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a b s t r a c t 

This study presents the results of a non-invasive analytical investigation into eight varnished modern 

paintings from the Norwegian National Museum, dating from 1966 to 1982. These works, executed in 

either waterborne acrylic dispersion resin or polyvinyl acetate (PVAc) media, have not been examined 

before. They form part of a broader research initiative aimed at documenting the use and degradation 

of synthetic, waterborne varnishes over acrylic and vinyl paints in the context of Norwegian modern art, 

and the implications for conservation treatments. The eight paintings were examined through the mobile 

laboratory (MOLAB) platform of the European infrastructure for Heritage Science (E-RIHS). Multiple com- 

plementary techniques, including optical coherence tomography (OCT), external reflection infrared spec- 

troscopy (ERIRS), x-ray fluorescence (XRF) mapping and optical micro-profilometry, were employed to 

identify binders and pigments, assess varnish thickness and distribution and document the layer struc- 

ture without sampling. The results of a central case study, Winter Sun , 1966, by Gunnar S. Gundersen 

(1921–1983) (MS-02579-2988, acrylic on canvas, 165 ×110 cm), are presented including characterisation 

of the layer structure, and identification of the paint and varnish compositions. 

Comparative analysis between the case study paintings highlights both prevalences and differences within 

the materials used, informing material history and artistic practices within the mid-century Norwegian 

context. This in turn informs conservation approaches to the as-yet unresolved challenge of varnish re- 

moval from waterborne modern paints. The findings have the potential to inform the future design of 

representative mock-ups to test potential varnish removal systems. This multimodal, non-invasive ap- 

proach offers new tools for understanding artist materials and supports conservation decision-making by 

clarifying when and how varnish removal may be appropriate. 

© 2025 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC 

BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

The removal of synthetic varnishes from modern paintings re- 

ains one of the most complex and unresolved challenges in con- 

ervation practice [ 1–3 ]. Varnishing acrylic paintings has long been 

ecommended by paint manufacturers to protect paint films from 

irt and mechanical damage and to create an even saturation of 

olour and gloss [ 4 ]. 1 Since 1966, nearly all major manufacturers 

f artists’ paints produced a complete line of acrylic dispersion 

aints, including flat and gloss media used for glazing or for fi- 

al varnishing [ 5 ]. However, the materials used – typically acrylic 

olutions, or waterborne acrylic dispersions and polyvinyl acetate 

PVAc) resins – pose serious difficulties when unwanted change 

ccurs. Such change includes physical and chemical degradation 

henomena, namely discolouration, yellowing, increased opacity or 

ilkiness and soft, tacky films that imbibe dirt resulting in a grey- 

sh appearance. Consequently, the bright colours, tonal balance and 

rtist’s intended visual effect(s) can be obscured. Unfortunately, the 

olubility of acrylic dispersion paints and varnishes are very sim- 

lar, if not completely the same, making these coatings extremely 

ifficult to remove without risking damage to the artwork. 

To date, there is no appropriate, low-risk solution for the re- 

oval of synthetic, waterborne varnishes from acrylic dispersion 

nd PVAc paintings due to swelling of the varnish and paint layers 

nd the undercutting and removal of paint [ 1–2 ]. Minimisation of 

he swelling potential of any paint layer is desirable for all clean- 

ng treatments, and significant research has been carried out into 

his area through soiling removal tests on unvarnished acrylic paint 

lms [ 6–13 ]. However, correspondence with conservators world- 

ide revealed that most do not attempt removal of the varnish 

ayer, even if it has undergone unwanted change, because of the 

ack of a suitable varnish removal method that does not risk af- 

ecting the paint. 2 This is in addition to the ethical challenges as- 

ociated with the potential removal of artist-applied varnishes. 3 

This study was designed to provide informative results on the 

ain polymer binders of the ground, paint and varnish layers, as 

ell as the layer structure on a group of representative paintings 

hat would contribute to understanding the above outlined chal- 

enge. These eight paintings from the Norwegian National Museum, 

reated between 1966 and 1982, are registered in the museum 

atabase as being executed in acrylic paint and all have a visible 

arnish layer present confirmed by eye ( Table 1 ). None of them 

ave previously been studied from a material science or conserva- 

ion perspective. 

Winter Sun , 1966, by Gunnar S. Gundersen (1921–1983) (MS- 

2579-2988, acrylic on canvas, 165 ×110 cm) ( Fig.1 ), was selected 

or detailed evaluation and presentation in this paper. This paint- 

ng was selected due to its well documented provenance, the art- 

istorical importance of the artist as a leading figure in Norwegian 
1 See also websites of manufacturers, for example Golden Artist Colors ( https: 

/goldenartistcolors.com/resources/varnishing- an- introduction [accessed 01.09.25]); 

he AIC Wiki page on Varnishing ( https://www.conservation-wiki.com/wiki/ 

arnishes_and_Surface_Coatings:_Introduction [accessed 01.09.25]); and the Univer- 

ity of Delaware Materials Information and Technical Resources for Artists (MI- 

RA) Artist Online Forum ( https://mitra.artcons.artsci.udel.edu/mitra-board/?wpfs= 

arnish [accessed 01.09.25]) 
2 A questionnaire was shared on the Conservation DistList 18.06.2025 ( https: 

/www.culturalheritage.org/discussion/survey-questionnaire-on-the-artistic-use-of- 

arnish- on- acrylic- and- pvac- paintings ), as well as emailed directly to practising 

onservators worldwide specialising in the conservation of modern and contem- 

orary paintings. The questionnaire requested information about their experiences 

ith varnished acrylic paintings; several responded but only one had ever at- 

empted removal of an acrylic dispersion varnish from an acrylic dispersion 

ainting. 
3 An in-depth ethical discussion around the removal of original, artist-applied 

arnishes is beyond the scope of this paper but will form a large part of the PhD 

hesis (University of Oslo) by the first author to which this research contributes. 
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on-figurative art, the presence of a deteriorated varnish layer and 

arly use of acrylic paints in Norway. The remaining seven paint- 

ngs are discussed in comparative terms to highlight both similar- 

ties and variations in material choices, application techniques and 

arnish characteristics across the group. 

The majority of the eight case study paintings can be described 

s Concrete, Minimalist and/or Op art [ 14 ]. 4 The compositions are 

ften geometric, and the colour palettes restrained but dominated 

y bright tones; there is a focus on non-representational form. 

on-figurative art had its breakthrough in Norway in the 1950s 5 

nd Gundersen was one of the most prominent figures driving 

his new movement, with distinctive use of form and colour [ 14 ]. 

uring a 1950 interview with the art critic Jan Askeland, Gunder- 

en described how “pure colours and shapes work best” and that 

when two areas of colour lie next to each other, one will come 

orth in front of the other[...]This constant oscillation helps to cre- 

te tension and life in the picture surface – also a sense of space, 

 kind of vibration, one might say.” [ 15 ]. 6 The minimalist, hard- 

dge composition of spheres and ellipses of Winter Sun embod- 

es these artistic intentions. The shapes were constructed with the 

elp of masking tape and stencils, techniques only possible with 

ast-drying waterborne paints, which Gundersen was quick to start 

sing. Due to the lack of availability of artist-grade acrylic disper- 

ion paints in Norway in the 1960s, 7 he typically used industrial 

aints; photographs of the artist in his studio from 1967 show sev- 

ral cans of recognisable brands of waterborne household paints. 

