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Abstract 

There is a growing interest by art conservators for laser cleaning of wooden artworks, 

since traditional cleaning with chemical solvents can be a source of further decay due 

to the prolonged action of chemicals after restoration. In this work we present a 

successful laser cleaning approach for the restoration of 19th century rattan mats 

from the Brooklyn Museum collection of African Art. Tests were carried out using the 

fundamental (1064 nm) and second harmonic (532 nm) of a Q-switched Nd: YAG 

laser to measure threshold values both for surface damage and colour changes for 

different types of rattan samples. The irradiated substrates were investigated by 

optical microscopy, scanning electron microscopy and by UV-Vis spectroscopy in 

order to determine the efficiency of laser cleaning and to assess possible 

deterioration effects that may have occurred as a result of laser irradiation. The study 

showed that using the laser emission at 532 nm, it is possible to select a range of 

laser fluences that serve to remove the black dust layer without damaging the rattan 

material. 
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1- Introduction 

Laser-based techniques are widely used in the conservation of cultural heritage as 

advanced cleaning tools. Laser cleaning is an established method for the restoration 

of metal artifacts [1] and for the selective removal of black crusts, or other surface 

pollutants, from stone, marble sculptures, or architectural surfaces [2,3]. Laser 

cleaning is controllable with a high precision, reducing the risks of damaging the 

underlying surface. Recent advancements in laser cleaning methodologies [3,4] and 

the design of new types of lasers, are making this method a reliable alternative to 

traditional cleaning procedures. 

Laser cleaning of architectural surfaces and statues is a well developed procedure, 

while laser cleaning of photosensitive molecular based materials is still a subject of 

investigation in various laboratories [4-7]. Successful implementation of laser based 

techniques in the field of cultural heritage relies in understanding the interaction 

between laser light and the materials which constitute the object or artwork. 

Molecular substrates are encountered in art and historical objects such as paintings, 

ancient parchments, paper documents and textiles. Laser cleaning of paintings [4-9] 

consists in the elimination of the outermost oxidised varnish layers or over-paints 

through a laser ablation process in which thermal, photochemical and 

photomechanical mechanisms contribute in various extents. On the other hand, laser 

cleaning of fibrous substrates such as parchment, documents and textiles involves 

the selective removal of impurities via essentially a thermal evaporation process [10-

18]. In this work, we present the results of a study on a different type of fibrous 

molecular substrate such as rattan. Up to the authors knowledge, this is the first 

approximation to the laser cleaning of museum objects based on this material.  
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Rattan is the generic name for the species of a climbing palm native to tropical 

regions of Africa, Asia and Australia. Due to its properties (lightweight, durable, and 

flexible up to a certain extent) raw rattan is processed into several products. The 

skin, usually peeled off from a strand of rattan, is used as rattan weaving material 

(i.e. for making mats) while the stems, which exhibit no branches or seasonal rings, 

are extensively used for marking furniture, baskets and toys. The macrostructure of 

rattan fibres exhibits an open porosity between 20 and 40 vol.%, with unidirectional 

parallel micro-channels in the range of 100–300 μm in diameter. The major chemical 

components of rattan are holocelulose, pentosan and lignin 19. 

Cleaning and restoration of rattan museum objects is aimed at the elimination of dirt, 

soot or carbonaceous deposits and other contaminants built up from the 

environment. This is not always possible with chemical methods based in the use of 

solvents, because of the porosity and fragility of the substrate and due to the difficulty 

to discriminate between the original surface and the unwanted layer. A laser cleaning 

approach is best suited to this fragile and sensitive type of substrate as it affords 

precise control, material selectivity and immediate feedback.  

The study herein was performed to test the convenience of restoring rattan mats 

belonging to the collection of African Art in the Brooklyn Museum, New York. The 

laboratory investigations confirmed that the second harmonic of a Q-switched 

Nd:YAG laser at 532 nm was more effective than the fundamental radiation at 1064 

nm for the cleaning of rattan mats. Optical microscopy (OM), scanning electron 

microscopy (SEM) and UV-Vis spectroscopy recorded in different regions of 

irradiated and not irradiated rattan samples served to discuss the modifications 

induced by laser irradiation under different conditions. 

