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 Abstract:  
The layers of oil paintings are exposed to inappropriate environmental changes that result in 
the degradation of paintings and the acidity of the canvas, causing the loss of mechanical pro-
perties of canvas oil paintings and the deterioration of the layer painting. Oil paintings can be 
restored using green nanocomposite and treated using nanocomposite loaded on a polymer 
added with other compatible nanomaterials. This leads to the penetration of the treated material 
and the homogeneous surface. The green nanocomposite consists of polyelectrolyte-treated 
silica nanoparticles (SNP) and cellulose nanofibers (CNF) to strengthen the fabric and colors. 
Nanocomposite is a form of a film of CNF on the surface of the paint, which increases ductility, 
but without deep penetration. Thus, an additional component was introduced, i.e., SNP, for its 
ability to penetrate fiber. The present research paper discusses changing the SNP/CNF ratio 
to achieve appropriate reinforcement  on experimental samples with different ratios (1:1, 9:1, and 
1:9) to test the CMS@SNP/ CNF nanocomposite, and the materials were evaluated by measuring 
the mechanical properties. Moreover, tests and analyses of the layers of the painting, such 
as microscopic examination, SEM-EDX, Raman analysis, and assessment of the damage to 
the painting, were carried out to treat and restore the historical painting scientifically. The FTIR, 
colorimeter, and microscopic examination of the samples before and after photothermal aging 
and thermal aging confirmed the suitability of using the nanocomposite in a ratio of 1:9 and 
applied to a painting of the twentieth century (20 cm×50 cm) with cuts, gaps, weak texture, and 
falling off color crust. 

1. Introduction 
Paintings on canvas have been exposed to damage over time 

due to changes in improper environmental conditions [1], which 

have led to cracking of the paint layer, tearing and weakening 

of the canvas, damage to the painting, and loss of the mechanical 

properties of the canvas support. The restoration process was 

carried out by consolidation or lining [2]. In both cases, the 

treatment was conducted with an adhesive, probably natural, 

such as animal glue, or a synthetic adhesive, such as acrylic 

(Plexisol PB550, Paraloid B72, and Plextol B500) [3]. Complex 

compositions of wax and resin (371 Beva or water-based adh-

esives) are less preferred due to the hygroscopic nature of the 

cellulose canvas, which causes swelling and shrinkage of the 

canvas as a reaction to interactions with water, leading to ch-

anges in the dimensions of the painting and some synthetic adh-

esives, such as polyvinyl acetate and deterioration of the canvas 

due to acidic products formed during decomposition [4]. Ther-

efore, they are no longer used. Despite the sensitivity of the 

canvas to water towards waterborne [5,6] treatments, nano-

materials dissolve in water, which are very effective even at 

low concentrations. Because of their small size, they penetrate 

the material to be treated well [7].  The use of nanomaterials in 

consolidation, cleaning [8], and deacidification [9] has increa- 

sed, using calcium and magnesium hydroxide/carbonate nano-

particles [10] to remove acidity well [11]. Nano-titanium dioxide 
and nano-zinc oxide protect against fungal growth and ultraviolet 

radiation. Additionally, treatment with colloidal nano-silica sol-

utions plays a role in the stability and consolidation of wood 

[12]. Good colloidal stability (colloidal is a type of mixture in 
which small particles of a substance are suspended and dispersed 

through a continuous medium) is essential.  It constitutes a pre-
requisite for surface consolidation of oil paintings using colloidal 

nano-silica based on the use of nanoparticles for mechanical 

reinforcement of fibers as a material loaded on a polymer added 

with other compatible nanomaterials, which leads to the pene-

tration of the treated material and a homogeneous surface [13]. 