. Research aim 

This study aimed to characterise the varnish and paint types 

f eight modern paintings from the Norwegian National Museum, 

ith a particular focus on Winter Sun . The main aim of the re- 

earch was to gather sufficient technical data to enhance the un- 

erstanding of material history and practices of varnishing modern 

aintings in Norway in the mid-to-late 20th -century. This knowl- 

dge would assist conservators in developing effective conserva- 

ion strategies for dealing with waterborne varnishes applied over 

aterborne paint layers. Using complimentary, non-invasive imag- 

ng and spectroscopic methods, including optical coherence tomog- 

aphy (OCT), external reflection infrared spectroscopy (ERIRS), x- 

ay fluorescence (XRF) mapping and micro-profilometry, the pri- 

ary objectives were to: (i) identify varnish composition, distribu- 

ion and degradation; (ii) characterise binders and pigments; (iii) 

ocument the layer stratigraphy; (iv) reveal varnish and surface 

orphology. A secondary objective was to gather relevant data 

hat could inform the design of representative mock-ups for var- 

ish removal trials; these are not included in this paper and will 

e developed in future work. The results contribute to a growing 

ody of research focused on the conservation of synthetic materi- 
4 Concrete Art emerged in the 1930s and was the forerunner to Minimalism and 

p-art. It prioritises the interaction of geometric forms, colours, and materials and 

s strictly non-representational. Minimalism developed in the late 1950s and 1960s 

nd is characterised by a focus on form; colours and materials are simple and kept 

o a minimum. Op Art arose in the 1960s and is distinguished by its use of geomet- 

ic forms and contrasting colours to produce optical illusions. 
5 Norwegian artists like Bjarne Engebret (1905–1985) had ventured into non- 

gurative painting during the 1930s but had faced significant resistance and criti- 

ism. By the end of World War II in 1945, this pre-war generation of non-figurative 

ainters had largely been forgotten and overlooked. However, a major turning point 

ccurred in 1950 with an exhibition of Concrete art at Kunstnerforbundet in Oslo, 

arking a significant breakthrough for the movement. 
6 Original text: «Når to fargeflater ligger ved siden av hverandre, vil den ene tre 

ram foran den andre[...]Denne stadige vekslingen er med og skaper spenning og 

iv i billedflaten – også en romfornemmelse, en slags vibrasjon kan en kanskje si.». 

ranslated by Laura Homer. 
7 Personal communication with numerous artists living in Oslo in the 1960s and 

970s, including Anders Kjær, Victor Lind and Jørn Nilsen. 

https://goldenartistcolors.com/resources/varnishing-an-introduction
https://www.conservation-wiki.com/wiki/Varnishes_and_Surface_Coatings:_Introduction
https://mitra.artcons.artsci.udel.edu/mitra-board/?wpfs=varnish
https://www.culturalheritage.org/discussion/survey-questionnaire-on-the-artistic-use-of-varnish-on-acrylic-and-pvac-paintings
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Table 1 

Overview of the eight case study paintings from the collection of the Norwegian National Museum. 

Image Date Artist Title Materials (database registration) 

1966 Gunnar S. Gundersen Winter Sun acrylic on canvas 

1972 Per Kleiva Beams from the Ashes acrylic on canvas 

1974 Tor Hoff The Golden Break acrylic on panel 

1975 Tor Hoff The Great Heavenly Stone acrylic on panel 

1980 Anders Kjær Before the Storm acrylic on canvas 

1980 Dag Skedsmo Untitled acrylic on canvas 

1982 Anna Eva Bergman Double Mountain acrylic & silver leaf on canvas 

1982 Marianne Arneberg Fruit I acrylic on canvas on panel 

Fig. 1. Overview of the ROIs and locations of analytical measurements on the normal light photograph (left ) and the UV photograph (right ). Gunnar S. Gundersen, Winter 

Sun , 1966. Acrylic on canvas, 165 ×110.5 cm. MS-02579-1988 © National Museum for Art, Architecture and Design. . 

129



L. Homer, P. Targowski, M. Kowalska et al. Journal of Cultural Heritage 77 (2026) 127–139

a

o

s

3

3

r

u

t

k

n

a

w

a

a

i

t

p

l

n

f

3

M

L

f

H

z

a

e

p

3

o

X

u

c

a

t

o  

c

5

a

m

u

t

t

t

o

w

v

a

(

J

t

A

-

a

3

(

a

s

f

a

e

p

a

i

g

p

o

f

m

c

f

m

a

s

3

i

t

r

s

i

a

i

w

t

o

h

n

i

l

3

I

a

T

8

a

p

r

t

a

d

m  

e

o

ls in modern art and support studies into the ongoing challenge 

f safely removing aged acrylic dispersion and PVAc varnishes from 

imilarly composed paint films. 

. Materials and methods 

.1. Case study paintings 

Initial visual observation of the case study paintings was car- 

ied out in normal visible light, both direct and raking, and with 

ltraviolet radiation (UV). Archival and art-historical research on 

he paintings and artists provided conservation and art-historical 

nowledge of these works, which assisted interpretation of the 

on-invasive analytical data collected by MOLAB. The history and 

vailability of waterborne paints and varnishes within the Nor- 

egian paint market was discovered through examination of the 

rchives of Alf Bjercke AS and Jotun AS, which also contained 

rchival material of several other Norwegian manufacturers dur- 

ng the period of interest. 8 This knowledge provided context for 

he identified materials. Multiple regions of interest (ROI) on each 

ainting were chosen for data collection and marked on visible 

ight photographs. Where possible, the multiple analytical tech- 

iques listed were applied within the same ROIs. The ROI locations 

or Winter Sun are shown in Fig. 1 . 

.2. Microscopy 

Microscopic examination was carried out using a Leica Wild 

80 stereomicroscope (5 × to 50 × magnification) (Ortomedic AS, 

ysaker, Norway). More in-depth evaluations of the varnished sur- 

aces and topographies were possible with the museum’s Hirox 

RX-01 3D digital microscope (HR-2500E, 20 ×–2500 × revolver 

oom lens) (Hirox Europe, Limonest, France). The lens was fitted to 

 special-made, table-top bridge stand (JAAP Enterprises) enabling 

xamination with the paintings upright on an easel. Images were 

rocessed using the in-built HRS-3D software. 

