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Introduction  

 

The investigation of Tutankhamuns' gilded wooden bed (Carter. No 377, GEM 14276) 

showed that the use of different organic materials during several restoration interventions since 

the discovery of the tomb included paraffin wax, mixture of rosin and paraffin wax and also 

mixture of rosin and bees wax [1, 2]. Unfortunately, their  applications induced a drastic 

alteration of the interfacial properties of the object and lead to increased  degradation as well as 

prevented the application of other materials for conservation [1, 3-5]. These previously added 

organic materials had to be  removed, yet that had to be achieved without affecting the original 

gilding materials. The complete removal of these added materials is often a delicate problem, 

not only due to the lack of reversibility for resins or waxes, but also because of the poor 

cohesion of the gilded layer and its water sensitivity, as well as the thin thickness of gold leaves 

used in the bed. An important challenge for us is to find highly selective agents that act only on 

the deleterious layers, do not damage chemically or mechanically the gilded layer that is to be 

cleaned, and do not leave residues on the surface after removal of the cleaning agents. Carbopol 

solvent surfactant gels [6] and microemulsions [7] are the present cleaning systems used by 
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Abstract  

 

The aim of this paper is to identify the best and most appropriate method to soften and remove 

three previous intervention materials (paraffin wax, rosin + paraffin wax, rosin + bees wax) 

and dirt layers applied on gilded wooden experimental samples, which were prepared on the 

basis of the information inferred from both chemical and physical analyses carried out on the 

gilded wooden bed of King Tutankhamun. Successful removal of previous intervention materials 

was determined by several scientific and analytical measures including ultraviolet induced 

luminescence (UVL), optical microscopy (OM), colorimetric measurements, X-ray fluorescence 

spectroscopy (XRF), and Fourier transform infrared spectroscopy (FTIR). Results indicate that 

it is possible to soften and easily remove previous intervention materials and dirt layers from 

gilding surface by using carbopol surfactant gels, which were extremely effective for 

solubilizing and removal of previous intervention materials from the studied bed without 

causing harm on the original gilding and offering essential data for the follow-up treatment and 

conservation works of the other gilded objects of King Tutankhamun. 
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conservators for removal of previous consolidation materials and dirt layers from artifacts [8-

13] as these systems avoid penetration of the dissolved previous treatment layers into the 

support base, avoid the presence of residues from the products used and minimize the use of 

pure solvents. Therefore, this paper describes an experimental study using traditional and 

current cleaning systems with the aim of evaluating the most effective material that has the 

ability swell and remove previous restoration materials and dirt layers from gilded experimental 

samples without causing any harm on the gilding. 
 

Materials and methods 

 

Materials  

Acacia wood, calcium carbonate, linen, carbon black, gold leaf (Composition: 95% Au, 

4%Ag, 1%Cu; thickness: 3μm) were used for preparing the experimental gilded samples, 

similar to the structure of Tutankhamuns' bed. Paraffin wax, bees wax and rosin were added to 

the gilded samples for simulation of old treatments. Carbopol Ultrez 21, Ethomeen C12, 

Ethomeen C 25, iso- propanol, acetone, sodium dodecyl sulphate (SDS) (purity 99%), 1-

pentanol (purity 98.5%), ethyl acetate (purity 99.5%), xylene (purity > 99.5%), white spirit, 1-

vinylimidazole, 1-Bromooctadecane, N,N′-Methylenebis acrylamide, acrylamide, potassium 

persulfate, Fe(NO3)3·6H2O, Co(NO3)2·6H2O (99%, Aldrich), urea (99, Merck) and purified 

water were the cleaning materials chosen for evaluation. 

 Preparation of experimental gilding samples 

To evaluate the effectiveness of the prepared cleaning systems, gilded experimental 

samples were prepared based on the information inferred from both chemical and physical 

analyses carried out on the gilded wooden bed of King Tutankhamun [1] following its 

stratigraphic structure. The preparation of these experimental samples involved the covering of 

acacia wood surface with a black layer made of carbon bound with glue, followed by a woven 

linen layer adhered to a white preparation layer made of calcium carbonate bound with animal 

glue to obtain a smooth surface for gilding process. On top of these layers, a layer of gold leaf 

was attached by animal glue. The gilded experimental samples were coated by three 

consolidation materials commonly used in previous conservation treatments detected during the 

investigation and analysis of the gilded wooden bed of King Tutankhamun: namely paraffin 

wax, mixture of paraffin wax and rosin and mixture of beeswax and rosin. To simulate the 

natural aging process of 90 years exposure in the Egyptian Museum at Cairo, experimental 

samples were submitted to artificial UV aging using UV-ageing box for 265 hours as described 

in the literature [14, 15]. This box was designed to include two UV lamps; the first lamp (CTS) 

with two Black Light Blue tubes, which peak at 385nm, while the second lamb (Vilber 

Lourmat) has two UV tubes, peaking at 365nm. 

