
  

 

 

Saving Oseberg Phase II - From Lab to Pilot – 2017-2019 

- application 
 

 

The Oseberg find  

The Oseberg find, under the care of the Museum of Cultural History (KHM) and on display at 
the Viking ship Museum in Oslo, is one of the most comprehensive and the most important 
collection of wooden Viking Age objects in the world and is an irreplaceable part of 
Norwegian as well as world cultural heritage. 

Unfortunately, a large number of the wooden objects are threatened by an ongoing 
deterioration process causing the wooden structure to disintegrate, resulting in extremely 
fragile and vulnerable artefacts. This deterioration is caused by a conservation treatment, 
using alum salt (KAl(SO4)2.12H2O), which was applied to the waterlogged archaeological 
wood after the excavation in 1904 (Ill 1).  

 
 
 
 
 
 
 
 
 
Ill 1. The sample from Oseberg was treated with 
alum . Notice the alum crystals (cat.no. 
C55000/229-232).  The wood sample was 
classified as diffuse porous, since it could not be 
identified further due to its high degree of 
deterioration. Scanning Electron Microscopy 
(SEM), 624x magnification ©KHM, UiO 

 
 

In the mid-90’s, the museum initiated a ‘new showcase and support project’, after realizing 
the fragile condition of the alum-preserved wooden objects. This can be seen as a ‘first aid 
project’ to prevent the collapse of some of the most fragile artefacts in the Oseberg collection. 
Furthermore, the museum initiated a research project to elucidate the mechanism of decay and 
evaluate possibilities to stabilize and preserve the objects, the ‘Alum Research Project’. This 
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research revealed that the deterioration issues were larger and much more complex than the 
resources of KHM could bear, and the three-year project Saving Oseberg phase I (SO I) was 
applied for and successfully launched. Several collections, mainly in Scandinavia, are affected 
by the consequences of the alum conservation method, but the Museum of Cultural History is 
the only institution where extensive research on this subject is performed. This also means 
that the research team that was gathered had to start from the beginning with no prior research 
to base their work upon.  

During SO I an analytical laboratory particularly furnished for the investigation of cultural 
heritage objects was established and a research group consisting of chemists and conservators 
was appointed. Our research work focused on the elucidation of the chemical nature of the 
decay processes, the role of metal ions in the wood, the use of nanoparticles to de-acidify the 
wood, and to select and do initial penetration experiments with different biopolymers and 
biomimetic materials. The multi-faceted problems of the alum treated wood such as high 
acidity, reactive metal ions and the collapsed wooden structure requires a multi-faceted 
solution, which can neutralise, inhibit degradation and strengthen the artefacts without 
hindering or blocking future treatment options. 

As expressed in the project description of SO I, a second phase is necessary to apply the 
research results achieved so far to pilot conservation studies on real objects and to continue 
the development of new goal-oriented materials. This phase includes long-term testing to 
avoid similar future deterioration issues. The objects are very fragile, and they may be 
destroyed by a treatment which is not fully optimized. Therefore a broad spectrum of methods 
has to be evaluated thoroughly, considering all aspects and potential consequences of the 
treatments. Based on the results of the fundamental research in phase I and the application 
studies in phase II, in a third phase the actual conservation treatment will be started. 

 

Strategy and overall goal for Saving Oseberg phase I and II 

The goal of Saving Oseberg (SO) is to provide scientifically based knowledge on potential 
methods to stop the decay process and to preserve the objects. SO will evaluate the pros and 
cons of different alternatives; this includes thorough testing of existing conservation materials, 
their adaptation and modification to the particular condition of the objects as well as the 
development of new, tailor-made and bio-inspired materials. It is important for SO to focus on 
a broad range of options given that only few experiences in re-treatment of alum-conserved 
wood exist for reference. The very few re-treatment procedures that were performed were on 
very simple objects, not comparable to the situation in the Oseberg collection. Research on 
alum-treated wood at this scale has not previously been performed, either in Norway or 
internationally, which means that the research team would have to work on several problem 
areas at the same time to fulfil the purpose of the project. As a consequence, SO may also 
become a nucleus to promote research on conservation of cultural heritage in Norway and 
provide knowledge, expertise, and the results of our work to the Norwegian conservation 
community.  
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Summary of Saving Oseberg Phase I 

Elucidating the causes of the degradation of the objects was quickly recognized to be a very complex 
undertaking, requiring detailed investigation into several areas. SO I was therefore divided into 
different focus topics. In the following each of the three focus topics is described and a brief overview 
of achievements from Phase I is given. 