.3. Portable x-ray fluorescence spectroscopy (XRF) 

Elemental analysis of inorganic pigments and fillers was carried 

ut after the MOLAB access using the museum-owned portable 

RF spectrometer. XRF spectra and elemental maps were captured 

sing a portable Elio ED-XRF spectrometer from Bruker. The system 

onsists of a 4 W rhodium X-ray tube with 50 kV maximum volt- 

ge and 0.2 mA maximum working current, and a silicon drift de- 

ector (SDD, 25 mm2 active area, 1 mm collimator, and energy res- 

lution < 140 eV measured on Mn K α line (5890 eV) with 20 0,0 0 0

ounts per second (cps) input photon rate, < 150 eV at Mn K α at 

0 0,0 0 0 cps). The working distance between the painting surface 

nd the detector is 8-10 mm. When mounted on a tripod with a 

otorized XY stage, the Elio allows for XRF mapping of an area 

p to 10 cm2 in size enabling more precise pigment identifica- 

ion and distribution through spatially resolved elemental detec- 

ion. The spectra were captured in mapping acquisition mode using 

he in-built Elio software with a tube voltage of 50 kV and current 

f 80 μA, and a measuring spot size of 1 mm. The acquisition time 

as 1 s/mm−1 . Spectra and maps were processed using ESPRIT Re- 

eal, Bruker’s high-functioning data analysis software designed for 

rt and conservation. 
8 Alf Bjercke AS archives are held at the Norwegian Technology Museum, Oslo 

Archive Number: A-1082 - Alf Bjercke). These archives were visited in May 2023. 

otun AS archives, including those of Fleischers, Denofa Lilleborg and additional ma- 

erial from Alf Bjercke AS, are held at Vestfoldarkivet, Sandefjord (Archive Numbers: 

-2939 - Pa 1656 - Jotun AS; A-2942 - Pa 1659 - Fleischers kjemiske fabrikk; A-2941 

 Pa 1658 - Denofa Lilleborg; A-2940 - Pa 1657 - Alf Bjercke). These archives were 

ccessed in February 2025. 
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.4. External reflection fourier transform infrared (FT-IR) spectroscopy 

ERIRS) 

Single-point non-contact ERIRS was performed in both the mid- 

nd near-infrared ranges (80 0 0–40 0 cm−1 ) for the chemical analy- 

is of the paint and varnish media. This method has been success- 

ully used in the past for a broad class of polymer binders, such 

s acrylic and vinyl resin [ 16 ]. Mid-infrared light is absorbed more 

ffectively by the surface layers than near-infrared light, thereby 

roviding information about the coating. Near-infrared has lower 

bsorption in the surface layers and can penetrate deeper, reveal- 

ng information about subsurface layers, in this case the paint and 

round layers [ 16–17 ]. 

The ERIRS analysis was performed with a Bruker Optics 

ortable ALPHA II spectrometer. It works with an optical layout 

f 22 °/22 °, collecting the infrared radiation reflected from a sur- 

ace located at about 1 cm distance through an external reflection 

odule. The probed area is of ca. 6 mm in diameter. Background 

orrection was performed by collecting the total reflectivity, R, 

rom a gold mirror plate. Spectra were recorded in reflection- 

ode with a spectral resolution of 4 cm−1 using 186 scans 

nd expressed as pseudo-absorbance [A’ = log(1/R); R = reflectance] 

pectra. 

.5. Optical coherence tomography (OCT) 

OCT is an interferometric technique that employs broadband 

nfrared light. It reveals information about subsurface microstruc- 

ures such as stratigraphy and layer thickness, through depth- 

esolved, non-invasive imaging of materials that either weakly 

catter or weakly absorb the light at the operating wavelength. It 

s widely demonstrated as highly suitable for the examination and 

ssessment of transparent and semi-transparent layers in paint- 

ngs, such as varnishes and glazes [ 18–20 ]. 

Two optical coherence tomography (OCT) systems with central 

avelengths of 850 nm and 1350 nm were employed for examina- 

ion of the structure and thickness of varnishes, and identification 

f possible isolating or intermediary layers. OCT at 850 nm has 

igh contrast but reduced penetration depth, while OCT at 1350 

m provides images with larger penetration depth as scattering 

s reduced at the longer wavelength but, consequently, also gives 

ower contrast images. 

.5.1. OCT at 850 nm 

The laboratory-assembled mobile instrument developed at the 

nstitute of Physics of NCU in Toruń used in this study employed 

 super luminescent source providing broadband illumination [ 21 ]. 

he output of the interferometer was fed into the Cobra CS800–

40/180 spectrometer from Wasatch Photonics, USA. In this study, 

n area of 10 × 10 mm2 was scanned in 100 parallel lines, com- 

rising 3 0 0 0 measuring points each. This data was used for the 

econstruction of the surface profile and rendered with colour from 

he built-in camera’s photo. Every one of those 100 scans can be 

lso analysed as a cross-section after correction for a refractive in- 

ex of the medium (nR = 1.5). The axial resolution of this instru- 

ent was 3.3 μm in air and 2.2 μm in varnish (nR = 1.5). The lat-

ral optical resolution was 12 μm. The power of radiation at the 

bject was about 1 mW and fluence 30 mJ/cm2 . The examination 

ime of one 10 × 10 mm2 area was about 6 s. The distance to 

he object from the most protruding element of the instrument 

as 43 mm. 

.5.2. OCT at 1350 nm 

The laboratory-assembled mobile instrument developed by the 

SAAC Lab used in this study utilises a NKT Photonics SUPER K 
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9 Jotun Archive Pa 1656- Jotun AS, Fbb – L0 0 01, Products: Paint systems, undated 

(but printed soon after Jotun AS bought out three of the other large paint manufac- 

turers in 1972) 
10 Jotun Archive Pa 1659- Fleischers kjemische fabrikk, F – L0 0 01, Recipes, 1978 –

1982; Recipe 4746, Jotaplast 03, recipe code 0650 0 0, 1979 
11 Information gathered directly from the artist upon acquisition of Before the 

Storm , in 1981 and recorded in the document Informasjon fra kartotek “Materialbruk 

i moderne malerier i Nasjonalgalleriets eie”. The document is stored in the museum 

database. 
XTREME EXU-6 Super-Continuum light source to provide broad- 

and illumination for a spectral domain OCT system based on a 

ree space Michaelson interferometer and Wasatch Cobra 1300–

30 0/40 0 spectrometer. The axial or depth resolution in varnish 

as 3.3 μm assuming a refractive index of 1.5. The lateral opti- 

al resolution was 5 μm. The OCT system produced a volumet- 

ic data cube of dimensions 5 × 5 × 1.5 mm through a raster 

can of 500 × 500 depth profiles resulting in an overall data 

ube resolution of 10 × 10 × 5 μm (Width × Length × Depth) 

n air. The power incident on the object was about 1.5 mW 

nd the fluence was about 15 mJ/cm2 . The working distance 

as 40 mm. 

