in a sample, if it has been oxi-
dized and titrated both before and after hydroly-
sis, because anhydrosaccharides are hydrolyzed
to the respective monosaccharides by acid hydro-
lysis at increased temperatures [12].

The iodometric method is fast and easy to
perform for routine analysis of AGP and the total
sugars, however, the presence of AGF can lead to
an inaccurate AGP result, so column chromato-
graphy has been used to fractionate the samples
of pyrolysis liquids before titration. To perform
chromatographic separation of pyrolysis liquids,
a weakly acidic cation (WAC) exchange resin was
used as the stationary phase and a water / ethanol
mixture as the mobile phase [13]. Ion exchange

resins belong to the solid organic exchangers.
WAC exchange resins have a polyacrylic matrix
activated with carboxylic groups [14]. The se-
paration of pyrolysis liquids on an ion exchange
column can be influenced by a combination of
various retention mechanisms, such as size exclu-
sion, ligand exchange, hydrophobic-hydrophilic
interactions, etc. [15].

METHODOLOGY

Materials and equipment

All chemicals (analytical grade) were pur-
chased from Sigma-Aldrich and used without
further purification. Finex weakly acidic cation
exchange resin in the Na* form CA16GC was
used for column chromatography. A Shimadzu
gas chromatograph / mass spectrometer GC/
MS-QP 2010 with a capillary column RTX-1701
(60 m x 0.25 mm x 0.25 um film) was used for the
separation of anhydrosugars.

Chromatographic separation

A glass column (60 x 2 cm) was filled with a
suspension of the resin in a mixture of water
and ethanol (4:1). About 1 g of the pyrolysis
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Fig. 1. The periodate oxidation of D-glucose (1), AGP (2) and AGF (3)
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liquid sample was dissolved in 10 mL of deio-
nized water and filtered through a Whatman
95 filter paper. The filtrate was carried onto the
column and separated into fractions. The expe-
riments were performed at room temperature
(21 + 2 °C), the flow rate was about 1 ml/min.

Iodometric titration
Two 3 mL aliquots were taken from each sample
into 25 mL volumetric flasks. One of these was
hydrolyzed for 90 min at 120 °C in the presence
of diluted sulfuric acid (7.5%). Then both the
hydrolyzed and non-hydrolyzed samples were
diluted up to 25 mL with deionized water and
3 mL of these solutions were oxidized with 1 mL
of 2 M sodium periodate for 4 h at 40 °C pH 1.
The excess of periodate was masked with 5 mL
of 10% ammonium molybdate solution. After
15 min 1 mL of glacial acetic acid and 1 mL of
10% potassium iodide were added. The samples
were titrated with 0.1 M sodium thiosulfate after
15 min, using starch as an indicator. Since AGP
and AGF have different reaction stoichiometries
with periodate, different equations are to be used
to calculate the amount of AGP and AGF:
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where n is the amount of AGP or AGEF, c is the
molar concentration of sodium thiosulfate, V is
the volume of sodium thiosulfate.

GC/MS analysis

To identify specific anhydrosugars, GC/MS was
used with an ion source 250 °C with electrospray
ionization at 70 eV. The injector temperature was
250 °C and the carrier gas was helium at the flow
rate 1 mL/min. The oven program was 1 min iso-
thermal at 60 °C, then 6 °/min up to 270 °C and
finally 10 min at 270 °C. The MS scan range was
15-350. Library MS NIST 147.L113 was used for
compound identification.

RESULTS AND DISCUSSION

First, a mixture of standard D-glucose and AGP
was separated on a WAC exchange column. After-
wards, four samples of pyrolysis liquids were frac-
tionated and analyzed.

Chromatographic separation of an artificial
mixture of D-glucose and AGP

A mixture of standard AGP and D-glucose was
separated on a WAC exchange resin column in
the Na* form. The flow rate of the eluent was
0.61 £ 0.07 mL/min. Figure 2 shows the chroma-
togram of the standard substances.

