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1

Introduction
1.1. Adam Park has a rich history of fighting during World War II and was also used as a Prisoner
of War (POW) camp during the Japanese Occupation. During that period, houses in Adam
Park were converted into dormitory, hospital, canteen, chapel etc. for the POWs. Mr
Jonathan Cooper, The Adam Park Project (TAPP) manager, has successfully identified the
chapel at No. 11 Adam Park through extensive research. Based on the research done, a
mural had been painted on one of the wall in the 2nd storey room in the chapel (11 Adam
Park). However, it is not known if the mural still exists as the wall has been painted and
possibly plastered over. As this house had also been renovated in recent years, the mural
could have been damaged or even completely removed.
At the same time, a calendar was identified on a wall in one of the room at No. 5 Adam
Park. The calendar, dated 1942, was drawn using graphite onto the lime wall surface.
1.2. MAEK Consulting Pte Ltd has been engaged to determine if the mural and calendar, or part
of them still exist beneath the painted surface of the identified wall. MAEK provides
consultancy in the study and conservation of historic buildings, and also specialised
restoration works of heritage finishes. MAEK has recently partook the restoration of the
Majulah Crest at the Victoria Theatre and Victoria Concert Hall and is currently involved in
the conservation of the former Tanjong Pagar Railway Station. This project called upon the
collective effort of varying specialists and expertise as follows:
Serene Teoh, Consultant (Environmental)
Ryanne Tang Hui Shan, Senior Consultant (Chemist)
Foo Chin Peng, Engineer (Mechanical)
Wong Chung Wan, Director
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2

The Mural and Initial Hypothesis

2.1. The mural is recorded to be drawn by Captain Andrews, using yellow clay and Rickett's Blue for
the colours. Robert Mitchell and Lt Col Withers-Payne drew a picture of the interior of the
chapel as seen in Figure 1 and Figure 2.

Figure 1 Mural drawn by Robert Mitchell

Figure 2 Mural drawn by Lt Col Withers-Payne
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2.2. No other information of the materials used is available such as the type of paint used for the
ribbon above the window and other paintings on the wall save for the use of Rickett's Blue as a
component of paint for the mural.
2.3. There are several possible scenarios for the mural. Firstly it may have been removed prior to the
repainting or re-plastering of the wall, where it is no longer on the surface. Alternatively, if the
mural had not been removed, it may have been damaged during the repainting or re-plastering
process. Thus only part of it may remain. Thirdly, subsequent paint or plaster layers may bond
very well to the origin paint of the mural rendering it impossible to be exposed. Finally the
presence of any lime wash and weak plaster over the mural could have protected and preserved
it which may then allow the artwork to be uncovered. The thickness of the mural paint may vary
between colours and may be incorporated to the paint layer added on later.
2.4. Rickett Blue's is suspected to be a component/pigment used for the different colours of the
mural. One of the key attempts is therefore to identify the presence of Rickett blue pigment in
historic paint layers uncovered from the wall of interests. Rickett's blue is also known as laundry
bluing or blue and is often used during the last rinse of laundry, where the white fabrics will be
further whitened. The main components of Rickett Blue are synthetic ultramarine and sodium
bio-carbonate. Ultramarine pigments consist of sodium, aluminium, silicate lattices and these
pigments have polysulphide (-S-S-S) chains.