.6. Optical micro-profilometry 

Optical micro-profilometry provided various 3D models of the 

aintings’ surfaces. A simulated raking light image allowed for vi- 

ual analysis of the painting surface, akin to regular raking light 

llumination. 3D maps provided quantitative analysis of surface 

haracteristics, such as canvas texture, air bubbles in the paint 

ayer, sequence of paint layering and accumulation of the paint 

long the edges of the fields. Large areas can be mapped, yield- 

ng spatial and representative surface information as compared to 

pot areas with microscopy. 

The optical micro-profilometer used was a laser scanning de- 

ice developed at CNR-INO. The instrument is made of a commer- 

ial probe (ConoPoint-10 by Optimet, Jerusalem, Israel) mounted 

n two motorised high-resolution (0.1 μm precision) linear stages 

hat are perpendicularly assembled. The maximum scanning area 

s 30 × 30 cm2 and the scanning speed ranges from 100 to 400 

oints s−1 depending on the acquisition parameters. The probe can 

e equipped with a set of lenses with different focal lengths, re- 

ulting in different spot sizes, working distances and resolutions. 

n this work, the 50 mm lens was used, which provides a spot di- 

meter (at beam waist) of 37 μm, a working distance of 44 mm, 

nd a dynamic range of 8 mm. The reproducibility is 1 μm and 

he overall accuracy is 6 μm. A sampling step of 50 μm was set in

oth X and Y directions for all the selected ROIs. The instrument’s 

utput is a high-resolution topographic map that can be displayed 

s a 3D model (.ply format) or as a colour-/grey-scale image. In 

his work, a set of profiles from each scanned area was extracted 

n a MATLAB environment, and the thickness of the paint layers 

as calculated with respect to the base value. The mean thickness 

alues were calculated along with the standard deviation for each 

ayer. 

.7. Ultrasonic tomography 

Ultrasonic tomography works in the same way as ultrasound 

maging in the medical field, producing real-time images based 

n sound waves. With operating frequencies of 32–50 MHz, the 

echnique provides stratigraphic information of the artwork and 

an identify structural defects within and between layers, often 

t a depth of a few hundred micrometres up to a centimetre, 

s well as permeability in a preparation layer, if any [ 22–26 ].

 dry-contact ultrasonic probe was used, with a single element 

roadband transducer 32–80 MHz, with a spot size of 15–55 μm 

nd a scanning distance of the transducer inside the probe of 16 

m. The acquisition of measurements was taken in situ and in 

eal time. The scanning results in a set of A-scans that produce 

ross-sectional tomographic images, alongside B-scans and planar 

-scans. Given the identification of acrylic dispersion resin var- 

ish (see Section 4 . Results and Discussion), the acoustic veloc- 

ty for scaling the ultrasonic tomography data was set to 2560 

 s−1 [ 27–28 ]. 
131
. Results and discussion: Winter Sun , a model for comparative 

nalysis and insights 

.1. Condition of winter sun 

Winter Sun has a clear, glossy varnish layer applied on top of 

he multi-layered paint. The overall condition of the painting is 

ound; the paint layers are stable with no visible losses and only 

inimal cracking along the fold edges. However, the varnish has 

isibly and unevenly yellowed and has imbibed dust, dirt and fi- 

res. As a result, the bright colours and crisp lines of the compo- 

ition are visually muted and the artist’s intention of space and 

oscillation” is somewhat compromised. 

.2. Ground and paint layers: composition and application technique 

A matte white ground layer is visible along the fold edges of 

he linen canvas. It is unevenly applied, extends only slightly onto 

he tacking edges and comes through to the reverse in some lo- 

alised spots, suggesting it is artist-applied. The ground layer is 

ompletely covered on the front surface by subsequent paint lay- 

rs. ERIRS in the near-IR range identified the ground as a PVAc 

inyl-based resin (ROI#1, IR spectra not shown). The dominate pig- 

ent is titanium white, with extenders of talc (hydrated magne- 

ium silicate), kaolin (aluminium silicate), and calcium carbonate 

calcite form), also identified with ERIRS. 

Archival evidence supports the hypothesis that this may cor- 

espond to Jotaplast, an industrial, vinyl-based emulsion produced 

y Jotun AS, one of the largest Norwegian paint manufacturers at 

he time. In a product brochure, printed around 1973, Jotaplast is 

escribed as a matte “PVA-copolymer emulsion paint for interior 

se”, such as ceilings and priming layers on interior walls. 9 A 1979 

ecipe lists both kaolin and talc as extender ingredients. 10 Simi- 

ar ground compositions were found in six of the eight case study 

aintings (see Table 2 ), indicating a shared preference by these 

orwegian artists for cheap, industrial materials for the priming 

ayers. Indeed, Anders Kjær (see Table 1 ) has documented his use 

f Jotaplast on Before the Storm , 1980. 11 

The painted forms in Winter Sun were built up in multiple lay- 

rs once each underlying layer was dry. Examination under rak- 

ng light revealed the layering system and raised edges along each 

hape, the result of using masking tape and stencils, indicative 

f a planned and geometric application process. Digital Hirox mi- 

roscopy revealed details such as surface texture and overlapping 

f different passages, for example the relatively transparent yel- 

ow paint applied over the grey in the lower left (ROI #13). Op- 

ical micro-profilometry detailed this creative process more thor- 

ughly through reconstruction of the paint layering sequence. This 

as achieved by calculating the overall paint layers’ thickness 

rom profiles extracted across different layers of pictorial materi- 

ls ( Fig. 2 ). In the figure, ‘Base’ refers to the background paint layer,

hich is the thinnest layer measured in this area. The ground layer 

ies below this layer and is not included in the images and calcula- 

ions. Layer 2 is the thickest layer, measuring between 75–110 μm, 

ndicating this was painted on top of all the other layers. 

The paint medium was identified with ERIRS in the near-IR 

ange as predominantly vinyl-based, with possible acrylic content 
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Table 2 

Summary of non-invasive analytical results from Winter Sun. 

Layer XRF mapping ERIRS OCT Optical 

Micro-profilometry 

Acoustic 

Tomography 

Tentative assignment 

Elements a Characteristic bands 

(wavenumber, cm−1 ) 

Number, 

thickness of 

varnish layers 

Surface topology Total number 

of layers 

Ground Point analysis: Ti, Ca , Zn, 

Fe, Si 

PVAc resin b 

CH + C = O: 4680 cm−1 

C–H stretch: 4340, 4030, 

3970 cm−1 

N/A N/A N/A Binder : Vinyl dispersion 

copolymer 

Pigments : Titanium white, 

zinc white. 

Extenders/inerts : kaolin, talc. 

Paint Yellow : Cd, Ca, S, Cl, Ba 

Blue : Ti, Ca, S, Zn, Fe, Si 

White/cream : Ti, Ca, K, Fe, 

Zn, Si, S, Ni 

Dark turquoise : Co, Cu, S, 

Sr, Br, Ni, Ba, Cl 

Red : Ca, Cl 

PVAc resin 

CH + C = O: 4680 cm−1 

C–H stretch: 4340, 4030, 

3970 cm−1 

N/A Canvas texture 

visible. Ridges of 

paint formed along 

edges of painted 

shapes evident. 

