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The purpose of this paper was to understand wood structure and its chemical
distribution so that the method that extractives are separated from woods was
gained. In addition, the separation process of extractives and how to compare the
results of gas chromatography were also studied in this thesis work. The study was

commissioned and supervised by Paivi Riikonen.

The experiment was carried out in Saimaa University of Applied Sciences, Imatra,
Finland. The raw materials used in the study were Scots pine stem chips, extracted
and separated with a non-polar solvent hexane in different time periods, and finally

identified by gas chromatography.

The results of the study show that the extraction time is not necessarily
advantageous, it is possible it would make some extractives decompose or react to
other compounds when the time of extraction exceeds a certain time. And some
results from GC analysis and theoretical analysis will be got. Further study is
required to identify the components of extractives.
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1 INTRODUCTION

The extractives are important when considering various technical aspects. They
constitute valuable raw materials for making organic chemicals, and some classes of
extractives play an important role in the pulping and papermaking processes. In this

study, the extractives were extracted from the Scots pine stem chips.

Extractives comprise an extraordinarily large number of diverse substances (i.e.,
several thousands of individual compounds), mainly with low molecular masses. By
a broad definition, these extractives are either soluble in neutral organic solvents
(e.g., diethyl ether, methyl tert-butyl ether, petroleum ether, dichloromethane,
acetone, ethanol, methanol, hexane, toluene, and tetrahydrofuran (THF) or water).

Thus, the hexane was adapted as the solvent in this study.

Extractives were isolated with non-polar solvent under different operating times, the
liquid samples from extraction process were analyzed by GC analysis. And the mass
percentages of extractives were determined by drying in the oven. In theoretical
preparation and analysis of the experimental results, some experimental results

which can achieve our purposes of the study were gained.

2 SCOTS PINE

Scots pine (Pinus sylvestris L.) is the most widely distributed conifer species in the
world (Nicolov & Helmisaari 1992), with a natural range stretching from Spain to
Norway and from Scotland to Siberia (Mason 2000). Natural forests or plantations of
this species are found in most member states of the EU and it is of considerable
importance as a timber producing species, particularly in Nordic countries (Mason &
Alia 2000). There are more than 28 million hectares of Scots pine forests in Europe,
representing the region of 20% of the commercial forest area of the EU. The
importance of Scots pine in the Northern Periphery Programme area can be seen in
Table 1.



Table 1 Proportion of the total forest area comprising Scots pine in each of the
project partner countries (National Forest Inventories of participating
countries 2011.)

Area of Scots pine Forest as
Area of Scots )
Country | a Proportion of Total Forest
pine Forest (‘000
Area
ha) :
Entire Country NPP Area
Finland | 13000 65% 68%
Norway | 1657 22% 16%
Scotland | 136 12% 22%
Sweden | 9000 53% 62%

Unsurprisingly, given the extent of their Scots pine forest area, Finland and Sweden
dominate the production of Scots pine timber from EU countries, accounting for more
than 80% of the annual cut (Mason & Alia 2000). A recent report reviewed markets
for Scots pine timber in the Northern Periphery Programme areas of Finland, Norway,
Scotland and Sweden (Gjerdrum 2009): the main end uses are shown in Table 2. In
the Nordic countries around half of the Scots pine round wood produced is
processed as pulpwood, with a similar proportion used for wood based panel
production in Scotland. Whilst construction and joinery are important markets for
sawn timber in Finland, Norway and Sweden, these sectors account for less than 5%

of the Scottish sawn timber supply which is predominantly used for fencing.

Table 2 Main end uses of Scots pine timber in each of the Northern Periphery

countries

Finland Norway Scotland Sweden

* Pulpwood (45%)
* Pulpwood (55%)

« Construction « Wood based * Pulpwood (40%)
+ Construction _
* Joinery panels (50%) | < Packaging (25%)
* Interior joinery and . .
- Fencing * Fencing (45%) | « Construction
linings _
. « Transmission - Construction | « Joinery
* Transmission poles .
poles « Decking « Fuel wood

* Log houses

* Log houses




3 STRUCTURE OF A TREE

Any vascular plant is a tree if it has clearly recognizable crown, stem, and root
systems. The plant therefore has a tree-like structure with balance relationship
among different structural components, which include the crown (foliage and
branches), stem and roots (coarse and fine roots). The proportions of components to
the total biomass vary between species and also within species during the life span.
In young trees, the proportion of foliage is larger than in older trees, and the
proportion of the stem increases with age. The proportion of the stem of the entire
tree biomass is usually 50% - 60%, that of roots 10% - 25%, that of branches is 10%
- 20%, and that of foliage less than 10%. (Kellomaki 2009.)

3.1 Introduction

The concept of tree normally refers to woody plants with the above properties and
appropriate size. For trees, this implies that the vascular cambium or cambium forms
a continuous layer around the stem with formation of xylem (wood) inwards and

phloem (bark) outwards, as shown in Figure 1. (Kellomaki 2009.)

Figure 1 Main structure of the wood stem of trees in the boreal and temperate zones.

Cambium is the layer of living cells forming wood (xylem) inwards and bark
outwards. Phloem refers to the living part of bark, and sapwood to the outer part of
stem wood conducting water, and heartwood to the inner part of stem wood not
conducting water and in many cases with a darker color than the sapwood.
(Kellomaki 2009, p.16)



In forestry, the primary focus is normally on the stem of the tree because of its
economic value. In the functioning of a tree, the stem connects the foliage to the soll
system and together with the branches provides a framework for foliage to absorb
radiation to drive the photosynthesis and other physiological processes. The stem is
normally a cylinder tapering upwards formed by annual layers of radial growth
(annual rings) (Figure 2 ). The distribution of wood density follows the distribution of
radial growth such that wide annual rings indicate low wood density and vice versa.
(Kellomaki 2009.)