MAEK Consulting Pte Ltd
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3. Field Works – 1st Trip
3.1. Given the suspected friability of the historic mural, a painstaking approach has embarked on in
trying to uncover the remnants of the painting. Non-destructive means was first attempted to
determine if the mural or the outline of it can be picked up. These involved the use of infrared
thermography and surface penetrating radar. As thermography was commonly employed to
detect temperature variations on a surface, it is used here to see if there is any gap or void
between the mural and subsequent layers of paint or plaster which may affect heat flow. The
intent of the radar on the other hand was also to identify presence of gap or void as such air
space has different dielectric properties as compared to the plaster layer. Different substrate
layers or materials used may also affect heat flow or thermal conductivity and electrical
property, which may at times allow such technique to detect their presence. However, the
preliminary scanning using both techniques did not manage to successfully delineate the hidden
mural.
3.2. The next step was to carefully and slowly remove the surface layers of paint and latter applied
plaster to expose the mural. This was first carried out at areas away from the suspected mural to
evaluate if the historic plaster, which is typically hydrated lime with possibly lime wash finish,
still exists. This also allowed an assessment to be made as to the type of paint and plaster, and
their thicknesses, had been applied over the historic substrate. The de-layering was carried out
using a combination of sanding and scraping of the plaster and paint, and chemical stripping of
the paint. Once the latter applied layers are identified from the areas away from the mural, the
work proceeded to spots where the mural is suspected based on archival pictures provided by
Mr. Cooper.
3.3. During the de-layering, every gradually exposed layer was meticulously studied visually to
determine if it was historic or modern through its composition and texture. The outline of any
paint or interfaces and colours were also examined to establish if they were reminiscent of any
historic artwork. Frequent cross referencing and comparison with the picture of the mural
provided by Mr. Cooper were made.
3.4. Small diameter (25mm) cores were also extracted from the plaster layer for further examination
in the laboratory. This will allow a better understanding of the composition of the paint layers
and the thickness of the mural paint. Coring of the wall is considered destructive but inevitable
in this case. However, every attempt had been made to minimize damages to any part of the
hidden mural. Cores were initially tested on other areas of the wall where the mural is not
located at, to determine the depth of coring required. Small chips of inner plaster layers and
paint were also extracted for laboratory analysis. This reduced the need for large number of core
samples.
3.5. As for 5 Adam Park, the location of the calendar was disclosed by the tenant. The paint was then
carefully removed using a combination of a chemical paint stripper and delicate scrapping using
wooden scrapper.
3.6. All the field works for the 1st trip were conducted between 27 and 29 January 2016.
MAEK Consulting Pte Ltd
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Figure 3 (Left) Initial trial removal of paint and plaster away from likely location of mural (Right) A section of the wall
with organic emulsion paint completely removed exposing limewash layer
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4. Laboratory Analysis
4.1. Scraps and fragments of paint layers extracted from the wall were first subjected to microscopic
examination to identify the paint layers. The microscopes used were Carl Zeiss Stereozoom
Microscope (optical) and Keyance VHX-5000 (digital) with magnification from 50x to 2000x. See
figure 4. The texture, likely composition and colour of the historic layers, namely lime based
plaster, inorganic paint and limewash, including the over-layers of recent applications were
examined and identified.
4.2. Fragments where historic inorganic paint were further analysed using the Scanning Electron
Microscopy - Energy-Dispersive X-ray Spectroscopy (SEM-EDX) (See figure 6) where the
elemental composition of the paint samples were determined using specific signals produced
when the electron beam is scanned onto the surface.
4.3. SEM-EDX is a combinative technique with electron microscope showing surface image of sample
by scanning with a focused beam of electrons, and followed by EDX spectroscopy producing
elemental composition of tested sample.

Figure 4 (Left) Carl Zeiss Stereoscope and (Right) Keyence VHX-5000

Figure 5 Sample of Dispersive X-ray Spectroscopy (SEM-EDX)
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3