Preparation of the cleaning systems 

A total of six "traditional and new" cleaning systems were applied on the experimental 

samples for evaluating their effectiveness in the removal of previous intervention materials 

(Table 1). 

Criteria for selection of solvents 

Organic solvents were selected by Trisolv system, which is online interactive software 

that reproduces the Teas Chart and its parameters and allows the user to calculate a precise 

volume percentage for solvent mixtures with low toxicity and retention time, created by three 

different solvents (alcohols, aliphatic hydrocarbons and ketones). 

Synthesis of surfactant solvent gel 

Surfactant solvent gels based on carbopol were synthesized as reported in the literature 

[6, 16]. These surfactant gels cleaning systems were applied by means of brushes with the 

presence of a barrier of Japanese paper on the experimental surface and were left on the sample 
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for a maximum of 40 minutes. To avoid the fast evaporation of the solvents, the solvent gels 

were covered with a polyethylene foil.  

 
Table 1. A summary of the cleaning systems used here to evaluate their effectiveness 

 in the removal of previous interventions materials 
 

Cleaning systems  Barrier  

(Japanese 

paper) 

Contact 

period 

(Minutes) 

1st cleaning 

system 

Free solvent mixtures composed of:  

Xylene + white spirite + iso propanol  

Perfected with cotton swab. 

No - 

2nd cleaning 

system 

Hot air tool perfected with cotton swab. No - 

3rd cleaning 

system 

Carbopol solvent gel composed of: 

Carbopol Ultrez 21 (2g)+ ethomeen c 25 (20ml)+ acetone / 

ethyl acetate (60ml)+ white spirit (40ml)+ water (10ml) 

Yes  40 

4th cleaning 

system 

Carbopol solvent gel composed of: 

Carbopol Ultrez 21 (2g)+ ethomeen c 12 (20ml)+ xylene / 

white spirit (80ml)+ iso propanol (20ml)+ water (1.5ml) 

Yes  40 

5th cleaning 

system 

Carbopol solvent gel composed of: 

Carbopol Ultrez 21 (2g)+ ethomeen c 25 / ethomeen c 12 

(20ml)+ iso propanol / ethyl acetate (60ml)+ white spirit 

(40ml)+ water (8ml)  

Yes  40 

6th cleaning 

system 

Magnetic nano gel with microemulsion composed of 

Water (84.4%), SDS (4.1%), pentanol (PeOH) (7.9%), 

xylene/white spirit (3.6%)  

No 240 

 

Synthesis of microemulsion 

Oil in water microemulsion (classical system) was made with sodium dodecyl sulfate 

(SDS), 1-pentanol (PeOH) as a co-surfactant, and a small amount of a mixture of xylene and 

white spirit were slowly added under constant stirring [17-19]. 

Synthesis of magnetic polyacrylamide nanogel 

Synthesis of magnetic polyacrylamide nanogel was prepared as reported by [13]. The 

nano magnetic gel was immersed in a closed flask containing the microemulsion for three days 

on a magnetic stirrer in normal room temperature. The prepared gel was applied directly on the 

experimental surface by means of a spatula and left there for a maximum of 4 hours covered 

with a polyethylene foil. 

Methodology 

To evaluate the effectiveness of the prepared cleaning systems in the removal of 

previous intervention materials from the surface of gilded experimental samples, different 

analytical techniques were used. 