The retention times of standard glucose and
AGP were 250 min and 300 min, respectively. The
dead time was 80 min. The retention coefficient
for glucose was 2.1 and for levoglucosan 2.8. The
selectivity coefficient of these two substances was
1.3 and the resolution was 0.65, which is acceptable
for preparative chromatography, but in this case
the chromatograms can be used for semi-quanti-
tative characterization of pyrolysis liquids.
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Fig. 2. A chromatogram of standard D-glucose and AGP on a WAC exchange

resin column
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Chromatographic separation and analysis of
pyrolysis liquid samples

Four real pyrolysis liquid samples were ana-
lysed before the chromatographic separation,
the results are summarized in Table 1. Figure 3
shows the chromatograms of the four pyrolysis
liquid samples. The flow rates of the separations
were 1.2 £ 0.2 mL/min for sample 1, sample 2,
sample 3, and 0.85 + 0.04 mL/min for sample 4.

All four chromatograms show that most su-
gars are not strongly retained on the column,
this means that these sugars are disaccharides or
oligosaccharides and that their retention time is
determined mostly by size exclusion. Negative
sugar values are observed in the sample 1 and

sample 2 chromatograms (80-100 min), which
can be explained by the presence of AGF, which
reacts with only 1 mole of sodium periodate,
giving an increased anhydrosugar and decreas-
ed sugar result of iodometric titration, if the
results are calculated as the amount of AGP.
The presence of AGF in the earlier fraction was
confirmed by GC/MS analysis. Figure 4 shows
a comparison of the mass spectra of the AGF
found in the sample and the mass spectra from
the data base. Cellobiosan is believed to be
present in the first fractions of pyrolysis liquid
samples, for example, at 70-80 min of sample 1,
because here again size exclusion mechanisms
are at work.

Table 1. Anhydrosugar (expressed as AGP), total sugar and dry matter content in the pyrolysis liquid

samples
Sample | w (AGP), % | w (sugars), % w (dry matter), %
1 46.2 +0.5 104+0.2 79.1+£04
2 53.0+04 154+0.2 90.0+ 1.1
3 5.3+0.07 4.1 +£0.03 27.3+09
4 23.8+0.3 20.6 +0.2 77.0+0.2
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Fig. 3. Chromatograms of pyrolysis liquid samples on a WAC exchange resin column
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Fig. 4. Mass spectra of AGF found in the sample (above) and the respective mass spectra from the NIST library data base with a 92%

similarity

There is a certain correlation between the su-
gar / anhydrosugar proportion determined in the
samples by the iodometric method before and after
sample separation on the ion exchange column.
Furthermore, the levoglucosan fraction of the an-
hydrosugars can be calculated, as shown in Table 2.
Although the four samples have different water con-
tent and the proportion of sugars and anhydrosu-
gars, the AGP mass fraction of total anhydrosugars
is rather similar in all samples - ranging from 67 to
78%, but the mass fraction of AGF is less than 10%.

CONCLUSIONS

Generally, the iodometric determination of an-
hydrosugars in fast pyrolysis liquids is a fast and
easy method, but sample separation on a WAC
exchange column before iodometric titration be-
nefits the characterization of sugar, anhydrosugar
and their oligomer content in the sample. The
chromatograms of pyrolysis liquid samples depict
the proportion of AGP and other anhydrosugars
or the total anhydrosugars.

