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1.1 Abstract

The research concerning lignin in high value applications has increased during the last years
due to its renewability and availability in the black liquor from pulp mills. Today the major
part of kraft lignin found in the black liquor is used as fuel to gain energy in the recovery
boiler, Lignin functions as natural glue in plants so that the function of kraft lignin as a phenol
replacement in wood adhesives has been researched. Due to lignin’s low reactivity the
molecule must be modified prior to use. Demethylation is a method to increase the phenolic
content in lignin to produce more reactive sites, Thiol mediated and iodine mediated
demethylation was performed. Demethylated lignin was characterized by changes in phenolic
and hydroxylic groups, molecular mass, elemental composition and other properties using
methods including UV, SEC and 3P NMR.

The results showed a decrease in the phenolic content contrary to the increase that was
expected. Really low yields were also gained which makes the results non-representative, Size
evaluation showed that the percentage of high molecular content in the demethylated lignin
sample had increased, which point towards the loss of low molecular mass fractions. Due to
demethylation lignin may have been more hydrophilic and soluble in DMF and water. In
addition to this bond cleavage may have produced smaller fragments which also increase the
solubility. The results point towards the loss of smaller fragments in the DMF and water
phases.

The applied demethylation methods were evaluated in context of green chemistry. Production,
waste, involving chemicals and efficiency were discussed and analyzed. The applied
demethylation methods use DMF as solvent which is not a green alternative, greener solvents
such as water or other energy adding methods could be used to make the process greener. The
use of NaOMe produces methanol as a byproduct which could be eliminated by using NaOH,
future studies on the efficiency of the bases in the needs to be done.

Nature science has a reputation of being hard and firm. By bringing in social issues in science
education new ways of looking at science opens up. A social problem and at the same time an
environmental problem in today's society is the large plastic mountain in the Pacific Ocean.
An educational material of the “Samhdlisfragor med Naturvetenskapligt Innehall” SN,
(Societal issues with scientific content) principle has been evaluated with respect fo the
abilities that can developed together with whether students increase their science knowledge
through this. The study showed that students can develop almost all abilities described in the
curriculum and their knowledge in science by this type of material.

Keywords Biomaterial, lignin reactivity, thiol mediated demethylation, iodine mediated
demethylation, green chemistry, SNI1-fall.
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1.2 Sammanfattning

Forskning kring lignin i produkter har dkat under de senaste aren pé grund av lignins
fornyelsebarhet och tillginglighet i svartluten frin massabruken, Idag anviinds den stérsta
delen av sulfatligninet frén svartluten som brénsle for att producera energi i sodapannan.
Lignin fungerar som ett naturligt lim i véxter och pé grund av detta understks funktionen av
kraftlignin som fenolersdttning i trilim. Med anledning av ligninmolekylens léga reaktivitet
behdver lignin modificras fére anviindning i produkter. Demetylering &r en metod for att dka
fenolhalten i lignin och skapa en hgre reaktivitet, I denna studie utfrdes Tiolmedierad och
jodidmedierad demetylering, Det demetylerade ligninet utviirderades med avseende pé
forindringar i fenol- och hydroxylgrupper, molekylvikt, elementarsammansétining och andra
egenskaper med hjélp av olika metoder, inklusive UV, SEC och 3P NMR.

Resultaten visade en minskning i fenolinneha!l i motsats till den tkning som fSrvéintades.
Riktigt liga utbyten pavisades ocksé vilket gor att resultaten inte 4r representativa.
Storleksutvirdering visade att andelen med hgt molekylviktsinnehdll i det demetylerade
ligninproven hade tkat, vilket pekar mot forlust av lagmolekyldra fraktioner. P4 grund av
demetyleringen kan ligninet ha blivit mer hydrofilt och 16sligt i DMF och vatten, Utdver deita
kan bindningsklyvning ha skapat mindre fragment som ocksa kat 16sligheten. Resultaten
pekar mot fSrlust av mindre fragment i DMF- och vattenfaserna.

De tillimpade demetyleringsmetoderna utvirderades med avseende pd gron kemi. Produktion,
avfall, kemikalier och effektivitet diskuterades och analyserades. De tillimpade
demetyleringsmetoderna anviinder DMF som l8sningsmedel, vilket inte 4r ett gront alternativ.
Grénare l3sningsmedel ssom vatten, eller andra typer av energitillsiitining, kan anviindas for
att géra processen miljovinligare. Anviindandet av NaOMe i den thiol medierade
demethyleringen skapar metanol som en biprodukt vilket kan bytas ut mot vatten om NaOH
istillet anvinds, Vidare studier behdver goras for att undersdka de bada baserna effektivitet.

Naturvetenskapen har ett rykte om att vara hérd och fast, Genom att fra in sociala frigor i
den naturvetenskapliga utbildningen kan nya sttt att se pd vetenskapen skapas, Ett
samhillsproblem och samtidigt ett miljproblem i dagens samhille &r det stora plastberget i
Stillahavet. Ett undervisningsmaterial for "Samhillsfrigor Med Naturvetenskapligt Innehall",
SNI, principen har utviirderats med avseende pd vilka fsrmagor som kan trénas tillsammans
med huruvida eleverna kan ka sin vetenskapliga kunskap. Studien visade att eleverna kan
utveckla nastan alla formagor som beskrivs i liroplanen och sina kunskaper inom
naturvetenskapen genom denna typ av utbildningsmaterial.

Nyckelord Biomaterial, lignin reaktivitet, tiol medierad demetylering, jod medierad
demetylering, grén kemi, SNI-fall,
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2 Introduction

The recent increased concern for sustainability has resulted in an enlarged usage of renewable
materials. These materials aim on replacing petrochemicals and reduce our dependence of
petrol. Renewable materials from the woods like lignin have a growing interest. Lignin is the
main renewable source of aromatic structures but it has poor reactivity and that generate
problems with its application as for example a replacement of phenol (Duval & Lawoko,
2014).

As a part of this project an educational material has been produced. A lot of students have a
hard time to use and understand science, the subject is often described as secure and fixed
(Léfgren et al., 2014). This material aim on introducing and educate students about
sustainable development by using science in the application on a society problem.

2.1 Objective

The aim of the thesis is to increase the reactivity of lignin. To reach this goal a literature
survey was done to select efficient methods for cleavage of aryl methyl ethers. Kraft lignin
was modified by demethylation to increase the amount of phenol groups. In this thesis two
methods reported to increase the reactivity of kraft lignin has been evaluated. The evaluation
was done by phenol and hydroxyl determination. Lignin as a renewable material and the
sustainability of the demethylation methods will be discussed in the context of green
chemistry. ‘

The educational part will aim on investigating how the use of social questions in science
education can help students develops their skills. An educational material directed to
secondary upper school and the course chemistry 2 will be created and evaluated with
observation and interviews, This part of the project will be presented as a separate section in
chapter six in Swedish, as the target is the Swedish school.
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3 Background

3.1 Wood macromolecules

Wood mainly consists of three different components, cellulose (39-45%), hemicellulose (20~
30%), and lignin (22-31%). The amount of each component differs between different types of
wood. Wood comes from trees which belong to seed-bearing plants. Trees can be divided in
to two different groups, gymnosperms and angiosperms. Softwood belongs to the
gymnosperms and hardwood belongs to the angiosperms (Sjostrdm, 1993).

3.1.1 Cellulose

Cellulose is the most common organic compound on earth and represents approximately one
third of a plants mass (Albertsson et al., 2012). It is a homopolysaccaride that consist of -D-
glucopyranose units linked together by (1—4)-glucosidic bonds. Packages of cellulose
molecules are aggregated together to form microfibrils. These microfibrils build fibrils which
builds the cellulose fibers (Sjdstrom, 1993). Cellulose works as a structural unit in the cell
wall of green plants and alga. In other words, the cellulose works as bones in the plants.
Further cellulose is an important component in many different applications such as textile
fiber and scum (Albertsson et al., 2012).

3.1.2 Hemicellulose

Hemicellulose is found in the cell wall of plants and it is a group of heterogeneous
polysaccharides. As a difference from cellulose, hemicellulose can be branched and
compounded by different saccharides. Hemicellulose is composed by different units including
xylose, glucose, mannose, galactos and arabinose. In the nature hemicelluloses is very
common in plats, but it is less used as chemicals in applications, The structure of
hemicelluloses depends on plant species and if it is hardwood or softwood. Hardwood
hemicelluloses consist mostly of glucuronoxylan and glucomannan while softwood celluloses
consist mostly of galactoglucomannas, arabinoglucuronoxylan and arabinogalactan (Sjostrom,
1993).

3.1.3 Lignin

The structure of lignin depends on its origin and it is the most complex biopolymer
(Albertsson et al., 2012). In fact lignin is never defined as a single compound; it is a class of
phenolic natural macromolecules (Ghaffar & Fan, 2014). Lignin is very hard to isolate
without degrading, so its structure is not precisely known. What is known is that it is an
amorphous and highly branched polymer. The structure is built by three different units: p-
coumaryl alcohol, coniferyl alcohol and sinapyl alcohol. These three units are called
monolignols and are connected to each other by carbon-carbon or ether bounds to a three
dimensional structure through radical coupling reactions during synthesis, resulting in a
highly heterogeneous structure (Sjostrém, 1993).

In Figure 3.1 the three monolignols residues p-hydroxyphenyl (H), guaiacyl (G) and syringyl
(S) are shown, Gymnosperms consist mostly of G and small quantities of H. In contrast,
angiosperms mostly consist of a mixture of G and 8 (Sjostrém, 1993).
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Figure 3.1 Upper part: The structures of the monolignols forming lignin. Lower part: Resulting residues in
lignin. R;, R; =H or lignin

These monolignols are linked together mainly by p-O-4 linkage, see Figure 3.2. This bond
represents about 50% of the bindings in softwood and 60% in hardwood. Of the 60% in
hardwood 40% are of guaiacyl type and 60% of syringyl type. (Sjdstrém, 1993)
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Figure 3.2 -0O-4 linkage in lignin

The characteristic functional groups in native lignin are methoxyl, phenolic hydroxyl,
aliphatic alcohol and some terminal aldehyde groups in the side chain. (Sjostrom, 1993)

The potential of lignin are unmistakably not valorized today because almost all of the ligmn is
burned for energy generation in the recovery boiler. Only a really small part of all the lignin is
being used for different applications such as components in biomaterial, health products,
biocides etc. (El Mansouri & Salvado, 2007).

H,CO ° OH
oH
HO' -
Y
HO, CH,
OCH,8
Q
OCHy on HD/\};/Hc:

GH

Figure 3.3 A model of the complex structure of lignin
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3.2 Kraft lignin

3.2.1 Kraft Pulping

To use wood in papermaking, pulp needs to be produced from the wood fibers. Pulp can be
produced chemically, mechanically or by combining the two types. By creating pulp the fibers
get liberated and can be used in different applications (Sjostrom, 1993).

Kraft pulping is one of the chemical methods for producing pulp. In the chemical process the
majority of lignin is removed and the remaining fibers can easily be liberated. Today the
majority of all pulp is kraft pulp and the method has replaced other old chemical method like
the soda process. The method is performed with a solution named “white liquor”, composed
of sodium hydroxide and sodium sulfide (Sjostrom, 1993).

The selectivity for delignification is relatively low for kraft pulping due to attacks of the
carbohydrates already at rather low temperature. This ends up in completely removed acetyl
groups and the fact that the primary pecling process is terminated long before the maximum
cooking temperature. The dissolution of lignin can be described by three phases. First the
initial phase of delignification that takes place at temperatures below 140°C, this step is
controlled by diffusion. When the temperature is over 140°C the second phase, the bulk phase,
begins and here are the delignification controlled by chemical reactions. The delignification
accelerates steadily together with an increasing temperature. The last phase, the residual
delignification phase, takes place when approximately 90% of the initial lignin has been
removed. This phase is a final slow phase that is regulated to some degree by varying the
alkali charge and the cooking temperature. The kinetics of the kraft pulping process is simpler
than for the sulfite process, which is one of the other common processes, and this is a main
reason why the kraft pulping method is more used. By the simpler kinetics more applications
have also been adopted for kraft pulping. Even though the kraft pulping is the most
commonly used methed to produce chemical pulp it produces malodorous gases and uses a lot
of bleaching chemicals (Sjostrom, 1993).

Lignocellulosic biomass

Lignin -——+

Celluloze

Hemicelleloze

Figure 3.4 The constituents of wood processes into pulp.
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Black liquor is the spent liquor from the kraft pulping and consists of lignin and carbohydrate
degradation products together with small fractions of extractives and their reaction products, it
is an extremely complex mixture. Many of the linkages from native lignin is destroyed or
extremely modified to form the new kraft lignin, (Sj8strm, 1993)

3.2.2 The Lighoboost process

The black liquor from softwood kraft cooking consists of approximately 46% lignin, 30%
hydroxyl acids, 13 % other acids (formic and acetic acid), 7% exiractives and 4 % other
compounds (Sjostrdm, 1993), Lignin extracted from the black liquor would gencrate a great
opportunity for development of a new byproduct from the kraft pulping. For example dry
lignin could as it does today be used as a biofuel. A new technique to isolate kraft lignin from
the black liquor and produce solid biofuels has been an idea from the R&D project called
KAM. This process concept came to be called Lignoboost and was developed by Chalmers
University of Technology together with Innventia. The Lignoboost process makes it possible
to extract a more pure lignin, compared to other methods, in an efficient way from the black
liquor (Tomani, 2010). Today Valmet owns the patent of the Lignoboost process. The
availability of large amount of kraft lignin of high purity plays an important role in the step
towards lignin transformation into value-added polymers or materials (Duval & Lawoko,
2014).

3.2.3 Kraft lignin

Kraft lignin originates from the kraft cooking process. Approximately 85% of the total lignin
production is derived from here. (Vishtal & Andrzej, 2011). Kraft lignin differs from native
lignin and other technical lignin types. Due to extensive cleavage of $-aryl bonds during the
cooking, kraft lignin contains a high number of phenolic hydroxyl groups. Additionally some
bipheny! and other condensed structures also form as a result of the cooking. More generally
the amount of condensed structures increases together with cooking time. During the
delignification formations of quinone and catechol structures as well as an increased amount
of carboxyl groups can occur in the bleaching step (Vishtal & Andrzej, 2011).

12
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3.3 Kraft lignin in applications

Native lignin works as a natural glue in plants and have a phenolic nature. This makes it an
attractive replacement for wood adhesives. Though lignin has fewer reactive sites in its
aromatic ring than phenols and its macromolecular structure hinders it reactivity due to steric
effects (Hemmili et al., 2013). The chemical reactivity of technical lignin is important in
many applications. Lignin destined to be used in formulation of synthetic resins need to have
a uniform structure (Vishtal & Andrzej, 2011). One other main issue with technical lignin is
their high polydispersity; indexes in the range of 5-10 are commonly reported. These high
values complicate the attempts to produce functional polymers and materials (Duval &
Lawoko, 2014). Technical lignin contains many different functional groups that will react in
different ways, in applications only one of them may be desirable (Vishtal & Andrzej, 2011).