Ultraviolet-induced visible luminescence imaging (UVL)  

The setup required for the imaging technique included a digital modified camera Nikon 

D90 (CMOS sensor) equipped with a Nikon Nikkor 60 mm lens. Visible (Vis) images were 

acquired by using two sources of fluorescent lamps and a X-Nite CC1 digital UV/ IR blocking 

filter in front of the camera lens. UVL images were acquired by using two sources of UV 365 

nm LED lamps and a combination of the UV/ IR Baader and X-Nite CC1 filters in front of the 

camera lens to cut both reflected ultraviolet and the possible infrared stray radiation generated 

by the lamps [20, 1]. This technique is commonly used to reveal the distribution of luminescent 

organic materials; hence it can be used to characterize and evaluate the gilding surface before 

and after cleaning [21, 22]. 

Optical Microscopy (OM)  

To evaluate the gilding surface before and after cleaning systems, a Keyence VHX – 

900F digital microscope (Japan) equipped with aVHX – 5020 digital camera VH-ZST with 

Dual-objective zoom lens of 20 up to 2000×. The images were taken at 100× magnification. 
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Colorimetric measurements 

For measuring color of the gilded experimental samples before and after cleaning 

methods, Konika Minolta spectrophotometer CM-700d (Japan) was used. This portable device 

is equipped with a 5mm diameter integrating sphere. It works in the d/8 illumination-viewing 

geometry and its spectral sensitivity ranges from 400 to 740nm. Each color measurement was 

replicated three times before and after cleaning, and the average was recorded. The total color 

difference * was evaluated before and after each application indicating the cleaning efficacy. 

The magnitude of the colour change is calculated by the color difference (Euclidian) distance 

expressed as , Where L* is the lightness difference, a* the 

red/green difference, b* is the yellow/blue difference [23, 24]. 

X-ray fluorescence spectroscopy (XRF) 

The measurements were directly performed with a Niton™ XL3t GOLDD handheld 

XRF spectrophotometer instrument using the NITON XL3t x-ray tube-based analyzer with Ag 

anode, 50kV and 0-200Μa max in order to evaluate the efficacy of the cleaning systems in 

removing the dirt layers. The instrument head was placed in contact with the selected area and 

the irradiated area had ca. 3mm radius. All points were exposed for a minimum of 120s. XRF 

spectra were produced using ™ Niton Data Transfer (NDT) software. 

Total reflectance Fourier Transform Infrared Spectroscopy (FTIR) 

Reflectance FTIR spectra were recorded using a portable ALPHA Bruker 

spectrophotometer equipped with the external total reflectance module for a contactless 

acquisition and a 0/0 geometry. Spectra were obtained from 200 scans in the range of 4000–

400cm1 at a resolution of 4cm1. We elaborated the acquired spectra using the OPUS software by 

Bruker, by means of Kramers–Kronig transformation in order to verify the presence or absence 

of previous treatment materials on the gilding surface after application of cleaning systems [25-

27].  

 

Results  

 

Removal of rosin and paraffin wax mixture 
Results of analytical techniques used to evaluate the cleaning systems for removal of 

rosin and paraffin wax mixture, are summarized in Table 2. In figure 1, by comparing VIS and 

UV images, it was clear that 1st cleaning system (free solvents) gave fair results with partial 

swelling and irregular cleaning, causing damage to the gilding surface that was visible with 

UVL imaging and at high magnification using digital microscopy. Very good results were 

achieved using cleaning system no 3 and 5, which resulted in the complete softening and 

removal of paraffin wax and rosin mixture from the gilding surface, without damaging to the 

gilding layer as illustrated in figure 1. Good results were also achieved using cleaning system 

no 4 in a similar manner to remove rosin and paraffin wax mixture from the same surface, as 

illustrated in figure 1, but some parts of wax and rosin remained. In contrast, the 6th cleaning 

system was unsuccessful in removing rosin and paraffin wax mixture, although it was very 

effective in softening the rosin and paraffin wax mixture, yet harmful to the gilding surface due 

to the long contact period of 4 hours that was required. Moreover, the use of hot air tool resulted 

in the partial redistribution of the rosin and paraffin wax mixture on the gilding surface. 