1. Characterization of alum-treated wood. 

Material characterization included morphological analyses, chemical analyses, studies of moisture-
uptake properties and aging studies of newly treated wood (Braovac, 2015). Additional samples from 
the Oseberg finds were analysed by Tamburini in his Doctoral thesis (Tamburini, 2015) and within the 
framework of the EU joint-project initiative, ArCo (Łucejko et.al, 2015a, b; Gambineri, 2015). 

Water uptake is an important parameter to understand in order to secure a safe display and storage. As 
well as this water up-take and release may be related to deterioration processes; therefore, experiments 
were designed to measure the water uptake of alum-treated and non-alum treated wood, both 
archaeological and fresh. Results showed that water uptake in alum-treated wood were dampened by 
the presence of alum. Wood samples of alum+linseed oil dampened water-uptake even more than with 
alum alone.  

Chemical analyses included SEM-EDS, Py-GC/MS, FTIR, ICP-AES, XRF, XRD and Raman 
techniques to analyse organic and inorganic components of alum-treated wood. The results have 
revealed an extremely degraded wood due the combination of high acidity (pH ca 1, due to the alum-
treatment itself) (Braovac & Kutzke, 2012) and reactive metal ions (Braovac et al, 2016). That is, 
alum-treated wood from the Oseberg finds are highly depleted in carbohydrates and have a highly 
oxidized and depolymerized lignin network. This high degree of degradation is reflected in the 
extremely poor physical structural integrity of the wood. However, the severity of this condition is 
variable between objects and even within the same object. 

2a. Problems with metal ions and inorganic compounds 

Metals in the wood identified from elemental analysis (ICP-AES, XRF and EDS) included potassium, 
aluminum and sulphur from the alum as well as iron, copper, zinc, calcium and very small amounts of 
manganese. These are from multiple sources such as the soil, alum treatment, metal nails and pins 
used in construction and reconstruction of the objects, as well as the metal tanks used in treatment and 
storage. The specific inorganic compounds and minerals identified so far include alum and a number 
of alum decomposition and metal corrosion products.  

Investigations into the interaction of the metal ions discovered (Zn, Al, Cu and Fe) with lignin model 
compounds concluded that the most important interactions were those with iron and, to a lesser extent, 
copper ions.  

A correlation between levels of calcium and iron and the degree of wood degradation suggested that 
calcium may offer some inhibition of iron induced degradation. Model experiments are underway to 
investigate the potential of calcium to counteract the detrimental effect of iron.   

2b. De-acidification of the wood 

The high acidity of the wooden objects is assumed to be a major cause for the decay of the remaining 
wood structure making de-acidification an essential part of any future re-treatments. Due to previous 
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success in de-acidification of paper (Poggi et al. 2014) and of the highly acidic wood of the Vasa 
warship (Giorgi et al. 2005), our research has focused on the use of calcium hydroxide, Ca(OH)2, 
nanoparticles. In initial testing these have shown strong promise with both untreated archaeological 
wood from the Viking era (non-Oseberg) and small fragments from the Oseberg find. They were 
found to stabilize the pH at around 5 after multiple applications. Further work is underway as to 
determine the stability of these nanoparticles over time as well as their ability to cross-link with a new 
consolidation material based on silanes.  