To utilize lignin as a fuel is not economically rational. If the lignin instead is used in chemical
conversion the value can be higher (Vishtal & Andrzej, 2011). A transition from
petrochemicals to bioprocesses based on renewable raw materials will provide environmental
gains while maintaining the economic growth (Ghaffar & Fan, 2014). Additional jobs and
new sales will also be generated as an effect (Gosselink et al., 2004).

Figure 3.5 shows the use of technical lignin in applications with and without modification in
prior to use. One of the lignin utilization research primary objectives has been to use technical
lignin as binders, with a focus on the using of lignin to (partly) replace phenol in phenolic
wood adhesives for panel products. As a result of the industry moving towards more
sustainable engincering there will be a bigger need for converting renewable materials into
products (Ghaffar & Fan, 2014).

The direct use of the lignin polymer without modification has received great attention.
Unmodified lignin is a relatively cheap raw material and it has shown promising results in the
ficld of absorbents. The high carbon content of lignin makes it interesting as a precursor of all
kind of carbon materials, for example carbon fibers. As the use of unmodified lignin is fragile,
different mixtures with other polymetrs have been investigated (Duval & Lawoko, 2014).
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Figure 3.5 The use of technical lignin in applications with or without modification (UV - ultra violet),

As mentioned earlier there is a limitation in the use of unmodified lignin: The reactivity of
lignin is essentially limited due to the lack of free ortho position on the phenolic ring. As
shown in Figure 3.6 the monolignols have different substituents linked to the aromatic ring.

13
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In addition there are multiple types of hydroxyl groups and their susceptibility for chemical
modification differs (Duval & Lawoko, 2014). There are different ways to increase the
reactivity of lignin, One way is to decrease the molecular mass by fragmentation methods,
Another way is to modify the structure in order to increase the amount of particular functional
groups, for example phenol content (Vishtal & Andrzej, 2011).

L L L
1
b 2
5 3
A VA OMe  MeO OMe
4 ) .
;) orihe grihe
erthe OH OH
H unit G unit 5 unit

Figure 3.6 The three monolignols with their free positions and the associated nomenclature for C atoms

{H - p-hydroxyphenyl, (G — guaiacyl, S — syringyl).

Many studies on how to increase the reactivity of lignin has been done over the years. Mostly
they deal with methods as methylolation/hydroxymethylation and phenolation which aims on
introduce reactive functional groups to lignin (Hu et al., 2013). These functional groups are
often non-polar to enlarge lignin compatibility with non-polar polymers, but polar groups are
also used. In a described method lignin pre-reacts with formaldehyde to introduce a methylol
group at the C5 position (for nomenclature see Figure 3.6). Then this methylolated lignin can
be reacted with phenol and a modified phenol-formaldehyde resin with up to 50% lignin has
been produced (Duval & Lawoko, 2014).

The understanding of the inter-unit linkages in lignin have been of interest to develop
degradative methods that are able to cleave bonds in controlled ways (Duval & Lawoko,
2014). The interest of lignin as a replacement to phenol has been growing (Hu et al., 2013).
In recent studies lignin based nanoparticles have been investigated. By dissolving lignin in
ethylene glycol and then gradually add hydrogen chloride, nanoparticles can be produced
(Duval & Lawoko, 2014).




Erica Birgersson Master thesis 2/6-15

3.4 Modification of lignin

3.4.1 Fragmentation

There are a great number of thermochemical conversion methods that depolymerize lignin
(Figure 3.7). During the last decades, base-catalyzed depolymerization, pyrolysis, Lewis
acid-catalyzed solvolysis and gasification have received significant attention,
Thermochemical, biochemical and chemical conversion have also been used and developed to
produce high value compounds. The upcoming focus on bio refineries has increased the
interest in lignin fragmentation as a chemical resource (Laurichesse & Avérous, 2014).
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Figur 3,7 Different methods to degrade lignin and products that can be produced by them.
(CO — carbon monoxide, DMF — dimethylformamide, DMSO - dimethyl sulfoxide)

{_Syngas )

Pyrolysis is a deeply studied method for understanding biopolymer aromatic structure and
breaking lignin down into aromatic low molecular mass compounds. The method is based on
thermochemical decomposition by heating biomass at around 500°C without oxygen. At 280-
500°C the ether and carbon-carbon bindings starts being cleaved. The degradation generates
liquids, solids and gaseous fractions, whose amount depends on the reaction parametets,
Pyrolysis can be used to generate a liquid called bio-oil. The method used is called flash
pyrolysis and both the liquid (bio-oil) and the solid char can be used as fuel and the gas can be
recycled back into the process (Laurichesse & Avérous, 2014).

Oxidation of lignin is one way to obtain phenolic derivatives. The oxidant needs to preserve
the aromatic rings of lignin and produces aldehydes and acids. Nitrobenzene, some metallic
oxides, oxygen and air are some of the most used oxidants for lignin (Laurichesse & Avérous,
2014).

One other method to degrade lignin is a process that involves different types of enzymes, e.g.
peroxidases and oxidases. Phenol oxidases such as laccase use O3 as the final electron
acceptor rather than H,O2. This fact makes laccase different from other lignin modifying
enzymes such as lignin peroxidase (Munk et al., 2015).
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Laccase has not always been considered as an enzyme that contributes to lignin degradation.
Mainly because of laccase redox potential is too low in order to oxidize non-phenolic units of
lignin. The turning point came after important findings that established laccase role in lignin
degradation in the nature, Laccase is now seen as a green alternative for lignin modification.
The bond cleaving can however only happen in phenolic subunits of lignin. To be able to
cleave bindings in non-phenolic subunits a mediator is needed (Munk et al., 2015). The
process of complete lignin depolymerzation or fragmentation is energy-negative processes
aimed on disengage what nature once did. For this reason a number of methods to enhance the
usage of lignin without modifying its fundamental structure have been on topic. (Laurichesse
& Avérous, 2014).

3.4.2 Functionalization of hydroxyls groups

Lignin has phenol groups and aliphatic hydroxyl groups on the side chain. The most reactive
ones are the phenolic hydroxyl groups and they significantly affect the reactivity of the
material. If the hydroxyl groups get modified they can forms lignin polyol derivatives that
will increase the solubility, Figure 3.8 shows a summary of chemical reactions for the
functionalization of lignin hydroxy! groups (Laurichesse & Avcrous, 2014).

Figure 3.8 Summary of the chemical reaction for the functionalization of lignin hydroxyl groups

Esterification of the hydroxyl groups is probably the easiest reaction involving hydroxyl
groups of lignin to carry out considering the reaction parameters and reactants used.”
Phenolation is a method where lignin gets treated with phenol in an acidic medium. This leads
to condensations of phenol with the lignin side chains and aromatic rings. Phenolation is one
of the most common modification methods for lignosulfonates and is used to increase the
amount of phenolic hydroxyl groups, thereby the reactivity (Laurichesse & Avérous, 2014).
This type of chemical modification is deseribed to be used to produce phenol formaldehyde
resins. Prior to the reaction with formaldehyde lignin is modified with phenol. The lignin can
after modification react with formaldehyde because of new phenolics with free orfho units,
Phenolation can be carried out with for example cardanol which is a natural alkyl phenol from
cashew nut shell liquid (Laurichesse & Avérous, 2014).
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3.4.3 Modification towards new chemical active sites

As lignin has a complex structure value-added applications have not in bigger scale been
achieved for unmodified lignin. To avoid this limitation, the lignin molecule can be modified
to increase its range of applications. There have been different types of modification proposed
to increase the chemical reactivity, increase the solubility in organic solvents, reduce the
brittleness of lignin-derived polymers and improve the ease of processing lignin. The
modifications entail an increased reactivity of the hydroxyl groups or a change in the nature of
the chemical active sites (Laurichesse & Avérous, 2014). Figure 3.9 presents modification
methods to produce new chemical active site.
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Figure 3,9 Methods to produce new chemical active sites, (NO, —nitrogen dioxide, NH; — amidogen, Cl -
chlotine, Br — bromine, I - iodine)

The most known example based on the alkylation and o1/ dealkylation is demethylation. This
method will be described in the section 3.4.4. Hydroxyalkylation is the name of another
method that will synthesize lignin-phenol-formaldehyde (LPF) resins, This substitution of
non-renewable phenol by the biobased lignin is possible due to similarities in the structute of
lignin and phenols (Laurichesse & Avérous, 2014).

Amination is another method mainly based on the Mannich reaction with amine and
formaldehyde. The Mannich reaction takes place between a carbon with high electron density
and an immonium ion, existing from formaldehyde and an amine. As a result an aminoethyl
group will be introduced at the ortho position of a phenolic hydroxyl group (Laurichesse &
Avérous, 2014).
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3.4.4 Demethylation

Lignin has far less reactive sites than the phenol ring due to the presence of methoxy! groups.
If these methyl groups could be removed the reactivity should increase due to increased
phenol content and thus the increased amounts of free para and ortho sites. Figure 3.10
shows the result of the demethylation reaction on a simplified lignin molecule. This
demethylation can be done chemically or enzymatically (Hemmild et al., 2013). In addition,
the demethylation of lignin methoxyl groups in units having a neighboring free phenol group
results in a catechol formation. Catechol is more reactive than phenol due to additional
electron donating —OH. The formed catechols are susceptible to oxidation (Hu et al., 2013).

Enzymatically demethylation can be done by laccase. Laccase can oxidize phenolic subunits
of lignin and a laccase-mediator system widens the oxidation spectrum to also include non-
phenolic subunits (Ibrahim et al., 2011). The enzymatic treatment is milder, safer and cleaner
than the chemical treatment. In addition the enzymatically demethylation may also lead to a
degradation of lignin and release of monomeric subunits, These units are reactive towards
other active groups and/or polymerize in the company of the enzyme (Ibrahim et al,, 2011).

L
New free para site
% . C?) New frae grtlte site
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Figure 3.10 Left side: Schematic picture of the aromatic structure in lignin, Right side: Schematic picture of
demethylated lignin and its new free para and ortho site.

The most common described chemical method for demethylation in the literature is based on
a process for the production of dimethyl sulfide. Oxidation of dimethyl sulfide produces
dimethyl sulfoxide (DMSO), an industrial solvent. Lignin reacts with elemental sulfur and
produces dimethy! sulfide, demethylated lignin is one of the by-products in this process.
Demethylation also occurs in the kraft cooking process as hydrogen sulfide is a strong
nucleophile (Hu et al., 2013), Plenty of other methods have also been documented to be
applicable on small scale syntheses. When it comes to large scale synthesis the methods gets
fewer. One of the most popular reagents for demethylation, BBr3, is not a viable option for
mass production due to its need of special equipment and high cost. There are other regents
such as BCl;, TMSI and AICI3/EtSH that have similar disadvantages (Chae, 2008).

When the functional group of the substrate can withstand harsh reaction condition HBr is
sometimes chosen as reagent. Additional to the harsh conditions this reaction often ends up
with incomplete demethylation, probably due to poor solubility of the organics substrates.
The use of sulfide nucleophiles as reagent has been proven effective. Sodium sulfide (NaSH)
and sodium thioethoxide are some of the described reagents (Chae, 2008).
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In a study made by Hu et.al (2013), a thiol is used to demecthylate kraft lignin via a
nucleophilic substitution reaction, a Sn2 reaction. Methanethiol and ethanethiol are small
aliphatic thiols excellent for demethylation of aryl methyl groups, as they work as soft
nucleophiles. One disadvantage with using small aliphatic thiols is their foul smell and toxic
gases. By choosing one with a longer aliphatic chain this problem can be eliminated. In the
study 1-dodecanethiol is used to demethylate kraft lignin. The demethylated kraft lignin
showed increased content of phenolic, together with decreased methoxyl content. The average
molecular mass decreased after the demethylation which can indicate on cleaved linkage in
the lignin macromolecule (Hu et al., 2013).

Chae (2008) also uses 1-dodecanethiol to demethylate aryl methyl ethers. In the study
different bases together with the reagent were evaluated; as a result sodium hydroxide is
considered the most suitable one. Mainly because of that it was proven equally effective, have
a low cost and easy handling (Chae, 2008).

Mentioned studies were reported to give high reaction yields and good results in increased
phenol content. The described experimental methods are similar however the selection of base
differs (Hu et al. 2008; Chae 2008).

Another chemical method describes the use of iodocyclohexane as reagent to demethylate aryl
methy! ethers (Zuo et al., 2008). The method aims on to use relatively mild reaction
conditions to generate high yields. As a result of their study high yields and effective
demethylation were reported. The study that the method can be used for fused aromatic
systems and that multiple methoxyl groups could be removed at the same time (Zuo et al.,
2008).
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3.5 Green chemistry

i

In the Bruntland Commission from 1987 sustainable development is defined as “...meeting
the needs of the present without compromising the ability of future generations to meet their
own need”. Since 1987 governments, industries and the society in general has been evaluating
how to achieve sustainable development from their standpoint (Lancaster, 2002). The threat
of upecoming climate changes affects the future for many countries and the environmental
problem for people, especially in the third world, has transformed into a question of survival
(Gréndahl & Svanstrém, 2010).

The most important goals of sustainable development are to reduce the consequences of the
substances that we use and generate. One important part is to shift the production of energy
and carbon-based chemical from fossil fuels to new renewable sources. Dealing with
toxicities that are threatening the welfare and all living on earth are also an important part.
The role of chemistry is essential to ensure that our next generation of chemicals, energy and
materials are far more sustainable than today. The demand on environmentally friendly
chemical processes and products worldwide requires the development of new methods for
pollution prevention. One of the concepts in chemistry for sustainability is Green Chemistry.
Green Chemistry is the utilization of twelve principles that reduces or eliminates the use or
generation of hazardous substances in the process of designing, manufacture and for
application of chemical products (Horva & Anastas, 2007). The twelve principles are
described in Figure 3.11.

3.5.1 Kraft lignin in the context of Green chemistry

Lately a lot of attention has been drawn towards the development of new environmentally-
friendly technologies for pulp and paper manufacture. In the term of water and energy usage
and total discharges to the environment pulp and paper manufacturing constitutes one of the
largest industry segments in the world (Lei et al., 2011). When green chemistry is considered
from an industrial perspective it is important to notice some factors, for example the cost of
implementing green technology into the industry. In this case it can be helpful to look at green
chemistry as a cost reduction process and get a clearer perspective on how the application of
green chemistry can lead to savings. These savings can result from reduced use of raw
material, lower capital expenditure, less waste etc. The chemical industry has a fundamental
challenge in continue providing the society needs at a low cost but at the same time in a
sustainable way (Lancaster, 2002).