By interpreting the results obtained through the three-color coordinates in Table 2, it 

appears that lightness (L*) was reduced in all samples after cleaning, as well as a* and b* 

coordinates, indicating that samples became yellow. The greatest  value was obtained with 

the 5th cleaning system, followed by 3rd and 4th cleaning systems; the 6th cleaning system was 

the least effective. Swab application was the least efficient in comparison to gel solvent 

applications. These results appear to correspond with UV imaging and microscopy. According 

to the FTIR analysis results before and after cleaning, the 5th cleaning system was most 

effective in the removal of rosin and paraffin wax, because of absence of any bands attributed to 
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rosin and paraffin wax (Fig. 2) and also absence of any bands attributed to the residues of the 

gel. Although the 3rd cleaning system showed the complete softening and removal of paraffin 

wax and rosin mixture from the gilding surface under UVL imaging, FTIR spectra showed 

bands at 2916, 1462 and 729cm-1, which attributed to the presence of paraffin wax. The 1st and 

6th cleaning systems appear to have the lowest cleaning efficacy for removal of rosin and 

paraffin wax, because bands of rosin (1695, 1379, 1273 and 1173cm-1) and paraffin wax (2916, 

1462 and 729cm-1) were detected with high intensity (Fig. 2) confirming that they are still 

present on the gilding surface. These results appear to correspond with colorimetric 

measurements, where * value was high for the 5th cleaning system, followed by 3rd and 4th 

cleaning systems.  

 
Table 2. A summary of analytical techniques results used to evaluate the cleaning systems  

for removal of rosin and paraffin wax mixture 

 
Cleaning systems 

for the removal of 

rosin and Paraffin 

wax mixture 

Results of analytical techniques 

Colorimetric measurements 

 

IR bands  

(cm-1) 

 L* a* b* ΔE* 

Gilding surface 70.89 3.42 40.55 - - 

No treatment 77.97 6.60 56.38 7.32 1695, 1379, 1273, 1173, 1051–2916, 1462, 729 

1st cleaning system 78.08 4.18 45.96 5.60 1695, 1379, 1273, 1173, 1051–2916, 1462, 729 

2nd cleaning system 77.58 3.25 47.32 5.44 1695, 1379, 1273, 1173, 1051–2916, 1462, 729 

3rd cleaning system 72.23 2.12 42.40 1.58 2916, 1462, 729 

4th cleaning system 75.52 3.32 45.06 3.79 1695, 1379, 1273, 1173, 1051–2916, 1462, 729- 

5th cleaning system 70.77 2.61 43.05 1.11 - 

6th cleaning system 76.84 3.96 44.18 4.58 1695, 1379, 1273, 1173, 1051–2916, 1462, 729 

 

 

 
 

Fig. 1. VIS, UVL imaging and colorimetric measurements for experimental cleaning systems 

on gilded experimental samples treated with rosin and paraffin wax mixture 

 



A. ABDRABOU et al.  

 

 

INT J CONSERV SCI 12, 2, 2021: 403-416 408 

 
Fig. 2. FTIR spectra for experimental cleaning systems on gilded experimental samples  

treated with rosin and paraffin wax mixture 

 

Removal of rosin and bees wax mixture 
The traditional and new cleaning systems used here to evaluate their effectiveness in the 

removal of rosin and bees wax mixture, are summarized in Table 3. In figure 3, by comparing 

VIS and UV images, it was clear that the 1st cleaning system (free solvents) gave fair results 

with partial swelling and irregular cleaning. It also caused damage to the gilding surface, which 

was visible with UV imaging and at high magnification under digital microscopy. 

 

 
Fig. 3. VIS, UVL imaging and colorimetric measurements for experimental cleaning systems on 

 gilded experimental samples treated with rosin and bees wax mixture with dirt 

 

 Cleaning system no 5 proved to be very effective in the complete softening and removal 

of paraffin wax and dirt layers without damaging the gilding surface. Good results were 

achieved using cleaning system no 3 in a similar manner to remove rosin and bees wax mixture 

and dirt layer from the same surface, as illustrated in figure 3, without damaging the gilding 

6th C.S 

5 th C.S 

1st C.S 

3rd C.S 

Gilding 
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layer, but little spots of wax and dirt layer remained. Good results were also achieved using 

cleaning system no 4 without any damage to the gilding layer, but considerable amount of rosin 

and wax mixture and dirt layer remained on the samples. In contrast, the 6th cleaning system 

was unsuccessful in removing the wax layer and dirt layer, although it was very effective in 

softening the rosin and bees wax mixture and dirt layer but proved to be harmful to the gilding 

surface due to the long contact period of 4 hours that was required. In addition, 2nd cleaning 

system (hot air tool) caused bulking of the gilded gesso layer due to the high temperature and 

limited cracks only visible with UV imaging and high magnification under microscope, as well 

as considerable amount of the mixture was observed.  