3. New materials for conservation of Oseberg wood. 

The development of new bio-inspired materials has been undertaken in three separate branches; focus 
has mainly been split between chitosan, lignin-like compounds and silanes. Chitosan has been shown 
to penetrate waterlogged archaeological wood well despite its size, however in its native form it offers 
only limited consolidation. Further work on chitosan is being carried out by a PhD student at the 
University of Nottingham (funded by UK-based funding) in collaboration with the Saving Oseberg 
group. Lignin-like compounds have been found to penetrate waterlogged archaeological wood well as 
short chains and offer some mechanical support. However, further testing is needed to determine the 
full extent of their consolidation ability. Initial experiments in the presence of metal ions have shown 
that they continue to grow into longer chains in the presence of iron, which may be of use in the 
Oseberg wood. This result still needs to be confirmed and the state of the iron following this reaction 
needs to be determined.  Once these further experiments have been carried out lignin-like oligomers 
will be tested on Oseberg fragments to determine their potential for the Oseberg finds. Our research is 
also looking at whether these lignin-like oligomers can be cross-linked in situ with silanes to give 
more mechanical strength to the wood.  

Initial experiments with silanes have shown that they are able to strengthen archaeological wood, 
including small fragments of Oseberg wood. However, they cause a significant darkening of the wood 
and the cause of this is currently unknown. Further investigation is looking into the most practical 
mixture of silanes in order to reduce brittleness following treatment. 
 
 
Saving Oseberg Phase II – objective and organization 

Initial results from Phase I of Saving Oseberg are very promising. We have a much more 
detailed understanding of the underlying problems associated with the poor condition of the 
Oseberg objects. This enables a more effective investigation and development of potential 
solutions, which have begun in Phase I. A key objective of Phase II is to bring together the 
different areas into a more cohesive and targeted research strategy, with a strong focus on 
testing and evaluation of retreatment options. Given that the objects are extremely variable in 
condition and composition, it is unlikely that one conservation method will be adequate for all 
the artefacts. It will therefore be necessary to develop and critically evaluate a number of 
strategies.   

Due to a more application-focused strategy in Phase II, there will be some changes in the 
structure of the research groups:  instead of working on four different focus topics, the future 
working team will form two groups.  
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1: The first group will work on surveying the objects and developing testing protocols 
for the objects. They will also test different impregnation, neutralization and other 
materials, and develop proper methods to apply them to the Oseberg objects.  

2: The second group will focus on modifications of existing materials and continue the 
biomimetic approach to further develop new materials for wood conservation. 

 

Group I: Testing and evaluation of materials and methods  

(Project schedule – table 3) 

The group will deal with: 

Survey of the collection 
The Oseberg collection consists of ca 900 objects and fragments. They are in different states 
of preservation, varying from relatively well-preserved to very degraded. Many objects are 
impregnated with linseed oil, and/or coated with an epoxy-based varnish. There are also 
differences in content and distribution of metal ions. A survey will examine objects based on 
optical appearance (color, condition, and coating) and (simple) chemical and mechanical tests. 
The objects will then be grouped based on their condition and previous treatment to better 
allow for determination of the optimum re-treatment procedure. 

Evaluation of existing treatment methods 
A critical evaluation and summary of existing methods for consolidating wood, neutralizing 
acid and removing or moderating the effect of harmful metal ions with be compiled. Based on 
a thorough review of the literature, an assessment of those suitable for the Oseberg artefacts 
will be made, and these will be included in the repertoire of treatment options to be included 
in testing trials. 

Testing of conservation materials 
Development of a proper testing protocol will be the heart of the project. It will address the 
particularities of alum-conserved wood which behaves differently to untreated archaeological 
wood. The protocol will comprise the following topics:   

Chemical analyses and imaging 
The wood will be chemically characterized before and after treatment. The effect of different 
consolidation, neutralization and metal trapping agents must be evaluated against each other 
by a standard procedure. Imaging work using optical and electron microscopy, X-ray 
tomography, conventional radiography, 3D-scanning, as well as synchrotron-based X-ray 
tomographic microscopy will be used to study the interaction of the different agents with the 
wood structure.  