Order of 

application visible 

in raking light. 

Overall 

thickness 

(including 

paint): 40 μm. 

5 layers can be 

observed. 

Binder : Vinyl dispersion 

copolymer 

Pigments : titanium white, zinc 

white, cadmium yellow, 

synthetic organic red, 

ultramarine, cobalt blue?, 

phthalocyanine blue?, iron 

oxide pigments. 

Extenders/inerts : calcite, 

barium sulfate, and talc. 

Varnish N/A EA/MMA acrylic c 

C–H stretch: 2985 , 2954 

(shoulders 2912, 2880) 

C = O stretch: 1733 

C–H bend: 1465 , 1449, 

1383 

C–O–C stretch, C–O stretch 

& C–C stretch: 1239, 1178 , 

1162 

C–H rock: 854 , 761 

Single layer 

4–45 μm 

Air bubbles 

visible 

Thickness of 

the varnish ∼5 

μm. 

Binder : acrylic dispersion, 

possibly EA/MMA 

a bold indicates major elements, no formatting indicates minor elements, italics indicates trace elements. 
b characteristic FTIR bands for PVAc resin copolymer taken from Rosi et al. [ 16 ]. 
c characteristic FTIR absorptions of EA/MMA acrylic dispersion taken from Learner, 2004 [ 29 ]. Bold indicates the absorption peaks seen in spectra from Winter Sun. 

Fig. 2. Optical micro-profilometry of ROI#4 on Winter Sun, showing the colour-coded topographic map (left ), the raking light image (centre ), and the 3D model with texture 

(upper right ). An extracted profile from which the paint layers’ thickness was calculated across different layers of pictorial materials is shown lower right ; from this it was 

possible to deduce the sequence of paint layering. The ground layer is not seen in this ROI and ‘Base’ refers to the background paint layer. . 

132
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Fig. 3. Left : Winter Sun ROI location map. Top right : ERIRS spectra recorded on Winter Sun ROI#2 red, ROI#6 orange and ROI#9 blue compared with two reference profiles 

of PVAc (grey line) and acrylic (black line) paint binders. Labels PVAc and A indicate vinyl and acrylic compounds, respectively. The spectra indicate a vinyl paint in all the 

points, possibly with some acrylic in the red and blue. Lower right : list of characteristic diagnostic bands for PVAc resin in this region (3750–5500 cm−1 ) [ 16 ]. 
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n select red and blue areas ( Fig. 3 ). As mentioned in the introduc-

ion, Gundersen often used household paints due to lack of avail- 

bility of artist-grade products at the time. Photographs of Gun- 

ersen in his studio in 1967 show several cans of what can be 

ecognised as Strax, a waterborne emulsion paint for interior house 

ainting, made by Jotun AS since 1962. In a price list dating from 

964, Strax is described as a vinyl-acrylic interior paint 12 , support- 

ng the interpretation that at least some passages of paint could be 

 vinyl-acrylic copolymer. 

XRF mapping revealed a consistent pigment palette across the 

ainting. Titanium white (TiO2 ) was present in all sample loca- 

ions, as was calcium carbonate (CaCO3 ). It is inferred that both 

hite pigments are present in the ground layer and paint layers, 

s pigment and extender respectively. Barium and sulfur were de- 

ected in the white and cream background passages, as well as the 

urquoise in ROI#9 ( Fig. 4 bottom), indicating the presence of bar- 

um sulfate (BaSO4 ) extender in these areas. The yellow shapes in 

OI#4 ( Fig. 4 top) and ROI#6 were identified as containing cad- 

ium yellow (CdS), possibly with some cadmium red (CdS(Se)) in 

he darker passages due to the presence of cadmium, sulfur, and 

elenium. However, neither cadmium nor selenium were detected 

n the red arc visible in ROI#2. Only calcium (Ca) and chlorine (Cl) 

ere detected ( Fig. 4 top), suggesting the presence of a synthetic 

rganic red pigment. 

The spatial elemental detection of both cobalt (Co) and copper 

Cu) in the dark turquoise line (ROI#9) suggests the use of both a 

obalt-based blue and a copper-based blue ( Fig. 4 bottom), thought 

o be copper phthalocyanine blue (C32 H16 N8 Cu). However, while 

RF allows detection of copper, it is unable to detect light elements 

uch as carbon, hydrogen and nitrogen, which are characteristic of 

he phthalocyanine molecule. Therefore, conclusive identification 
12 Archive Pa 1656- Jotun AS, Salg, 1943 – 2007, G – L0002, 1964 Pricelist 

–

e

p

133
ould require analysis with Raman spectroscopy [ 30 ]. Neverthe- 

ess, given the date of the painting it is most likely to be a copper

hthalocyanine blue, which has been described as the most im- 

ortant and widespread artists’ blue pigment in the 20th and 21st 

enturies [ 31 ]. In support of this theory, a recipe for another Jotun 

S industrial paint from 1976 includes the pigment Heliogen® Blue 

920, which is a strong phthalo blue pigment. 13 

.3. Varnish characterisation and stratigraphy 

Visual and UV observation show a thin but visible varnish layer. 

t appears to be applied overall, in a relatively uneven layer, most 

ikely with a thick brush when the painting was upright. The var- 

ish has imbibed dirt and yellowed, most evident in the palest ar- 

as and where the resin has accumulated in the troughs of the 

anvas weave. Both OCT systems identified one single layer of var- 

ish on Winter Sun , varying in thickness across the surface from 

 to 45 μm ( Fig. 5 ). The thinnest areas tend to be on top of

aint layer peaks, while the thickest accumulations were observed 

long the raised edges of the painted forms, where the varnish has 

ooled due to uneven surface texture. 

The increased penetration into the paint layer provided by OCT 

t 1350 nm revealed an unexpected intermediate transparent layer 

etween two paint layers (ROI#2; Fig. 6 ). A thin clear layer (ar- 

ow 2) is visible below the red paint, suggesting the white paint 

as applied and coated with a varnish or layer of acrylic disper- 

ion medium before the red paint was applied and a final varnish 

ayer applied over the entire surface. The purpose of this interme- 

iate layer remains uncertain; it could be a standard practice of 
13 Jotun Archive Pa 1659- Fleischers kjemische fabrikk, F – L0 0 01, Recipes, 1978 

1982; Recipe 3020, Bengalac Standardgrønn, recipe code 301078, 1976. Refer- 

nce to Heliogen Blue pigment: https://colormaterials.sunchemical.com/by-product/ 

roducts/312/heliogen- blue- l- 6920/?i=coatings [accessed 07.08.2025] 

https://colormaterials.sunchemical.com/by-product/products/312/heliogen-blue-l-6920/?i=coatings
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Fig. 4. XRF spectra (quantification view) and maps, tube voltage = 50 kV, tube current = 80 μA, pixel time = 1 sec. Top : ROI#2 and #4 (covered by the same mapping 

area). The upper yellow passage contains cadmium (Cd), calcium (Ca), sulfur (S), chlorine (Cl) and barium (Ba). Only Ca and Cl are detected in the red stripe, suggesting a 

synthetic organic pigment. Bottom : ROI#9. The dark turquoise stripe contains cobalt (Co), copper (Cu), and sulfur (S). The cream and grey background passages of both ROIs 

are dominated by titanium (Ti), calcium (Ca), and potassium (K), with some presence of zinc (Zn) and iron (Fe). 