Figure 2 Schematic presentation of tree structure (Kellomaki 2009, p.24)

3.2 Structure of wood

Wood, instead of being a relatively solid material like steel or concrete, is basically
composed of many tubular fiber units, or cells, cemented together. Many properties
of wood are related directly to its structure. The following descriptions explain the
distinguishing cellular characteristics of a hardwood and a softwood. (United States

Department of Agriculture.)

3.2.1 Softwoods and hardwoods

Softwoods have a simpler basic structure than do hardwoods because they have
only two cell types and relatively little variation in structure within these cell types.
Hardwoods have greater structural complexity because they have both a greater
number of basic cell types and a far greater degree of variability within the cell types.

The single most important distinction between the two general kinds of wood is that
8



hardwoods have a characteristic type of cell called a vessel element (or pore)
whereas softwoods lack these (Figure 3). An important cellular similarity between
softwoods and hardwoods is that in both kinds of wood, most of the cells are dead at
maturity, even in the sapwood. The cells that are alive at maturity are known as
parenchyma cells and can be found in both softwoods and hardwoods. (Wiedenhoeft
& Miller 2005.)

SURE QLIS AL BRI~ %) e AU TGS
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Figure 3 Structure of softwood/hardwood (Wiedenhoeft & Miller 2005)

A, the general form of a generic softwood tree. B, the general form of a generic
hardwood tree. C, transverse section of Pseudotsuga mensiezii, typical softwood;
the thirteen round white spaces are resin canals. D, transverse section of Betula
allegheniensis, typical hardwood; the many large, round white structures are vessels
or pores, the characteristic feature of a hardwood. Scale bars = 780 um.
(Wiedenhoeft & Miller 2005, 3-3)

3.2.2 Sapwood and heartwood

In both softwoods and hardwoods, the wood in the trunk of the tree is typically
divided into two zones, each of which serves an important function distinct from the
other. The actively conducting portion of the stem in which parenchyma cells are still
alive and metabolically active is referred to as sapwood. A looser, more broadly
applied definition is that sapwood is the band of lighter colored wood adjacent to the
bark. Heartwood is the darker colored wood found to the interior of the sapwood
(Figure 1). (Wiedenhoeft & Miller 2005.)

In the living tree, sapwood is responsible not only for conduction of sap but also for
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storage and synthesis of biochemicals. An important storage function is the
long-term storage of photosynthate. Living cells of the sapwood are also the agents
of heartwood formation. Biochemicals must be actively synthesized and translocated
by living cells. Heartwood functions in long-term storage of biochemicals of many
varieties depending on the species in question. These chemicals are known
collectively as extractives. Now it is known that extractives are a normal part of the
plant’s system of protecting its wood. Extractives are formed by parenchyma cells at
the heartwood—-sapwood boundary and are then exuded through pits into adjacent
cells (Hillis 1996).

3.2.3 Axial and radial systems

The cells of wood are typically many times longer than wide and are specifically
oriented in two separate systems of cells: the axial system and the radial system.
Cells of the axial system have their long axes running parallel to the long axis of the
organ (up and down the trunk). Cells of the radial system are elongated
perpendicularly to the long axis of the organ and are oriented like radii in a circle or
spokes in a bicycle wheel, from the pith to the bark. In the trunk of a tree, the axial
system runs up and down, functions in long-distance water movement, and provides
the bulk of the mechanical strength of the tree. The radial system runs in a pith to
bark direction, provides lateral transport for biochemicals, and in many cases
performs a large fraction of the storage function in wood. These two systems are
interpenetrating and interconnected, and their presence is a defining characteristic of
wood as a tissue. (Wiedenhoeft & Miller 2005.)

3.2.4 Planes of section

Although wood can be cut in any direction for examination, the organization and
interrelationship between the axial and radial systems give rise to three main
perspectives from which they can be viewed to glean the most information. These
three perspectives are the transverse plane of section (the cross section), the radial
plane of section, and the tangential plane of section. Radial and tangential sections
are referred to as longitudinal sections because they extend parallel to the axial
system (along the grain) (Figure 4).

10
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Figure 4 Illustration of a cut-away tree at various magnifications (Wiedenhoeft &

Miller 2005, 3-5 )

3.2.5 Vascular cambium

The axial and radial systems and their component cells are derived from a part of the
tree called the vascular cambium. The vascular cambium is a thin layer of cells that
exists between the inner bark and the wood (Figure 5) that produces, by means of
many cell divisions, wood (or secondary xylem) to the inside and bark (or secondary
phloem) to the outside, both of which are vascular conducting tissues (Larson 1994).
As the vascular cambium adds cells to the layers of wood and bark around a tree,
the girth of the tree increases, and thus the total surface area of the vascular

cambium itself must increase, and this is accomplished by cell division as well.

Figure 5 Light microscopic view of the vascular cambium. Transverse section
showing vascular cambium (vc) and bark (b) in Croton macrobothrys. The
tissue above the vascular cambium is wood. Scale bar = 390 um.
(Wiedenhoeft & Miller 2005, 3-6)
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The axial and radial systems are generated in the vascular cambium by two
component cells: fusiform initials and ray initials. Fusiform initials, named to describe
their long, slender shape, give rise to cells of the axial system, and ray initials give
rise to the radial system. (Wiedenhoeft & Miller 2005.)

3.26 Cellsinwood

A living plant cell consists of two primary domains: the protoplast and the cell wall.
The protoplast is the sum of the living contents that are bound by the cell membrane.
The cell wall is a non-living, largely carbohydrate matrix extruded by the protoplast to
the exterior of the cell membrane. The plant cell wall protects the protoplast from
osmotic lysis and often provides mechanical support to the plant at large. (Esau
1977) (Raven et al. 1999) (Dickison 2000)

3.2.7 Cell walls

Cell walls in wood give wood the majority of its properties discussed in later chapters.
The cell wall itself is a highly regular structure, from one cell type to another,
between species, and even when comparing softwoods and hardwoods. The cell
wall consists of three main regions: the middle lamella, the primary wall, and the
secondary wall (Figure 6). In each region, the cell wall has three major components:
cellulose microfibrils (with characteristic distributions and organization),
hemicelluloses, and a matrix or encrusting material, typically pectin in primary walls

and lignin in secondary walls. (Panshin & deZeeuw 1980.)