Application of the materials and mechanical stabilization 
Normally, archaeological wood is immersed in a bath containing the impregnation material 
allowing it to penetrate the artifact. Complete submersion is not recommended for most of the 
Oseberg objects, especially those which are highly restored or have detailed surface carvings. 
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Other ways to apply consolidants must be assessed. Possible ways may be the use of injection, 
application through spraying or gaseous phases, or the use of poultices. 

Many objects are reconstructed from fragments which are joined using metal pins and screws.  
These metal additions have corroded over time. In SO II methods will be tested to reinforce 
the joins and to remove potentially harmful metal pieces. Iron nails were originally applied as 
ornamentation; to prohibit further corrosion, a methodology has to be developed to remove 
the nails, coat them with a protective layer and replace them again to the objects.  

Penetration monitoring 
To monitor penetration of a consolidant and ensure complete impregnation of an object is 
crucial for the evaluation of conservation methods. Moreover the degree of polymerization 
and curing inside the object must be determined to ensure proper strengthening. Appropriate 
test samples will be treated and analyzed by a range of methods; results of initial tests may be 
extrapolated to real objects which cannot be sampled.  

Non-invasive imaging techniques may be applied to monitor penetration behavior on small- to 
medium sized fragments, such as neutron and magnetic resonance imaging; however, larger 
fragments may be too fragile to transport. Thus techniques which are possible to apply in 
house will be assessed.  

Mechanical properties 
Hardness, stiffness, elasticity and other physical properties of treated testing pieces, and later 
objects, have to be determined. This will be done in collaboration with an institution 
specialized in wood engineering, preferably the Norwegian Institute of Bioeconomy Research. 

Stability studies 
The chemical stability under variable temperature, relative humidity and ultraviolet radiation 
conditions will be assessed for consolidants that show potential. This will give information on 
long-term behavior of the material. These tests will also allow us to define optimal display 
and storage conditions. Oxygen consumption measurements, performed in co-operation with 
the National Museum Denmark will determine oxidative stability. 

The role of metal ions and their inactivation 
It is clear that poor condition and acidity of the wood must be addressed by consolidation and 
neutralization. However, the best way to deal with problems associated with metal ions and 
compounds in the wood remains uncertain. Some existing methods for treating metal ion 
problems (mainly iron), such as extraction or inhibition using chelating agents, will be tested.  
Development of good protocols to test whether a metal ion treatment significantly reduces the 
rate of degradation will be a major objective. Model experiments on metal-ion impregnated 
wood treated by the various methods will be monitored by methods such as oxygen-
consumption measurements. Samples will then be chemically analysed to determine the 
extent of impregnation of metals/treatment agents and of degradation. 

As known, metal ions may also affect consolidation materials. Interaction between metal ions 
and consolidation materials needs to be considered. 
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Chemical modifications for improved metal binding will be proposed for promising potential 
consolidants being developed by the new materials team, in order to develop a material that 
not only offers structural reinforcement, but also effectively traps harmful metal ions and 
inhibits their activity. Rapid screening processes based on degradation of lignin and cellulose 
will be developed to assess their effectiveness. Promising candidates will then be further 
explored in the studies on wood. 

 

Group 2: Bio-inspired materials for wood conservation  

(Project schedule – table 3) 

Existing consolidants may not be compatible with the particular requirements of the Oseberg 
wood. Considering the immense development of material science during last decades, SO had 
decided to dedicate a part of its capacity to develop materials that better suit the needs of the 
Oseberg artifacts. The research in Phase I have focused on bio-inspired/biomimetic materials 
with a potential multi-functionality. Briefly summarized, SO is aiming to: 

-  use bio-polymers, preferably wood components or their derivatives (‘Green Chemistry’). 