 
Table 3. A summary of analytical techniques results used to evaluate the cleaning systems  

for removal of rosin and bees wax mixture with dirt 

 
Cleaning systems for 

the removal of rosin 

and bees wax mixture 

with dirt 

Results of analytical techniques 

Colorimetric measurements Elements detected 

by XRF 

IR bands 

(cm-1) 

 
L* a* b* ΔE* 

Gilding surface  70.89 3.42 40.55 - Au, Ag, Cu, Ca, 

Fe 

- 

No treatment 51.17 8.70 

 

37.10 17.05 Au, Ag, Cu, Ca, 

Fe, Si, Al, K, Ti 

1695, 1379, 1273, 1173, 

1051–2916, 1735, 1462, 729 

1st cleaning system  63.30 6.62 41.07 6.51 Au, Ag, Cu, Ca, 

Fe, Si, Al, K, Ti 

1695, 1379, 1273, 1173, 

1051–2916, 1735, 1462, 729 

2nd cleaning system 67.08 7.84 46.84 4.57 Au, Ag, Cu, Ca, 

Fe 

1695, 1379, 1273, 1173, 

1051–2916, 1735, 1462, 729 

3rd cleaning system 74.79 4.33 43.01 3.09 Au, Ag, Cu, Ca, 

Fe 

2916, 1735, 1462, 729 

4th cleaning system 64.02 7.51 44.57 6.25 Au, Ag, Cu, Ca, 

Fe 

1695, 1379, 1273, 1173, 

1051–2916, 1735, 1462, 729 

5th cleaning system 70.66 4.29 41.51 0.70 Au, Ag, Cu, Ca, 

Fe 

- 

6th cleaning system  61.49 6.70 32.09 8.86 Au, Ag, Cu, Ca, 

Fe, Si, Al, K, Ti 

1695, 1379, 1273, 1173, 

1051–2916, 1735, 1462, 729 

 
By interpreting the results obtained through the three-color coordinates in table 3, it 

appears that lightness (L*) increased in all samples after cleaning, as well as the b* coordinate, 

indicating that samples became yellow. In contrast, a* was reduced due to the removal of the 

dirt layers. The greatest * value was obtained with the 5th cleaning system, followed by 3rd 

and 4th cleaning systems; the 6th cleaning system was the least effective. Swab application was 

the least efficient in comparison to gel solvent applications. Comparison of XRF results before 

and after the application of rosin and bees wax mixture with dirt layer detected high intensity of 

iron and silicon with a small amount of aluminium and potassium. According to the XRF 

results before and after cleaning, the 3rd and 5th cleaning systems were most effective in the 

removal of dirt layer, since the intensity of detected iron and silicon were reduced with the 

absence of aluminium and potassium. The 1st and 6th cleaning systems appear to have the lowest 

cleaning efficacy for removal of dirt layer, because iron and silicon were detected with high 

intensity confirming that the dirt layers were still present on the gilding surface. These results 

appear to correspond with colorimetric measurements, where * value was high for 5th 

cleaning system, followed by 3rd and 4th cleaning systems. According to the FTIR analysis 

results before and after cleaning, the 5th cleaning system was most effective in the removal of 

rosin and bees wax, because of absence of any bands attributed to rosin and bees wax (Fig. 4) 

and also absence of any bands attributed to the residues of the gel. FTIR spectra of the 3rd 

cleaning system showed absence of any bands attributed to rosin, but bands at 2916, 1735, 1462 

and 729cm-1, which are attributed to bee’s wax were detected confirming that this system was 

most effective in the removal of rosin, but little amount of bee’s wax was still present on the 

5thC.S 
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gilding surface. The 1st and 6th cleaning systems have the lowest cleaning efficacy for removal 

of rosin and paraffin wax, because bands of rosin (1695, 1379, 1273, 1173 and 1051cm-1) and 

bees wax (2916, 1735, 1462 and 729cm-1) were detected with a high intensity (Fig. 4) 

confirming that they are still present on the gilding surface. These results appear to correspond 

with colorimetric measurements, where * value was high for the 5th cleaning system, 

followed by 3rd and 4th cleaning systems. 