7 ‘Border (face view)

: A ““Pit aperture
Pit membrane > =

Figure 6 Cut-away drawing of the cell wall, including the structural details of a
bordered pit.

The various layers of the cell wall are detailed at the top of the drawing, beginning
12



with the middle lamella (ML). The next layer is the primary wall (P), and on the
surface of this layer the random orientation of the cellulose microfibrils is detailed.
Interior to the primary wall is the secondary wall in its three layers: S1, S2, and S3.
(Wiedenhoeft & Miller 2005, 3-7)

3.2.8 Pits

Any discussion of cell walls in wood must be accompanied by a discussion of the
ways in which cell walls are modified to allow communication and transport between
the cells in the living plant. These wall modifications, called pit-pairs (or more
commonly just pits), are thin areas in the cell walls between two cells and are a
critical aspect of wood structure too often overlooked in wood technological
treatments. Pits have three domains: the pit membrane, the pit aperture, and the pit
chamber (Figure 6). (Wiedenhoeft & Miller 2005.)

4 CHEMICAL COMPOSITION AND DISTRIBUTION

The major chemical constituents of all wood species are so-called “structural
substances”: cellulose, hemicellulose, and lignin. Other polymeric constituents
present in lesser and often varying quantities are pectin, starch, and proteins. In
addition to these macromolecular components, various “nonstructural” and mostly
low-molecular-mass compounds (extractives, some water-soluble organics, and
inorganics) can be found in small quantities in both softwoods and hardwoods.
(Stenius 2000.)

4.1 Gross composition

The gross chemical composition of the stemwood (i.e., a common result of wood
analysis) differs somewhat from that of the other macroscopic parts of the tree.
(Stenius 2000.)

The moisture content of a living tree varies seasonally and even diurnally depending
on the weather. The average values are in the range of 40%-50% of the total wood
mass. It is accepted as a common fact that approximately two-thirds of the dry matter
of wood is composed of polysaccharides, i.e., cellulose and various hemicelluloses.
However, when studied in more detail, for softwoods and hardwoods, the cellulose
content is more or less the same (40%-45% of the wood dry solids), but softwoods

usually contain less hemicelluloses and more ligin. (Stenius 2000.)
13



It is also typical that the structure of hemicelluloses (analogous to lignin) is different
between softwoods and hardwoods, while cellulose is a uniform component of all
woods. In addition, the extractives-based components found in these two wood
groups vary to some extent both in structure and amount. Figure 7 illustrates a
typical gross chemical composition of commercial softwood (Scots pine) and
hardwood (Betula pendula). (Stenius 2000.)

Others
(mainly extractives)

Lignin 20%~25%

Hemiceliuloses 30%~-35%

Cellulose

Pine Birch

Figure 7 Average chemical composition of Scots pine (Pinus sylvestris) and silver
birch (Betula pendula). As a percentage of the wood dry solids. (Stenius
2000, p.29)

4.2 Extractives

In general a tree consists of sapwood and heartwood. These two tissue types consist
mainly of cellulose, hemicellulose, lignin and table 3 describes roughly how they are

distributed in spruce and pine. (Canadian Wood Association.)

Table 3 Chemical constituents and their approximate percentage in spruce and pine

(Canadian Wood Association)

Tree Cellulose % | Hemicellulose % | Lignin % | Extractives % | Other %
species

Spruce | 39.5 30.6 27.5 2.1 0.3

Pine 40.0 28.5 27.7 3.5 0.3

The tree also consists of extractives like fatty acids, resin acids and glycerides that

are used mainly for protection against insects, microorganisms decay, and fungus
14



attack if the protecting bark is injured (SLU 1999) (Walinder 2000). Another very
important thing is that the extractives are used as nutrition and are stored inside the

tree.

Extractives, resin, are a heterogeneous group of different compounds and constitute
between 1-4 % of the tree’s total dry matter but still they are necessary for the
survival of the tree. They are intractable in acidic environments. Some of these
extractives are volatile and in general nonpolar (polar extractives can also be
present), low molecular weight compounds with different chemical behaviors. (Peng
et all 2010.) Extractives are removed from both wood and pulp by organic solvents
such as acetone, hexane, ethanol, ether, or dichloromethane. They are composed
principally of lipids and related corn-pounds, e.g., glycerides, sterol esters, fatty
acids, resin acids, fatty alcohols, sterols, and alkanes. (Mutton 1962.) (Allen 1978.)
The concentration and composition of such lipid mixtures vary among wood species,
within and among trees, with tree age, and with environmental conditions (Hillis &
Sumimoto 1989).

In comparison of chips from spruce- and pine thinning, three to five times more
extractives are found in pine than in spruce, that is because the pine has a greater
average size of the parenchyma cells which makes it possible for more storing of

extractives (Fernando et al. 2007).

4.2.1 Lipophilic extractives

Resin acids, fatty acids, triglycerides, sterols and their esters are the main lipophilic
groups of extractives in spruce and pine. Triglycerides dominate the sapwood in both
spruce and pine while the amount of resin acids is higher in the heartwood of pine.
(Fernando et al. 2007.) In pine there are around two times more resin acids in the
heartwood compared to the sapwood. There are almost no triglycerides in the
heartwood of pine, instead there is a large amount of free fatty acids. (Assarsson &
Akerlund 1970) And boiling points of different type of lipophilic extractives are listed
in Table 4.

15



Table 4 Boiling points of chemical compounds (Ophardt 2003)

The type of lipophilic extractives Boiling point

Resin acids 217 - 240 °C

Fatty acids 162 — 338.58 °C*

Triglycerides 350 — 400 °C (Goodrum & Geller 2002)
Monoterpene 150-185 °C

Sesquiterpene 223 -235°C

Diterpene 347 — 400 °C

Triterpene ( steroids) 71-210°C

4.2.1.1 Resin acids

Resin acids have a lipophilic carbon skeleton and a hydrophilic carboxyl group. This
basic skeleton, a 3-ring system, is shared by almost all the acids. They are tricyclic
compounds of abietan- or primaran type. In figure 8 the molecular structure of abietic

acid is shown. High amounts of the acids are located in the canal resin of the wood.