 



 
 

4 

2- Experimental 

The samples used for this investigation consist of loose rattan fibres 3-4 mm wide 

and 10-40 mm long (Fig. 1) of three different colours, yellow, red and black, and two 

small detached mat fragments decorated with a woven geometric pattern using 

coloured fibres. The mats were manufactured in the Democratic Republic of the 

Congo in the 19th century and belong to the collection of African art of the Brooklyn 

Museum, New York, ranked among the most important holdings of art from the 

African continent in North America. The fibres and the mat fragments were in a bad 

state of conservation, extremely brittle and soiled with deposits of dirt. 

The rattan samples were treated in air by using a Q-switched Nd:YAG laser (Quantel, 

Brilliant B) delivering pulses of 6 ns at 1064 and 532 nm with a repetition rate of 1 Hz. 

Irradiation tests were performed on a single-spot basis for various fluence values in 

order to determine the fluence thresholds, as well as on a scanning basis in order to 

create a homogeneously irradiated area on which further analysis could be 

performed. Once the threshold for removal of carbonaceous dust deposits and the 

ablation thresholds of the loose rattan fibres were determined, a fluence intermediate 

value was chosen for the preparation of the scanned areas. 

The laser beam had a circular cross-section of 8 mm diameter with a TEM00 

Gaussian profile. The samples were irradiated, by directing with the aid of mirrors, 

the unfocussed laser beam through a diaphragm of 3 mm diameter over the surface. 

The pulse energy was measured by a joulemeter (Gentec ED-200). At each 

wavelength of the laser, various conditions of energy per pulse were chosen to 

irradiate circular zones of 0.07 cm2 in each of the coloured areas of the samples until 

a visual alteration of the surface or cleaning of the superficial dirt was observed. 

Irradiated areas of 1 cm2 were also prepared. To that purpose, the samples were 
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placed on a XY platform and were scanned in both directions with 85% overlap with 

respect to the maximum laser intensity of the beam. 

Visual observations were contrasted with changes induced upon laser irradiation on 

the rattan samples as measured by OM, SEM and UV-Vis spectroscopy on non-

irradiated and irradiated areas. Changes of superficial morphology were investigated 

with an Olympus BX60M optical microscope with reflecting light coupled to an 

Olympus DP11 camera and with an Evex Mini-Scanning Electron Microscope SX-

3000. The electron voltage used was 20 kV and the samples were not sputtered prior 

to the measurements. Diffuse reflectance spectra were recorded by means of a 

double-beam Shimadzu 3101 spectrophotometer attached with an integrating 

sphere. Base line correction was made with BaSO4 powders. Samples were placed 

on the reflectance holder helped with a mask of 2 mm diameter in order to remove 

any contribution of undesired irradiated or non-irradiated areas.  

 

3- Results 

3-1 Ablation thresholds 

The thresholds for removal of the superficial deposits and the ablation thresholds of 

the rattan substrates were determined by measuring the pulse  energy at which 

cleaning (removal of the black carbonaceous soiling) and damaging (modification of 

the underlying rattan surface) of the irradiated spot was observed under the optical 

microscope. The values are indicated in Figure 2. 

The ablation thresholds at 532 nm of the rattan fibres coloured yellow, red and black 

have different values of 0.75, 0.60 and 0.42 Jcm-2 respectively. The threshold for 

elimination of the superficial deposits was around 0.35 Jcm-2 on all samples. On the 
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other hand, laser irradiation at 1064 nm resulted ineffective for the removal of the dirt 

deposits and no cleaning effect was noticed even at high fluences (20-25 Jcm-2). At 

these high fluences irradiated areas were clearly damaged showing fibre detachment 

and degradation.  

 

3-2 Optical microscopy 

Optical microscopy served to determine the fingerprint of 532 nm laser irradiation. 

Figure 3 shows images of the samples in the region limiting the irradiated and non-

irradiated areas of individual rattan fibres. As observed, 532 nm laser irradiation 

induces a clear cleaning effect without damage of the substrate underneath. A 

pleasing cleaning effect was clearly seen under the optical microscope for the yellow 

and red rattan types, and with more difficulty on the black one. Satisfactory laser 

cleaning with complete removal of superficial deposits and absence of substrate 

damage was obtained at a fluence of around 0.6 Jcm-2 for the yellow rattan (Fig. 3a). 

At higher fluences the onset of degradation was noticed by some small detachments 

on the superficial fibre structure. The red rattan was safely cleaned at about 0.5 Jcm-2 

(Fig. 3b) and the black coloured rattan was cleaned at a lower fluence of around 0.4 

Jcm-2 (Fig. 3c). For the latter, deterioration was difficult to assess by OM, and 

degradation of the original fibre structure could be noticed by the presence of some 

smoke coming from the irradiated sample immediately after the laser pulse. 