Findings
3.1. The entire wall has been painted with multiple layers of organic emulsion paint built up to
several millimetres in thickness and of varying colours, including blue. Initial stripping of the
paint revealed that the outermost substrate was limewash. It was originally thought that
this limewash was historic and that the mural could be just behind the emulsion paint.
However, with further removal delayering, it was discovered that this layer of limewash had
been applied much later onto latter applied plaster. It would appear that in some of the
past renovation works, lime based plaster and limewash was used, similar to what had been
applied historically. The euphoria was short-lived.
3.2. Upon gradual and further removal of the underlying layers, traces of the historic plaster
with beige to light orange limewash were eventually detected. The historic plaster was
made up of lime binder with sand and painted with multiple layers of pinkish beige
limewash. The limewash layer typically gives a distinct smooth and powdery/chalky texture.
At some sporadic spots, the historic plaster with the limewash had been overlaid with latter
applied plaster, which is made up lime and cement binder, with sand as fine aggregates.
This plaster could be removed due to its poor adherence to the powdery historic limewash.
Some parts of the historical plaster were overlaid with a thin lime based skim coat which
could be easily scrapped off. At these locations, residues of what appeared to be artworks
could be detected.
3.3. However, a significant portion of the wall was found to have its historic plaster removed or
partially hacked off and then re-plastered. These could not be removed without damaging
the historic layer. Nevertheless, it is unlikely to find any remnant of the mural artwork at
these locations.
3.4. Where remnants of the historic paint (including limewash) and artwork could be detected,
different colours were discerned. Specifically, three different colours were noted; namely
green, bluish grey and reddish brown. The first discovery was made on the top left corner of
the window. The artworks had apparently been applied over a limewash layer. The greenish
artwork appeared as a narrow band and noted to be much harder as compared to the
bluish grey artwork. Parts of the artworks had detached from the limewash layer,
understandably due to the inherent powdery nature of the limewash.
3.5. The greenish band was consistently found around where the mural was depicted based on
the archive picture, specifically along the border of the ribbon. Due to its much harder
matrix, the greenish band appeared to be better intact as compared to the other colours.
The bluish grey layer was discerned to be bordered by the greenish band. This band is likely
to be the border of the ribbon. Faint pencil marks could be seen along the edge of the
greenish band, possibly indicating that pencil was used to draw the outline of the mural
before painting.
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3.6. Sparse traces of reddish brown colour was also seen, which is believed to match the colour
at the reverse of the ribbon. The outline of the mural could be marked out based on the
edges of the greenish band. A large portion of the mural especially those at the lower
portion seems to have been lost or damaged by renovation works as new thick cement
based plaster had been applied over. Attempts to remove the plaster did not reveal any
historic layer. Cores taken also did not show any historic layer or remnants of artwork
through the thickness of the plaster.
3.7. At the top part of the ribbon, the wall above the window is lined with and electrical conduit
and timber cornice. Traces of similar colours could be found and appeared to be in better
condition. This could be due to lesser damaging works to the plaster because of the
electrical conduits and timber cornice. It is likely that greater extent of the original mural
could be intact and hidden behind the conduit and cornice.

Figure 6 Discovery of remnants of artwork

Figure 7 Verification of mural by Mr Cooper
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Figure 8 Initial pinkish beige limewash overlaid with latter applied plaster followed by another layer of beige lime wash
and organic paint

Figure 9 Initial uncovering of traces of artwork revealing different colours
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Figure 10 Approximate location of the mural as highlighted. Note the bluish grey below the green band and reddish
brown on the top right corner

Figure 11 Outline of pencil mark along the edge of green band
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a
d
b

e
c

Figure 12 Closeup view of the uncovered layers: greenish band (a), blush grey layer (b), original layers of pinkish
limewash (c), latter applied organic paint, latter applied lime wash (d), skim coat applied over the historic artwork (e)
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Green band (a) on
top followed by
bluish grey layer (b)
below. This is found
above the electrical
ducting and timber
cornice.

a
b

Timber cornice

Electrical ducting

b
Green band (a) below followed
by bluish grey (b) colour on
top. Reddish brown (c) could
be seen below the green band.
The corresponding spots on
the mural are shown

a
c

Figure 13 Further identification on top right corner of window
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Figure 14 Outline of the mural as found on the wall with matching the mural based on archive picture
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3.8. From the fragments of plaster and paint from the wall collected from above the window, a
number of paint layers were observed on the surface of the plaster sample, which included
greenish and bluish paints in a darker tonality. Those seemed unlikely to be modern paint but
possibly old/historical paint. Observations derived from the various microscopic examinations
are illustrated in the following paragraphs.

Figure 15 Investigation of paint fragments

3.9. The top image in figure 15 shows the location of where the sample was taken from. An overall
view of the collected hand sample was displayed in the bottom left photo in figure 15. In a
further magnified view as displayed in the bottom right photo, the whitish and yellowish limebased plaster appeared to be coated with a number of layers of colour paints. They were namely
beige/orange paint, followed by pale bluish paint and dark greenish paint, from bottom to top.
Besides, residues of whitish powders were spotted on the surface of the dark greenish paint,
which was likely from lime-wash layer in a latter-day application.