Figure 8 The molecular structure of abietic acid (aBitAbout)

4.2.1.2 Fatty acids

Fatty acids are long chains of aliphatic monocarbon acids with chain lengths of 10-24
carbon atoms. They can be either saturated or unsaturated. The saturated ones are
chemically very stable compounds while the double bonds present in the
unsaturated fatty acids make them susceptible to oxidation- and additional reactions.
In figure 9 two fatty acids are shown. Fatty acids often come esterified in the wood
extractives. (Croon 1969.)

16



Palmitic acid — saturated

H
| | | | | | | | | | | | | | | Vi
H—C—C—C—C—C—C—C—C—C—C—C—C—C—C—C—C
| | | | | | | | | I | | | | | \O
H H HHHHHHHMHMHMHHHH H
Linoleic acid — unsaturated
H HHHHHMHHMHMHMHHMHMHMHH H 0
| | | | | | | | | | | | | | | | | &
H—C—C C—C—C—C:C—C—C:C—(IJ—I‘."- (|3—C|;—(|3—C|‘,—(I3—C\
| | | I | I .
H H H H H H H HHHH H H OH

Figure 9 The molecular structure of palmitic acid (saturated) and linoleic acid

(unsaturated)

4.2.1.3 Triglycerides

Triglycerides are a type of fat composed by one molecule of glycerol and three fatty
acids. Ester bonds are formed when the carboxyl groups of the fatty acids connect to
the hydroxyl groups of the glycerol. ( Scientific Psychic.) When heartwood is formed,
the triglycerides are hydrolyzed to free fatty acids. Large amount of these are found
in the heartwood and it is highly likely that some of these fatty acids metabolize to

heartwood-phenols like pinosylvin and pinosylvin monomethylether. (Assarsson &

Akerlund 1970.)

o)

mc—o—g—R
| o

HC—O—C—R
| o

H,C—O—C—R
Figure 10 The molecular structure of a triglyceride ( Chemryb)

42.1.4 Sterols

Sterols are ordinary oxygenous compounds. Hydroxyl groups are usually a part of
their structures. Sterols are difficult to chemically modify in order to make it easier to

the removal from the pulp. The most common sterol in wood is B-sitosterol, see

figure 11. (Croon 1969)

17



Figure 11 The molecular structure of p-sitosterol ( Prostate Miracle)

4.2.2 Phenolic extractives

The other major group of wood extractives includes compounds with phenol units in
their structure. Phenol as such is not found in extractives. The color found in
heartwood, as well as the toxic or repellent properties for biotic attackers, come

mostly from phenol-based compounds. (Barnett & Jeronimidis 2003.)

4.2.2.1 Lignans

One of the main groups of phenolic extractives, present both in softwoods and
hardwoods, is the lignans. Lignans consist of two linked phenylpropanoid units, often
similar to the dimeric structures found in lignin. Some of the most common lignans
have 3-O-4 and 3-13 linkages between the monomers, making the tetrahydrofuran
ring, as in the pinoresinol from softwoods and the syringaresinol from hardwoods.
(Figure 12)

HaCO OCHa

Figure 12 Syringaresinol (Barnett & Jeronimidis 2003)

4.2.2.2 Stibenoids

Stibenoids (Figure 13) are found mostly in the heartwood of pines and are one of the
types of extractives that have been proven to inhibit the growth of fungi and be
formed as a response to insect attack (Gorham 1995). The presence of stibenoids is

18



a problem for some wood uses, being responsible for the light-induced darkening of
wood and also difficulties in producing pulp for paper.

OH

"-\
H
HO VIR

F
Figure 13 Pinosylvin (Barnett & Jeronimidis 2003)

4.2.2.3 Flavonoids

Another important group of phenolic extractives found in wood is the flavonoids.
Flavonoids are Cs-C3-Cg three ring structures, and the structure of the central ring
defines different classes of flavonoids: flavones, flavanes, flavanones, isoflavones,
chalcones, aurones. Substiutions of hydroxyl and methoxyl groups in the two
aromatic rings define the individual flavonoids. Catechin, a flavane, is one of the
more widespread flavonoids. (Figure 14) The colors found in the heartwood are in
many cases related to their flavonoid extractives. Flavonoids exist in wood as such,

as glycosides and also in oligomeric and polymeric forms. (Harborne 1989.)

OH

HO ‘ N OY
2 o
OH

Figure 14 Catechin (Barnett & Jeronimidis 2003)

OH

4.2.2.4 Tannin

Flavanes like catechin (flavan-3-ol) and leucocyanidin (flavan-3,4-diol) condense in
dimeric forms, as biflavonoids ( proanthocyanidins), or in higher degree to form

polyflavonoids known as condensed tannins. The other type of tannins present in
19



wood is the hydrolyzable tannins, named as such because they are hydrolyzed to
monomers with acids. They are esters of gallic acid (Figure 15, a) and of its dimers,
digallic and ellagic acids (Figure 15, b), with sugars, usually glucose. Wood tannins,
known for their tanning properties of animal skin, can have adverse consequences in

gluing wood and pulp production. (Barnett & Jeronimidis 2003.)

OH OH
k HO l
HO S_~OH
| T T°
// ocC = o
|
T
COOH “on
OH
a) b)

Figure 15 a) gallic acid. b) ellagic acid (Barnett & Jeronimidis 2003)

5 GAS CHROMATOGRAPHY

Gas chromatography (GC), is a common type of chromatography used in analytical
chemistry for separating and analyzing compounds that can be vaporized without

decomposition.

5.1 Introduction

Typical uses of GC include testing the purity of a particular substance, or separating
the different components of a mixture (the relative amounts of such components can
also be determined). In some situations, GC may help in identifying a compound.

