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Introduction

It is my pleasure to present to you the annual report 2015 of the Biobasech@nmistry

and Technology group. In 2015 we worked further on establishing our mission. We
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lines i.e catalysis and process and systems design.
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The research lines are divided in three themes i.e conversion, technology and systems.
In this report you can read some of the research highlights in these three fields.

In the past year the groupwas subjected to peer review and we were happy to see that
the review committee greatly appreciated the path which the group follows. Of course
there are still challenges ahead. That is why we are also very happy that we received a.o.
a research grant of he Dutch science foundation (partly cdinanced by industry) in
which our capabilities in conversion and process design are combined.

Biobased is also gaining in significance within education at WageningenUR. Projects are
started to make a massive ontie open course (MOOC) on biobased sciences ranging
from biomass production, conversion, refinery to economics, society and sustainability.
Along the same line a procedure is started to set up a MSc curriculum on biobased
sciences. The BCT group plays a @ial role in both.

For me this was an interesting and exiting year. | hope you feel the same after reading
this report.

With kind regards

Prof. J.H. (Harry) Bitter
Chair holder Biobased Chemistry and Technology



Collaborations

The strategy of the BCTroup is to develop fundamental insights in processes relevant

for biobased conversions. Based on these fundamental insights we also want to suggest

improvements in processes in the biobased field. Therefore collaborations with other
groups within and outside Wageningen are established. Some of our collaborations are

summarized in the table below.

At the end of 2015 discussions were started with other chemistry groups in Wageningen
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and advance the chemistry research within Wageningen University.

Collaborating group in Wageningen

Environmental Technology (ETE)

Topic |
Combining chemo and bieelectro-
catalysis

Modelling of water-energy-material nexus
in industrial and urban environments

Bioprocess Engineering (BPE)

Modeling of algae systems

Wetsus

Waste water treatment and modeling

Organic chemistry (ORC)

Teaching and research proposals

Bionanotechnology (BioNT)

Combining catalysis and NMR in
microreactors

Food and Biobased research (FBR)

Different research projects and
acquisitions

The BCT group participates within Wageningen in the research schools VLAG and
WIMEK and is part of the Netherlands Institute for Catalysis Research (NIOK) and the
Institute for sustainable process technology (ISPT). In addition, the group participates in

the Working Group on Drying (NWGD), the Dutch Process Control Initiative, the Dutch

Institute for Systems and Control (DISC) and WETSUS.
The group collaborates intensively with other academicand industrial groups both
within WageningenUR (DLGFBR) and outside to address the mukilisciplinary

character of the challenges (e.g., withifeU projects,STW, BEBasic, ISPT, Center for

Biobased Economy (CBBE) and advisory boards such as the Biorenbles Business

Platform).

I £ #EA



Conversion Group

Staff:Dr. Elinor Scott Dr. Piet Buwalda, Prof. Harry Bitter

PhD students and postlocs: Andrada But, Piet van der Zaal,

Luana Souza Macedo, Frits van der Klis, Roxani Chatzipanagiotou,
Xinhua GoernefrHu, Geben Wierda, Evie van der Wijst, Neus Blanch,
Tomas van Haasterecht

Contact:Elinor.scott@wur.nl

Background and goal

Environmental concerns, fluctuating oil prices and dwindling reserves are leading to the
need for the production of biobased chemicals, materials and fuels. In order to achieve
this new biomass pretreatments, (bio)chemical conversions and catalyst developments
are required. As well as this biobased molecules offer opportunities for the production
of novel and functional materials.

Main topics
1 Application of homogeneous, heterogeneous and bicatalysis in biobased
reactions

1 Developments of noAnoble metal based catalysts

1 Development of catalysts stable under conditions required for biomass
conversion

Novel functional materials from biomacromolecules

Biomass pretreatment and cellulose conversion

Biomass conversions using catalytic aqueous phase reforming
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Selective catalytic transformations of non -edible carbohydrates

Name PhD: Frits van der Klis BSc.
Involved staff members: Prof. dr.J.H. Bitter;
Dr. D. S. van Es;
Dr. J. van Haveren
Project sponsor: TKI-programs, CatchBio, EU
SPLASH
Start/(expected) end date of project: October 201% October 2017

Background and goal of project
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suitable starting materials for the production of a wide variety of biebased chemicals.