Pulp and paper are usually made from wood by chemical and/or mechanical methods. The
mechanical process is extremely energy-intensive and the chemical process, for example the
kraft process, produces hazardous chemical molecules (Lei et al., 2011}, To execute green
chemistry the synthesis should be less hazardous and energy effective, thing that these
processes are not. As a result of the big environmental impact of the chemical and/or
mechanical methods, a new biopulping method is being researched. The biopulping method is
defined as the treatment of lignocellulosic material with lignin degrading fungi prior to
pulping. The fungus is a selective lignin degrader and the most popular one is white rot fungi.
The degradation occurs with the help of laccase, which is an enzyme but the process is time
demanding in relation to chemical methods (Lei et al., 2011).
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The twelve principles of green chemistry

1. Prevention
It is better to prevent the appearance of waste than to treat or take care of it after it has been created.

2, Atom economy
" Methods for synthetic synthesis of chemical product should be so that as much of the entering material ends up
.- -in thefinal product, Design the chemistry so that the need of raw maferial and generation of waste gets
o minimized. R R Sl i RS B :

30 Le.ﬁs_h&zafdé_iﬁs’ chemical:Zynthesis
" Synthetic methods to produce ch
toxicity as possible,

nical products shou]d be design 1o use and generate substances with as low

4. Design safer chemicals
Chemical products should be design so that their desired function and performance gets maximized and their
toxicity gets minimized. Design better and safer chemicals.

3. - Safer solvents and avxiliaries
. The use of auxiiiaxfy.substa_nces:shoul_drif possible be avoided or-be.inngeuous when used.
6 Destin oty
' vy need of the chemical processes should carry their e
¢, synthetic methods should be perfo

vironmental and economic impacts and should. . -
d at ambient-temperature and pressur

Use of renewable feedstocks

- Unnecessary derivatization (use.of blocking groups, protecting/de-protection or other temporary modification of
_physical/chemical processes) should be minimized or avoided if pogsible. . : Do B

& Svanstrém, 2011) '

The usage of lignin in applications is a step towards green chemistry as it contributes to using
lignin as a renewable raw material (principle 7, Figure 3.11) and not only as fuel to the pulp
mill (Duval & Lawoko, 2014), The principle of using one of the byproducts as fuel to be able
to recover the pulping chemicals and produce energy for the process is in line with the first
principle of Green chemistry (Figure 3.11}.
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After the kraft cooking process lignin need to be recovered and processed. The Lignoboost
process is one effective way to extract lignin from the black liquor with less addition of
sulfuric acid and vield than traditional methods. Research has also been done that shows that
the Lignoboost process can improve the economy. The process of extracting lignin with high
purity from the black liquor opens up for using it as a biofuel or in high valued applications as
a biopolymer (Tomani, 2010).

The need of derivatization to make lignin more useful in applications is not to prefer from a
green chemistry perspective. The principles states that the use of derivatization should be
minimized or avoided if possible (Figure 3.11) (Gréndahl & Svanstrom, 2011). As mention
in previous chapters a lot of derivatization methods for lignin exist. These methods need to be
adapted to the principles to make the use of lignin environmentally friendly.
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3.6 Principles of analytical methods used

3.6.1 Size Exclusion Chromatography, SEC

Size Exclusion Chromatography (SEC) is the most common method for determining the
Molecular Mass Distribution (MMD). Furthermore it is a liquid chromatographic method for
macromolecules that will normally generate a relative molecular mass. The macromolecules
are separated according to hydrodynamic size using columns packed with porous particles,
Molecules with a larger size will elute earlier compered to smaller ones, which are able to
diffuse into the pores with a greater extent (Harris, 2010).

The samples molecular mass decreases logarithmically with increasing elution volume. Mass
sensitive detectors such as ultraviolet absorbance (UV) and differential refractive index (RI}
are being used together with monodispersed standards of known molecular mass to establish a
relationship between elution volume and molecular mass. The structure of the molecules used
for the calibration should be similar to the unknowns for the comparison to work (Himmel &
Squire, 1988).

The MMD is commonly evaluated by calculating the number average molecular mass (M),

equation (1) and the weighted average molecular mass (My,), equation (2). The molecular mass
at the peak top is defined as M,

M = Yoy niM;
e

1
M. = {2y M @)
W 2 niM;

The width of the distribution is defined as M,/M,, and is called the polydispersity index (PD).

SEC of lignin performed with alkaline eluants, particularly with a phosphate buffer solution at
pH 12 has showed several advantages over other SEC systems. Lignin is readily soluble in
aqueous solution at pH 12 or higher without chemical derivatization. This method also uses a
much cheaper solvent (water) than the many common organic solvents (dimethylformamide,
dimethyl sulfoxide, dimethylacetamide) used to dissolve lignin (International Lignin Institute,
2014). Also, salts have to be added to prevent molecular aggregation in such polar solvents.
One of the main factors why alkaline SEC has not been generally used has been the instability
of the columns at high pH. Under the recent years SEC columns capable to withstand being
exposed of a pH higher than 13 for a period of time has been developed (International Lignin
Institute, 2014).

3.6.3 Folin—Ciocalteu reagent (FCR)

One of the most important functional groups in lignin is the phenolic hydroxyl group. Folin
and Ciocalteu developed a simple and rapid method that could be used to determine the
amount of these functional groups. From the beginning they used their method to measure
phenolic amino acids in protein, Their method is based on the complexation to the phenol
group of a hetro-phosohotungstate-molybdate which generates a blue color proportional to the
amount of phenolic hydroxyl groups. Afterwards the amount of color is
spectrophotometrically measured and thereby the amount of phenolic hydroxyl groups. The
Folin-Ciocalteu method has a big advantage in its simplicity (de Sousa et al., 2001}
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Phenols from solid samples are dissolved before analyzing. Dilute aqueous solutions of other
solvents unreactive in the assay such as dimethylformamide may be used. But preparing the
standards in the same solution is recommended for a more accurate result (Singleton et al.,
1999).

The relevant chemistry of tungstates and molybdates is very complex. In the fully oxidized
+VT valence state of the complex, the isopolyphosphotungstates are colorless and the
corresponding molybdenum compounds are yellow. Together they form mixed
hetropolyphosphotungstates-molybdates. In acid solution they exist as hydrated octahedral
complexes with the metal oxides coordinated around a central phosphate. Sequences of one or
two electron reversible reductions generates blue species such as (PMoW, 1040)", Principally
it works so that addition of an electron to a formally nonbonding orbital reduces nominal
MoO™* units to isostructural MoO™ blue species. As for tungstate forms they are less easily
reduced, but more susceptible to one-clectron transfer. The detailed structures, both molecular
and electronic, of the blue reduction products are unknown due to their complex nature
(Singleton et al., 1999).

The absorption peaks for the blue complexation product are rather broad and can be observed
in various wavelengths. But to avoid interference with other components, the analysis
generally uses 760 nm, In the theory it is possible for phenols to form complexes with
phosphotungstates and molybdates, but the FCR’s oxidation of the phenol seems to have no
other effect than as an electron supplier (Singleton et al,, 1999).

It has been showed that some thiols are reactive towards the reagent, together with other
molecules. All the thiol derives tested showed significant activity towards the FCR, however
less activity than for phenols (Everett et al., 2010).
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3.6.2 Nuclear Magnetic Resonance, NMR

The NMR method is based on the fact that atomic nucleus with an odd number of protons
and/or neutrons have a specific spin, examples are "1, 3¢, *°F, *'P and ''B. When these
nuclei are placed in a magnetic field their spin will either conform with or against the field.
The NMR method takes advantage of that the nucleus can switch spin direction when
absorbing radio emission and in the NMR experiment a frequency is applied to induce the
spin shift. The nucteus will then go back to a lower energy state and there by transmit the
absorbed emission. The energy of the transition depends on the nucleus position in the
molecule and on its chemical environment. The transmitted pulse is then detected by the
NMR-instrument and generates a spectrum (Burrows et al., 2009). Techniques of magnetic
resonance have been proved to be excellent analytical tools for structural elucidation of lignin.

Phosphorus-Nuclear Magnetic Resonance, 3'P_NMR, is used to qluantify hydroxyl groups of
lignin. To implement this, phosphorylated lignin is analyzed by 3IP.NMR in presence with a
relaxation reagent and an internal standard (Granata & Argyropoulos, 1995}). The
phosphorylation of lignin is described in Figure 3.12.

0
Lignin——OH + (|—P -3 Lignin — P + H—d
N Pyridine ~ o
o

Figure 3.12 Picture showing phosphorylation reaction for lignin. (CDCly - deuterated chloroform)
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4 Experimental

4.1 Material

The lignin used in this study is softwood kraft lignin recovered by the Lignoboost process
from black liquor at Bickhammar. All lignin used in the experiments were dried at 105°C for
18h prior of use,

1-Dodecanethiol (98%) and lodocyclohexane (98%) were purchased from Alfa Aesar
(Germany), hydrochloric acid (HCI, 37%), N,N-dimethylformamide (DMF), sodium
hydroxide (NaOH, 97%), pyridine (99,8%), vaniilin and n-hexane from Merck KGaA
(Germany). Sodium methoxide (NaOMe, 95%), chromium(lID)acetylacetonate (99.99%),
deuterated chloroform, N-hydroxy-3-norbornene-2,3-dicarboxylic acid imide (97%), 2-
chloro-4.4,5,5-tetramethyl-1,3,2-dioxaphospholane (95%) and sodium carbonate (NazCOs,
99.5%) from Aldrich and The Folin Ciocalteu’s reagent from Merck were used,

4.2 Demethylation

Three different methods for demethylation were carried out, thiol mediated demethylation
with NaOMe , thiol mediated demethylation with NaOH and iodine mediated demethylation.
1g lignin was dissolved in 2.5 mL DMV,

The thiol mediated demethylation were carried out by adding 1 mL (4mmol) 1-dodecanethiol
and 2.5 mL DMEF to an 25 mL oven-dried three necked round-bottom flask equipped with a
magnetic stirrer. The solution was bubbled with nitrogen gas for 20 seconds. The flask was
then put on an ice-water bath until the internal temperature became 5-10°C. For the first thiol
mediated method 0.65 g (12 mmol) NaOMe was added in one portion under stirring and
nitrogen atmosphere. The procedure for the second method differed only by the adding of 0.5
g (12 mmol) NaOH instead of NaOMe. The dissolved lignin (6mmol) was then carefully
added under stirring and the reaction mixture was refluxed at 130°C under nitrogen
atmosphere for one hour. To quench the reaction 1.25 mL purified water was added, followed
by cooling on an ice-water bath,

The iodine mediated demethylation was carried out by adding 7 mL iodocyclohexane (10
equiv) and the dissolved lignin (1equiv) to a 25 mL oven-dried three necked round-bottom
flask equipped with a magnetic stirrer. The mixture was then refluxed at 130°C in nitrogen
atmosphere for 3h and then cooled on an ice-water bath.

The demethylated lignin from all three methods was gained by bringing the pH to 1 by adding
IM HCL. Precipitated lignin was obtained by centrifugation and then washed with ice-cold
purified water three times and centrifuged in between the washing cycles. About 10 mL n-
hexane was added to the lignin and stirred for 10 minutes, then separated by centrifugation.
The obtained lignin was then dried at room temperature,
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4.3 Chemical analysis

4.3.1 Hydroxyl determination

3P_NMR was used in order to determine the hydroxyl groups of lignin. Prior to the analysis
the lignin sample was dried for 42 h in a desiccator in the presence of silica gel.

A solutions mixture was prepared of 10 mL, N,N-dimethylformamid:pyridine, 1:1, viv. The
solution was sealed and placed in a desiccator. A relaxation reagent was then prepared by
measuring 50 mg of chromium(IIDacetylacetonate in a volumetric flask and dilute with
pyridine to 10 mL. In the same way an internal standard was prepared with 200 mg N-
hydroxy-5-norbornene-2,3-dicarboxylic acid imide and diluted with pyridine to 10 ml. The
relaxation reagent and the internal standard were also sealed and placed in a desiccator.

Thirty milligram of lignin was weighed into a 1 mL vial equipped with magnetic stirrer and
then 100 pL solution mixture, 100 pL relaxation reagent and 100 pL internal standard were
added. The solution was left for stirring in 2 h. Then 100 uL. of the phosphorylating reagent
(2-chloro-4,4,5,5-tetramethyl-1,3,2-dioxaphospholane) was mixed with 400 uL deuterated
chloroform and transforred to the solution. The solution was left stirring for 10 minutes before
transferred to an NMR-tube.

The measurements were performed on a 400 MHz Bruker NMR spectrometer, with 5 mm
NMR tube, using 45° pulse, 12135.922 Hz sweep width, 10 sec delay between successive
pulses and 1 sec acquisition time pulses, 360 scans were recorded and then the spectrum were
processed with the help of Bruker topspin 3.0. All chemical shifts were calculated relative to
the internal standard, which has been observed to gives a sharp signal in pyridine/CDClI; at
151.9 ppm. The spectrum was evaluated according to Granata & Argyropoulos (Granata &
Argyropoulos, 1995).

4.3.2 Phenol determination

A method of Folin and Ciocalteu was used to estimate the amount of phenolic hydroxyl
groups. Vanillin was used to create a calibration curve with tree points. 2.5 mg, 5 mg and 10
mg. 10 mg of lignin was weight in and placed in a 100 mL volumetric flasks. The vanillin
standards were weight out and placed in the same type of flask. All samples were made
duplicated. The samples were diluted with deionized water, I mL I M NaOH was added to
100 mL, and left over night.

1 mL of the prepared solution was then added to a 50 m1L volumetric flask, this was repeated
for all solutions. An empty flask was also prepared to function as a blank for the
measurement. 3 mL Folin regent and 30 mL water was added and left to react for 5-8 minutes,
10 mL sodium carbonate, NayCOQ3, (20%) and deionized water was added to 50 mL then lefi
for two hours. The measurement was performed at 760 nm on a Agilent 8453
spectrophotometer.
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4.3.3 Aqueous Size Exclusion Chromatography {SEC)

Samples was dissolved in a phosphate buffer solution (0.05 M NaH,P04.H,0), the eluent,
with pH 12 at a concentration of 1 mg/ mL. Prior to injection the samples were filtered (0.5
pm, millex-SR, Millipore) and then characterized on a Size Exclusion Chromatography (SEC)
system consisting of an Optimas automatic sampler from Spark, with an 515 HPLC pump
(Waters) and a Knauer Smartline ultraviolet detector K-2501. The calibration standard used in
this method is monodispersed sodium polystyrene sulfonate (Na-PSS) from Polymer Standard
Service (PSS GmbH, Germany) with the M, value of 891, 7750, 46000, 78400 and 400 000
Da. The injection volume was 50 pL and the separation were performed in room temperature
with the phosphate buffer as mobile phase g0.6 mL/min) and with three MCX colums (PSS
precolumn MCX, 10pum + MCX,10pm, 10 A +MCX,10 pm, 10°A in series). Data
acquisition and calculations were carried out using Cirrus GPC/SEC Software v. 3.1 (Varian
Inc.).