The incompatibility of the nanomaterials with the surface dec-

reases the treatment efficiency. Improving stability and chemical 

compatibility by changes in pH ionic strength or adsorption 

on a degraded surface [14] and fusion is often achieved by the 

adsorption of oppositely charged polyelectrolytes [15]. How- 
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ever, this may lead to flocculation between the fibers due to 

the strong electrostatic interactions between the molecules and 

the polymer chains [16]. After adsorption, the particles are eq-

ualized and lack electrostatic repulsion leading to order and 

conformation on the surface [17]. The use of nanocellulose in 

reinforcement is often due to its unique mechanical properties 

and surface features, such as gas, grease barrier, or hydrophobic, 
antibacterial, and anti-ultraviolet behaviors. Cellulose nanofibers 

(CNFs) have high strength [18] and form transparent and light-

weight membranes. In addition, they have large surface areas, 

which can be modified in sophisticated ways [19]. Strengthening 

the canvas cellulose with a material of a similar nature is useful 

for the preservation of canvas and has many advantages com-

pared to ordinary cellulose fibers since CNFs are much lighter 

and have more extensive mesh structures [20], which leads to 

higher mechanical properties of the film and a tensile strength 

of up to 310 MPA [21]. Nano-cellulose has been incorporated 

as a reinforcing agent in various polymer matrices recently to 

unify historic papers [22]. To fulfill consolidation purposes, 

it has been used as a 2.5% CNF reinforcing material for the 
colored and back surface of the painting after proving its success 

by evaluating its efficiency after conducting tests from colo-

rimetry, luminometry, ART-FTIR, and Raman spectroscopy 

to determine the effects of heat and humidity on the paint layer. 

It has been proven that CNFs have a good unifying effect with 

no discoloration [23]. Its disadvantages reveal that they do not 

penetrate to the depths, so materials, such as silica nanoparticles, 

are added to improve their performance [24] and penetrate more 

[25] because these materials are abundant, non-toxic, and 

inexpensive [26]. It has been proven to be a good strengthening 
agent for other fibrous materials, such as paper and canvas [27], 

that have an alkaline nature [28] and may provide deacidif-

ycation. Both components have been shown to provide good 

reinforcement on paper [29] and cotton canvas when used indi-

vidually [30]. CNFs are similar to the same chemical nature 

canvas. Therefore, they interact well with the surface of fibers 

[31] and nano-cellulose fibers of aqueous formulations that 

provide mechanical stability [32] by enabling a network of hy-

drogen bonds formed on the surface of the canvas, causing mec-

hanical improvement [33].The network of cellulose nano-

particles and their interaction with textiles and the anionic 

polymer (carboxymethyl) cellulose (CMC) is added, and the 
cationic polymer (PEI) polyelectrolyte, as the previous hydrogen 

bond to strengthen using a procedure that allows the formation 

ending with a layer of a cellulosic nature. The CMC outer layer 

makes the SNP negatively charged, preventing flocculation 

with negatively charged CNF and proving to be better under 

normal conditions [34]. PEI tends to turn yellow at tempe-

ratures above 100oC or when exposed to ultraviolet radiation. 

Its concentration is reduced to a minimum under normal 

conditions in the CMC@SNP [35] preparation so that no 

discoloration can be observed. CNFs are more effective than 

cellulose nanocrystals (CNCs) as coating layers with a higher 

aspect ratio, allowing CNFs to organize more tightly an inter-

locking network. On the contrary, CNCs have a fragile stacked 
structure (film) due to the inability to form interlocking networks 

[36]. So, aqueous compositions are applied to the surface of 

the painting from CMC@SNP: CNF in different ratios of 9:1, 

1:1, and 1: 9. When CNF is added, the silica concentration 

decreases. CNF remains on the surface of the fabric, while silica 

penetrates the fabric. As the silica content decreases, the vis-

cosity decreases, allowing deeper transmission, and the com-

position achieves a mass ratio of CMC@SNP CNF: 1:9. The 

fracture strength increases, the elongation at fracture decreases 

slightly, and the best mechanical performance is obtained. 

The combined nanocomposites of SNP and CNF treated with 

CMC have proved to be suitable for effectively addressing the 

loss of mechanical integrity of the deteriorating canvas [37]. 

 

2. Materials & Methods  
2.1. Materials 

An analytical examination study was carried out for 3 samples 

of yellow, red, and green falling from a historical painting in 

the twentieth century as the case study. Experimental samples 
were also made, and nanomaterials equipped in the laboratory 

of Nano-polymeric materials - National research center - 

Egypt, which were applied to them. Additionally, industrial 

aging was carried out on them, and the efficiency of nano-

materials in strengthening and deacidification was evaluated. 

Then, the application was carried out on the historical painting. 