In preparative chromatography, GC can be used to prepare pure compounds from a
mixture. (Pavia et al. 2006.) (Linde.)

In gas chromatography, the mobile phase (or "moving phase") is a carrier gas,
usually an inert gas such as helium or an unreactive gas such as nitrogen. The
stationary phase is a microscopic layer of liquid or polymer on an inert solid support,
inside a piece of glass or metal tubing called a column (a homage to the fractionating
column used in distillation). The instrument used to perform gas chromatography is

called a gas chromatograph (or "aerograph”, "gas separator"). (Wikipedia.)

In a GC analysis, a known volume of gaseous or liquid analyte is injected into the
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"entrance" (head) of the column, usually using a microsyringe (or, solid phase
microextraction fibers, or a gas source switching system). As the carrier gas sweeps
the analyte molecules through the column, this motion is inhibited by the adsorption
of the analyte molecules either onto the column walls or onto packing materials in
the column. The rate at which the molecules progress along the column depends on
the strength of adsorption, which in turn depends on the type of molecule and on the
stationary phase materials. Since each type of molecule has a different rate of
progression, the various components of the analyte mixture are separated as they
progress along the column and reach the end of the column at different times
(retention time). A detector is used to monitor the outlet stream from the column;
thus, the time at which each component reaches the outlet and the amount of that
component can be determined. Generally, substances are identified (qualitatively) by
the order in which they emerge (elute) from the column and by the retention time of
the analyte in the column. (Figure 16) ( Wikipedia.)

The gaseous compounds being analyzed interact with the walls of the column, which
is coated with a stationary phase. This causes each compound to elute at a different
time, known as the retention time of the compound. Other parameters that can be
used to alter the order or time of retention are the carrier gas flow rate, column length
and the temperature. The comparison of retention times is what gives GC its
analytical usefulness. Gas chromatography is also similar to fractional distillation,
since both processes separate the components of a mixture primarily based

on boiling point (or vapor pressure) differences. However, fractional distillation is
typically used to separate components of a mixture on a large scale, whereas GC

can be used on a much smaller scale (i.e. microscale). (Pavia et al. 2006. )
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Figure 16 Diagram of a gas chromatograph ( Wikipedia)
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5.2 Carrier gas

The column inlet (or injector) provides the means to introduce a sample into a
continuous flow of carrier gas. The inlet is a piece of hardware attached to the
column head. The choice of carrier gas (mobile phase) is important, hydrogen has a
larger range of flowrates that are comparable to helium in efficiency. However,
helium may be more efficient and provide the best separation if flow rates are
optimized. Helium is non-flammable, and works with a greater number of detectors
and older instruments. Therefore, helium is the most common carrier gas used.
However, the price of helium has gone up considerably over recent years, causing
an increasing number of chromatographers to switch to hydrogen gas. Historical use
rather than rational consideration may contribute to the continued preferential use of
helium. (Wikipedia.)

5.3 Detectors

The most commonly used detectors are the flame ionization detector (FID) and

the thermal conductivity detector (TCD). Both are sensitive to a wide range of
components, and both work over a wide range of concentrations. While TCDs are
essentially universal and can be used to detect any component other than the carrier
gas (as long as their thermal conductivities are different from that of the carrier gas,
at detector temperature), FIDs are sensitive primarily to hydrocarbons, and are more
sensitive to them than TCD. However, an FID cannot detect water. Both detectors
are also quite robust. Since TCD is non-destructive, it can be operated in-series
before an FID (destructive), thus providing complementary detection of the same
analytes. (ACRF.)

Other detectors are sensitive only to specific types of substances, or work well only
in narrower ranges of concentrations. They include: Catalytic combustion detector
(CCD), Discharge ionization detector (DID), Flame photometric detector (FPD),
Atomic Emission Detector (AED), Hall electrolytic conductivity detector (EICD),
Helium ionization detector (HID), Nitrogen—phosphorus detector (NPD), Infrared
detector (IRD), Mass spectrometer (MS), Photo-ionization detector (PID), Pulsed
discharge ionization detector (PDD), Thermionic ionization detector (TID).
(Wikipedia.)
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5.4 Column selection

The choice of column depends on the sample. The main chemical attribute regarded
when choosing a column is the polarity of the mixture, and functional groups can
play a large part in column selection. The polarity of the sample must closely match
the polarity of the column stationary phase to increase resolution and separation
while reducing run time. The separation and run time also depends on the film
thickness (of the stationary phase), the column diameter and the column length.

The polarity of the solute is crucial for the choice of stationary compound, which in
an optimal case would have a similar polarity as the solute. Common stationary
phases in open tubular columns are cyanopropylphenyl dimethyl polysiloxane,
carbowax polyethyleneglycol, biscyanopropyl cyanopropylphenyl polysiloxane and
diphenyl dimethyl polysiloxane. For packed columns more options are available.
(Harris 1999.)

The column(s) in a GC are in an oven, the temperature of which is precisely
controlled electronically. When discussing the "temperature of the column,” an
analyst is technically referring to the temperature of the column oven. The rate at
which a sample passes through the column is directly proportional to the
temperature of the column. The higher the column temperature, the faster the
sample moves through the column. However, the faster a sample moves through the
column, the less it interacts with the stationary phase, and the less the analytes are

separated. (Wikipedia.)

However, increasing the column temperature during the analysis, also the initial
temperature, rate of temperature or the temperature "ramp" and final temperature is
called the "temperature program.” A temperature program allows analytes that elute
early in the analysis to separate adequately, while shortening the time it takes for

late-eluting analytes to pass through the column. (Wikipedia.)

5.5 Sample injection port

For optimum column efficiency, the sample should not be too large, and should be
introduced onto the column as a "plug” of vapor - slow injection of large samples
causes band broadening and loss of resolution. The most common injection method

is where a microsyringe is used to inject sample through a rubber septum into a flash
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vaporizer port at the head of the column. The temperature of the sample port is
usually about 50°C higher than the boiling point of the least volatile component of the
sample. For packed columns, sample size ranges from tenths of a microliter up to 20
microliters. Capillary columns, on the other hand, need much less sample, typically
around 10 mL. For capillary GC, split/splitless injection is used. Have a look at this
diagram of a split/splitless injector (Figure 17). (Sheffied Hallam University.)