 

 G:\20190717-0727_GEMJC\FTIR Data\20190723_GEMCC\A_Replica6.0          A_Replica6          External Reflection
 G:\20190717-0727_GEMJC\FTIR Data\20190722_GEMCC\A_Replica0.0          A_Replica0          External Reflection
 G:\20190717-0727_GEMJC\FTIR Data\20190722_GEMCC\A_Replica1.0          A_Replica1          External Reflection
 G:\20190717-0727_GEMJC\FTIR Data\20190722_GEMCC\A_Replica2.0          A_Replica2          External Reflection
 G:\20190717-0727_GEMJC\FTIR Data\20190722_GEMCC\A_Replica3.0          A_Replica3          External Reflection
 G:\20190717-0727_GEMJC\FTIR Data\20190722_GEMCC\A_Replica4.0          A_Replica4          External Reflection
 G:\20190717-0727_GEMJC\FTIR Data\20190723_GEMCC\A_Replica5.0          A_Replica5          External Reflection

2019/07/23
2019/07/22
2019/07/22
2019/07/22
2019/07/22
2019/07/22
2019/07/23

500100015002000250030003500

Wavenumber cm-1

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

Re
fle

ct
an

ce

 Page 1/1

 
Fig. 4. FTIR spectra for experimental cleaning systems on gilded experimental samples 

 treated with rosin and bees wax mixture 

 
Removal of paraffin wax mixed with dirt layers 

The results of the cleaning systems used here to evaluate their effectiveness in the 

removal of paraffin wax mixed with dirt layer are summarized in Table 4. In figure 5, by 

comparing VIS and UV images, it was clear that 1st cleaning system (free solvents) gave fair 

results with partial swelling and irregular cleaning, as well as causing damage to the gilding 

surface which was only visible with UV imaging and with high magnification under digital 

microscopy.  

 

 
Fig. 5. VIS, UVL imaging and colorimetric measurements for experimental cleaning systems on 

gilded experimental samples treated with paraffin wax with dirt layers 

3rd C.S 

2nd C.S 
6th C.S 

4th C.S 

Gilding 
5th C.S 
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While cleaning system no 4 is very effective in the complete softening and removal of 

paraffin wax and dirt layers without damaging the gilding surface. Good results were achieved 

using cleaning system no 5 in a similar manner to remove paraffin wax and dirt layer from the 

same surface, as illustrated in figure 6a, without any damage to the gilding layer, but some spots 

of wax and dirt layer remained. Good results were also achieved using cleaning system no 2 and 

3, but these systems showed limited scratching only visible with UV imaging and high 

magnification under microscope, as well as some spots of wax were observed under 

microscope. In contrast, the 6th cleaning system was unsuccessful in removing the wax layer 

and dirt layer and caused loss for the gilded layer.  

By interpreting the results obtained through the three color coordinates in Table 4, it 

appears that lightness (L*) increased in all samples after cleaning, as well as the b* coordinate, 

indicating that samples became yellow. In contrast, a* was reduced due to the removal of the 

dirt layers. The greatest * value was obtained with the 4th cleaning system, followed by 5th, 

3rd and 2nd cleaning systems; the 6th cleaning system was the least effective. Swab application 

was the least efficient in comparison to gel solvent applications. Comparison of XRF results 

before and after the application of paraffin wax mixed with dirt layer showed that a high 

intensity of iron and silicon was detected with a small amount of aluminium and potassium. 

According to the XRF results before and after cleaning, the 2nd, 3rd, 4th and 5th cleaning systems 

were most effective in the removal of dirt layer, since the intensity of detected iron and silicon 

were reduced with the absence of aluminium and potassium. The 1st and 6th cleaning systems 

appear to have the lowest cleaning efficacy for removal of dirt layer, because iron and silicon 

were detected in a high intensity confirming that the dirt layers were still present on the gilding 

surface. These results appear to correspond with colorimetric measurements, where * value 

was high for 4th cleaning system, followed by 5th, 3rd and 2nd cleaning systems. According to the 

FTIR analysis results before and after cleaning, the 4th cleaning system was the most effective 

in the removal of paraffin wax, because of absence of any bands attributed to paraffin wax. The 

1st and 6th cleaning systems appear to have the lowest cleaning efficacy for removal of paraffin 

wax and dirt layers, because the bands of paraffin wax at 2916, 1462 and 729cm-1 and the 

stretching vibrations of Si−O− Si bands at 1099, 1043 and 796cm-1 were detected with high 

intensity confirming that they are still present on the gilding surface. These results appear to 

correspond with colorimetric measurements, where * value was high for the 4th cleaning 

system, followed by 5th and 3rd cleaning systems. 