2.2. Methods (Application of the consolidates to the 
simulated samples). 

The following specifications materials were used Cellulose 

Nanofiber with molecular formula (C6H10O5)n, average size 

10:20 nm and density 1.5 g/cm3 was supplied from Aritech 

Chemazone Pvt Ltd, 890, Sector 7, Urban Estate, Kurukshetra, 

India  ,  Silica nanoparticle with molecular formula SiO2, ave-

rage size 15:20 nm, molecular weight 60.08 g/mol , polyeth-

yleneimine (PEI) having a weight average molecular weight 

of 25000 g/mol were purchased from Sigma-Aldrich Chemie 

GmbH. Eschenstr. 5, 82024 Taufkirchen, Germany, Carboxy 

methyl cellulose with methyl content less than 10% and 10% 

moisture in addition to viscosity 5000 MPA.S was supplied 

from Hebei Tangpeng Co., Ltd. Zhongshan East Road, Shij-

iazhuang Hebei, China, Marathon ion exchange resin was 

supplied from Scientific Laboratory Supplies Ltd. Greenogue 
Business Park, Rathcoole, Dublin, Ireland, Sodium hydroxide 

was molecular formula NaOH was purchased from El-Nasr 

chemical company – Cairo – Egypt. 

2.2.1. Preparing the nanocomposite   
The nanocomposite was processed, fig. (1), as follows: 1st 

step, preparation of electrolytic silica particles: Electrolytic 

silica particles are characterized by the ability to disperse in 

solution and are prepared using 1% silica solution with ethyl 

alcohol at a concentration of 40% to make ion exchange 

with marathon resin to reach pH 3 to ensure that there are no 

charges on the surface of silica particles. Twenty-five micro-

liters of polyethylene amine solution with a concentration 

of 4.7% were added to give the ability to silica molecules to 

adsorb 1.86 ml of polycarboxymethyl cellulose in the presence 

of sodium hydroxide solution with a concentration of 0.1 

caliber to raise the pH value of the number 11. Thus, the 
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treated electrolytic silica particles were obtained at a con-

centration of 4.5 %. 2nd step, the silica electrolytic particles 

were mixed with cellulose nanometer fibers [Sil /PEI/CMC: 

CNF/w: w] in different proportions 1:9, 1:1, 9:1. It is used 

in consolidation with a concentration of 2.5%. 3rd step, the 

processing of experimental samples and aging procedure: The 

Belgian linen canvas was used, and the number of warp and 

weft threads was 13×15 cm2. The samples measured 0.7 (thick-

ness) × 7 (width) × 15 (length), 54 samples were prepared to 

measure the mechanical properties of the samples treated after 

thermal and light aging and compare them with the standard 

samples. They were divided as follows: *) For Elongation mea-

surement test, 27 samples. 9 samples were tested after thermal 
aging, 3 samples for each treatment (nano material) and the 

average were taken. Also, 9 samples were tested after optical 

aging and the average was taken. 9 standard samples were 

tested and the average was taken. *) For the breaking force 

test, 27 samples were prepared as follows:9 samples, 3 for 

each treatment after thermal aging and the average was cal-

culated. 9 samples, 3 for each treatment after optical aging 

and the average was calculated. 9 standard samples, 3 for 

each treatment for the fracture test and the average was 

calculated.  

 

 

 

 

 

 

 
 

Figure (1) the stages of preparing nanomaterials in the laboratory 
 

The degradation of the fabric samples was carried out by ble-

aching the fabric to mimic the natural processes of oxidation 

and hydrolysis of cellulose catalyzed by acid [38] by imm-

ersing the pieces of fabric in a glass basin with a mixture of 

200 ml of hydrogen peroxide at 35 wt% and 10 ml of sulfuric 

acid (95-97 wt%) for 72 hours at 40 oC with light stirring. 

Upon completion, the fabric was thoroughly rinsed with water 

to remove grease residues (such as grease or mineral oil). 