The spit/ spltless injector

Rubber septum
= Jeptum purge outlet
Carrier gas

et "

— it outlet

Heated rretal block—2/]

Vapourisation charber

(Hass lner——4 %
% Column

Figure 17 The split/splitless injection

The injector can be used in one of two modes; split or splitless. In this thesis, the
mode of split was used. The injector contains a heated chamber containing a glass
liner into which the sample is injected through the septum. The carrier gas enters the
chamber and can leave by three routes (when the injector is in split mode). The
sample vaporizes to form a mixture of carrier gas, vaporized solvent and vaporized
solutes. A proportion of this mixture passes onto the column, but most exits through
the split outlet. The septum purge outlet prevents septum bleed components from

entering the column. (Sheffied Hallam University.)

6 EXPERIMENTAL PART

Based on the theoretical section, the following is experimental part. In the
experiment, the purpose and results of the experiment were obtained.
6.1 Raw materials selection and pretreatment

The proportions of components to the total biomass vary between species and also
within species during the life span. The proportion of the stem of the entire tree
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biomass is usually 50% - 60%. In forestry, the primary focus is normally on the stem
of the tree because of its economic value. If you compare chips from spruce- and
pine thinning, three to five times more extractives are found in pine than in spruce,
that is because the pine have a greater average size of the parenchyma cells which
makes it possible for more storing of extractives, which have been introduced in
Chapter 4.2. Therefore, the raw materials were Scots pine stem chips available in

Saimaa University of Applied Sciences.

Scots pine stem chips were sealed to keep them fresh. The stem had to be cut into
an appropriate size for further extraction, the appropriate sizes of chips were from
5*10*3 mm to 15*20*3 mm ( length*width*thickness). (Figure 18) Cutting work was
carried out in the Saimaa University laboratory using different tools, such as axes

and scissors.

Figure 18 Scots pine stem chips

6.2 Solvent selection

The term “wood extractives” includes a wide variety of components that can be
extracted from wood with various organic solvents. The choice of extraction solvent
is very critical. Different solvents are needed for different purposes. For quantitative
determinations, complete extraction of the components of interest is an absolute
demand. For gravimetric determination, the extraction solvent should furthermore be
selective, that is, extract only the components of interest. For example, acetone can
give complete extraction of wood resin components, but it also extracts other
compounds. Nonpolar solvents, such as alkanes, selectively extract lipophilic wood
resin components, but do not always give complete extraction. Solvents with
intermediate polarity, e.g., ethers, dichloromethane, chloroform, or aromatic
hydrocarbons, will extract some polar components in addition to the true wood resin

components. The amount and composition of extractives, therefore, should always
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be assessed with due consideration of the solvent used. (Stenius 2000.)

In this thesis, hexane was used. Hexane is considered to be the best solvent
because of its beneficial commercial price, edibility of the various products obtained
from extraction, stable physical properties and its low boiling point - 69 °C / 156.2 °F.
And its density is 0.66 kg/L. It is insoluble into the water and it can be miscible with
alcohol and ether. N-hexane is a volatile liquid easily evaporated into air, and it must

be stored in a proper vessel that is designed for inflammable liquid. (Wade 2003.)

6.3 Extraction process

Extraction process was carried out in laboratory in Saimaa University of Applied
Sciences. Extractives were isolated with non-polar solvent under different operating

time, the equipment was round — bottom flask with reflux condenser, as shown in

Figure 19.

Figure 19 The round — bottom flask with reflux condenser in this experiment

6.3.1 Calculation of the mass of pine chips

The mass ratio of stem chips and hexane was 1:3. The volume of the solution was
set as 0.2 dms3, and the mass of hexane can be derived from density and volume, so

the mass of stem chips can be calculated from the following formula (1):

mchips 1 (1)
phexane *Vhexane T3

leen. phexane = 660 kg/de.

660200
3

Then, mchips = = 44 g
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6.3.2 The preparation of extraction

The operating conditions are shown in Table 5, the amount of Scots pine stem chips
and hexane were measured in Table 5. Measured materials were all placed in a 500
ml flask, two boiling stones were added in the flask, and then instrument was
assembled as shown in Figure 19, a circulating water flow was set through
condenser, then, temperature was set at 69 °C, the boiling point of hexane.
Extraction went on under different times, namely, there were two experiments, that is,
for two hours and four hours. After the extraction apparatus had cooled down, the
mixture was poured out and sealed. The chips after the reaction were also put in a

sealed container.

Table 5 Operating conditions in the extraction process

Reaction time 2h 4 h
Raw materials in theory

. . 44 g 44 g
( Scots pine stem chips)
Raw materials in operation

_ _ 441192 g | 44.0462 g
( Scots pine stem chips)
Solvent in theory( Hexane) 200 ml 200 ml
Solvent in operation ( Hexane) | 203 ml 204 ml
Temperature 69 °C 69 °C

Acetone was also used to clean the flask, but acetone has a high volatility, then,
attention should be paid to cleaning process, while shaking the flask, it also should
deflate.

6.3.3 Determination of the mass percentages of extractives in chips

Moist content in raw materials was measured at 50 °C by moisture determination
balance. And also the chips after the extraction were dried at around 35 °C in an
oven for 24 h. Chips were stored after drying in the desiccator. Table 6 shows the

results of drying:
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Table 6 Experimental results of drying

o The mass of chips | The mass of chips | Moist content in raw
Reaction time ] ] ]
before reaction after drying materials (50 °C)
2h 44,1192 ¢ 30.3245¢g 8.09 %
4 h 44.0462 ¢ 31.3759 ¢ 8.09 %

6.3.4 Pretreatment of extraction solution

The extraction solution was filtered with gravity filtration and suspended waste solids
were removed in this process. The solution was used in GC analysis after filtering.