 
Table 4. A summary of analytical techniques results used to evaluate the cleaning systems 

 for the removal of Paraffin wax with dirt layer 

 
Cleaning systems for 

removal of Paraffin wax 

and dirt layer 

Results of analytical techniques 

Colorimetric measurements Elements detected 

by XRF 

IR bands  

(cm-1) 

 
L a* b* ΔE* 

Gilding surface  70.89 3.42 40.55 - Au, Ag, Cu, Ca, Fe - 

No treatment 46.89 8.09 31.28  22.18 Au, Ag, Cu, Ca, Fe, 

Si, Al, K, Ti 

2916, 1463, 728- 

1099, 1043, 796 

1st cleaning system  67.33 7.30 41.44 3.95 Au, Ag, Cu, Ca, Fe, 

Si, Al, K, Ti 

2916, 1463, 728- 

1099, 1043, 796 

2nd cleaning system 76.17 4.09 41.78 3.96 Au, Ag, Cu, Ca, Fe 2916, 1463, 728 

3rd cleaning system 74.69 4.85 43.14 3.12 Au, Ag, Cu, Ca, Fe 2916, 1463, 728 

4th cleaning system 70.30 3.64 41.92 0.57 Au, Ag, Cu, Ca, Fe - 

5th cleaning system 73.72 4.67 42.85 2.40 Au, Ag, Cu, Ca, Fe 2916, 1463, 728 

6th cleaning system  64.02 7.51 44.57 6.25 Au, Ag, Cu, Ca, Fe, 

Si, Al, K, Ti 

2916, 1463, 728- 

1099, 1043, 796 
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Discussion 

 

These results show that free solvents are not effective for complete removal of previous 

interventions with organic materials, when used in the traditional manner, applied by cotton 

swab, and are also harmful to the gilding surface. Unfortunately, the use of hot air tool can 

result in bulking and cracking of the gilded gesso layers and the partial redistribution of the 

unwanted substances through the cracks. After the application of solvent gels, these materials 

were swollen and softened and could be easily removed with a spatula without any mechanical 

force, followed by clearance with white spirit without causing any damage to the gilding 

surface in accordance with previously published data [8, 10, 28, 29]. The 5th cleaning system 

which was composed of carbopol Ultrez 21 (2g), ethomeen c 25/ethomeen c 12 (20mL), iso 

propanol/ethyl acetate (60mL), white spirit (40mL) and water (8mL), was the most appropriate 

gel in removing mixtures of rosin with paraffin wax or bees wax because its swelling action was 

more effective and rapid than free solvent mixtures tested by swab or with other types of gels 

without damaging the gilding surface. The 4th cleaning system, which was composed of 

carbopol Ultrez 21 (2g), ethomeen c 12 (20mL), xylene/white spirit (80mL), iso propanol 

(20mL) and water (1.5mL), was the most appropriate gel in removing paraffin wax mixed with 

dirt because its swelling action was more effective and rapid than free solvent mixtures tested 

by other types of gels; most probably because the wax was highly soluble in xylene and white 

spirit. Although the nano gel loaded with the microemulsion proved to be very effective in 

removing previous wax spots from mural painting surfaces [13], it proved to be unsuccessful in 

removing previous treatments with organic materials and caused loss of gilding layer as the 

interaction of water with gilded gesso layers dissolved the ancient glue used to adhere the gold 

leaf with gesso layer leading to the detachment of the pictorial layer. 

Based upon the favourable results obtained from this experimental study, which 

basically aimed at seeking out the best cleaning system for removal of previous intervention 

materials that had been used in the gilded bed of King Tutankhamun, the 5th cleaning system, 

which was composed of carbopol Ultrez 21 (2g), ethomeen c 25/ethomeen c 12 (20mL), iso 

propanol/ethyl acetate (60mL), white spirit (40mL) and water (8mL), was applied on the outer 

surface of the foot board of the studied bed (Fig. 6), which had a layer of rosin and paraffin wax 

mixture applied in the previous restoration intervention. In figure 6a and b, UV-induced 

luminescence revealed the presence of a greenish emission from rosin and paraffin wax mixture 

on the gilded surface around the cracks and separations, and its presence is much more 

extensive than was discernible with the naked eye. The UVL image in figure 6c, taken after 

cleaning clearly shows that the removal of rosin and paraffin wax mixture was efficiently 

achieved as seen in UVL imaging and does not produce apparent UV emission in the regions 

where the gel was applied. 