Then, the fabric was aged after applying the ground layer 

and the paint layer of the same colors. In a thermal aging 

furnace at 90 oC and 65% relative humidity (RH) for 18 

days, fig. (2-a:d). The compressive strength and the flexural 

resistance force were measured. Then, the nano-composite 

of the Sil /PEI/CMC: CNF was applied with a brush on the 

surface by 1:9 /9:1/1:1. Two layers of treatment were used to 

strengthen the color crust before the industrial aging process, 

which was carried out by exposing the samples to a T of 60°C 

and RH of 80 % for 240 hours. Other samples were exposed 

to ultraviolet radiation for 240 hours (10 days) [39], which 

equaled 50 years using a mercury bulb (E40-F500 W), and 

the type of ultraviolet radiation used UVA: 5.5616 mw/cm2 

= 268-365 nm. 

                 a                                b                                         c 
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Figure (2) the stages of preparing the sample a. & b. the bleaching stage 
the textile before and after bleaching, c. the samples after paint 

layers’ application, d.  some samples after aging    
 

2.2.2. Microscopic examination 
The examination of the historical painting was carried out with 

a polarized microscope (model: Nikon polarizing microscope 

eclipse lv100pol) and a light microscope. The expe-rimental 

samples were evaluated through the morphological surface 

by SEM (Model JEOL JSM 5400 LV EDX Link ISIS - Oxford 

detector "high vacuum") to assess the success of reinforcing 

materials and observation of the suitability of reinforced 

materials before and after application and examination of arch-

aeological samples in historical painting. 

2.2.3. Measurement of the pH value  
The pH value was measured using a digital portable pH meter, 

and the evaluation was carried out before treatment on the 

obsolete sample and the treated sample before and after aging.  

2.2.4. Color measurement 
The color change measurement was carried out to evaluate 

the reinforced materials before and after industrial aging, 

note the suitability of the reinforced, and remove acidity mat-

erials. The evaluation was carried out before treatment on 

the obsolete sample and the treated sample before and after 

aging. Color measurements were made before and after trea-

tments using CM 2600d spectrophotometer (Konica Minolta). 

The L*a* and b* analog spectropho-tometer measured the 

samples according to the L*a*b* color space using three 

Xenon-flash lamps. The CIE L*a*b* color space describes 

the colors visible to the human eye in three coordinates. L* 

describes the lightness of the color from 0-black to 100-white, 

a* describes the location between red and green, and b* 

describes the location between yellow and blue. 

2.2.5. Measurement of mechanical properties 
The evaluation was carried out before treatment on the aging 

sample and the treated sample before and after aging. To 

assess the success of the reinforcing materials on the exp-

erimental sample, the tensile strength and elongation were 

measured with the AG-X autograph table - Top type - Shimadzu 

- Japan, at a relative humidity of 60% and 23 oC for 24 h. Three 

measurement points were scored for each percent of the elo-

ngation, and the average was taken. Considering the cutting 

direction, it is uniform in all samples, three measurements 

are made, and then the average measurement accuracy and 
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elongation are usually taken on the stand ranging from (0-

300 Newton) / and (0-3%) [40]. These values corresponded 

to the limit after which the canvas brought to be torn. 

2.2.6. Infrared and Raman analysis  
FTIR (model Bruker'S VERTEX 70V FT-IR Spectrometer 
Resolution 4) was used for the infrared analysis of samples 
before and after aging on three regions in the analysis−a region 
of 2700-3600, expressing the hydroxyl group [41] the aliphatic 
hydrocarbon, the absorption zone (1470-1820) characteristic 
of the cellulose group, and the absorption zone of 800-1490 
cm-1 [42]and expressing the spectra of typically. Cellulose 
molecules contain a high amount of OH bonds to the hydroxyl 
group, and CH bonds are specifically present in about 3300 
cm-1 and 2900 cm-1 to the hydrocarbon group. Archaeological 
samples of historical paintings and varnishes were analyzed 
using a laser with a wavelength of 780 nm to identify the 
chemical composition of the material molecule for both 
inorganic and organic materials. After examination and ana-
lysis, the damage condition was evaluated and restored. 