4.3.4 UV-spectrum

Samples was dissolved in 1 M NaOH at the concentration of 1mg/mL and then difuted to 0.01
mg/mL. The measurements were performed in the ultraviolet range, 200-400 nm, on an
Agilent 8453 spectrophotometer.

4.3.5 Elementary analysis and methoxyl determining

Samples were sent to Analytische Laboratorien (Germany) for analysis with respect to the
elements C, O, H, S, N and methoxyl content.
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5 Results and Discussion

Demethylation according to three different methods was done to increase the phenolic content
in Softwood Kraft Lignin (SKL). The resulting demethylated lignin samples were named as
following;: Todine mediated Demethylation Softwood Kraft Lignin (IDSKL), Thiol mediated
Demethylated Softwood Kraft Lignin with NaOMe (TDSKL 1) and Thiol mediated
Demethylated Softwood Kraft Lignin with NaOH (TDSKL 2). A blank run (SKL 0) was
made with the same procedure as TDSKL 1, but without the thiol.

All analysis was done on the isolated lignin with respect to yield, hydroxylic content, phenolic
content, elemental composition, methoxyl content, molecular mass distribution and UV
absorption.

5.1 Demethylation

Thiol and iodine mediated demethylation was performed. The blank run of the thiol mediated
demethylation with NaOMe (TDSKL 1), SKL 0, was performed as an indication whether
lignin gets affected from the base, the heating and/or the isolation. Table 5.1 summarizes the
yield from the demethylation experiments and the blank run. The yield from all reactions are
very low in relation to the reported yields of up to 99% for thiol mediated (Hu et al., 2013),
and 93% iodine mediated demethylation (Zuo et al., 2008) respectively. Notable is that Zuo
et al. (2008) investigates aryl methyl ethers not lignin.

The blank run, SKL 0, shows also a relative low yield, 58%, in relation to the reported one.
This indicates that the thiol do not have a mayor effect on the yield. Both TDSKL 1 and 2
show significant lower yields than the one reported in the literature, 39 and 28% respectively.
TDSKL 2 shows a slighter lower yield than TDSKL 1. The difference is not so distinct that
conclusions about the effect of the base can be made.

SKL 0, the blank of TDSKL 1, consists of lignin, DMF and a base (NaOMe). The sample is
not representative as a blank for IDSKL from the fact that IDSKL do not contain any extra
added base, only DMF, and that the IDSKI, has be refluxed for three hours not one hour,
[DSKL shows a higher yield than the thiol mediated demethylated samples, even as it has
been refluxed longer. This fact point towards that longer reflux time does not lower the yield.
The use of the same isolating procedure and the fact that IDSKI also shows a significant low
yield indicates the same type of problem with loss of lignin in the water and/or DMF phase.

Table 5.1 Table showing the vield in percentage of starting material from the demethylation attempts (TDSKL
1, TDSKL 2 and IDSKL) and the blank run (SKL 0).

Sample Yield (%)
SKL 0 58
TDSKL 1 39
TDSKL2 - | 28
IDSKL 44

The low yield can be a consequence of the applied isolation method. The acidity of the
solution, destined to precipitate the lignin could have been insufficient and not been able to
gain all lignin fragments. The process of washing the precipitated lignin with water also may
have contributed to the low yields. As demethylation should results in an increased amount of
phenolic groups in the lignin structure, demethylated lignin will be more hydrophilic and
more likely to dissolve in water and DMF than unmodified lignin.
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The extraction method selected differs from the methods described in literature. The isolation
method used in this thesis is a modification of the by Hu et al. (2013) described method (Hu et
al., 2013). Lignin is precipitated by lowering the pH with hydrochloric acid (HCI) and washed
with n-hexane to remove the thiol. The difference is that in this thesis the precipitated lignin is
washed with water in prior to n-hexane. The use of water as a washing step is chosen due to
problems with the removal of DMF. As a result of only washing with n-hexane, the
precipitated lignin was hard to dry and was a sticky mixture of lignin and DMF. Vacuum
evaporation at elevated temperatures, up to 90°C, was first tried to remove DMF but was not
successful. As not all DMF would be removed.

Unmodified lignin has a low solubility in water but high solubility in DMF. By washing with
water the DMF could be removed and a dry lignin could be obtained. Ice-cold water was
used to minimize the solubility of lignin. Both the removed DMF and water phases had a
brown color, which indicates that fractions of lignin have been dissolved. As a result of this
really low yields were obtained. Acidified water could have been used to reduce the
solubility of lignin and thereby minimize the loss of {ragments.

The mechanism for thiol mediated demethylation reaction is a nucleophilic Sny2 substitution
reaction and the mechanism is presented in Figure 5.1. In brief the thiol gets deprotonated
due to the base (NaOH or NaOMe). The deprotonated thiol function as the nucleophile and
attacks the partially positive charged carbon in the methoxyl group (-OCH3) resulting in the
leaving of the methyl group (-CHj) as methyl iodide and formation of a new phenolic
hydroxyl group (-OH).

In the kraft pulping, hydrosulphide (HS") and hydroxide (OH') ions are involved. These ions
can cause demethylation of lignin. Hydrosulphide works as a nucleophile forming first methyl
mercaptan and then dimethyl sulphide which are hazardous substances. In the kraft pulping
process these substances are handled separately with care, The principle of using thiols with
longer carbon chains is to use a mild reaction condition and slowly gencrate HS from an HS'
source. The longer carbon chain also contributes to a higher boiling point and the thiol does
not develop into gas.

The mechanism for iodine mediated demethylation reaction is an elimination reaction, El,
followed by a nucleophilic Sy2 substitution reaction. In brief E1 is a two-step reaction,
initiated by formation of a carbocation which is the rate-determining step. Due to its
resonance structures DMF has a slightly alkaline character. Elimination of the f-hydrogen
will induce formation of a double bond, Figure 5.2. The solvent, DMF, produces hydriodid
acid (HI) from iodocyclohexane. Deprotonated HI (DMF as base) then reacts with methoxyl
groups on lignin by a nucleophilic substitution reaction (Sy2) to produce a phenol group and
methyl iodide (CH;I).
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Figure 5.1 Thiol mediated demethylation reaction. R = aliphatic side chain, R, = continuing of the lignin
molecule. Step 1: The deprotonated thiol (the nucleophile) attacks the partially positive charged C on the
methoxyl group (-OCH;) and results in the leaving of the methyl group (-CHa,). Step 2: In acidic medium a new
phenolic hydroxy! group (-OH) is formed and lignin precipitates. DMF can be removed. Step 3: The
demethylated lignin is extracted from the thiol with n-hexane.

I
DMF
- + HI
130 °C

Figure 5.2 Todine mediated demethylation reaction. Step 1 Todocyclohexane reacts with DMF and form
hydriodid acid (HI).
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5.2 General chemical properties

General chemical properties such as elemental composition and methoxyl content was
determined for unmodified softwood kraft lignin (SKL), the thiol mediated with NaOMe
lignin (TDSKL 1) and the blank of TDSKL 1 (SKL 0). Table 5.2 summarizes general
properties of SKL, SKL 0 and TDSKIL 1. The remaining samples were not analyzed due to
lack of material. A C8.35 empirical formula was calculated based on the C, H, O and S
content from the elemental analysis and the analysis of methoxy! content. This formula,
(C8.35, was chosen due to previous investigations in the literature (Robert et al., 1984). The
value is only approximately for TDSKL 1 and SKL 0 as the structure of the lignin may have
changed as a result of the treatment.

SKL and SKL 0 show no significant difference except from increased nitrogen content in
SKL 0. This can indicate that nitrogen has covalent bonded to lignin. The nitrogen can derive
from the nitrogen gas, but this is not likely due to nitrogen gas inertness. The nitrogen can
also originate from remaining DMF that has been incompletely removed from the sample.

The decrease in methoxyl content in TDSKL 1 indicates that demethylation has occurred. The
content of C, H, N, O, S and OCH3 showed in Table 5.2 is presented in percent of the total
sample, An increase in content of some atom species could be seen as the decrease in others.
TDSKL 1 shows a slight increase in carbon and hydrogen content, which can derive from the
long carbon chain in the thiol. The significant increase of sulfur content also indicates that the
thiol is not fully removed.

Table 5.2 Table showing general properties of SKL, SKL 0, and TDSKL 1.

Sample |C H N 0 S OCHj; | C3.35-unit
{%wiw) | (Yawiw) (%w{_\_nf) (%owiw) | (%ewiw) (%wlw) _
SKL [ 64657 ] 010 262 1.7 | 13.0 | Cs35H74207065009(OCH3)070

SKLO | 627 | 61 | 19 | 255 | 13 | 124 | CsssHynO197S00s(0CH )07

TDSKL | 66.7: | 8.1 175 64 ] 89} CassHi1301.148033(0CHz)0ag

5.3 Molecular mass distribution

Size Exclusion Chromatography (SEC) was performed to determine the molecular mass
distribution in the samples in relation to sodium polystyrene standards. In SKL the low
molecular part is shown as a distinctive peak in relation to the smaller high molecular peak.
SKL 0 shows a similar relation between its high and low molecular parts, This indicates that
the treatment of SKL 0 has not affected the distribution within the sample and that the loss of
lignin according to the low yield presented for SKL 0 is not represented by high or low
molecular fractions. As this result describes the relative molecular mass in the sample, only a
comparison of the proportion between low and high molecular fractions within the sample can
be done. Figure 5.3 is showing the SEC spectra for SKL, SKL 0, TDSKL 1, TDSKL 2 and
IDSKL.

In the demethylated lignin the distribution shows two more equally high peaks. This can occur
of two reasons, first the loss of low molecular parts and secondly the gain of high molecular
parts, The absorbance of and/or bonding to dodecanethiol would increase the high molecular
content. The elemental analysis of TDSKL [ also shows an increase in carbon and hydrogen
content in relation to SKL 0, which probably originates from the long carbon chain in
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dodecanethiol. In contradiction the iodine mediated sample (IDSKL) is showing the same
trend of two more equally high peaks. The increase of carbon and hydrogen content in
TDSKL 1 is neither significant. The fact that this is connected to the low yield and thereby
fow molecular parts have been lost is more likely.

Many factors could affect the dissolution of lignin but the molecular mass normally plays an
important role, small fragment are harder to precipitate and could have been lost in the
applied isolation method. The demethylation reaction can cause the cleavage of cther linkages
in lignin and therefore reduce the size of the macromolecule. In demethylated lignin a higher
percentage of low molecular part would have been expected (Hu et al., 2013). This fact also
indicates the loss of smaller fragments.

The weight average molecular mass (M, and the peak molecular mass (M) of SKL, SKL 0,
TDSKL 1, TDSKL 2 and IDSKL are presented in Table 5.3. The Mw were calculated with
respect to the two main peaks. The My, values are not accurate due to that the peaks are not
resotved and the My, of the peak distributions will be overestimated (low molecular mass
peak) and underestimated (high molecular mass peak).

In relation to SKL 0, both TDSKL 1 and 2 show a higher M, value of the high molecular
mass peak and a lower one at the low molecular mass peak. IDSKL shows a lower value at
the high molecular mass peak but a higher value in the low molecular part. The IDSKL peaks
is slightly shifted together in relation to SKL and SKL 0, which indicates an more monotone
distribution.,

0,8 -
0,7 4
06 | —SKE
015 : w— e SKLQ
= ]
% 04 j sz TDSKL 1
3 ]
7 we me TDSKL
© 0,3 - -
smmeneme | DIGKL
0,2 4
0,1
0,0 +—vfs C ’ I
0 6 °

log M {relative to sodium polystyrene standards
Figure 5.3 SEC spectra of SKI, SKL 0, TDSKL 1, TDSKL 2 and IDSKL. See Table 5.3 for peak assignment,
The changed molecular mass distribution is most clearly seen in thiol mediated Demethylated

samples which also presented the lowest yields. The trend continues as IDSKL with the
highest yield of the demethylated samples and also presents a higher percentage of low
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molecular fragments. The trend of a more equal distribution of high and low molecular mass
fragments is not shown in SKL 0, which in contrary also showed a relative low yield but no
significant difference in molecular mass distribution in relation to SKL. This point towards
that demethylated fragments of lignin has been lost, as SKL 0 did not go thru any
demethylation attempt.

Table 5.3 M, and M,, value for the high molecular (hm) and low molecular (Im) patt.

Sample M,/ 10° (hm) | M,/ 10° (im) | M,/ 10° (hm) | My/10° (Im)
SKL 18.5 2.0 287 | 28
SKL 0 18.5 2.4 29.4 3.2
TDSKL 1 20.2 1.8 32.8 2.0
TDSKL 2 21.8 2.3 36.1 2.8
IDSKL | 183 3.1 30.1 3.4

5.4 UV absorbing structures

The UV specira of all samples are presented in Figure 5.4, Due to that the lignin molecule
contains no large percentage of unsaturated aliphatic units in addition to its aromatic structure,
it is considered that there are two characteristic bands in the lignin spectrum useful for
analysis, at 200-230 and 260-280 nm (Kallavus, et al., 2015). In UV wavelengths shorter
than 220 a scattering pattern occurs and due to that the wavelength range at 200-220 will not
be evaluated in this thesis.

16 -
14 1
1.2 -
g — SKL
g - = SKLO
5 0.8 e TDSKL 1
806 — — TDSKL 2
04 cere IDSKL
0.2
0 T T 1]
220 270 320 370

Wavelenght {(nm)
Figure 5.4 The UV spectrum of SKL, SKL 0, TDSKL 1, TDSKL 2 and IDSKL, graph showing 220-400 nm.

All curves show a peak around 230 nm and a broader peak around 280 nm. At 280 nm the
absorbance corresponds to the aromatic ring, a higher absorption in this area implements that
it exists more free-phenolic guaiacyl units. It has also been shown that catechols, aromatic
structures with two hydroxyl groups, are also having their absorption maxima at ~280 nm
(Dong, 1993). A higher absorbance at 280 nm may due to this fact also suggest the forming of
catechol during the demethylation reaction (Hu, et al., 2013). The IDSKL curve differs from
the other samples as it does not show a shoulder at 230-260 nm and the shoulder at 280-310
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do not rise in relation to the other samples. The non-existing rise at the area around 280 nm
could indicate that the demethylation reaction has destroyed some aromatic structure in the
lignin (Hu et al., 2013), According to literature the absorption at ~240 nm represents biphenyl
derivatives (Todorciuc et al., 2009), this needs to be investigated further to be verified.

One study has shown that even small concentration differences in sodium hydroxide could
affect the absorption, due to the deprotonation extent of the phenol structure (Dong, 1993).
However, no absorbance of up to 1 M NaOH will appear at wavelengths higher than 240 nm.
As seen in Figure 5.4 the absorption are different for all samples, this can be a result of a
slight differ in lignin concentration. As the difference is displayed in the whole wavelength
range and not only at lower wavelength there is probably a difference in the lignin
concentration not in NaOH concentration.