Fig. 5. OCT 850 nm of ROI#9 on Winter Sun showing a single varnish layer, with varying thickness. Upper left : collected tomogram. Lower left : instrument settings and 

location of data collection. Upper right : processed virtual cross-section (tomogram), corrected for refractive index nR = 1.5, with measurements of varnish layer thickness. 

Lower centre : processed 3D surface model. Lower right : processed 3D surface model rendered with colour. 

134
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Fig. 6. OCT at 1350 nm, ROI#2, Winter Sun, showing an intermediate varnish layer (arrow 2) below the red paint (arrow 3) with another varnish layer on top (arrow 4). 

Left : colour image of the scanned region. Right : a virtual cross-section image from the co-aligned 1350 nm OCT. To obtain a physical thickness of coatings and paint layers, 

the measured thickness from the image needs to be divided by the refractive index nR = 1.5. 

Fig. 7. Acoustic Tomography, ROI#1–4, Winter Sun. Left : scanning area 16mm x 110mm (16mm of scanning distance of ultrasonic transducer inside the probe and scanning 

length on the painting of 110mm) with the ultrasonic, dry-contact probe (area and direction marked in yellow). Right : overview of the ultrasonic measurements, namely the 

b-scans (axial and sagittal); the coronal (top view slice in a depth between varnish and paint layers); the c-scan (tomography); a line profile from the area marked with 

yellow line in which the various changes of the phase of the signal (layers, sublayers etc.) are depicted. The entire stratigraphy of the painting is revealed: five layers of 

varnish and paint can be observed and are marked with dashed purple circles. 
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14 Chemistry students at The Institute of Chemical Science and Technology-SCITEC 

of CNR, Italy, performed an in-depth IR study of acrylic varnishes and binders of 
he artist, or the red layer could have been a later compositional 

hange. 

While OCT revealed information about the transparent upper 

ayers only, ultrasonic tomography showed the entire painting’s 

tratigraphy. This technique enabled a more representative assess- 

ent, since the layer thickness could be characterised across the 

ntire painting surface. The thickness of the varnish was calculated 

rom the distance between the first two echoes in the scanned area 

dimensions 16 ×110 mm, covering ROI#4 and ROI#2; Fig. 7 ). A to- 

al of five layers were resolved for Winter Sun , including varnish, 

aint, and ground, with varnish thickness measurement supporting 

he OCT results (4–40 μm). These findings thus provide an under- 

tanding of the painting process and layer build-up, without the 

eed for taking physical cross-sections. 

The varnish was identified with ERIRS in the mid-IR range 

s acrylic dispersion resin with the following characteristic bands 

 Fig. 8 ): C-H stretching at high wavenumber (ca. 30 0 0 cm−1 ); C = O

tretching at ca. 1730 cm−1 ; the C-H bending doublet at ca. 1465 

m−1 and 1380 cm−1 and at 854 cm−1 (rocking); the C-O-C, C-C 

nd C-O stretching modes at 1240 cm−1 and ca. 1180 cm−1 . Com- 

arison with reference spectra of Plextol P500, representative of a 

oly(ethyl acrylate/methyl methacrylate) co-polymer p(EA/MMA), 

r

135
hows a high match (visualised with the black line). However, 

ome variability can be observed among the spectra, which can 

e attributed to different morphological characteristics, as well as 

he presence of additional features arising from the inorganic paint 

omponents, such as sulfates, carbonates and silicates, and the po- 

ential migration of the PEO/PEG surfactant to the surface. This 

ffect is particularly evident in the spectra of ROI#7, ROI#9, and 

OI#10 ( Fig. 8 ), and is further confirmed by comparison with a 

lextol P500 reference showing surfactant phase separation. The 

ain IR signals of the migrated surfactant are highlighted by as- 

erisks (red line) [ 32 ]. 

Notably, these results highlight the possibility of using non- 

nvasive IR techniques to distinguish between different acrylic- 

ased polymers and an in-depth ERIRS study of acrylic varnishes 

nd binders of reference materials is currently ongoing. 14 Short 

ave infrared (SWIR) imaging and principal component analysis 

PCA) applied to the spectra could assist with interpretation by 

rouping polymers according to chemical composition [ 33 ]. 
eference materials and a publication is forthcoming. 
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Fig. 8. ERIRS spectra in the mid-IR range recorded on multiple ROIs on Winter Sun. Spectra are compared with IR profiles from reference materials, Plextol P500 [p(EA/MMA), 

with and without the signals of the surfactant PEO/PEG, black and red lines respectively]. The main vibrational modes of both organic and inorganic paint components are 

indicated: ∗marks PEO/PEG signals; r = red; y = yellow; w = white; b = blue; o = orange; g = green. 
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The identification of EA/MMA corresponds with the date of the 

ainting (1966), since EA/MMA was the first copolymer used in 

crylic emulsion paint and coatings technology [ 34 ]. An empiri- 

al hardness test on the painting, carried out by gently applying 

 scalpel blade to the varnish surface, confirmed the soft, flexible 

ature typical of acrylic dispersions rather than harder solution- 

ased varnishes. Further confirmation via transmission FTIR and 

y-GCMS on microsamples is planned to resolve co- or terpolymer 

ontent and the presence of additives [ 35–40 ]. 

.4. Summary of comparative findings across the case study group 

The seven other paintings revealed both shared and divergent 

aterial choices, summarised in Table 3 . The ground layers in 

he paintings dated before 1982 were PVAc-based, with formula- 

ions resembling household products such as Jotaplast. Vinyl-based 

aints also dominated the earlier works. Although only two works 

ost 1980 were analysed, there is a possible trend to transition 

o acrylics by 1982. Only the two paintings by Tor Hoff featured 

VAc resin varnishes, while the painting by Anders Kjær (1980) 

otentially has an acrylic-vinyl copolymer varnish layer. This re- 

uires further investigation and analysis of micro-samples from 

he painting using transmission FTIR and Py-GCMS to be certain. 

jær is known to use Liquitex acrylic medium as a varnish layer 15 

nd the results could therefore indicate that Liquitex medium from 

980 was an acrylic-vinyl copolymer. All other paintings exhib- 

ted acrylic dispersion resin varnishes, with those by Skedsmo and 

rneberg showing evidence of EA/MMA copolymer compositions. 