 
3. Results   
3.1. SEM examination results  
The microscopic examination of the treated samples before 
aging and after aging showed the diffusion of the nanocom-
posite CNF: Sil /PEI/CMC and the penetration of silica in 
the applied sample in a ratio of 9:1. There was shrinkage and 
non-penetration of the reinforcing material in the applied 
sample in a ratio of 1:1 and 1:9.  Additionally, silica atoms 
appeared on the surface after application, fig. (3).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure (3) SEM photomicrographs; a., b. & c. samples before thermal 

ageing with the application of the nanomaterial with different 
ratios, d., e. & f. samples after thermal aging, g., h. & i. sample, 

before lighting aging after application of the nano-material in 

different ratios, j., k. & l. samples after lighting aging after 
application of the nanomaterial    

3.2. pH value results  
Surface pH was measured, and the pH was 5.5, so deacidifi-

cation treatment was generally necessary on the fabric from 

the back surface. Pre-treatment evaluation was performed on 

the aging sample and the treated sample before and after aging, 

tab. (1). The measurement result revealed that an alkaline 

reserve was deposited on the surface of the sample, and the 

pH was alkaline when the mixing ratio was 1:9. The other 

samples were acidic in other mixing ratios of 1:1/1:9.  
 

Table (1) result of pH values of untreated samples and treated samples 

before and after aging 

 

 

 

 

 
 

3.3. Color measurements results 
The color difference was evaluated before treatment on the 
aging sample and the treated sample before and after aging. 
It was found that the least change in color after aging was 
in a sample at a ratio of 9:1 compared to other samples at a 
ratio of 1:1/1:9, tab. (2) . 
 

Table (2) result of color measurements 

 
 

3.4. Mechanical properties results 
Mechanical testing of experimental samples was carried out 
before treatment on the obsolete sample, and the sample was 
treated with the combined compound of nanomaterials before 
and after aging to assess the differences in the fracture strength 
of the material and elongation of experimental samples after 
thermal and light aging. The results are shown in tab. (3). The 
results indicated that the resistance [CMC@SNP: CNF (w/w)] 
with a 9:1 ratio of fracture strength and elongation was greater 
than other ratios 1:1/1:9 used after industrial obsolescence. As 
a result of exposure of sample at ratio 9:1 [CMC@SNP: CNF 

(w/w)] to heat and relative humidity, the fracture strength 
increased by 43.6% (from 4.24 to 6.09 KN/m), while the elo-
ngation was reduced (from 35.4 to 33.1%). Exposure to UV 
rays increased by 45.4% (from 4.24 to 6.15 KN/m), while the 
elongation was reduced (from 35.4 to 33.5%), which was 
one of the best results. For the sample at ratio 1:9, the fracture 
strength increased by 17.8% (from 4.24 to 4.95), and elonga-
tion increased (from 35.4 to 38.5). As for exposure to UV rays, 
the fracture increased by 19.8% (from 4.24 to 5.08 KN / m), 
while the elongation was increased (from 35.4 to 37.8%). 
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For the sample at ratio 1:1, the fracture strength was increased 
by 20.1% (from 4.24 to 5.09), and the elongation decreased 
(from 35.4 to 39.3). UV exposure increased by 20.2% (from 
4.24 to 5.10 KN/m), while the elongation was reduced 
(from 35.4 to 37.6%). 
 

Table (3) measurement of the breaking strength of linen canvas before and 
after treatment by nanocomposite   

 
 

 
 
 
 
 
 
 
The analysis, tab. (4) & fig. (4) showed that the sample treated 

with a ratio of 9:1 [CMC@ SNP: CNF (w/w)] revealed no 
change in the chemical composition because both the hyd-
roxyl group and C-H stretching slightly increased compared 
to others, suggesting that the water content of cellulose was 
not affected by the canvas. Moreover, the C=O group did 
not change, denoting no effect on the hemicellulose group. 
There was a change in the chemical composition in the 
samples at a ratio of 1: 1 [CMC@SNP: CNF (w/w)] and 1: 
9 [CMC@SNP: CNF (w/w)]. The result indicated that a 
sample at ratio 1:9 decreased the hydroxyl functional group, 
decreased in (C=O) O group, and increased C-H stretching, 
indicating a change in the water content and the sample at 
ratio 1:1 increased in the hydroxyl group and decreased the 
C=O group and C-H stretching. 

 

Table (4) the result of FTIR before and after aging 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

Figure (4) FTIR spectrum of samples treated after aging and untreated 

before aging by a different ratio 

 

4. Case Study 
The study was conducted on an archaeological painting that 

was strengthened by a nanocomposite CMC@SNP: CNF app-

lied in a ratio of 9:1 for high penetration and homogeniza-

tion of nanomaterials on the surface of the painting. 