- functionalize the basic molecules in a way that they form a network that consolidates the     
wood, control pH and trap metal ions and thereby stabilising the object                    

- form an open structure inside the object, leaving structural space for future re-treatment and 
without removing previously applied conservation material 

For Phase II it is proposed that the development of materials for both consolidation and 
neutralization will be combined into one focus topic as the projects are interconnected. The 
promising results from Phase I will be followed up in Phase II, focusing on testing of the 
materials in conjunction with Group 1 (‘testing and evaluation of materials group’). Based on 
consolidation or neutralization results, the materials will be improved and adjusted to the 
particularities of alum-treated wood.   

It is proposed that there will be three positions based at KHM at post-doctoral or researcher 
level as well as the aforementioned PhD post at the University of Nottingham. Based on the 
results gained in Phase I, we will continue with work on the following groups of materials and 
adapt them to the particular needs of the Oseberg wood: 

Lignin 
Lignin is one of the major components of wood and the one that remains in the Oseberg wood, 
even if it has altered during time. Based on initial studies as part of Phase I it has been found 
that in situ polymerization is hindered by the low solubility of oligomers in the reaction media. 
Investigations into ways to improve solubility are currently underway and will continue into 
Phase II. Here, polysaccharides will be investigated as they can increase solubility of lignin 
oligomers during polymerization. The literature suggests that the lignin and polysaccharide 
components will also cross-link during the polymerization, producing a 3-dimensional 
network that is able to stabilize the wood. This essentially mimics the lignification process of 
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the middle lamella in the living tree. The polysaccharide component may also be able to 
immobilize metal ions. 

De-acidification and use of nanoparticles 
High acidity of the wood is assumed to be the main reason for the decay.  Following results of 
SO I, calcium hydroxide nanoparticles seem to be a promising material to raise the pH of 
wood (Andriulo 2016).  However, a range of application studies on penetration behavior, 
suitable solvents and interactions with other applied materials (consolidants, chelating agents) 
needs to be conducted. Testing on larger fragments is needed as well as artificial aging 
experiments to confirm that they behave as predicted over time.  

In order to fully evaluate the effectiveness of the calcium hydroxide nanoparticles, de-
acidification treatments with them will be compared against those carried out with alternative 
methods. As previously mentioned it is likely that several different methods will be required 
based on the variable conditions of the Oseberg artifacts and as such multiple methods will 
need to be evaluated. Continuing on from initial experiments in Phase I this research will also 
look at cross-linking the nanoparticles into a 3-dimensional network with flexible silanes. 
This will hopefully allow for neutralization and consolidation to occur in one step, offering 
less risk to the objects during retreatment.  

A multifunctional polymer network 
The alum treated Oseberg wood requires three different conservation treatments: de-
acidification, inactivation of metal ions and consolidation. However, given the fragile 
condition of many objects, they will not withstand three sequential treatments. SO therefore 
aims to develop a multifunctional, bio-inspired material that fulfills all three tasks at once. 
There is growing interest in such multi-functional consolidants, fueled by an increasing 
awareness of existing problems in cultural heritage objects, and some early work in the field 
has recently been reported  (Walsh et al. 2014). Based on the results of SO I and with 
contributions of the metal and neutralization related researchers, a polymer chemist, together 
with the Oseberg research group, is proposed to design and synthesize a bio-polymer based 
network functionalized so that all three tasks can be fulfilled by one material. Given the 
results achieved so far, cross-linking of lignin-like oligomers (see above) with silanes in situ 
seems to be a promising way, and will be the prioritized work focus. Silanes can act as a 
bridging agent between lignin oligomers as well as with calcium hydroxide nanoparticles to 
produce an ‘all-in one’ treatment option for the most degraded pieces. This concept to design 
hybrid structures consisting of bio-polymers and silicon/silanes may also be applied to other 
bio-polymers than lignin-like units. Compatibility with different solvents will need to be 
investigated in order to fulfill the necessary conditions that the extremely fragile 
archaeological objects require.   
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Reference group and collaborating institutions 

The work of the working groups will be assisted by a reference group which is suggested to 
be the same as in Saving Oseberg phase I: 