The filtration equipment is shown in Figure 20.
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Figure 20 Grauvity filtration (Christian 2003.)

6.4 The operation of GC

The operation of GC was carried out in the analytical chemistry laboratory in Saimaa
University of Applied Sciences. In the Figure 21 the gas chromatography is shown in

the laboratory.

Figure 21 Diagram of gas chromatography
28



GC operating conditions which were used according to these measurements and Li

Yuman’s measurements are shown in Table 7.

Table 7 GC operating conditions

Split | Injection | Column '
Software | Type . Injector | Detector | Oven
ratio | volume | length
HP 6850 ) 18.5 50 -
) Split 2 ul 30 m 300 °C | 200 °C
Series 1 300 °C

In fixed operating conditions in this experiment, the following are the differences

between this measurements and Li Yuman’s measurements: (Table 8)

Table 8 The differences between these measurements and Li Yuman’s

measurements
Carrier | Column . Polarity of column
Measurer Stationary compounds )
gas type material
Varian _ 5% polar and
_ ) ) ) 5% diphenyl and 95%
Cui Wenjuan | Helium |CP-Sil8| . 95% non-polar
dimethyl polysiloxane _
CB (Slightly polar)
_ _ Agilent 100% dimethyl 100% non-polar
Li Yuman Nitrogen _
HP 1 polysiloxane ( non-polar) | (Non-polar)

In these measurements two different oven ramps and run times were used, these

are shown in Table 9.

Table 9 Different operating conditions in the measurements

Period Oven ramp Oven Run time
_ 10 °C/min (same _
Previous 50 - 300 °C 25 min
with Li Yuman)
Current 3 °C/min 50 — 300 °C 83.3 min

With the previous experimental conditions, the GC analysis of two-hour extraction
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with hexane was done. With current experimental conditions, there were two GC

analyse, the extraction times of which were two hours and four hours.

Experimental conditions and experiments of Li Xiaofeng were identical with these
experiments, only she used a polar solvent — acetone, and in these experiments

non-polar solvent — hexane was used.

6.5 Results and discussions

Some results have been gained from the GC analysis, then certain analyse should

be conducted.

6.5.1 The mass percentages of extractives in chips

Moist content in raw materials should be measured at 35 °C rather than 50 °C,
because drying in the oven was set at 35 °C. Only under the same operating
conditions, precise results can be achieved. But, due to the limitations of the
experimental conditions, the given moisture determination balance only can be set to

50 °C which is lowest.
In order to know the mass percentages of extractives in Scots pine stem chips,
experimental data can be found in Table 6. From Table 6, the mass percentages of

extractives in chips can be calculated, the results are shown in Table 10.

Table 10 The mass percentages of extractives in chips

_ Scots pine stem _ _
Raw material _ Scots pine stem chips
chips
Reaction time 2h 4 h
Solvent Hexane Hexane
Mass percentages of extractives | 23.18 % 20.68 %

The mass percentage of extractives in chips for two hours’ extraction can be

calculated with following formula (2):

44.1192 g - 30.3245g - 8.09 % * 44.1192 g
441192 g

100 % = 23.18 % ()
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In theory, the mass percentage of extractives in pine is 3.5%, but the mass
percentages of extractives from this experiment are far bigger than 3.5 %. Then, for
this condition, it is possible that a part of hexane is contained in the mass
percentages of extractives, because hexane was used as solvent, its boiling point is
69 °C, and it is volatile. When the chips were dried at 35 °C in an oven, a part of

hexane also was evaporated.

The percentages of extractives in chips are 23.18 % for two hours’ extraction and
20.68 % for four hours’ extraction. So the amount of extractives is bigger for shorter
time of extraction. For this phenomenon, it is possible that the longer extraction time
is unnecessarily used, a portion of the extractives may decompose or react with

other compounds during the extraction process.

6.5.2 Theresults and discussions of GC analysis

In GC analysis, the chromatograms can be compared with different solvent - hexane

and acetone, under different time periods, and different operators.

6.5.2.1 GC analysis of the results in Cui Wenjuan’s experiments

Wet samples should be dried, especially if water-immiscible solvents are used. If the
extractives are to be further analyzed, low temperature - 40 °C or lower and vacuum
drying should be applied. Freeze-drying is a very gentle drying method. However,
some volatile components will be lost during drying operations. (Stenius 2000.)
Therefore, the wet samples should be dried before extraction process. But, the pine
wood was sealed to keep fresh in this thesis, it is possible that there are some peaks
caused by a water-soluble substance rather than all peaks being produced from

extraction with hexane.

Comparing Figure 22 and Figure 23, retention time of hexane is 5.588 min in Figure
22. However, comparing Figure 22 and Figure 24, the peak may be acetone when
retention time is 5.110 min in Figure 22, because there may be remnants left in the
process of cleaning instruments. But there can also be some other compounds.

Figures 22 — 24 are represented in appendix 1.

In Figure 22, in addition to the above mentioned two identified peaks, the other
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peaks may mostly belong to extractives. Nonpolar solvents, such as hexane,
selectively extract lipophilic wood resin components, but do not always give
complete extraction, which have been introduced in Chapter 6.2. Therefore, the
peaks may be the peaks of lipophilic extractives. The boiling points of different
chemical compounds are listed in Table 4. Highest temperature in oven was 300 °C.
Different extractives have the different boiling points, and thus the chemicals with

boiling points below 300 °C might be detected in GC analysis.

Figure 25 and Figure 26, broadly, show that the retention time of the Zone A and
Zone C is basically the same, it is possible that the nine peaks have same
substances respectively. Area B in Figure 25, has a redundant peak, with its
retention time of 18.004 min. Comparing Figures 25 and 26, shows that this peak
may also appear in Figure 26, however, the amount of the corresponding compound
is too little. It also indicates that a portion of the extractives may decompose or react
with other compounds during the extraction process when the reaction time is too

long. Figures 25 — 26 are represented in appendix 2.