4.1. Description of the painting 
A painting was applied to a canvas of the late twentieth century 
(25 cm×50 cm) in a frame represents. The oil painting was 
displayed on a wall next to the window. A painting was the 
still life of a dead duck, placed in front of a cauliflower, an 
apple, and a ceramic bowl on a table unsigned, but dated 1983 
written on the front surface of the plate on the lower right 
side. The painting showed many signs of damage, such as fra-
gility and weakness of the fibers, lacerations, cuts, cracks, 
and falling of the color crust, fig. (5).  

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure (5) the historical painting, and the area showing the painting date 
 

4.2. Documentation by photographs 
Photos showed dirt and dust on the front and back surface, 
a change in the colors and opacity of most parts of the panel, 
and the presence of cuts at the edges of the panel from the 
edges, cracks, and falling of the color crust at the edges of 
the panel from the bottom to the middle, fig. (6-a & b). There 
was also observed fading in some places, especially the red, 
beige, and green colors, and the weakness of the textile 
carrier was observed, fig. (6-c & d).   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6) a. the back surface of the painting, damage and its impact on 
moisture, b. the falling of the paint crust and the weakness of the 

fabric, c.  damage of the paint layer, as the darkening, falling paint 

layer, d. weak canvas, and twisting of threads of the canvas 
  

4.3. Microscopic examination 
The examination of the fibers with an optical microscope 

showed transverse marks and bulges along the fibers in the 
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longitudinal sector, and the general appearance (size, shape, 

and tapered- end) corresponds to linen, fig. (7-a). The fibers’ 

loss of elasticity and fragility in several places, fig. (7-b), 
revealed the weakness of the canvas, cuts, and protrusion of 

the coating outside the cut, as demonstrated by examina-

tion of a cross-section of the layers by polarizing, fig. (7-c). 
 

                     a                                     b                                      c 

  
 

 

 

 

 

 
 

Figure (7) light microscopy photos show; a. weak linen fibers, b. brittle 

fiber, c. cross-section of layer canvas weak fibers   
 

Stereo microscope examination of paint, fig. (8), of a sample 
of the blue color showed a change to green in some areas, 

cracks, flaking of the color, and darkening, fig. (8-a). A sample 

of the orange color showed cracks, dirt, and irregularity of 

the surface as fig. (8-b), while the brown color sample illu-

strated the cracked color layer, discoloration, hardening of 

the color crust, and weakening of the canvas, fig. (8-c). 
 

                    a                                      b                                      c 

 

 

 

 

 

 

 
 

Figure (8) stereomicroscope examination; a. blue color sample, b. orange 

color sample, c. brown color sample 
 

Polarizing microscope examination of a cross-section of 

the blue and brown colors, fig. (9), showed the weakness 

and decomposition of the blue color, discoloration, and 

weakness of the canvas as fig. (9-a). The structure of the 

layers appeared to consist of a weak canvas layer, a separate 

ground layer, a decomposition and cracked paint layer, and 

a varnish layer of the brown sample, fig. (9-b). 
 

                           a                                                             b 

 

 

 

 

 

 

 

 
Figure (9) PM examination of a cross-section; a. a blue color sample show 

the hardness and the weak canvas, b. a brown color sample 

consisting of (1) varnish layer (2) paint layer (3) ground layer 

(4) canvas layer 
 

SEM examination showed that the fibers of the canvas were 

weak and eroded, the irregularity of the canvas surface, and 

the cutting of the fibers, fig. (10-a & b). SEM examination 

showed the weakness and decomposition in the blue color 

sample, fig. (10-c) and the paint solid and cracked and lost 

paint in the orange color sample, fig. (10-d). It illustrated the 

fragility and weakness of the color layer of the brown color 

sample, fig. (10-e). 