Table 2. Total anhydrosugar (expressed as AGP) mass, AGP mass (according to the chromatographic
peak) and the AGP mass fraction of the total anhydrosugars

Sample m (total anhydrosugars), g m (AGP), g w (AGP), %
1 0.1334 0.0889 (100-170 min) 67
2 0.3623 0.2829 (110-170 min) 78
3 0.1142 0.0814 (110-150 min) 71
4 0.3640 0.2692 (160-240 min) 74
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ANHIDROCUKRAUS SUDETIES PIROLIZES
SKYSCIUOSE CHARAKTERISTIKA
PASITELKIANT KOLONINE
CHROMATOGRAFIJA BEI JODOMETRIN]
TITRAVIMA

Santrauka

Celiuliozé ir hemiceliuliozé kartu su ligninu yra
pagrindiniai biomasés komponentai, prie kuriy
taip pat priskiriama ir mediena. Medienos grei-
tos pirolizés metu gaunamas sudétingas produk-
ty misinys, i§ jo labiausiai paplite bei vertingiau-
si komponentai yra cukrus ir anhidrocukrus. Dél
didelio molekulinio svorio junginiy misinyje Siuos
cukry miSinius, esancius pirolizés produktuose, sun-

ku analizuoti. Siame darbe buvo atliktas tyrimas,
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skirtas pagerinti pirolizés skys¢iy charakterizavima,
pasitelkus méginio atskyrimo ant jony mainy dervos
metodg. Siekiant apibudinti pirolizés skyscius, nau-
dojamas jodometrinio titravimo metodas cukraus ir
anhidrocukraus sudédiai pirolizés skysc¢iuose su ir be
meéginiy atskyrimo ant jony mainy kolonos nustatyti.

Raktazodziai: jony mainy dervos, medienos piro-

lizé, anhidrocukrus, cukrus

K. Maiire, A. JKypunpw, I. [Jo6ene

XAPAKTEPUCTUKA COOEPKAHUSA
AHTUIPOCAXAPOB B IIMPOJIM3HBIX
JKMIKOCTSX TPV IIOMOIIN
KOJIOHOYHOV XPOMATOIPA®UN U
MOOJOMETPUYECKOTO TUTPOBAHUS

Pesome
Llennronosa u reMMLENIIONO3bI, HAPALY C TUTHUHOM,
ABJIAKTCA OCHOBHBIMU KOMIIOHEHTaAMU 6I/IOMaCCI)I, K
KOTOPOJ OTHOCUTCA U ipeBecrHa. IloaTomy, B pe3yib-
TaTe OBICTPOrO NMPONN3A [PEBECUHBI, IOMYIaeTCs
CIIO)KHAsA CMeCh MPOAYKTOB, CPefu KOTOPBIX caxapa
M aHTUApOCaxapa SBIAITCA ONHMMM U3 Haumboree
PacIIpOCTpaHEHHBIX U LIEHHBIX KOMIIOHEHTOB. braro-
napﬂ Ha/IM4YN0 BI)ICOKOMO}ICKY}IHPHI)IX COQIH/IH€HI/II7[,
0Ka3a/10Ch, YTO TaKas CMeCh caXapoB MPOAYKTOB IN-
ponusa TPYAHO NOAJaeTcsA aHanusy. B maHHOM pa-
60Te MPOBeNEHO MCCIeNOBAHNME C LIEIbI0 YIyYIIeHNS
XapaKTePUCTUKY MUPOTM3HBIX XXUIKOCTEN IIOCPENCT-
BOM pasfie/ieHys1 00pa31ioB Ha MIOHOOOMEHHOIT CMOJIe.
JInsa XapaKTepUCTUKM NMPONUSHBIX KUJKOCTEN JC-
MIO/Ib30BAJICS METOf], IOJOMETPUYECKOTO TUTPOBAHNUA
C LIeJIBIO OTIPefie/IeHIA COflepyKaHVA CaXapoB U aHT M-
pocaxapoB B MPOIM3HBIX XXUAKOCTAX, C 11 6e3 pasfe-
neHnst 06pasoB Ha MOHOOOMEHHOIT KOJIOHHE.
KiroueBbie cmoBa: 1OHOOOMEHHbIE CMOJIBI, IIIPO-

13 IpeBeCUHbI, aHTUpOcaxapa, caxap