The two small mat fragments available for the study (Figure 1b and 1c) were 

representative of a real museum object where the fibres would be woven forming a 

geometric pattern. The combination of different coloured rattan fibres may be more 

challenging for finding the adequate fluence value for a safe laser cleaning due to the 
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different thresholds of each fibre type. For the mat fragment made of yellow and red 

fibres (Fig 1b) satisfactory cleaning was obtained at a fluence of around 0.4 J/cm2 as 

shown in Fig. 4. At higher fluences, the complete preservation of the red rattan fibres 

could not be guaranteed.  

 

3-3 Scanning electron microscopy 

The characterization of the irradiated and non-irradiated surface of the rattan 

samples by scanning electron microscopy demonstrated the effectiveness of laser 

cleaning. Figure 5 shows the surface of a yellow rattan fibre irradiated at 532 nm with 

a fluence of 0.5 J/cm2. Abundant deposits of dirt appear on the non irrradiated 

surface, images on the left, while the removal of deposits accumulated inside the 

pores of the rattan structure is appreciated in the images on the right (irradiated 

surface). Neither apparent discoloration nor damage to the rattan structure, as 

witnessed by the intact fibre micro-channels, are apparent when working at fluences 

below the ablation threshold of the rattan substrate, thus ensuring a good 

preservation of the original yellow rattan fibre. 

 

3-4 UV/Vis spectroscopy 

Vis diffuse reflectance spectra of yellow, red and black samples were registered 

before and after laser irradiation with one laser pulse at 532 nm (Fig. 6). The 

reflectance spectral shape is not modified at the explored conditions suggesting the 

absence of chemical modifications that could be induced on the substrate by laser 

irradiation. Only absolute reflectance values increase in correspondence with the 

lighter colour appearance of the laser cleaned areas. Yellow samples show the 
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highest reflectance values, while the reflectance of black samples is low due to 

strong substrate absorption. Figure 7 displays the reflectance changes as a function 

of wavelength. A positive slope is noticed for all samples, thus indicating that the 

degree of improvement of reflectance increases with wavelength. Differences are 

observed between the three differently coloured samples. As yellow rattan absorbs 

below 400 nm, the reflectance increase is negligible below this wavelength (Fig. 7a). 

For higher wavelengths the reflectance increase follows a polynomial behaviour with 

an increased reflectance improvement. A similar behaviour is noticed for the red 

samples (Fig. 7 b), although in this case the onset of reflectance increase occurs at 

longer wavelengths above 500 nm. The reflectance increase for black rattan (Fig. 7c) 

displays a linear behaviour in the explored spectral range, indicating that the 

substrate absorbs with the same degree in the whole spectral range explored.  

 

4- Discussion 

The results presented herein demonstrate that irradiation with a Q-switched Nd:YAG 

laser at 532 nm serves for the adequate cleaning of historic rattan substrates. 

Fluences of 0.4, 0.5 and 0.6 Jcm-2 were appropriate for laser cleaning of yellow, red 

and black rattan respectively. Complementary analytical techniques (OM, SEM and 

UV-VIS spectroscopy) have been helpful tools for monitoring the laser induced 

effects and for verifying the absence of damage of the original surfaces.  

Due to the particularity of the type of historical objects considered in this work, the 

comparison of the results here obtained with those concerning laser cleaning of other 

artworks and materials of similar composition is important to validate the method and 

to confirm the adequacy of laser cleaning on rattan substrates.  
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Previous published literature about the laser cleaning of molecular substrates, like 

paintings, parchments, paper documents and textiles, have shown the possibility to 

select different laser irradiation conditions for the removal of superficial dirt deposits 

without damaging the underlying substrate. Polychromes on wood have been 

efficiently cleaned by using laser nanosecond pulses at 266 and 355 nm, although 

the presence of certain pigments prone to discolour forbids the use of this method 

[20,21]. On the contrary, laser treatment at 1064 or 532 nm induces various degrees 

of discoloration on painted surfaces 4-9. Ancient parchments were satisfactory 

cleaned with excimer laser emitting at 308 nm by Kautek et al. and at 532 nm by 

Walcsak et al.10,13. The original parchment fibre structure and even black ink 

inscriptions were completely preserved while the dirt deposits were removed by 

operating at this wavelength. On the other hand, the optimal wavelength for laser 

cleaning of ancient paper documents lies in the visible range. At the laser wavelength 

of 532 nm, and using nanosecond pulses with fluences below 1 Jcm-2 14,15, it was 

possible to efficiently clean soiled paper documents. It was confirmed that using this 

wavelength the degree of paper polymerization seems to suffer small changes. 