MAEK Consulting Pte Ltd
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Figure 16 Microscopic examination of paint fragment

3.10. In figure 16, the left photo shows the 3D-layering image of the paints and lime-wash layer
found on the surface of the plaster sample. In the right photo, residues of pale blue paint could
be spotted to the left applied over orange lime wash layer. The blue paint residues were
observed to be translucent, and contained traces of deep blue flakes.

Figure 17 Flakes of bluish flakes

3.11. From a close-up view in figure 17 on the pale bluish paint, it was seen to be made up of
translucent, whitish base material speckled with a significant number of tiny, deep bluish flakes.
See the left photo. The deep bluish flakes as spotted were likely the blue pigments used to
render the pale blue hue. On the other hand, the quality of the dark greenish paint layer was
observed to be denser and more homogeneous. See the right photo.
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4

Chemical Analysis of Samples – Using SEM-EDX

4.1. SEM-EDX was herein conducted to carry out a morphological and elemental analysis on the pale
bluish paint layer on the top surface of the plaster sample. This is only a semi quantitative
analysis by showing the mass proportion of the detected elements within the tested area
surface. Two areas, identified as 1 and 2, are identified from the sample paint for this test. The
results are presented below.
4.2. The optical and SEM images of the plaster sample are shown as below.

Figure 18 (Left) Optical image of area 1 ; (Right) SEM image of test area 1

Figure 19 (Left) Optical image of test area 2; (Right) SEM image of test area 2

MAEK Consulting Pte Ltd

16

M367/16/TAPP
________________________________________________________________________________
4.3. Elemental analysis on test areas 1 and 2 of the pale bluish paint layer is displayed as follows.
Element
Ca
C
O
Si
Al
S
Na

Spot 1
30.2
11.9
48.1
6.6
0.3
0.4
-

Relative mass %
Spot 2
Spot 3
31.4
32.1
14.1
13.9
47.8
48.6
5.3
4.2
0.3
0.3
0.4
0.5
0.1
0.1

Spot 4
24.7
16.3
51.8
3.7
0.9
0.3
0.3

4.4. Based on the elemental analysis, the major elements detected from the pale bluish paint were
calcium (Ca), carbon (C) and oxygen (O). Therefore, the base material of the paint could likely be
calcium carbonate (CaCO3), which is the base chemical of lime. This paint is thus likely historical
as lime was widely and predominantly used as the traditional paint and coating material in early
1900’s.
4.5. Trace elements such as silicon (Si), aluminium (Al), sulphur (S), and minimal sodium (Na) were
detected from the paint as well. These elements possibly suggest the presence of ultramarine
blue (approximately 3NaAlSiO4.Na2S2) pigment, which is commonly used to produce a traditional
laundry dye, called ‘Reckitt’s Blue’1.
-

Ref. 1: Colin Archibald Russell, Chemistry, Society and Environment: A New History of The
British Chemical Industry, Royal Society of Chemistry, 2000.
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5

Comparative Analysis Between Pale Bluish Paint Layer And Typical
Ultramarine Pigment

5.1. The micro-structure of deep-bluish pigment flakes as found in the blue paint was studied under
digital microscope at 1000X magnification. This sample was taken from the area similar to the
previous samples. The structure was then compared against the microscopic structure of a
typical ultramarine blue pigments. See images below.

5.2. The photo on the left shows the microscopic image of deep bluish pigment flakes as detected
from within the blue paint. The deep blue, tiny particles were generally discerned in sub-angular
shape, of various sizes, and widely-spread throughout the whitish lime-based material. Such
observation corresponds to the micro-structure characteristics of typical ultramarine blue
pigments as shown in the right image2.
5.3. As such, the deep blue tiny flakes found in the blue paint were identified to be likely ultramarine
blue pigment, which is known as the common material used to formulate the traditional
‘Reckitt’s Blue’ dye.

Ref 2: Osticioli, N.F.C. Mendes, A. Nevin, Francisco P.S.C. Gil, M. Becucci, E. Castellucci, Analysis
of Natural and Artificial Ultramarine Blue Pigments using Laser Induced Breakdown and Pulsed
Raman Spectroscopy, Statistical Analysis and Light Microscopy, Elsevier, Spectrochimica Acta
Part A (2008) 7.