his is somewhat unexpected given the date of the two paint- 

ngs (1980 and 1982 respectively), since most artist varnish for- 

ulas had switched to using butyl acetate (BA) rather than EA 

y the 1980s [ 29 , 41 ]. Again, further investigation is required to be

ertain. 
15 Personal correspondence between Kjær and Homer, 15 February 2024, and In- 

ormasjon fra kartotek “Materialbruk i moderne malerier i Nasjonalgalleriets eie”. 
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.5. Implications for conservation and varnish removal strategies 

The findings of this study directly inform current concerns in 

onservation surrounding the removal of synthetic varnishes from 

aterborne paint films. The identification of waterborne acrylic 

ispersion varnishes on most of the case study paintings chal- 

enges long-held assumptions that solvent-based acrylic solutions 

ere the primary coating type. Dispersion varnishes are marketed 

s permanent or “non-removable” by the manufactures, intended 

or use as an isolation layer prior to a final varnish [ 4 ]. They are

sually based on the acrylic medium used in the paints and are 

herefore particularly problematic due to their comparable solu- 

ility and mechanical properties relative to the underlying paint. 

his chemical and physical similarity significantly raises the risk 

f swelling, undercutting, or removal of original material during 

leaning. Conventional varnish removal techniques are thereby ren- 

ered ineffective or unsafe. However, the hypothesis that precise 

olvent selection and refined gel application can reliably target 

nly the varnish is equally problematic. As shown through tech- 

iques such as OCT and ultrasonic tomography, these modern var- 

ishes are often extremely thin, and the layer structure is often 

ore complicated than expected. Irregular surface texture, pres- 

nce of specific pigments, and potential interaction between layers 

omplicates selective removal even further. 

This study highlights the urgent need for conservation strate- 

ies that consider not only chemical interactions and solubility of 

arnish and paint layers, but also the material history and artistic 

ntent. By mapping the detailed chemical composition and stratig- 

aphy of the paint and varnish systems, this research paves the 

ay for more nuanced approaches to acrylic varnish removal and 

rovides a critical foundation for designing realistic mock-ups that 

eflect actual materials used by Norwegian artists during this pe- 

iod. Such mock-ups would facilitate systematic testing of cleaning 

ethods, enabling controlled evaluation of risk and efficacy. In this 

ay, the research not only clarifies what materials are present but 

lso informs how conservators might proceed with greater confi- 

ence, contextual understanding, and ethical sensitivity. 



L. Homer, P. Targowski, M. Kowalska et al. Journal of Cultural Heritage 77 (2026) 127–139
T

a
b

le
 
3
 

O
v

e
rv

ie
w
 
o

f 
m

e
d

ia
 
a

n
d
 
p

ig
m

e
n

t 
a

n
a

ly
si

s 
b

y
 
E

R
IR

S
 
a

n
d
 
X

R
F
 
m

a
p

p
in

g
 
o

f 
th

e
 
e

ig
h

t 
ca

se
 
st

u
d

y
 
p

a
in

ti
n

g
s;
 
v

a
rn

is
h
 
st

ra
ti

g
ra

p
h

y
 
in

fo
rm

a
ti

o
n
 
g

a
th

e
re

d
 
w

it
h
 
O

C
T
 
a

n
d
 
u

lt
ra

so
n

ic
 
to

m
o

g
ra

p
h

y.
 
Q

u
e

st
io

n
 
m

a
rk

s 
in

d
ic

a
te
 
u

n
ce

rt
a

in
ty
 
o

f 
th

e
 

re
su

lt
s.
 

Im
a

g
e
 

A
rt

is
t 

T
it

le
 

D
a

te
 

R
e

g
is

te
re

d
 
m

e
d

ia
 
in
 

d
a

ta
b

a
se
 

G
ro

u
n

d
 
la

y
e

r 

b
in

d
e

r 

P
a

in
t 

b
in

d
e

r 
E

x
te

n
d

e
rs

/p
ig

m
e

n
ts
 
(E

R
IR

S
, 

X
R

F
 
m

a
p

) 
V

a
rn

is
h
 
b

in
d

e
r 

V
a

rn
is

h
 
la

y
e

rs
 
&
 
th

ic
k

n
e

ss
 

G
u

n
n

a
r 

S
. 

G
u

n
d

e
rs

e
n
 

W
in

te
r 

S
u

n
 

1
9

6
6
 

A
cr

y
li

c 
P

V
A

c 
re

si
n
 

P
V

A
c 

re
si

n
 

T
it

a
n

iu
m
 
w

h
it

e
; 

ca
lc

it
e

; 
li

k
e

ly
 
ta

lc
. 

P
o

ss
ib

ly
 

ca
d

m
iu

m
 
y

e
ll

o
w

, 
sy

n
th

e
ti

c 
o

rg
a

n
ic
 
re

d
, 

co
b

a
lt
 

b
lu

e
, 

p
h

th
a

lo
cy

a
n

in
e
 
b

lu
e
 

A
cr

y
li

c 
d

is
p

e
rs

io
n
 
re

si
n
 

(p
o

ss
ib

ly
 
E

A
/M

M
A

) 

S
in

g
le
 
la

y
e

r;
 
4

-4
5

μ
m
 
th

ic
k
 

P
e

r 
K

le
iv

a
 

B
e

a
m

s 
fr

o
m
 
th

e
 

A
sh

e
s 

1
9

7
2
 

A
cr

y
li

c 
P

V
A

c 
re

si
n
 

A
cr

y
li

c 
re

si
n
 

T
it

a
n

iu
m
 
w

h
it

e
 
(r

u
ti

le
);
 
ca

lc
it

e
; 

d
o

lo
m

it
e

. 
A

cr
y

li
c 

d
is

p
e

rs
io

n
 
re

si
n
 

(p
o

ss
ib

ly
 
B

A
/M

M
A

) 

S
o

m
e

ti
m

e
s 

tw
o
 
la

y
e

rs
; 

1
-3

8
μ

m
 
th

ic
k
 

T
o

r 
H

o
ff

T
h

e
 
G

o
ld

e
n
 
B

re
a

k
 

1
9

7
4
 

A
cr

y
li

c 
P

V
A

c 
re

si
n
 

P
V

A
c 

re
si

n
 

T
it

a
n

iu
m
 
w

h
it

e
; 

d
o

lo
m

it
e

; 
li

k
e

ly
 
k

a
o

li
n

it
e

. 

P
o

ss
ib

ly
 
b

o
n

e
 
b

la
ck

; 
e

a
rt

h
 
p

ig
m

e
n

ts
; 

g
o

ld
 

sp
ra

y
 
p

a
in

t 
(c

o
p

p
e

r 
&
 
z

in
c)
 1

6
 

P
V

A
c 

re
si

n
 

S
in

g
le
 
la

y
e

r;
 
3

-4
5

μ
m
 
th

ic
k
 

T
o

r 
H

o
ff

G
re

a
t 

H
e

a
v

e
n

ly
 

S
to

n
e
 

1
9

7
5
 

A
cr

y
li

c 
P

V
A

c 
re

si
n
 

P
V

A
c 

re
si

n
 

T
it

a
n

iu
m
 
w

h
it

e
 
(p

o
ss

ib
ly
 
a

n
a

ta
se

);
 
d

o
lo

m
it

e
; 

k
a

o
li

n
it

e
. 