To investigate further Fourier Transform Infrared Spectroscopy (FTIR) could be performed to
investigate the different bond types and analyze the scattering pattern.

5.5 Hydroxyl composition

The changes in hydroxyl groups where determined by two methods, by the Folin and
Ciocalteu method (FC method) and *'P-NMR. The FC method is a spectrophotometric
method based on complexation between phenols and metals. The method was selected due to
its simplicity for an approximation of the phenolic content, As this method is not so exact 3Tp.
NMR was used to verify the results. 3PNMR is a spectroscopic method that determines the
structure of phosphor containing compounds, The hydroxyl groups of the samples are
phosphorylated in prior to analysis. The analysis results in a spectra from where the amount of
aliphatic-, condensed-, guaiacyl-OH and carboxylic groups can be determined in relation to an
internal standard. The FC method shows a slighter higher value of phenolic content than p
NMR for all samples, but the trend between the samples remains the same.

The content of phenolic groups in all the samples is listed in Table 5.4. According to both the
FC method and *'P-NMR an decrease in phenolic content has occurred in the blank run, SKL
0, in relation to SKL. This strengthens the theory of lost phenolic fragments, due to their
hydrophilic character, The increased change in the molecular mass distribution of the
demethylated samples can be a sign of an increased phenol content and thereby an increased
loss.

TDSKL | and 2 shows a decrease in phenolic content in the result from both *TP-NMR and
the FC method in relation to SKL 0. This is in contribution to the earlier presented decrease in
methoxyl content for TDSKL 1 in relation to SKL 0. TDSKL 1 displays the lowest phenolic
content and also the lowest yield. The phenolic content is decreasing within the samples with
the same order as the yield, A sample with low yield presents a low phenolic content in this
study, which also points towards the loss of phenolic fragments.
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Table 5.4 *'P NMR mmol OH/ g(lignin) compared to the Folin & Ciocalteu method, mmol OH/ g(lignin)

Sample Folin & Ciocalteu *'P NMR
S v S 3
s K e e
TDKL1 .. ] 23 R R R
TDKL 2 25 | 19
DKL o ) 28 2.7

According to the phenolic content determined by 3P NMR a small increase in phenol content
has occurred in IDSKL. Table 5.5 shows more detailed the hydroxyl content obtained from
3'p NMR. The total hydroxyl content of the demethylated samples, including IDSKL, are
lower than for SKL and SKL 0. Notable here is the increase of guaiacyl-OH units in IDSKL,
from 1.1 in SKL 0 to 1.6 mmol OH/ g lignin in IDSKL. This indicates that demethylation has
occurred.

The aliphatic-OH content has decreased significantly in IDSKL in relation to SKL. The
demethylation reaction of IDSKL produces methyl iodine (Mel) which according to studies
can contribute to methylation of aliphatic hydroxyl groups in presence of a strong base,
potassium carbonate (K,CO3) (Sadeghifar et al., 2012). As DMF is not as strong basc as used
in that study, methylation reaction is not likely in the present study. One reason for the
increase can be that aliphatic parts are lost in the isolation of lignin, due to their hydrophilic
structure. In the TDSKL 1 and 2 a slight decrease in aliphatic-OH can be seen but not as big
as for IDSKL.

Table 5.5 VP NMR analysis, mmol OH/ g(lignin)

Samples | Aliphatic- | Condensed- | Guaiacyl- | COOH | Total Total
OH OH OH phenol
content
Sk | 10 [ 10 [0 12 1503 | 25 3.4
SKL 0 0.9 1.0 1.1 0.2 2.4 3.2
TDSKL1 | 06 |- 07 ] 08 |02 46 | 22
TDSKL 2 0.7 0.8 1.0 0.2 1.9 2.6
IDSKL 0.3 0.9 1.6 0.2 2.7 3.0

The 3'P NMR spectra of SKL is presented in Figure 5.5 and the spectra of IDSKL in Figure
5.6, spectrum for the other samples are presented in chapter 11, Appendix 1 (Figure 11.1,
11.2, 11.3). Table 5.6 shows the signal assignment used for hydroxyl determination by Sp.
NMR. The spectrum of the different samples looked similar and also similar to the ones
reported by Granata & Argyropoulos (1995) and Ragauskas (2011). If studying the spectrum
of SKL and IDSKL a distinct difference in the Guaiacyl-OH peak could be seen. IDSKL
shows a lower signal but two types of phenols compared to one high peak in SKL. According
to the literature the second peak (4b) at ~138.9 may represent catechols (Pu et al., 2011). The
two peaks represent demethylation as a new structure was observed either as a catechol (from
a starting free phenlic G-unit) or as a phenol structure from a starting non-phenolic G-unit
(Granata & Argyropoulos, 1995).
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1850 1540 143.0 1400 135.0 PEm

Figure 5.5 ip NMR spectra of SKL. From left internal standard, aliphatic OH, condensed OH, g-unit OH and
carboxylic acids,

1500 1450 1480 13540

PP

Figure 5.6 *'P NMR spectra of IDSKL. From left internal standard, aliphatic OH, condensed OH, g-unit OH
and carboxylic acids.
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Table 5.6 Signal assignment for SIp_NMR spectrometry

Peak number Signal (ppm) Assignment

1 151.9 Internal standard
2 150.9-145.9 Aliphatic hydroxyl groups
3 145.9-140.4 Condensed (including S) hydroxyl

o 5 groups
4(a) 140.4-136.8 G-unit hydroxyl groups
“4b .. | - . ~1389 . | = Catecholhydroxylgroups -

5 136.8-133.1 Carboxylic acids

The decrease or moderate increase in phenol content in of the isolated lignin is pointing
towards the loss of demethylated fragments. The decrease in phenolic content for the SKL 0
and the trend of decreased molecular mass distribution in the low molecular part for the
Demethylated samples support this interpretation, Due to the loss of a noticeable amount of
lignin, we could not say that the demethylation failed for TDSKL 1 and 2. Demethylated
structures would be more soluble in polar solvents such as the used water and DMF in the
washings and be lost (not included in the analyses).
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5.6 Towards Green lignin chemistry

The use of lignin in application demands multiple steps where the lignin first get recovered
from wood and then modified to fit the application. One reason why the most of all lignin
from the kraft cooking process gets burnt to generate energy can be that there are few options
to valorize the lignin to more profitable applications, partly due to uneven quality. The use of
the Lignoboost process to extract lignin from the black liquor may open new possibilities for
lignin.

The demethylation methods described in this report are examples of methods to make lignin a
high value-added polymer and a replacement to phenols. As phenol is a chemical made from
fossil fuels, the thought of replacing it with a renewable source is beneficial for the
sustainable development. The use of derivatization is not according to the principles of green
chemistry as it uses extra energy and often chemicals, if it should be used it needs to be as
green and efficient as possible,

The demethylation processes described and evaluated in this thesis are similar in that they
demand high temperatures and solvent to proceed. The use of solvents should according to the
principles of green chemistry (Figure 5.11) bee avoided or the solvent should be innocuous.
In the demethylation methods described in the report DMF is used as solvent. DMF is
classified as a hazardous substance and is dangerous to the human body and the environment
(Long et al., 2001). The use of water as solvent demands a closed system, so that the
temperature can exceed the boiling point. A closed system increases the risk of explosion.
Instead energy could be added in other ways than by in-direct heating the solution. For
example heat can be directly added by microwaves. This would generate an almost solvent
free demethylation reaction and significant lower reactions times, from hours to minutes
{Majetich & Hicks, 1994).

In one of the thiol mediated reactions (TDSKL 1) NaOMe is used as the base, As NaOMe is
really strong and hard to deal with it is not very suitable for large scale synthesis (Chae,
2008). In the demethylation reaction NaOMe also contributes to the formation of toxic
methanol. By using NaOH (as in TDSKL 2), water will instead be produced in the reaction.
NaOH is also less hazardous, cheaper and easier to handle compared to NaOMe. According to
previously findings reported in the literature (Chae, 2008) NaOH is as effective as NaOMe in
the demethylation process for aryl methyl ethers, but the efficiency in lignin demethylation
needs to be investigated.

The dodecanethiol is as mention earlier in this report selected due to its high boiling
temperature and thereby lack of smell. The opportunity of reusing the thiol is an important
factor for making the demethylation reaction sustainable. As no or a really small fraction of
the thiol vanishes as gas the thiol can be extracted and reused. In the last extraction step the
thiol is extracted by n-hexane, with not completely satisfying result. n-Hexane is obtained
from oil which is not an green alternative, thus other options for extraction should be
considered.

In IDSKL only lignin and iodocyclohexane is added aside from DMF as solvent, heat and
nitrogen gas. Here the basicity of the solvent has a more critical role in the reaction efficiency.
The solvent needs to be basic enough to facilitate the generation of hydrogen iodine (HI) from
iodoalkanes via an elimination reaction and at the same time week enough to minimize the
neutralization effect of HI, since strong HI acid is needed for the demethylation (Zuo et al.,
2008). The iodine mediated demethylation reaction (IDSKL) creates methyl iodine (Mel} as a
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byproduct. Methyl iodine is a toxic and hazardous substance which can cause acute effects to
human if inhaled or touched.

To make the process of modifying lignin and use it in application even more effectively, the
concept of “in situ”, in place could be used. The modification, for example demethylation,
could be achieved at the same spot as the product manufacturing. Catalysts for a more
effective reaction could also be investigated, for using enzymes for demethylation of the
lignin.
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6 Conclusions

o Low yields were obtained

O

The decrease of low molecular fragments, in yields and phenolic content
follow the same trend within the samples. This indicates the loss of hydrophilic
fragments.

e The isolated lignin

O

By dodecanethiol irrespective base (NaOMe and NaOH) showed a decrease in
both total phenolic and hydroxylic content which indicates that no
demethylation has occurred.

By dodecanethiol with NaOMe shows a lower content of methoxy!l groups in
relation to unmodified lignin and the blank run, without the thiol, of the sample
which indicates successful demethylation.

Indicates successful demethylation in the iodine mediated demethylation
reaction due to higher phenolic content.

By iodine mediated demethylation reaction showed the increase in phenolic
content due to an extra peak for g-unit OH in the 3p.NMR, which indicates
catechol forming and demethylation.

By iodine differed from the other samples by not showing a shoulder at ~240
nm and ~280 which may indicate the loss of bipheny! structures and/or other
structures.

e Green lignin chemistry

G

DMF do not participate in the demethylation reaction of dodecanethiol
irrespective base (NaOMe and NaOH) which open up for the possibility to
partly or fully remove DMF and replace it to make the reaction greener.

The use of NaOH instead of NaOMe in the thiol mediated demethylation will
climinate the producing of methanol and replace it with water.

The thiol mediated demethylation reaction demands less energy as it is
refluxed for one hours not three hours as the iodine mediated.

In the iodine mediated demethylation reaction DMF plays an important role,
and greener solvents with similar properties could be considered.

The jodine mediated demethylation reaction produces toxic and hazardous
methy! iodine (Mel) as a byproduct, which is not according to green chemistry.
The thiol mediated demethylation reaction with NaOH is the greenest
demethylation reaction in this thesis according to the principles.
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7 Future work

As mentioned in previous chapter the results are pointing towards the loss of lignin in the
extraction process, due to low yields, low demethylation and change in molecular mass
distribution. Further work can be done examining where and how this lignin has been lost.
The water and DMF phase can be examined to look for aromatic groups. As mention earlier
FTIR can be used to analyze the composition of the samples further.

A more developed study in the context of green chemistry for the use of lignin in applications

should also be done. The efficiency of NaOMe and NaOH in the thiol mediated demethylation
could be done to investigate the use of the friendlier NaOH in lignin demethylation.
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8 Utbildningsvetenskapligt avsnitt (Educational part)

8.1 Inledning

Naturvetenskap kan framstd som ett svért dmne att ldra sig. Detta kan bero pd att for ait kunna
forsta ett fenomen enligt vetenskapens teorier och lagar behdys ideligen en stor kunskapsbas,
det existerar ofta inte eft svar som siger “det bara #ir s4”, Sjdlvklart finns det tillfdllen inom
naturvetenskapen dir en vardaglig férklaring ricker men naturvetenskapen i skolan kommer
ofta med extra information samt en ny terminologi (Mortimer & Scott, 2003, ss.-14-17),

Kommunikationen inom naturvetenskapen sker med hjilp av termer vilka ¢j dterspeglar vért
vardagliga sprikbruk. Dessa begrepp, termer och teorier ger naturvetenskapen i skolan en
stimpe! av aft vara evig, siker och oftrénderlig. Skolan anses ofta vara en fristdende del av
samhiillet och studier pekar pa att detta méste fringas for att 5ka elevernas intresse for
naturvetenskapen. Genom att g frén att cleverna endast skall kunna ett korrekt svar till att
ocksé belysa ”hur det kommer sig veta svaret”, kan fler elever bli intresserade och delaktiga i
amnet. Det behdvs fler interaktionsmojligheter i det naturvetenskapliga klassrummet for att
tka elevernas deltagande (Lofgren m fl,, 2014},

Under den andra delen av 1900-talet skedde stora foriindringar inom var forstdelse for
utveckling av kunskap. Dessa foriindringar har lett till att det idag fokuseras pé elevers aktiva
inlérning och att eleverna skall kunna reflektera Sver sin egen inlérning och vetenskapliga
kunskap. For att utveckla en forstéelse for det naturvetenskapliga spraket behover eleverna
anvinda detta i strukturerade aktiviteter, dir det ges méjlighet till reflektion. Dessa aktiviteter
gynnar den sociala konstruktionen av kunskap genom att eleven ges mdjlighet att fortydliga
sitt tinkande, generera exempel och sjilv forstd nér ytterligare information beh&ver inhé#mtas
(Duschl & Osborne, 2002),

Petterson (2013) talar om att det talade spréket dr den naturliga grunden till begreppsforstielse
och utveckling. Lirare behver gora plats for eleverna i klassrummet och lata dem med
utvecklas med hjilp av spraket. Utforskande tal kan hjilpa elever att tillsammans med sina
egna kunskaper fran t.ex. vardagen utveckla sin forstaelsekunskap inom naturvetenskapen
(Pettersson, 2013). Duschl & Osborne (2002) menar att om strukturer med diaioger och
argumentation saknas inom den naturvetenskapliga undervisningen ér det inte sa
forvanansvirt att elever har svarigheter att Iira sig (Duschl & Osborne, 2002).