However, laser treatments with 1064 or 248 nm caused deep or strong superficial 

discoloration of paper type of substrates.   

The results presented in this study are in agreement with those available in the 

literature concerning laser cleaning of different cellulosic based materials [22–24]. In 

particular, the fluence range for efficient, safe laser cleaning of rattan substrates 

using nanosecond pulses of 532 nm, between 0.4 and 0.6 Jcm-2 depending on the 

colour of the rattan fibres, are somewhat lower than the fluences used for laser 

cleaning of paper documents using the same wavelength as corresponds to more 

light absorbing substrates. Also by operating the laser at the visible wavelength of 
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532 nm it is ensured that no chemical modifications are induced on the treated 

substrates, as evidenced by the absence of spectral modifications in the reflectance 

curves. In fact for this wavelength negligible absorption by water is expected and the 

corresponding photon energy is below the bond energy of the main cellulosic 

compounds. 

 

5- Conclusions 

In order to assess the suitability of the laser cleaning methodology in the restoration 

of fragile and sensitive 19th century rattan historical woven mats, we investigated the 

effects of Q-switched Nd:YAG laser radiation at the two wavelengths of 1064 and 

532 nm on historical rattan samples. Complementary analytical techniques (OM, 

SEM and UV-VIS spectroscopy) were helpful tools for monitoring the possible laser 

induced colour and morphological effects and for verifying the absence of physical 

and chemical damage of the original surfaces. It was found that with the second 

harmonic of the laser at 532 nm, and according with the original colour of the rattan 

fibres (yellow, red and black), a safe fluence range between 0.4 and 0.6 Jcm-2 could 

be used to ensure the efficient removal of the dark carbonaceous soiling while 

maintaining the original rattan substrate superficial structure which could not be 

restored with more conventional wet cleaning procedures. These results emphasize 

the selectivity and efficiency of the laser cleaning methodologies for the treatment of 

extremely fragile organic materials as is the case of historical rattan. Finally, it is 

worth to stress the importance of laboratory tests prior to application of laser cleaning 

procedures in cultural heritage materials or artworks. The study of each example as 

an independent case, and the optimization of all parameters involved (wavelength, 
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number of pulses, fluence, pulse duration, etc.) help to define the best laser cleaning 

conditions for each case of study.  
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 Figure captions 

Fig. 1 Overview picture of the rattan samples employed in the study: a) loose rattan 

fibres of three different colours, yellow, red and black; b) and c) detached mat 

fragments decorated with a woven geometric pattern. 

Fig. 2 Cleaning effects for each coloured rattan fibre irradiated at 532 nm as a 

function of fluence.  

Fig. 3 Optical microscopy images of a) yellow, b) red and c) black rattan fibres after 

one laser pulse at 532 nm using the appropriate fluence value for cleaning: a) 0.6 

Jcm-2, b) 0.5 Jcm-2 and c) 0.4 Jcm-2. The circles mark the irradiated areas in each 

picture. 

Fig. 4 Non irradiated area (left) and area irradiated  at 532 nm  with 0.4 Jcm-2 of the 

mat fragment shown in Figure 1b showing a distinctive cleaning effect.  

Fig. 5 Scanning electron microscopy images at three different magnifications of the 

surface of a rattan yellow fibre in a non irradiated (left) and irradiated area (right) 

using 532 nm and 0.5 Jcm-2. 

Fig. 6 UV-Vis reflectance spectra of rattan samples. Continuous lines: yellow rattan 

before (YRB) and after (YRA) laser irradiation. Dashed lines: red rattan before (RRB) 

and after laser irradiation (RRA).  Dotted lines: black rattan before (BRB), and after 

laser irradiation (BRA). One laser pulse of 0.5, 0.6 and 0.4 J·cm-2 was respectively 

used. 

Fig. 7  Increase of reflectance of rattan substrates upon irradiation with one laser 

pulse of 532 nm: a) yellow fibre at 0.6 Jcm-2; b) red fibre at 0.4 Jcm-2and c) black 

fibre at 0.5 Jcm-2. The thin red lines are visual guides. 
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