- Kristiane Strætkvern, Conservator, The National Museum, Copenhagen, Denmark 
- Malin Sahlsted, Conservator, Vasa Museum Stockholm, Sweden 
- Prof. Steve Weiner, Weizmann Institute, Israel 
- Prof. Steve Harding, University of Nottingham, UK 
- Prof. em. Roger Rowell, University of Wisconsin, USA 

 
Although the project consists of an effective research team and have a reasonably well-
equipped lab, external expertise and equipment are invaluable assets. We will continue to 
collaborate with the following external partners: 

- Department of Chemistry, University of Oslo 
- Norwegian Institute of Bioeconomy Research (NIBIO) 
- Science for Safeguard of Cultural Heritage Research Group, University of Pisa 
- National Centre for Macromolecular Hydrodynamics, University of Nottingham 
- National Museum of Denmark 
- Synchrotron work will be preferably carried out at Helmholtz Centre, Berlin 

 

External partners  

The University of Nottingham, National Centre for Macromolecular Hydrodynamics, 
provides a PhD position; the PhD fellow will work on carbohydrates as potential consolidants 
for archaeological wood and will work in close collaboration with Saving Oseberg. 

University of Pisa will contribute with advanced chemical analyses on organic materials 
related to the Oseberg find. 

Norwegian Institute for Bioeconomy research (NIBIO) will co-operate in the field of wood 
mechanical testing and ICP analyses. 

The National Museum of Denmark will be a partner in oxygen consumption studies to 
examine the effectiveness of metal ion removal methods. 

Further partners may be added as necessary throughout the project period.  
 

An overview of required positions for SO Phase II is given in Table 1. All positions are for a 
three-year period with starting date January 2017. The budget is presented in Table 2. 
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Table 1. Personnel required for Saving Oseberg Phase II.   
Research 

Group Type of Position Affiliation Role 

- Project manager KHM, UiO Budget administration, administration of collaborations, reporting 
to project owner. Overall responsibility 

- Scientific 
Coordinator 

 Define and follow up research and application studies, 
coordination between the different topics, external collaborations. 
Advise and supervise post-doctoral researchers. Publication and 
communication strategy. 

- Administration KHM, UiO General administration duties  

Group 1 Post-doctoral 
researcher 
(Conservation) 

KHM, UiO Testing of existing & new conservation materials. Development 
of testing protocols. 

Group 1 Conservator KHM, UiO Surveying the objects currently in storage and grouping into 
categories, assisting in impregnation and artificial ageing 
experiments. 

Group 1 Post-doctoral 
researcher (Chemist) 

University 
of Pisa 

Analysis of organic components in Oseberg wood, primarily by 
Pyrolysis GC-MS 

Group 1 Researcher (Chemist)  KHM, UiO Maintenance of instruments, training of group members on 
instruments, analysis of organic components of Oseberg wood, 
mechanical testing, analytical protocols 

Group  

1 & 2 

Researcher (Chemist) KHM, UiO Development of testing protocols to assess inhibition of metal ion 
promoted degradation by new and existing treatments. Advising 
on chemical modifications to new consolidants  

Group 2 Post-doctoral 
researcher (Chemist) 

KHM, UiO Further development of lignin-like materials as consolidants for 
the Oseberg finds, in situ polymerization of lignin-like materials, 
testing consolidation on small samples, assisting project members 
with testing on larger pieces of wood 

Group  

1 & 2 

Post-doctoral 
researcher 
(Conservation 
Scientist) 

KHM, UiO  Further development of Ca(OH)2 nanoparticles for the de-
acidification of Oseberg wood, silanes as consolidants and cross-
linking of silanes and Ca(OH)2 nanoparticles to form a hybrid 
material, assist conservators in testing of these materials. 
Alternative de-acidification methods. 

Group 2 Post-doctoral 
researcher (Chemist) 

KHM, UiO Hybrid/composite materials of bio-polymers and inorganics; 
cross-linking of lignin-like materials with silanes to develop 
stronger materials, silanes as a cross-linker for lignin to calcium 
hydroxide nanoparticles, testing protocols. 
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Table 2, Budget for Saving Oseberg Phase II. From Lab to Pilot. 