Rundgren (2006) diskuterar kring gymnasiclevers anviindande av hjélpord inom
naturvetenskapen for att forklara fenomen och begrepp. Rundgren anser att gymnasieclevers
anvindning av hjilpord, spontana metaforer och verbmetaforer himtade fran vardagliga
situationer utgdr naturliga inslag i deras kunskapsutveckling, Férviintan pa att eleverna redan
fran bérjan skall ha formagan att resonera abstrakt kring ett nytt dmnesomrade behdver
férsvinna, denna formaga triinas gradvis. Att diskutera vetenskapen med hjélp av ett
vardagligt sprak och genom vardagliga situationer gynnar en djupare naturvetenskaplig
forstaclse och sprakbruk (Rundgren, 2006).
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8.1.3 Undervisningstraditioner

Att f8 en personlig forstéelse for hur miljdproblem uppstér dr en av byggstenarna nir det
giller att diskutera det “ritta” cller “béista” sittet att skapa en "bra” miljéundervisning. Det
finns i Sverige tre framstaende traditioner nér det kommer till miljdundervisningen. Dessa &r
faktabaserad miljdundervisning, normativ miljsundervisning och pluralistisk
miljsundervisning, Pluralistisk miljdundervisning kan ocksa kallas for utbildning for hallbar
utveckling (ESD) (Wickman & Persson, 2009).

Den faktabaserade undervisningen tog form i och med utvecklingen av miljdundervisningen
under 1960-talet. Hir presenteras miljoproblemen i form av ckologiska problem och genom
att dka var kunskap om dem, kan de l6sas. Kan lirare undervisa all virldens befolkning i hur
minniskan skapar miljsforstoring kommer denna forstéring att upphéra. Lararens
pedagogiska uppgift innefattar hir att lira eleverna den korrekta och sanna kunskapen,
Eleverna kan sedan anviinda denna kunskap for korrekta beslut och aktioner (Wickman &
Persson, 2009).

Den normativa traditionen utvecklades under den under 1980-talet pdgéende samhillsdebatten
om miljsforstéring. Har behandlas miljoproblem i huvudsak som en fraga om hur livsstilar
och dess konsekvenser hotar virlden. Vetenskapen fungerar héir som ett redskap att ge tips till
det bista sittet att leva och dirmed utveckla ett miljovanligt samhille. Enligt utvande ldrare
skall korrekt vetande automatiskt leda till bittre véirderingar och att ménniskor vill leva ett
mer miljovinligt liv (Wickman & Persson, 2009).

Den pluralistiska traditionen utvecklades under diskussioner pa 1990-talet. Hir handlar det
om den viixande osikerheten inom miljéproblemen och det stindigt vixande antalet &sikeer i
miljédebatten, Problemen ses hér som bade moraliska, politiska och miljoméssiga samt ses
som en konflikt mellan ménniskors intresse. Den konfliktbaserade utgingspunkten inom den
pluralistiska traditionen markerar den demokratiska processen i klassrumsaktiviteter dér allas
asikter skall vara relevant i diskussionen om hur miljéproblemen skall 16sas (Wickman &
Persson, 2009).

Enligt Sjeberg (2009) finns det fyra bra argument for att studera de naturvetenskapliga
Amnena i skolan, Ekonomiargumentet motiverar naturvetenskapsundervisning i skolan genom
att pipeka att dess kunskaper 4r ckonomiskt 16nsamma. Sambhiillet priiglas till exempel av et
niiringsliv som 4r beroende av teknikutveckling, Det andra argumentet, nyttoargumentet,
anser att naturvetenskapen behovs for att ménniskan ska kunna beméstra vardagslivet
eftersom att méinniskan omges av mycket hégutvecklad teknik och vetenskap.
Demokratiargumentet gér ut pd att den naturvetenskapliga kunskapen behtvs for att skapa ett
demokratiskt samhiille. Fér att ha en chans att paverka samhillet behdvs kunskap som ligger
till grunden for bra argument. Det sista argumentet, kulturargumentet, ser naturvetenskapen
som en av de viktigaste delarna i minniskans kultur. Naturvetenskapen ligger till grund for
hur vi ser pa virlden idag och den kunskap vi besitter (Sjeberg, 2009).

I examensmalen for gymnasicskolans naturvetenskapliga program beskriver Skolverket
(2011) att ”Utbildningen ska ge forstdelse av hur naturvetenskap och samhdéllsutveckling
omsesidigt har piverkat och paverkar varandra och srskilt belysa naturvetenskapens roll i
frdgor om hallbar utveckling. Eleverna ska ocksd ges mojlighet till etiska diskussioner om
naturvetenskapens roll i samhdller” (Skolverket, Gymnasieskola 2011, 2011, s, 247)En
liknande beskrivning finns att aterfinna i examensmélen for teknikprogrammet. Det star
dirmed tydligt beskrivet i examensmalen att elever med hjilp av den pluralistiska
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undervisningstraditionen, utbildning for hallbar utveckling, ska ldra sig om forhallandet
mellan naturvetenskapen och samhillet (Skolverket, Skolverket, 2011).

8.1.1 Samhillsfragor i naturvetenskapen

En vig att arbeta med utbildning for hallbarutveckling och ge eleverna majlighet att uppfylla
examensméalen dr att anvinda sig av situationer frén samhillet. I samhélisdebatten dyker det
stindigt upp nya aktuella fragestillningar vilka kan anvéndas i den naturvetenskapliga
undervisningen for att gynna intaget av kunskap. Enligt Ottander m f1. (2013) &r dessa
fragestaliningar autentiska och gynnar elevernas férméaga att tillimpa sina kunskaper ph reella
situationer. Eleverna ska tilligna sig kunskaper de behdver for att leva i ett modernt samhille
och samtidigt utveckla sin formaga att koppla ihop naturvetenskapen frn skolan med
samhillet (Ottander m f1., 2013). Samhélisfrégor med Naturvetenskapligt Innehall, SNI, &r en
metod for att f4 in det dialogiska klassrummet och samhéllsfragor i den naturvetenskapliga
undervisningen. Har arbetar eleverna med innehdll bide 7 naturvetenskap och om
naturvetenskap. Med kunskaper i naturvetenskap menas att eleven kan forklara och tillimpa
naturvetenskapliga processer och begrepp. Kunskaper om naturvetenskap handlar om insikten
hur naturvetenskaplig kunskap viixer fram och vad som &r giltig kunskap (Ekborg, m fl,,
2012). Ett SNI-fall konstrueras utifrén en autentisk fragestalining frén samhéllet vilken kan
kopplas till det centrala innehallet. Fallet byggs sedan upp kring frégestdllningen med hjélp av
kommunikativa inslag. Denna undervisningsform $ppnar upp for diskussion och eleverna
uppmuntras till att stélla frdgor. Hér triinas eleverna pé att se naturvetenskapens roll i
samhillet och fundera dver detta utifrén flera perspektiv (Ottander m 1., 2013).

I och med den stora teknikutvecklingen har det vid sidan av nya tekniska 18sningar ocksé
uppsttt problem och risker. Dessa risker har alltid funnits d&r men i och med den tekniska
utvecklingen har de blivit fler och mer komplexa, Christensen (2009) talar om att dessa risker
skapar fragestillningar vilka baseras pd vetenskaplig kunskap och Sppnar dorrar till det
dialogiska klassrummet, Det kan handla om allt frén hur mobiltelefoner paverkar vér hjdrna
till genmanipulerad mat. Dessa risket #r tillverkade av ménniskan med hjalp av tekniken och
vetenskapen kan hjilpa oss att forstd dem. Inom flertalet samhiéllsfrigor behtvs det
naturvetenskapliga kunskaper for att kunna argumentera f6r vad som dr riitt eller fel. I vart
nya “risk-samhille” r det till stor nytta att ha kunskap och verktyg for att kunna forstd ach
utviirdera riskerna (Christensen, 2009).

Christensen (2009) talar 4ven om att genom att anvéinda en fragestillning vilken kriver att
eleven har vetenskaplig kunskap kan det inte endast ppna upp for debatt utan diven motivera
cleverna. Naturvetenskapen kan hér bli till ndgot mer verkligt och eleverna kan se hur deras
kunskaper direkt kan tillimpas pa samhillsfragor (Christensen, 2009},

Ett steg mot en halibar utveckling #r fornyelsebara material. Dagens samhélle & uppbyggt
kring plaster vilka #r tiliverkade av fossila material och de #r dessutom icke-bionedbrytbara.
Detta har lett till att ett stort plastberg har bildats ute i stilla havet. Plasten ligger och flyter i
ett stort omrade som sticker sig Sver flera ldnder, vilket har bidragit till att ingen tar pé sig
ansvaret (National Geographic, 2015). Det har dérfor bildats ett samhillsproblem vilket kan
siittas in i flera olika perspektiv, bide politiska och ckonomiska. Problemet kan dven ses
utifrén olika perspektiv, till exempel pd individ och samhéllsniva. 1 det centrala innehallet for
kursen kemi 2 pd gymnasiet finns det beskrivet att kursen ska behandla "f-dgor om etik och
héllbar utveckling kopplade till kemins olika arbetssdtt och verksamhetsomraden”
(Skolverket, Skolverket, 2011, s. 6). Ett SNI-fall behandlande problem med icke-
bionedbrytbara material kan kopplas till flera av delar av det centrala innehéllet for kursen
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kemi 2, déribland det hiir Gver ndmnda. Plaster &r polymerer uppbygga av monomerer bundna
till varandra. Eleverna far hir chans att applicera sina kunskaper kring molekyler och dess
bindningar, samtidigt som de kan fa en forstaelse kring hur olika plastmaterial &r uppbygga.
Detta tillsammans med de tidigare beskrivna examensmalen kan ge starkt st&d for ett SNI-fail
behandlade problem med icke-bionedbrytbara material.

8.1.2 De fem férmagorna

En annan viktig aspekt av undervisningen pd gymnasieskolan dr stréivan efter att triina de
formagor vilka finns beskrivna for varje dmne. Skolverket (2011) beskriver inom dmnet kemi
for gymnasieskolan fem stycken formégor (se Figur 8.1) vilka undervisningen skall striva
efter att ge eleverna mojlighet att utveckla med hjdlp av det centrala innehdllet. Dessa
formagor 4r dvergripande for dmnet kemi, och kurserna kemi 1 och kemi 2 ger olika
mdjligheter till att utveckla dem. Syftet med formagorna ér att eleven efter avklarad
utbildning skall ha utvecklat samtliga av dem (Skolverket, 2011).

1. Kunskaper om kemins begrepp, modelier, teorier och arbetsmetoder samg forstielse av

hur dessa utvecklas.

2. FdrmAga att analysera och sika svar pd dmnesrelaterade frigor samt att identifiera,

formulera och l6sa problem, Formiga att reflektera Gver och viirdera valda strategier,
-metoder och resultat, ' ' ' ' '

3. Ft mﬁgaatt p’iéhefra. enoiiifora, tolka och redovisa exp iment och observationer samt -

; .:___:?.h.aht :él'kérh.ikal_ié ookiaite

Figur 8.1 De fem formdgorna beskrivna i kursplanen for kemi 2 vid gymnasiet (Skolverket, Skolverket, 2011},
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8.1.4 Syfte och Fragestélining

Detta arbete syftar till att prova ett pluralistiskt utbildningsmaterial med hjélp av ett SNI-fall
som tar upp miljéfragor om plaster, samt att understka hur detta kan ge mdjlighet for elever
att utveckla de olika formégorna i kursplanen. Materialet och studien bygger pé en
litteraturstudie av tidigare forskning och en pluralistisk utbildningstradition samt &r riktat mot
kursen Kemi 2 pa gymnasiet. Det fiirdiga materialet testas och utviirderas kvalitativt genom
intervjuer samt kvantitativt genom enkétunderstkningar.

Fragestillning:
o Vilka formdgor anser ndgra gymnasieelever att de utvecklar med hjdlp av ett SNI-fall
som behandlar icke-biologisk nedbrytbara material?
e Anvinder elever sina kunskaper i kemi néir de diskuterar samhdllsvetenskapliga
fragor?
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8.2 Metod och Genomfdrande

Ett material enligt SNI principen anpassat for kursen kemi 2 togs fram med hjilp av riktlinjer
beskrivna av Ekborg m.fl. i boken Samhillsfrigor i det naturvetenskapliga klassrummet
(Ekborg, Ideland, Lindahl, Malmberg, Ottander, & Rosberg, 2012). Detta material bestar av
tvé delar, en instruktion till liraren och en till eleverna, Materialet testades pé tvd elevgrupper
fran olika skolor vilka vid tillfillet liste kursen kemi 2.

8.2.1 Lektionsgenomférande

Bleverna fick ca en vecka fore lektionstillfillet ta del av det forberedande materialet,
Uppgiften forklarades och eleverna fick i uppgift att pa egen hand se den férberedande filmen
och lisa de tva utvalda artiklar om #mnet (Se lirarhandledningen i Bilaga 2.1). Amnet
introducerades samtidigt och eleverna uppmuntrades att sjilva stka vidare information om
#mnet samt forbereda sig pé att diskutera det.

Vid lektionstilifsllet delades eleverna in i grupper om fyra. Uppgiften utfordes sedan med
hjalp av elevinstruktionen under 30 minuter samtidigt som ldraren gick runt i fall nigon hade
nagra fragor. Lektionen avslutades med en gemensam diskussion i klassrummet samt att
eleverna limnade in skriftliga svar pd de diskuterade frigorna.

Efter lektionens slut ombads eleverna fylla i en enkiitundersékning om vilka formégor de
anség sig kunna utveckla under lektionen samt allmént om materialet, s¢ Bilaga 2.2.

8.2.2 Datainsamling

For att kunna svara pd ovan valda frigestillning samlades data in genom tvi olika metoder.
En enkitundersékning anviindes som ett kvantitativt verktyg for att understka vilka av
férmagorna eleverna ansig sig kunna utveckla med hjélp av materialet (Bryman, 2008).
Enkiten utformades med hjiilp av de fem formégorna vilka finns beskrivna i kursplanen for
kemi 2 pé skolverkets hemsida. Enkiiten innehlf dven fragor rérande hur eleverna tyckte att
materialet bidrog till diskussion samt deras relation titl denna typ av uppgifter. Frigorna
besvarades genom att eleverna fick kryssa i de fSrméagor de ansig sig kunnat utveckla samt de
pastienden de tyckte stimde. Enkiten bifogas i Bilaga 2.2, Elevernas svar sammanstilldes
och gav grund for ett stapeldiagram, se Diagram 8.1.

Den andra metoden bestod av enskilda kvalitativa intervjuer pa cirka 15 minuter utférda med
tva elever. Hir anviindes en semistrukturerad intervju med forutbestdmda Sppna fragor
(Bryman, 2008). Detta for att fordjupa studien och stka ett mer utvecklat svar pd hur eleverna
ser pa materialet och formégorna. Intervjuerna spelades in och transkriberades sedan. Viktiga
delar representerande relevant information f8r studien valdes ut och presenterades i resultatet,
biigge eleverna tilldelades fiktiva namn,

8.2.3 Urval

Eleverna informerades innan lektionen om undersdkningen och materialet de fick ta del av.
Enkatundersékningen inneholl en inledande sektion dir eleverna informerades ytterligare om
att studien féljer vetenskapsradets forskningsetiska principer gillande informations-,
samtyckes-, konfidentialitets- och nyttjandekravet (Vetenskapsridet, 2002).