000 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (10) SEM photomicrographs; a.  brittle and weak fibers, b.  cutting 

of fibers and irregularity of the surface, c. the blue color 
sample by 300 X, d.  the orange color sample by 300 X, e.   the 

brown color sample by 500X 
 

4.4. Paint layer analyses by EDX, Raman, and FTIR 
EDX analysis of the blue color, fig. (11-a), showed that the 

sample consisted of oxygen (6.33%), carbon (15.3%), sulfur 

(1.15%), copper (75.19%), and chlorine (2.35%), indicating 

the color of azurite and malachite. Raman analysis, fig. (11-

b) showed that the blue color was from azurite in the range 

of 155 cm- 1-190 cm- 1—272 cm- 1-363 cm- 1- 461 cm- 1-472 

cm- 1- 1084 cm- 1- 1428 cm- 1- 762 cm- 1- 824 cm- 1- 855 cm - 1 

and malachite at the range of 155 cm- 1- 190 cm- 1- 352 cm- 1- 

472 cm- 1-1084 cm- 1-1017 cm- 1-1173 cm-1. The Raman ana-

lysis confirmed the EDX analysis that the blue sample was 
azurite. The Raman analysis confirmed the EDX analysis that 

the blue sample contained azurite and malachite. It confirmed 

the color change from azurite blue to malachite green [43]. 
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 b 

 

 

 

 

 
Figure (11) a. EDX pattern, b. Raman spectra of blue sample 
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The EDX analysis of the orange sample, fig. (12-a) showed 

that it consisted of oxygen (21.19%), carbon (30.46%), and ba-

rium (20.56%) in large proportions, as well as sulfur (9.42%), 

aluminum (0.62%), silica (2.48%), calcium (.051%), iron 

(2.52%), zinc (2.28%), chlorine (0.58%), mercury (2.77%), 

potassium (0.10%), and lead (7.06%). The analysis showed 

that the orange color was composed of vermilion red, red lead, 

and gothite yellow. The presence of calcium was because 

the ground is composed of calcium carbonate and due to the 

presence of potassium and silica due to gothite [44] because 

it is an earth oxide and has a percentage of alkaline substa-

nces from clay [45]. The Raman analysis, fig. (12-b) showed 

that the orange color was a mixture of vermilion red and lead 

red with gothite yellow. The Raman spectrum showed 

verm-ilion red at three main bands at 252 cm-1, 270 cm-1, 

and 337 cm-1 [46]. Furthermore, the Raman spectrum of ochre 

(III) showed 1135 cm-1 [48], 375 cm-1,1017 cm-1, and 491 

[47], 410sh, 652 cm-1, 574 cm-1, 676 cm-1, 234 cm-1, 1035 

cm-1, red hematite 270 cm-1-,234 cm-1,667 cm-1, 625 cm-1,603 

cm-1 [49], 410 cm-1,460 cm-1, and red lead at 1085 cm-1, 574 

cm-1, 491, 460, 375, 316, 234, 190. 
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Figure (12) a. EDX pattern of a red sample, b. Raman spectra of orange 

sample 
 

The analysis by the EDX unit of the brown color sample, fig. 

(13-a), showed that the sample consisted of carbon (75.43%) 

and oxygen (21.28%) as basic compounds, and sodium (0. 

14%), magnesium (0.03%), aluminum (0.79%), silica (0.29 

%), potassium (0.06%), calcium (8.3%), manganese (8.3%), 

iron (7.19%), copper (0.01%), cadmium (0.08%), gold (0. 

56%), and lead (0.51%), illustrating the presence of iron 

oxide, manganese dioxide, silica and aluminum in the burnt 

umber and small proportions of Cu, Si, K, Cd, Pb, and Au. 

Calcium is considered impurities, and the presence of calcium 

and silica in the ground layer is explained by the sample of 

calcium carbonate. Additionally, the presence of lead with 

cadmium on the red of several types showed the mixture of 

red color with brown. The Raman analysis of the brown 

sample, fig. (13-b), showed the presence of burnt amber in 

the range of 1481-1617. The Raman analysis, fig. (13-c) con-

firmed the use of linseed oil as a binder because of the presence 

of the bands at the range of 3092, 1746, 1660, 1441, 1331, 

1242, 985, 886, 446145, and 200. It confirmed the presence 

of the carbonate group at 156, 277, 716, and 1084, which led 

to the presence of calcium carbonate [50], and the presence 

of animal glue for the presence of the bands of the CH str-

etching group in the range of 2845-2932 and the bands of 

amid I at the range of 1644 and the amid II at the range of 

1110. The analysis showed the presence of mastic varnish 

for the presence of the group V(C=O) at the ranges of 1687 

and 1718, the group δ(CH2), δ(CH3 ) at the ranges of 1585, 

1378, and 1317, the group δ(CH=CH) at the ranges of 1292, 

1242, 1114, and 1136, the set v(c–c) ring at 1014, 1085, and 

1084, the set δ(C–C) aromatic at 951, the set V(C–C–Oh) 