Saving Oseberg Phase II –  
From Lab to Pilot 2017-2019 2017 2018 2019 2017-2019 

          

Project manager 900 000 914 000 930 000 2 744 000 
Administration/finance/HR 440 000 449 000 458 000 1 347 000 
Seminar/publication   300 000 300 000 
Travel, reference group, meeting, seminars, workshop 200 000 200 000 250 000 650 000 
Running costs 50 000 50 000 50 000 150 000 

Group I - Testing and evaluation of materials and methods/maintenance lab  
Researcher, Analysis/instrument maintenance 930 000 949 000 967 000 2 846 000 
Infrastructure, Instruments 600 000 500 000 200 000 1 300 000 
lab/maintenance/service 350 000 350 000 350 000 1 050 000 
Post Doc Conservation 880 000 900 000 916 000 2 696 000 
Running costs 60 000 60 000 60 000 180 000 
Post doc - Conservation Science - Nano technology 930 000 949 000 967 000 2 846 000 
Running costs 60 000 60 000 60 000 180 000 

Group II - Bio-inspired materials  
Post Doc - Chemist, Lignin based consolidants 880 000 900 000 916 000 2 696 000 
Running costs 60 000 60 000 60 000 180 000 
Researcher - Chemist, Metal ions in wood 930 000 949 000 967 000 2 846 000 
Running costs 60 000 60 000 60 000 180 000 
Post Doc - Chemist, Multifunctional consolidants 880 000 900 000 916 000 2 696 000 
Running costs 60 000 60 000 60 000 180 000 

Collaboration partners - Research in other institutions -  infrastructure/running cost  
Position University of Pisa/ICVBC-CNR 250 000 250 000 250 000 750 000 
University of Pisa/ICVBC-CN - bench fee 95 000 95 000 95 000 285 000 
University of Nottingham, - bench fee 150 000 150 000 150 000 450 000 

Centre for Colloid and Interface Science (CSGI), - 
bench fee 150 000 150 000 150 000 450 000 

NIBIO, Ås - analysis, research 250 000 250 000 250 000 750 000 

University of Oslo, Institute of Chemistry, - bench fee 100 000 100 000 100 000 300 000 

National Museum, Copenhagen - Analysis/research 120 000 180 000 120 000 420 000 

Unforseen, regulation 400 000 400 000 400 000 1 200 000 

     
Total 9 785 000 9 885 000 10 002 000 29 672 000 
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Table 3. Time Schedule - Saving Oseberg phase II 

 2017/1 2017/2 2018/1 2018/2 2019/1 2019/2 
Group I - Testing and evaluation of materials and 
methods/maintenance lab 

      

Testing Consolidants       
Impregnation       
Stability Studies       
Mechanical Testing       
Chemical Characterization and Imaging       
De-acidification           
Nanoparticle impregnation under different conditions, smaller 
objects 

      

Nanoparticle impregnation bigger objects       
Ageing and characterization of treated objects       
Alternative neutralization methods       
Metal Ions       
Application of different chelating agents       
Alternative methods to inactivate metal ions       
Oxygen consumption tests and other analyses to evaluate the 
effectiveness 

      

Ageing tests with different chelating agents       
Interaction metal ions - consolidants       
Evaluation of results and adjusting the testing protocol       
       
Group 2 - Bio-inspired materials       

Impregnation with lignin-like oligomers using  different solvents       
Preparation of lignin-pectin complexes and lab studies       
Impregnation studies with lignin-pectin complexes       
Cross-linking lignin-silanes, lab studies       
Cross-linking lignin-silanes in situ       
Ageing tests, characterization, imaging       
Synthesizing and studying alternative Si-biopolymer materials       
Silane-nanoparticle hybrid materials       
Functionalizing biopolymers to chelate metal ions       
Multi-functional hybrid polymer network, design, synthesizes and 
application 

      

Evaluation of results of SO II and recommendations for re-
treatment and further approach 
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