6.5.2.2 Comparison of the results in Cui Wenjuan’s and Li Xiaofeng’s
experiments

Acetone can give complete extraction of wood resin components, but it also extracts
other compounds. Nonpolar solvents, such as hexane, selectively extract lipophilic
wood resin components, but do not always give complete extraction, which has been
introduced in Chapter 6.2. Therefore, more extractives will be extracted with acetone,
i.e. more peaks. And most of the extractives are not the same. Comparing Figures
25 and 27, some peaks with similar retention time can be found. (Table 11) These
similar peaks are not necessarily the same compounds, which requires further

validation.

Table 11 Similarities of the results in Cui Wenjuan’s and Li Xiaofeng’'s experiments in

two hours’ extraction

Measurer Retention time ( min)

Cui Wenjuan | 1.518 | 7.208 | 8.697 | 9.993 | 10.741 | 54.507 | 54.702 | 55.633

Li Xiaofeng 1.555 | 7.204 | 8.692 | 9.986 | 10.734 | 54.556 | 54.738 | 55.624
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Based on Figure 25 and Figure 27, it can be seen that the extraction with acetone is
relatively good. But, comparing the results in Figure 22 and Figure 29, there are
more peaks in extraction with hexane. Extraction with hexane has 13 peaks, but
there are only 7 peaks in the operation of extraction with acetone. In this
phenomenon, it may be there is not enough retention time for sample. Figures 27 —

29 are represented in appendix 3.

6.5.2.3 Comparison of the results in Cui Wenjuan’s and Li Yuman’s
experiments

Comparing Figure 22 and Figure 30, the total retention time is the same, but the
retention time of hexane is 5.588 min in Figure 22. The retention time of hexane is
0.494 min in Figure 30. Then, in order to obtain sufficient peaks, a greater retention
time is required. For that purpose, the current oven ramp was set. Current retention
time of hexane in this experiment is 1.897 min in Figure 25. It is about four times

larger than Li Yuman'’s.

Figures 30 and 31, show that the species of extractives in longer extraction time (4h)
is more than the species of extractives in the operation of extraction in 2 h. For this
phenomenon there are two possibilities, one might be it is true condition. Another
possibility is still that the longer extraction time is unnecessarily used, a portion of the
extractives may decompose or react with other compounds during the extraction
process. In the experiment of Li Yuman, the amount of raw materials in 2 h was
reduced by half, thus causing the species of extractives halved. However, comparing
the results of Cui Wenjuan and Li Xiaofeng, it is possible that a portion of the
extractives decompose or react with other compounds. Figures 30 — 31 are

represented in appendix 4.

In the experiments of Li Yuman and Cui Wenjuan, the carrier gas and stationary
compounds were different. The carrier gas, helium, may be more efficient and
provide the best separation if flow rates are optimized. And it is known that if the
carrier gas is changed, the retention time will also change. The polarity of the
compounds is crucial for the choice of stationary compound, which in an optimal
case would have a similar polarity as the solute. In the experiments of Cui Wenjuan,
a polar 5 % diphenyl was added, which can reduce the effect of adsorption. All of
these make the retention time change, then the oven ramp for getting the same

retention time of the two experiments has been changed.
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7  SUMMARY

The aim of this thesis was to investigate the components of extraction in pine, and
compare the amounts of extractives under different times. Also, the extractants were
analyzed with GC analysis, and the mass percentages of extractives were

determined by drying in the oven.

The comparison of the different analysis results, shows the following points:

In this type of experiment, the moisture of raw materials needs to be dried before the
experiment, to prevent some water-soluble extractives confusing the experimental
results. Nonpolar solvents, such as hexane, selectively extract lipophilic wood resin
components, but do not always give complete extraction. Polar solvents, such as
acetone can give complete extraction of wood resin components, but it also extracts
other compounds. In this thesis work, the extractives from Scots pine stem chips with
hexane may be resin acids, monoterpene, sesquiterpene, triterpene and a part of
fatty acids. The extraction time is not necessarily advantageous, it is possible it
would make some extractives decompose or react with other compounds when the
time of extraction exceeds a certain time. If the experimental results are compared,
at least to ensure that the experimental conditions are the same, or only one variable
changes, only in this condition can it make the results of the analysis more credible.
However, in this experiment, there are a lot of variables and they do not follow the
control variable method. To identify a single chemical component from the extraction
solution, a more detailed analysis work should be done considering the property of
the chemicals and also suitable standard solution needs to be taken as reference.
For example, extractives can be identified by comparing their analyzed results of
chromatograms with the library published chromatograms or with the
chromatograms obtained from standard compounds, or more advanced instruments
directly to mark out the name of the compounds. However, the work of identification

was not carried out in this thesis work.
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APPENDIX 1

Figure 22 The result of GC analysis from extraction of stem chips with hexane in 2 h

(Previous) (Cui Wenjuan)

Figure 23 The result of GC analysis from hexane solvent (Previous) (Cui Wenjuan)



Figure 24 The result of GC analysis from acetone solvent (Previous) (Li Xiaofeng)



APPENDIX 2

Figure 25 The result of GC analysis from extraction of stem chips with hexane in 2 h

(Current) (Cui Wenjuan)

Figure 26 The result of GC analysis from extraction of stem chips with hexane in 4 h

(Current) (Cui Wenjuan)



APPENDIX 3

Figure 27 The result of GC analysis from extraction of stem chips with acetone in 2 h

(Current) ( Li Xiaofeng)

Figure 28 The result of GC analysis from extraction of stem chips with acetone in 4 h

(Current) (Li Xiaofeng)



Figure 29 The result of GC analysis from extraction of stem chips with acetone in 2 h

(Previous) (Li Xiaofeng)



APPENDIX 4

Figure 30 The result of GC analysis from extraction of stem chips with hexane in 2 h

(Li Yuman)




Figure 31 The result of GC analysis from extraction of stem chips with hexane in 4 h

(Li Yuman)