 

 
 

Fig. 6. Gilding surface of the outer region of the foot board from the studied bed covered with  

a layer of rosin and paraffin wax mixture: a- Visible image before gel application;  

b- UVL image before gel application; c- UVL image after gel application 
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Figure 7a is a photo of a "drum" decoration (of the left front leg of the studied bed), 

where the gel application (4th cleaning system) was conducted based upon the results obtained 

from this experimental study to remove a layer of paraffin wax and dirt. After application of the 

gel, this layer was swollen, softened and easily removed without any mechanical force, 

followed by clearance with white spirit without any damage to the gilding surface. Figure 7b 

shows how a layer of paraffin wax and dirt was efficiently removed.  

For reassurance of how successful these applications were, this region was analyzed 

before and after the gel treatment by colormetric measurements (Fig. 7c), where lightness (L*) 

was increased after cleaning, as well as the b* coordinate, indicating that samples became 

yellow. In contrast, a* was reduced due to the removal of the dirt layers. This conclusion was 

confirmed more quantitatively by analyzing this region before and after the gel treatment by 

handheld XRF, which showed a strong reduction of the intensity of all the peaks from the dirt 

layer (Fig. 7d).  

 

 

 
 
Fig. 7. Gilding surface of drum region of the front left leg with layer of paraffin wax and dirties: a-Before; b- After the 

gel application; c- Results of colorimetric measurements; d- XRF spectra before and after cleaning 

 

The 4th cleaning system on the gilding surface of the figure Bes (on the right head end 

corner of the frame of the studied bed) (Fig. 8a) was applied to remove a dark layer of paraffin 

wax. After application of the gel, this dark layer of paraffin wax was easily removed without 

any mechanical force, followed by clearance with white spirit without any damage to the 

gilding surface.  
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Fig. 8. Gilding surface of figure Bes region (on the right head end corner of the frame of  

the studied bed) with dark layer of paraffin wax: a-Before (left) and after (right) the gel application; 

 b- Results of colorimetric measurements 

 

The untreated area (left part) still had a dark surface of paraffin wax; while the treated 

region did not and appeared visually to have been cleaned. This conclusion was further 

confirmed by analyzing this region before and after the gel treatment by colormetric 

measurements (Fig. 8b), in which the lightness (L*) was increased after cleaning, as well as the 

b* coordinate, indicating that samples became yellow. In contrast a* was reduced due to the 

removal of the dirt layers. 

 

Conclusions 

 

The experimental results indicate that carbopol solvent gels are very effective in 

solubilizing previous interventions with organic materials (such as paraffin wax, mixture of 

bee’s wax and rosin and mixture of paraffin wax and rosin) and dirt from gilding surfaces and 

aid in their removal in comparison to free solvent mixtures tested by swabs or with micro 

emulsion. These had been confirmed by different analytical techniques including ultraviolet 

induced luminescence (UVL), optical microscopy (OM), Colorimetric measurements, X-ray 

fluorescence spectroscopy (XRF), and Fourier transform infrared spectroscopy (FTIR) 

considering the balance between effectiveness, control, and the period of application of the 

different cleaning systems. It is also important to note that the selection criteria controlling the 

choice of one cleaning system over another are closely associated with the chemical nature of 

the hydrophobic material that is to be removed and the most suitable organic solvent for 

solubilizing it in order to achieve the best performance. Based upon the results obtained from 

this experimental study, the solvent gels that had been applied were extremely effective in 

solubilizing previous intervention materials from the studied bed without causing harm on the 
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original gilding surface during removal of the previous treatments and the bed was successfully 

conserved. Treatment could not be accomplished using standard methods but required a search 

for an ideal solution based on the condition and composition of the artifact. Moreover, the 

obtained results provide essential data for the follow-up treatment and conservation works of 

other gilded objects of king Tutankhamun. 
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