Many agro residues, such as sugar beet pulp, still contain valuable carbohydratebe T

aim of my project is to selectively convert these nowdible carbohydrates into useful

chemical building blocks.

Highlight of the past year

Furan-2,5-dicarboxylic acid (FDCA) is an interesting bidased building block with
applications ranging from polyesters and polyamides to plasticizers. In order to prevent
the use of foodgrade sugars for the production of FDCA, there is an increasing drive
towards the use of nonrfood feedstocks. We developed a novel route to®2generation
FDCA starting from uronicacids, which are abundantly present in agro residues like
sugar beet pulp and citrus peels.

In aqueous solution uronic acids are mainly present in the pyranose form {iembered
ring), which prevents direct acid catalyzed cyclodehydration to Snembered furans,
giving undesired degradation instead. Our aim was to investigate if uronic acids can be
selectively isomerized to their ketcisomers, which preferentially adapt a furanose form
(5-membered ring), allowing for selective cyclodehydration to furans.
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furan-2,5-
dicarboxylic acid
uronic acid 5-keto-aldonic acid formylfuroic acid ester diester
(5-KA) (FFA) (FDCA)

A base catalyzed isomerization of uronic acids gave the correspondingkbto-aldonic
acids (5KA) in high yield by selective precipitation of the Caalts. Subsequent acid
catalyzed dehydration of 5KA in alcoholic solvents gae formylfuroic acid (FFA) esters
in good yield and high purity. Control experiments showed that FFA is not formed from
the uronic acids, which shows the benefit of the isomerization step. Finally an oxidative
esterification of FFA over supported Atcatalysts gave the desired FDCA esters, again in
high yield and selectivity.

Type of student projects envisioned

Student projects all involve organic chemistry and/or catalysis orientated lab work,
focused on the conversion of carbohydrates. Standard analysigrihg synthesis includes
NMR, GEMS, IR and HPLC. Catalysts will be analyzed by TEM, XRD, chemisorption and
physisorption.



Aqueous phase reforming of bio -feedstocks

Name Postdoc: Neus Blanch Raga

Involved staff members: Harry Bitter

Project sponsor: @tchbio

Start/(expected) end date of project: 01/09/14-31/08/16

Background and goal of project

Biomass is a renewable feedstock which holds great potential to satisfy our future need
for fuels and chemicals. Noble metal based catalysts have been investegl extensively,
also for biomass based conversions because of their activity and stability. However,
their availability is limited so there is a need for developing nomoble metal based
catalysts such as Ni or Cu.

In this project | focus on the develoment of a nonnoble metal based catalyst for the
hydrothermal conversion of sugars to carboxylic acids.

Highlight of the past year

Last year we studied the hydrothermal conversion of C6 polyols (sorbitol) and sugars
(glucose) with a Ni/AC catalyst (Fig. X in alkaline anaerobic conditions. It has been
shown before that under these conditions Ni is stable. We investigated the role of the
base comparing KOH and Ca(OH)

Lactic acid was themain reaction product obtained in the liquid phase 8150°C in inert
atmosphere for the two feedstocks when using KOH as a base. However, a wide range of
other oxygenated products was also obtained to a lesser extent (such as glyceric acid,
glycolic acid, formic acid or ethylene glycol).

The type of base played a key rolen the selectivity (Fig.2). Ca(OH)resulted in a higher

LA vyield compared to KOHThe presence of divalent cations enhances the selective
formation of lactic acid during alkaline hydrolysis and decreases the total amount of
other reaction products, becage it affects the position where the € cleavage of the
feed molecule (preferentially C3C4 scission) occurs.
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Fig.2 : Lactic acid yield of C6 feedstocks with

. v ] different bases ( !)H, C&)H) 2).
s ol ST Conditions: Autoclave, 25ml, 1 wt% feed
Fig.1 : TEM image of the Ni/AC catalyst. Baselfeed=2, 0.5g Ni/AC, 150°C, 15 hrs

Type of student projects envisioned

Some subprojects for bachelor and master students are available at the moment. The
projects are highly experimental, i.e. catalyst synthesis, characterization and testing.
Therefore students need good lab skills. In addition there is one project available in
which modelling (process design and sustainability analysis) plays a more imponta
role.