P
V

A
c 

re
si

n
 

S
in

g
le
 
la

y
e

r;
 
2

-2
6

μ
m
 
th

ic
k
 

A
n

d
e

rs
 

K
jæ

r 

B
e

fo
re
 
th

e
 
S

to
rm

 
1

9
8

0
 

A
cr

y
li

c 
P

V
A

c 
re

si
n
 

P
V

A
c 

re
si

n
?
 

T
it

a
n

iu
m
 
w

h
it

e
 
(p

o
ss

ib
ly
 
ru

ti
le

);
 
ca

lc
it

e
; 

k
a

o
li

n
it

e
. 

P
o

ss
ib

ly
 
iv

o
ry
 
b

la
ck

, 
ir

o
n
 
o

x
id

e
 

p
ig

m
e

n
ts
 

A
cr

y
li

c 
d

is
p

e
rs

io
n
 
re

si
n
 

(p
o

ss
ib

ly
 
v

in
y

l-
a

cr
y

li
c 

co
p

o
ly

m
e

r)
 

C
o

u
ld

n
o

t
b

e
re

so
lv

e
d
 
in
 

m
o

st
p

la
ce

s 

D
a

g
 

S
k

e
d

sm
o
 

U
n

ti
tl

e
d
 

1
9

8
0
 

A
cr

y
li

c 
P

V
A

c 
re

si
n
 

P
V

A
c 

re
si

n
 

T
it

a
n

iu
m
 
w

h
it

e
; 

k
a

o
li

n
it

e
; 

ca
lc

it
e

; 
d

o
lo

m
it

e
. 

P
o

ss
ib

ly
 
p

h
th

a
lo

cy
a

n
in

e
 
b

lu
e

. 

A
cr

y
li

c 
d

is
p

e
rs

io
n
 
re

si
n
 

(p
o

ss
ib

ly
 
E

A
/M

M
A

) 

S
in

g
le
 
la

y
e

r;
 
5

-2
7

μ
m
 
th

ic
k
 

A
n

n
a
 
E

v
a
 

B
e

rg
m

a
n
 

D
o

u
b

le
 
M

o
u

n
ta

in
 

1
9

8
2
 

A
cr

y
li

c 
A

cr
y

li
c 

re
si

n
 

A
cr

y
li

c 
re

si
n

?
 

T
it

a
n

iu
m
 
w

h
it

e
; 

p
o

ss
ib

ly
 
u

lt
ra

m
a

ri
n

e
 
b

lu
e

. 
K

e
to

n
e
 
re

si
n
 

S
in

g
le

la
y

e
r;

3
-2

0
μ

m
th

ic
k
 

M
a

ri
a

n
n

e
 

A
rn

e
b

e
rg
 

F
ru

it
 
I 

1
9

8
2
 

A
cr

y
li

c 
A

cr
y

li
c 

re
si

n
 

A
cr

y
li

c 
re

si
n
 

T
it

a
n

iu
m
 
w

h
it

e
; 

ca
lc

it
e

. 
A

cr
y

li
c 

d
is

p
e

rs
io

n
 
re

si
n
 

(p
o

ss
ib

ly
 
E

A
/M

M
A

) 

S
in

g
le
 
la

y
e

r;
 
4

-3
0

μ
m
 
th

ic
k
 

1
6
 

T
h

e
 
g

o
ld
 
p

a
in

t 
co

n
si

st
s 

o
f 

co
p

p
e

r 
a

n
d
 
zi

n
c,
 
w

h
ic

h
 
a

re
 
fo

u
n

d
 
in
 
co

m
b

in
a

ti
o

n
 
in
 
co

n
te

m
p

o
ra

ry
 
in

d
u

st
ri

a
l 

m
e

ta
ll

ic
 
sp

ra
y
 
p

a
in

ts
: 

h
tt

p
s:

//
d

o
i.

o
rg

/1
0

.1
0

1
6

/j
.j

a
s.

2
0

0
5

.1
0

.0
0

6
 

[a
cc

e
ss

e
d

2
7.

11
.2

4
].
 

5

l

e

P

m

p

S

p

p

t

m

v

c

a

m

o

T

a

p

1

o

r

t

e

u

t

m

w

g

s

p

b

o

e

t

e

l

p

E

b

i

t

A

p

t

T

s

p

A

t

o

c

m

i

8

137
. Conclusions 

This study presents, for the first time, the non-invasive ana- 

ytical results of a group of Norwegian Modernist paintings ex- 

cuted in and varnished with waterborne acrylic dispersion or 

VAc media. The results demonstrate the effectiveness of a multi- 

odal, non-invasive analytical approach to characterise these com- 

lex material systems. Through the in-depth analysis of Winter 

un , which integrated OCT, ERIRS, XRF mapping, optical micro- 

rofilometry, ultrasonic tomography, and digital microscopy, it was 

ossible to: (i) identify the varnish layer’s composition, distribu- 

ion, thickness and degradation; (ii) identify paint binders and pig- 

ents; (iii) reconstruct layer stratigraphy; (iv) reveal the paint and 

arnish morphology and surface characteristics. 

By extending the multimodal approach to the seven additional 

ase study paintings, this research also identified shared features 

nd significant material differences across the group, and the 

ixed methodology enabled the mapping of materials and meth- 

ds used by select artists in Norway during the 1960s–1980s. 

hese comparative findings revealed the range of industrial and 

rtist-grade materials that artists embraced in Norway during this 

eriod, particularly vinyl-based primers and paints up until the 

980s, and waterborne acrylic dispersion varnishes. As a result 

f the study, corrections were made to the museum’s database 

ecords, in terms of material composition, which allowed contex- 

ualisation within the Norwegian paint market at the time, thereby 

nhancing both conservation decision making and art-historical 

nderstanding. 

While this study benefitted from access to multiple analytical 

echniques through MOLAB, the amount of data gathered was im- 

ense and there was significant overlap of information, especially 

ith OCT and tomography. Furthermore, much of the information 

athered was also revealed through simpler methods such as vi- 

ual observation in raking light and digital microscopy. For exam- 

le, air bubbles within the paint layers were easily resolved with 

oth micro-profilometry and OCT, but these were also visible with 

ptical microscopy. The layering of different paint passages was 

vident with micro-profilometry but was also easily understood 

hrough examination with raking light and digital microscopy. Nev- 

rtheless, visual recognition of acrylic and vinyl paints can be chal- 

enging, and precise identification of the polymers and binders 

resent is not possible without IR spectroscopy methods, such as 

RIRS. Likewise, the value of OCT for painting conservators has 

een demonstrated in this and other publications [ 18 , 42–48 ], and 

t is hoped that this analytical tool will be more easily accessible 

o conservators and researchers in the future. 
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