6

Second Field Works

6.1. The pigment identified is likely to be Rickett's Blue from the exposed section of the mural. The
combination of using different techniques (mechanical and chemical techniques) resulted in the
uncovering of sections of the murals above the window. However, only fragments and traces
could be uncovered. Areas at the bottom section of the wall may have been damaged and replastered and thus there was no trace of mural left.
6.2. It was believed that a greater amount of the mural could have remained intact behind the
electrical conduit and timber cornice. Thus, a second field trip was embarked, and this time a
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section of the electrical conduit as well as the timber cornice was removed on 8th April 2016. It
was found that the surface behind the electrical conduit had been overlaid with latter applied
lime plaster whilst the area behind the timber cornice had merely been painted. It was now
evident that during earlier renovation works to the building, the top section of the mural could
have simply been painted followed by installation of the timber cornice. This could well had
resulted in the mural been left reasonably intact and protected.

Timber cornice

Painted area

Plasted area
Electrical conduit

Photo on the left shows removal of the electrical conduit and timber cornice. In the right photo, the area behind
the timber appeared only to have been painted over whilst that behind the electrical conduit had been overlaid
with lime plaster. Note the presence of a square h ole where a timber plug was inserted to allow the timber
skirting to be nailed into.

6.3. However, the timber cornice was installed by nailing it into timber plugs inserted into the
historic wall as the original lime plaster would not be able to provide sufficient anchorage or
bond to timber nails. This unfortunately required holes to be made in the wall for insertion of
timber plugs, which inevitably resulted in localised damages along the ribbon of the mural.
6.4. Careful removal the paint using a combination of solvent and water on the area behind the
timber cornice exposed part of the letterings of Olden English fonts from the original mural. The
outline of the letters appeared to have been drawn by pencil before being painted with golden
coloured pigment. Those covered by the lime plaster behind the electrical conduits were not
exposed as it requires extensive and meticulous process.

MAEK Consulting Pte Ltd
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Timber cornice

Electrical conduit

O
Only the top half of the letters could be exposed as the bottom half of the ribbon had been overlaid
with lime plaster. The top half apparently had only been painted over and could be easily uncovered.
The outlines of the letters were first drawn with pencil as the lead tracing was remarkably still
visible. The Olden English letters were then painted with golden coloured pigments. Photos above
show part of the letter O.

MAEK Consulting Pte Ltd
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ye
Photos above show the partially uncovered word ‘ye’ from the mural.

7. Conclusion and Recommendation
7.1. No. 11 Adam Park has been confirmed as the house that had been used as a chapel and part of
the mural that is intact had been identified and partially exposed. This largely undamaged mural
is the top band of the ribbon and some of the Olden English letters are still visible though
partially obscured by paint works.
7.2. It is recommended to fully expose the mural behind the timber cornice as well as the electrical
conduit as it is believe that a significant part of the top band of the ribbon could still be intact.
This will require removal of the paint works and latter applied lime based plaster behind the
cornice and conduit respectively. The method of removal of these finishes will need to be
designed so as to minimize damages to the remaining mural. It will call for the use of sensitive
and least aggressive processes, which are to be selected or advised by experience conservators.
The mural should then be protected with the use of consolidant both on the surfaced and
possible within the substrate. This may involve the use of lime based emulsion and/or
alkoxysilane. Trial will need to be to be carried out to assess the suitability or effectiveness of
these potential consolidant treatments before proceeding to full scale exercise.
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8. Works at No.5 Adam Park
8.1. The calendar on the wall was exposed and matched the photograph provided (Appendix 2).
Paint seriation was used on the surface to remove the top layer of paint. This was conducted
carefully with a series of chemicals to soften the paint layers, enabling it to be easier for removal
with minimal damage to the pencil markings.
8.2. The calendar appears to be written using graphite pencil.

Figure 20 The calendar on the wall of No. 5 Adam Park being exposed using paint seriation.
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APPENDIX 1: MURAL AT 11 ADAM PARK
Overall view of the mural and the uncovered sections
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APPENDIX 2: CALENDER AT 5 ADAM PARK

Top image shows the uncovered calendar whilst the picture on the right is a
photo of the original calendar from archive
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