Biocatalytic Formation of Industrial Nitriles from Biomass

Name PhD: Andrada But

Involved staff members: Elinor Scott, Johan Sanders
Project sponsor: Wageningen University

Start/(expected) end date of project: 11.06.201210.06.2016

Background and goal of project

Introduction of functionality into hydrocarbons to produce functional chemicals is
energy intensive. This is especially true for nitrogen containing chemicals where
ammonia is used. Research is focusing on the transformation of ami acids from
protein-rich waste streams into bulk chemicals, one example is glutamic acid (Glgha
versatile starting material for the syntheses of Nsuccinonitrile and acrylonitrile via 3-
cyanopropanoic acid (CPA). CPA can be chemically produced usMgBr and excess
NaOCI, however, salt formation and the need to cool the reaction have undesirable
economic and ecological effects. A more viable conversion of Glu to CP¥asenzymatic
oxidative decarboxylation using HOBr produced by vanadium chloroperidase (VCPO)
from H.O; and NaBr.

( N
COOH
VCPO/H,0,/NaBr [ p—
R pH, r.t. > R—C=N
NH, nitriles
Biomass L amino acids

Highlight of the past year
In the first part of the year, the role of halides and their concentration was explored on
amino acids with different functionalities and the consequencesfahis on conversion
and selectivity.

It was found that the conversion and selectivity can be modified as a function of NaBr
concentration but not as a function of halide type. Based on this tliefluence of the side
chain length and functionality were studied. It was found that there is an optimum
length z 5 carbonsz where most amino acids gave very high selectivity. Moreover, the
functionality present on the
side chain that give the best
results towards the nitrile
formation is the carboxylic
functionality. It was

Influence of different parameters on
conversion and selectivity of amino acids
towards nitriles

Halide Br- Side chain

hypothesized that subtle | X)) concentration Functionality Length

interactions between the | F | 0 low +/ - | -COOH | ++ 4 | 0/-
acidic amino acids and the| cI | o high + -OH + 5 | ++
halide salt change the| g |, | yeryhigh . -CH; 0 6 +

conformation of amino acid
in solution.

6006

no -6e ftfoectg++06 = negative to N

Type of student projects envisioned
The typical work within this project involves lab experiments (enzymatic reactions) and
analytical studies (spectrometry, HPLC, others).



IsoMalto/Malto -Polysaccharides: novel polysaccharides from
starch

Name PhD: PH van der Zaal MSc
Involved staff members: dr. PL Buwalda, prof. dr. JH Bitter
Project sponsor: TKI/AVEBE

Start/(expected) end date:  01-10-2013/01 -10-2017

Background and goal of project .
Starch is a natwal polysaccharide that makes up a large part of the
human diet. The compound itself is biodegradable and is used in a wide variety of
applications. Due to its relatively low price and its high availability starch is an attractive
substrate for (enzymatic) modification. The discovery of the GtfB enzyme (4:6-
glucanotransferase) opens up a new way to modify starch. This enzyme is able to alter
the intrinsic properties of starch by cleaving] -1,4 glycosidic linkages and introducing -
1,6 glycosidic linkages into the polysaccharide.

Starch Conversion Novel Polysaccharides

The products of this enzynatic modification are named IsoMalto/Malto-Polysaccharides
(IMMPs). IMMPs can be considered as a new generation of polysaccharides with added
functionality for products in and outside the food industry, such as: food fibers,
nutraceuticals, texturizers, replacement of synthetic polymers, biomedical materials and
many other possible applications.

Highlight of the past year

Last year we found evidence of a high molecular weight fraction in the produced IMMPs.
This year we were able to fractionate the high mecular weight fraction from the
IMMPs on a preparative scale. This fractionation with Size Exclusion Chromatography,
based on their hydrodynamic volume, paves the way for in depth structural analysis.
Each obtained fraction will be thoroughly analyzed orinkage content with tH NMR
(Nuclear Magnetic Resonance) and methylation analysis.

The aim of this project is to make the IMMPs, to map the properties, and to design
optimal products for further applications.

Opportunities for thesis projects
x In depth chemical analysis of novel polysaccharides, including; molecular

weight, ratio of 1 -1,4:1-1,6 linkages and directed (enzymatic) modification.

x Physical analysis of novel polysaccharides, including; viscosity, elasticity, gel
strength, glass transition pointand directed (enzymatic) modification.