Sammanlagt deltog 16 elever i enkitundersdkningen, 8 stycken ur varje elevgrupp. Eleverna

tillfragades sedan om att delta i en personlig intervju varvid tva stycken elever frivilligt stitlde
upp, en fran varje grupp.
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8.2.4 Kvalitetsredovisning och Kallkritik

Enkitunderstkningen anses ha en hog validitet dd samtliga av eleverna kryssade i vilka
formagor de ansdg sig kunna utveckla med hjilp av materialet. Undersékningen var dock liten
till antalet (endast 16 elever) svarande, vilket gor att resultaten inte blir representativa for
ndgon storre grupp. Att undersdkningen utfordes vid endast tva gymnasieskolor i Stockholm
och att dessa elever inte representerar samtliga gymnasieelever ger studien en ldg reliabilitet
(Bryman, 2008).

Intervju undersokningen vilken utfordes pd bade eleverna anses ha hogvaliditet dd dessa
resultat gav relevant data for undersdkningen. De utfrigade svarade pd de stillda fragorna och
foljdfragor kunde tilliggas utan att intervjun flot ut Sver andra omraden.

D4 endast tva elever intervjuades har studien en 1ag reliabilitet. Att eleverna frivilligt anmilde
sig till intervjun behdver hiir dverses, di de e dr slumpmassigt valda. Aven hir utfordes
studien pa for f3 individer for att kunna generaliseras for ngon stdrre grupp. Att eleverna
intervjuades enskilt kan ha bidragit till att deras personliga dsikter kommit fram och att de inte
blivit piverkade av andras tankar (Bryman, 2008).
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8.3 Resultat

Utbildningsmaterialet Ett hav av plast fér gymnasieskolan se Bilaga 2.1

Samtliga fragor i enkdtunderstkningen samt de tvd intervjuade elevernas svar presenteras som
resultat i denna studie. Enk#tundersdkningen var indelad i tvd delar, Den forsta delen, fraga 1,
behandlar den forsta frigestillningen och elevernas syn pa férmégorna, Friga 2 behandlar
elevernas &sikter angdende utbildningsmaterialet och denna del analyserades bland annat med
hjilp av Sjebergs (2009) argument for naturvetenskap (Sjeberg, 2009).

8.3.1 Férmagor som utvecklas vid utférande av materialet

Samtliga elever vilka deltog i enk#tundersékningen ansdg sig kunna utveckla sina kunskaper
om kemins betydelse for individ och samhlle, forméaga nummer tre, med hjilp av materialet.
Majoriteten tyckte sig ocksé utveckla sin formaga att analysera och stka svar pd
dmnesrelaterade frigor samt att identifiera, formulera och 1&sa problem, Diagram 8.1 visar en
samanstillning av resultaten frin samtliga elevenkiter.

Elevenkat

100
20
80
70
60
50
40
30
20
10

Antal kryss, %

De fem férméagorna

Diagram 8,1 Diagram visande antal kryss per forméga fran elevenkiiten i procent, Férklaring av vilken fRirmaga som tillhér
respektive nummer i diagrammet: 1 Kunskaper om kemins begrepp, modeller, teorier och arbetsmetoder samt frstaelse av
hur dessa utvecklas. 2 Férmaga att analysera och sika svat pd imnesrelaterade frigor samt att identifiera, formulera och l8sa
problem. Forméga att reflektera Sver och viirdera valda strategier, metoder och resultat. 3 Férmiga att plancra, genomfira,
tolka och redovisa experiment och observationer samt formaga att hantera kemikalier och utrustning. 4 Kunskaper om kemins
betydelse for individ och samhiille. 5 Férmaga att anviinda kunskaper i kemi fiir att kommunicera samt for att granska och

anvinda information.

Ingen tillfrdgad elev ansig sig kunna utveckla forméga nummer 3, f6rméga att planera,
genom{ora, tolka och redovisa experiment och observationen samt férméga att hantera
kemikalier och utrustning.

De intervjuade eleverna resonerade bada tva om att vissa av fdrmégorna kan utvecklas till en
viss grad men inte till fullo. De valde dérfor att inte kryssa i den formigan vid
enkétundersdkningen.
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"Jag tycker att férmdgorna dr beskrivna ganska utforligt, sd jag tycker liksom inte att
uppgiften gor sd att jag kan tréna pd allt. Men ja, man kan ju trdna vissa grejer, s det kanske
dr bra dnda.” — Elev 1

8.3.2 Samhilisvetenskapliga fragor i naturvetenskapen

P& den andra delen av enkiten, friga nummer tvé, som var riktad mot hur eleverna uppfattade
materialet framkom det att majoriteten ansig att uppgiften Sppnade upp for diskussion och att
de kunde anvinda sina kunskaper for att diskutera. Ingen av de tillfrigade eleverna kryssade i
att de kiinde att de inte fick m&jligheten att tala s& mycket, samtidigt som de tyckte att
uppgiften var bade kul och anvéndbar. Tabell 8,1 visar det sammanstiillda resultatet for antal
kryss av eleverna i procent av antal svarande.

TabeH 8.1 Tabel] visande antal kryss i procent per pastiende med hinsyn till antal deltagare,

Pastaende Antal kryss i procent av antal
svarande

Jag ldrde mignyasaker - - oo - 0 e 50

Jag kunde anvidnda mig av mina kunskaper 63

inom kemi for att diskutera.

Jag kiande-att uppgiften framjade =~ S T B3

Jag tycker inte att jag fick méjligheten att 0

tala s mycket.

Jag tycker att uppgiften var kul att utfora. - 75

Jag ser mig ha anvandning for det 94

uppgiften behandlade.

Jag kBnner mig van vid att gora muntliga | - 31

argumenterande uppgifter under .~ I R

kemilektionerna. -

Vid intervjun framkom det att eleverna inte ansag sig vara speciellt bekanta med att ta in
samhillsvetenskapliga frigor i naturvetenskapen och diskutera dessa.

"Nja, det dr inte divekt vanligt att vi far diskutera frdgor. Del dr mest ail ldsa enligt boken.” —
Elev 1

Liknande resultat kan ses i enkdtundersékningen (Tabell 8.1) dér knappt en tredjedel av
eleverna anség sig vana vid att gdra muntliga argumenterande uppgifter under
kemilektionerna.

Elev 2 talade under intervjun om att det #ir olika vad elever anser vara bra undervisning. Vissa
elever vill ha mer av det samhiillsvetenskapliga dn det naturvetenskapliga medan andra elever
tycker att den naturvetenskapliga undervisningen fungerar bra som den hir.

»Vissa personer kanske bara vill sitta och ldsa termer och ldra sig naturvetenskapen pd det
sdittet. Jag tycker det ar béttre for mig ati ldra mig genom att fa diskutera och ldsa om sddant
som dr aktuellt, da blir jag mer motiverad. ” — Elev 2

Av de efter lektionen insamlade svaren pi diskussionsfrigorna framgick det tydligt utifran
Sjgbergs (2009) argumnet att eleverna satt sig in i problemet utifrén olika perspektiv och att
de tillsammans forsokt tinka ut olika orsaker och lésningar (Sjeberg, 2009). De diskuterade
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bland annat om hur problemet &r en konflikt mellan olika ménniskors intresse, da plast dr
vildigt lattillgingligt och anvandbart material men att det ocksd kan skada miljon. Utifrdn
deras resonemang kunde ett tydligt pluralistiskt perspektiv ses.

"Det dr ju svart ndr plasten flyter runt { havet, dd dr det liksom ingens ansvar. Den dr ju inte
pa ndgons mark, sé det kanske dr svart ati la ansvar. Man ser ju inte problemet.” - Elev 3

» 4lla kanske inte ar lika bra som Sverige. Nér jag var i Brasilien sé ldg det typ skrdp dverallt
pd gatorna. Det sdg ganska fattigt ut dér sd jag tror inte de har rad med sopsortering a
sant."— Elev 4

Den andra frigan i enkiiten visade pé att hélften av eleverna lirde sig nya saker med hjalp av
uppgiften. Nistan samtliga svarande anség sig dven ha anvéindning for det uppgiften
behandlade. Elev 2 talade om att denna fick chans att forstd att det 4r de kemiska
bindningarna i materialet som gor att de inte kan brytas ner.

"Jag har alltid tyckt att det har varit lite svdrt att forstd bindningar mellan atomer och s4.
Det har liksom varit lite krdngligt. Men néy man tdnker pd det utifrdn lite storre perspektiv sd
dr det egentligen ganska logiskt. Det dr liksom bindningarna som héller ihop materialet.”'—
Elev 2

Elev 1 talade samtidigt om att det #r vildigt intressant att fa se hur vanliga material, vilka man
har att géra med varje dag 4r uppbyggda.

»Jag visste liksom inte vad PET betydde, jag har liksom bara alltid sagt petflaska. "~ Elev 1

Flera svarande elever sa att de kunde anvinda sig av sina kemikunskaper for att diskutera det
samhillsvetenskapliga problemet med plastberget och att de dven ldrde sig nya saker.
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8.4 Diskussion och Analys

Av studien har det framkommit att av de i studien deltagande eleverna anser samtliga att
forméga nummer 4, kunskaper om kemins betydelse for individ och samhdille, kunde trinas
med hjilp av SNI-fallet. Majoriteten tyckte &ven att de kunde tréna pa att analysera och soka
svar pd dmnesrelaterade fragor och hilften av cleverna ansig sig tréna pd sin férmdga att
anvéinda sina kunskaper i kemi for att kunna kommunicera samt for att granska information.
Resultatet visar att majoriteten av fsrmagorna kan triinas genom SNI-fallet enligt cleverna.
Den strukturcrade aktiviteten i ett SNI-fall #r i linje med det Duschl & Osborne (2002) talar
om som aktiviteter for att gynna elevernas reflektion dver sin kunskap, Vilket i sin tur skall
bidra till elevernas kunskapsinldrning (Duschl & Osborne, 2002).

Som tidigare studier visat kan naturvetenskap ses som ett svért &mne att léra sig, ndgot som
skulle kunna motverkas med hjilp av att ge eleverna interaktionsmajligheter och att fd siitta
sina kunskaper i ett storre sammanhang. Det framtagna utbildningsmaterialet fick en positiv
respons bland de tillfrigade eleverna. Eleverna ansdg sig kunna fora en diskussion och
samtidigt utveckla sina kunskaper inom vetenskapen p ett nytt sitt. Néstintill samtliga
tillfragade elever anség sig dessutom ha anvéndning for det uppgiften behandlade, nagot som
tyder p4 att denna typ av miljdproblem vécker intresse och ger eleverna mdjlighet att 14ra sig
nya saker, vilket dverensstimmer med de Christensens (2009) talar om att eleverna kan bli
mer motiverade att lira sig naturvetenskap (Christensen, 2009).

Utifran elevernas svar pa diskussionsfrigorna kunde det ocksa tydligt ses at{ eleverna kunde
anviinda sina kunskaper inom kemifimnet och naturvetenskapen for att diskutera olika
fragestillningar. De viinde och vred pd problemet for att sitta sig in i olika perspektiv, nagot
som Pettersson (2013) talar om #r viktigt for att skapa grunden till begreppsforstaelse
(Pettersson, 2013). Eleverna anvinde sig ocksa av hjalpord och metaforer f6r att kunna
diskutera problemstallningen vilket Rundgren (2006) ser som en nyckel till att skapa en
djupare naturvetenskaplig forstaelse. De tillfrdgade eleverna vittnar om att de fick en storre
och klarare bild &ver hur ord och begrepp som tidigare kiints abstrakta nu fick en tydligare
innebdrd (Rundgren, 2006).

Eleverna diskuterade bade moraliska, politiska, ekonomiska och miljéméssiga problem vilket
ir helt i linje med den pluralistiska undervisningstraditionen (Wickman & Persson, 2009).
Detta samtidigt som de forstkte se pd problemet utifrdn bade individ och samhillsperspektiv.
Detta gav eleverna mojlighet att se pa naturvetenskapen frin andra perspektiv &n de vanligen
gorr, enligt Lofgrens (2014) studie och firhoppningsvis fa en annan uppfattning av
naturvetenskapen (L6fgren, 2014). Sjebergs (2009) demokratiargument framkom som en
aspekt manga elever diskuterade kring. De ség pd problemet med plastberget som ett problem
politiker behdver ta hiinsyn till (Sjaberg, 2009). Det tydliga demokratiska synsittet och synen
pa problemet som en konflikt mellan ménniskor ger grund for den pluratistiska
undervisningstraditionen (Wickman & Persson, 2009), Nyttoargumentet pavisades ocksa da
eleverna, ansdg att nya tekniska l8sningar kunde 18sa problemet (Sjeberg, 2009).

Enkiitundersdkningens andra friga visade pé att ingen av de tilifrigade eleverna ansig sig ha
fait for nagra majligheter att tala. Detta iir i linje med Petterson (2013) som anser att eleverna
behaver £3 ta plats i klassrummet och utvecklas med spraket, vilket de enligt understkningen
verkar ha gjort. Majoriteten av eleverna kiinde sig inte vana vid att gora denna typ av uppgift
under kemilektionerna, vilket tyder pa att naturvetenskapen i skolan som Mortimer & Scott
(2003) siger &r beroende av sina termer samt teorier och inte ses ur ett vardagsperspektiv,
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8.5 Slutsats

Slutsatsen av denna studie ir att de flesta formagor gér att triina med hjélp av SNI-fall, Det
som behéver kompletteras ir de formagor som utvecklas av laborativt arbete.
Utbildningsmaterialet ansigs frimja diskussion kring ett miljéproblem med bade
vetenskapliga och samhillsvetenskapliga aspekter. Eleverna anség sig utveckla sina
kunskaper inom naturvetenskap genom att anvéinda fragestillningar fran samhillet.

Eleverna diskuterade problemet i linje med den pluralistiska undervisningstraditionen och
hade anviindning av sina kunskaper inom kemi for att diskutera.

8.6 Framtida forskning

Denna undersdkning gjordes i en viildigt liten skala och ett framtida alternativ skulle kunna
vara att gbra undersokningen mer utforligt i en storre skala. Det skulle ocksa vara intressant
att underska pa vilka olika satt SNI-fall kan utformas och hur dess utformning paverkar hur
elever och ldrare hanterar dem.