Information: piet.vanderzaal@wur.n} piet.buwalda@wur.nl
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Transition metal carbides and phosphides for the production of
alkanes from fatty acids

Name PhD Luana Souza Macedo

Involved staff members: Prof. Dr. J.H. Bitter (WUR), Prof. Dr. V. Teixeira da Silva
(UFRJ)

Project sponsor: WUR; sandwich project

Start/(expected) end date of project: 0103-2014/01-10-2016

Background and goal of project

Lately much attention has been given to the conversion of biomass into biofuel to decrease the
crude oil dependency of countries and because of the sustainability of biomass. Vegetable oils
have many similarities to fossil diesel bwever they present higher oxygen content, what induces
corrosion of diesel engines. To overcome this problem, deoxygenation is needed to remove the
oxygen atoms from vegetable oils.

The most used catalysts for deoxygenation reactions are based on nobletaise. However, due to
their limited availability, replacement by other good available metals is desirable. Transition
metal carbides and phosphides have similar catalytic properties as noble metals and hold
therefore great potential. The main goal of thiproject is investigate the role of the support, using
different carbons, on the catalytic performance of metatarbides (WoC and MaC) and
phosphides (NiP) for the deoxygenation of fatty acids.

Highlight of the past year
Ni2P was synthesized on diffeent carbon based supports i.e., activated carbon (AC), carbon
covered alumina (CCA) and carbon nanofibers (CNF) and tested for deoxygenation of oleic acid at
350 °C and 30 bar of Hin a continuous flow trickle bed reactor. All catalysts presented high
conversion (> 90% under our conditions), however different product distributions (Figure 1)
were obtained. The C17/C18 ratio increased in the order MP/AC < NpP/CNF < Nj}P/CCA, which
means that more C18 was obtained as product over Ni/AC compared to NiP/CCA. This
difference can be attributed to the strength of the active site as visualized by CO binding strength
(Figure 2) and to the density of the active sites. Active sites of JRICCA are stronger and are
speculated to be responsible for the productionof the higher
C17/C18 ratio. Besides, AC presents the highest surface area
among the supports, leading to the lowest density of Ni sites and

the lowest products C17/C18 ratio. We hypothize that the M/m v,
bt

selectivity of C17 and

Ni,PICCA

100 Ni,P/CNF

C18 in -7 5 "2
i “I mEcis °
deoxygenation of so W octadecsol z
H

oleic acid over NiP
catalyst is influenced
by an electronic
effect caused by the
support and by the
density of Ni sites.

NiPIAC

Product distribution / %

Ni2P/AC Ni2P/ICNF Ni2P/CCA

Temperature / °C

Type of student Figure 2. CO TPD profile for

projects envisioned Figure 1. Product distribution for catalysts Ni »P/AC, Ni,P/CNF
. catalysts Ni ,P/AC, Ni ,P/CNF and

Lab work with use of

Ni,P/CCA in oleic acid HDO at 350 °C
some

characterizations techniques to understand and make results clearer, e.g. trangsion electron
microscopy.



Real time monitoring of reactions with micro NMR
spectroscopy

Name PhD: Gerben Wierda

Involved staff members: Prof. dr. Harry Bitter, Prof. dr. Aldrik Velders, Dr. Elinor
Scott

Project sponsor: Graduate school VLAG

Start / (expected) end date of project: September 201% September 2019

Background and goal of project

Inside a plug flow reactor concentrations of products and reactants change as function
of the position along the reactor due to conversion. In my project | wilstudy the
chemical composition of a reaction mixture as function of position in the reactor by
using NMR spectroscopy. Insights in how the conditions influence catalyst performance
inside the reactor are anticipated.

The project started in September 2015During the first month fused silica tubes were
coated with AIO(OH) on which nanosized Pt particles were deposited. As first show case
we aim for the liquid phase hydrogenation of mesityl oxide (MO) to methyl isobutyl
ketone (MIBK, see scheme). In a latetagge a solid base catalyst will be added to make
the mesityl oxide by the seHcondensation (and dehydration) of acetone.

Highlight of the past year
The project just started

Type of student projects envisioned

As the project is yet in the laboratoy coating phase current thesis work would entail
laboratory work on the catalytic coating in the capillary tubing and subsequent analysis
of the formed coatings.

















































