Vidare kan {drares metoder for att hantera formagorna och strivan mot elevernas utveckling
understkas. Hir kan #ven elevernas synsétt pa formagorna kopplas in.
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9 Abbreviations

AICl;
BBI‘3
BCl,
CDCly
CHj
CO
DMF
DMSO
EtSH
FC
FCR
FTIR

G

H
H,0,
HI
HPLC
IDSKL
MMD
M,

MP

My

Hz
NaOH
NaOMe
Na-PSS-
NO,
OCH,4
OH

PD

3p NMR
RI

S

SEC
SKL
Sn2
SNI
TDSKL
TDSKI. 1
TDSKL 2
TMSI
uv

Aluminum chloride

Boron tribromide

Boron trichloride

Deuterated chloroform

Methyl group

Carbon monoxide

Dimethylformamide

Dimethyl sulfoxide

Ethanethiol

Folin-Ciocalteu

Folin-Ciocalteu Reagent

Fourier Transform Infrared Spectroscopy
Guaiacy!

p-Hydroxyphenyl

Hydrogen peroxide

Hydriodid acid

High Pressure Liquid Chromatography

lodine mediated Demethylated Softwood Kraft Lignin
Molecular Mass Distribution

Number-averaged molecular mass

The peak molecular mass

Weight-averaged molecular mass

Hertz

Sodium hydroxide

Sodium methoxide

Sodium Polystyrene Sulfonate Standard NH;
Nitrogen dioxide

Methoxyl group

Hydroxide

Polydispersity

3Phosphorus Nuclear Magnetic Resonance
Refractive Index

Syringyl

Size Exclusion Chromatography

Softwood Kraft Lignin

Substitution Nucleophilic (bi-molecular)
Samhallsfrigor med Naturvetenskapligt Innehall
Thiol mediated Demethylated Softwood Kraft Lignin
Thiol mediated Demethylated Softwood Kraft Lignin with NaOMe
Thiol mediated Demethylated Softwood Kraft Lignin with NaOH
Trimethylsilyl iodide

Ultraviolet
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11 Appendices
Appendix 1
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Figure 11.1 'P NMR spectra of SKL 0. From left internal standard, aliphatic OH, condensed (including S)OH,
G-unit OH and carboxylic acids.

60




Erica Birgersson Master thesis 2/6-15

1 T ¥ 1 T ] T T i [ | T ] T ¥ t T 1] T ¥ I T LI T 1
1600 1450 1400 1350 ppm

Figure 11.2 *'P NMR spectra of TDSKL 1, From left internal standard, aliphatic OH, condensed {(including 8)
OH, G-unit OH and carboxylic acids,
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Figure 11.1 *'P NMR spectra of TDSKL 2. From left internal standard, aliphatic OH, condensed (including S)
OH, G-unit OH and carboxylic acids.
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Appendix 2

2.1 Utbildningsmaterialet

Ett hav av plast

Utbildningsmaterial for ggmnasieskolan

Materialet #r skapat som en del av Erica Birgerssons examensarbete.
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Ett hav av plast - lararhandledning

Denna lirarhandledning vinder sig till dig som ska anvénda utbildningsmaterialet etf hav av
plast. Nedan féljer instruktioner for hur du som lirare kan anviinda dig av materialet, Till
denna lirarhandledning hor en elevinstruktion att dela ut | samband med utforandet. Denna
handledning kommer att ge information om materialets innehall och syften, men #ven forslag
pa hur du som ldrare kan utveckla elevernas idéer, Detta material innehallet ett s& kallat SNI-
fall vilket innebsr Samhiillsfrigor med Naturvetenskapligt Innehéll.

Val av utgangspunkt

Detta SNI-fall kommer att fokusera pd vért behov av ait se dver var anvéndning av férst och
fréamst plaster. Materialet kommer att grunda sig i en kort filmsnutt om det stora sopberget
som flyter omkring i stillahavet mellan Asien och Nordamerika. Vart hamnar egentligen allt
skriip som slings i havet eller i naturen och vem ansvarar for det. Havet flyter dver
landsgrinser och tar skriipet med sig frén land till land. Kan endast dtervinning l6sa detta
problem, eller behdvs det andra metoder?

Det finns mycket material kring detta &mne vilket enkelt gar att £ tag i pé internet. Utdver det
filmklipp som rekommenderas i detta material finns flertalet lingre och utforligare
dokumentirer att titta p& for den som #r intresserad och har tid. For att underlitta for dig som
liirare och anviindare av detta material rekommenderas att du liser in dig och ser nagon av
dessa klipp/filmer for att f& en djupare forstéelse samt £5r att kunna leda diskussionen.

Beskrivning av fallet

Detta fall handlar som tidigare ndmnt om det stora sopberget i stillahavet. For att eleverna
skall fa en inblick i detta kan de forslagsvis titta pa eit kortare filmklipp. Detta kan ske
antingen under lektionstid eller att eleverna sjalva far titta pa klippet innan lektionen, Skall
eleverna forbereda sig sjilva kan det ocksa vara aktuellt {or dem att stka runt och hitta mer
information, eller kanske se ett lingre klipp. Se rubriken Resurser for ytterligare information.

Efier eleverna getts en inblick i sitt fall, delas elevmaterialet ut. Detta fungerar som en
handledning till eleverna med diskussionsfrigor och funderingar. Det dr hir viktigt att
beskriva for eleverna hur denna uppgift skall rapporteras. Se rubriken Rapportering och
bedomning f5¢ mer information om detta. Som upplégg far forslagsvis eleverna forst
tillsammans | grupp skriva ner hur de tror att detta sopberg kan ha uppkommit. Vad dr
egentligen problemet? Efter detta kan de gd vidare med att tinka hur detta problem kan
stgsirdas och forebyggas. Detta kan diskuteras pa en individ-, samhills- och global niva. Ar
det konsumenten som méste ta ansvar? Eller &r det producenten? Behover samhiillet stélla
hogre krav?

Eleverna behver hir sitta sig in i fragor s som hur detta sopberg kan ha uppkommit. Varfér
bryts inte plasten ner och frsvinner? Hér behGver de understka plastens uppbyggnad.
Forslagsvis fir eleverna sjilva finna information om detta. Alternativt att du som lérare forser
dem med relevant information.

63



Erica Birgersson Master thesis 2/6-15

Naturvetenskapligt innehall

Denna fraga har en tydlig forankring i naturvetenskapen och kemisimnet genom dess koppling
till plaster och andra icke bionedbrytbara material. I examensmalen for det naturvetenskapliga
programmet pd gymnasiet stdr det foljande: Utbildningen ska ge forstdelse av hur
naturvetenskap och samhdllsutveckling dmsesidigt har pdverkat och paverkar varandra och
scrskilt belysa naturvetenskapens roll i fragor om hallbar utveckling. Eleverna ska ocksd ges
mdjlighet till etiska diskussioner om naturvetenskapens roll i samhdillet... Spraket dr elt
redskap for kommunikation men ocksd for reflektion och lirande. Utbildningen ska dérfor
utveckla elevernas forméga att argumentera och att uttrycka sig i avancerade skriv- och
talsituationer med anknytning till naturvetenskap och matematik.” (Skolverket). Innehdllet i
denna uppgift anknyter sig mot denna beskrivning. Eleverna far anviinda sina kunskaper i
naturvetenskap for att diskutera samhéllsvetenskapliga fragor. Vidare kan detta kopplas
tydligt till kursen kemi 2 ddr foljande kursmal finns beskrivna:

e Fragor om etik och hillbar utveckling kopplade till kemins olika arbetssiitt och

verksamhetsomraden.

o Avgrinsning och studier av problem och fragor med hjilp av kemiska resonemang.
Innehallet i detta fall behandlar med andra ord applicerad naturvetenskap i
samhilisvetenskapliga fragor. Detta ger eleverna mdjlighet till etiska diskussioner samt
utveckling av deras argumentationsforméga. Samtidigt som de behandlar kemins olika
omréden och ett vetenskapligt sprak. Vi kan i var vardag hora om denna typ av problem men
med hjilp av uppgifter som denna kan vi tillsammans med naturvetenskapen analysera dem
pa en djupare nivd och samtidigt £& en mojlighet att applicera vara kunskaper.

Samhallsvetenskapliga aspekter

Detta fall behandlar flertalet samhiillsvetenskapliga aspekter. Forst och frimst handlar fallet
om vern som ska ta ansvar for detta sopberg. Ar det individen, samhllet, producenterna eller
kanske alla tillsammans? I Sverige har vi ett fungerade system med diervinning, nAgot som
inte alla linder har. En vanlig syn i fattiga lénder ér att sopor hamnar pé gatan och sedan ner i
floder och ut i haven, Vems ansvar ar detta? Samtidigt kanske &tervinning dr en for latt vig ut,
Mycket av den plast som hamnar i havet kommer inte fran hushallssopor, utan ir direkt
rSmaterial fran fabrikerna, sa kallade pellets. Fallet mojliggdr for en diskussion om
avsvarstagande och globalt samarbete med ocksd hur enskilda individer kan péverka.

Intressekonflikt

Det finns olika typer av konflikter i detta fall. Pa en individniva kan det handla om att
bekvimlighet genom att inte slinga sitt skrép i en papperkorg utan i naturen. Det kan ocksé
handla om konsumenternas vanor.

P4 cn samhillsnivé handlar det snarare om hur samhéllet hanterar sina sopor. Vad hinder med
avfallet? Tippas det i havet, liggs pa hog, forbrinns eller dtervinns?

Plasten i haven kinner inte av nagra landgrinser utan férdas fritt med strémmarna. Detta gor
fororeningen till ett globalt problem.
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Vad eleverna skall anvinda sina kunskaper till

De kunskaper eleverna forhoppningsvis skapar utifrin detta material skall hjélpa dem att
kritiskt diskutera samhallsfragor och samtidigt applicera sina kunskaper inom
naturvetenskapen, Detta fall kan anviindas som hjélp for att £3 in det dialogiska klasstummet i
undervisningen samt Sppna upp [6r en ny typ av applikation och forstaelse. Eleverna kan fa
en tydligare bild av hur samhiilet kan arbeta mot en héllbar utveckling och hur de sjilva kan
gora nagot. Samtidigt kan eleverna utveckla en djupare forstielse till hur plastmaterial &r

uppbyggda.
M3l for fallet

Eleverna skall efter arbete kunna:

e Tareda pa information om nigon/nfigra typer av plaster och dess uppbyggnad.

e Anvinda sin kunskap om plast och polymera material for att diskutera kring problemet
med nedskridpning i havet.

o Forkiara pa molekylniva kring hur polymerer 4r uppbyggda.

o Soka efter mojliga orsaker till nedskrépningsproblemet och fundera kring md&jliga
atgirder/16sningar

e Bearbeta och applicera information frén olika kallor pa ett faktiskt problem.

e St sig in i olika individer/linders m&jlighet till att forebygga problem av denna typ.

Resurser

Den stora sophgen i stillahavet 4r ett uppmérksammat problem i media,

Det finns flertalet klipp att hitta pd youtube, forslagsvis kan klippet World biggest garbage
dump - plastic in the Ocean anviindas. Detta klipp &r ca sju minuter 13ngt och ger en inblick i
problemet. Det finns #ven lingre klipp och dokumentdrer om dmnet.

Vidare ger sékorden The great pacific garbage patch flertalet triiffar pd hemsidor med bra
information om situationen,

Information om polymera material och plaster finns ocks4 att finna pé niitet, men dven
lirobocker kan ha information om dessa.

Rapportering och bedémning

Férslagsvis kan eleverna rapportera sina resultat i form av att skriva ett argumenterande brev
till ansvariga politiker och/eller andra ledare. De kan ocksa anordnas en debatt dir olika
lander och/eller organisationer finns med och disskuterar detta problem. Eleverna far hir ett
ytterligare tillfille att ldsa pd om hur en viss organisation, land m.m. stéller sig i fragan.
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Ett hav av plast

Mitt ute i stillahavet flyter ett stort berg av skirp runt. Strémmarna i stillahavet sveper avfall
frin kusterna och andra vattendrag in till detta omréde. Sopberget dr fullt med rester fran
produkter av icke bionedbrytbara material. Plast #r ett sddant material och varje sekund
férsvinner mer plast ut i naturen och s& sméningom ocksa ut till haven.

Uppgift

Du har nu sett ett klipp om det stora sopberget i stillahavet. Tillsammans i grupp med dina
klasskamrater ska du nu diskutera hur detta sopberg har kunnat skapas. Skriv tillsammans ner
flera olika tinkbara orsaker. Forsok ocksé att fundera dver dr varfor plast &r ctt icke
bionedbrytbart material. Vad bestdr plast av? Tank hir bade utifrén vad plast tillverkas av, hur
molekylen ir uppbyggd och dess funktion i firdiga produkter.

Niir du formulerat dina orsaker till detta problem skall du fundera &ver hur problemet kan
16sas och/eller forebyggas. Nedan foljer ndgra punkter att ta med vid funderingarna:

e Vems ansvar ir sopberget?

e Vad kan vi gbra som individer?

e Vad kan foretagen gtra?

e Vad kan politiker och organisationer gra?

e Kan vi anvinda andra material som #r bionedbrytbara?

e Finns det miljovinligare alternativ till plast?

o Ar brist pd kunskap dr orsaken till de miljdproblem som vi har idag?

e Aren livsstilsforindring viktigare &n teknikutveckling for att nd en héllbar utveckiing?
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2.2 Enkiéitundersdkning

Denna enkitundersokning riktar sig till dig som har arbetat med uppgiften Exf hay av plast.
Studien genomfors av Erica Birgersson, mastersstudent frén Kungliga Tekniska Hogskolan.
Syftet med studien #r att underska hur samhillsvetenskapliga fragor kan behandlas inom
naturvetenskapen. Alli material insamlat i denna studie kommer att hanteras konfidentieflt och
samtliga svar kommer att vara anonyma. I rapporten kommer det heller inte framga vilken
skola studien utforts vid.

I

[ A

Vianligen kryssa i vilken/vilka av dessa fsrmagor du anser att du haft mgjlighet att
utveckla under ditt arbete med uppgiften.

Kunskaper om kemins begrepp, modeller, teorier och arbetsmetoder samt forstaelse av
hur dessa utvecklas.

Formaga att analysera och s6ka svar pd dmnesrelaterade fragor samt att identifiera,
formulera och losa probiem.

Férméga att planera, genomfSra, tolka och redovisa experiment och observationers
samt forméga att hantera kemikalier och utrustning.

Kunskaper om kemins betydelse for individ och samhiille,

Forméga att anviinda kunskaper i kemi for att kommunicera samt for att granska och
anvinda information.

Vinligen kryssa i vilket eller vilka av foljande péstdenden som stémmer in pa din
upplevelse av lektionen och uppgiften.

Jag ldrde mig nya saker.

Jag kunde anvinda mig av mina kunskaper inom kemi for att diskutera.
Jag kiinde att uppgiften frimjade diskussion.

Jag tycker inte att jag fick m&jlighet att tala s& mycket.

Jag tycker att uppgiften var kul att utfora.

Jag ser mig ha anviindning fér det uppgiften behandlade

Jag kénner mig van vid att géra muntliga argumenterande uppgifter under
kemilektionetna.

Ovriga kommentarer (Skriv gérna nagra ord om vad du tyckte om uppgiftens uppligg eller
andra §vriga asikter):

Tack for din medverkan!
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