at 844, and the set v(c–c) ring at 749. 
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Figure (13) a. EDX pattern of the burnt umber, b. Raman spectra of brown 

sample, c. Raman spectra of medium & varnish 
 

FTIR analysis confirmed the type of ground and adhesive 

as fig. (14) for the presence of the amide group (CN stretc-

hing & NH bending) at a wavenumber of 1586 cm-1 and the 
presence of the group (amid I, C-O stretch) at a wavenumber 
of 1630 cm-1, indicating that the adhesive was rabbit skin 

glue. Furthermore, the appearance of spectra of glue mixed 
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with calcium carbonate CaCO3 at a wavenumber of 871 cm-1 

for adsorption to carbonates and the presence of the carbonate 

group at a wavenumber of 1415 cm-1 demonstrated that the 

type of ground was a calcium carbonate mixed with glue. 

The analysis confirmed that the medium used was linseed 

oil due to the presence of a stretching band O-H group at a 

wave-number of 3381 cm-1, νASCH2 absorption group stret-

ching at a wavenumber of 2921 cm-1, C=O (ester) stretching 
group at a wavenumber of 1738 cm-1, and the CH3 asymmetric 
bending absorption group at a wavenumber of 1415 cm-1, 

which indicated the use of linseed oil [51]. The analysis proved 

that the varnish used was mastic for the presence of groups 

V (=C-H) at wavenumbers 3381 CM- 2921 and 2852, the 

group C=O stretching band at a wavenumber of 1738, the 

group C-C stretching band at a wavenumber of 1630, the group 

C-H bending bands at a wavenumber of 1415, and the group 

V (C=C) at a wavenumber of 997 [52]. 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (14) FTIR spectra of the medium and varnish 
 

5. Discussion 
Restoring oil paintings is a problem due to the nature of the 

chemical composition of the paintings. Restorers need to 

choose the restoration materials with high precision so as 

not to harm them. Nanomaterials are effective in restoring 

oil paintings even at low concentrations. Because of their 

small size, they penetrate the material to be treated well. The 

use of nanomaterials in consolidation and deacidification 

has increased [53]. The use of a nanocomposite consisting 

of a nanomaterial loaded on a polymer as  [Sil /PEI/CMC: 

CNF/w:w] is one of the successful methods in the restoration 

of paintings based on the use of nanoparticles for mechanical 

reinforcement of the fibers as a material loaded on a polymer 

added with other compatible nanomaterials, which leads to 

the penetration of the treated material and a homogeneous 

surface, so the treated silica nanoparticles combining poly-

electrolyte-treated silica nanoparticles (SNP)  were used [54] 

with polyelectrolyte, PEI/CMC, and CNF for painting reinf-

orcement. Nano-cellose was used in reinforcement mostly 

due to its unique mechanical properties and surface features, 

such as gas or lipid barrier, hydrophobic, antibacterial, and 

anti-UV. It has advantages in strong adhesiveness to stabilize 

the color peel, it does not cause color change, and it forms 

a transparent, lightweight film [55]. The success efficiency 

of nanocomposite [Sil/PEI/CMC:CNF/w:w] in different 

ratios (1:1, 9:1, and 1:9) applied to the experimental samples 

before and after thermal aging and light aging were demon-

strated to reach the appropriate ratio for the reinforcement 

materials by SEM which indicated that there were no deposits 

on the surface of nanoparticles, suggesting that the nanopar-

ticles penetrated the surface because this was helped by the 

presence [56] of a large amount of [CMC] which provides 

the production of films with higher elasticity, allowing for 

deeper migration and filling of cracks the fibers and the for- 
mation of homogeneous monolayer. This result confirmed the 

success of the 9:1 nanocomposite [57] compared to samples 
applied at a ratio of 1:1 and 1:9, which formed a surface layer. 
Silica appeared on the surface of the treated samples (indicated 
by white color), which indicated the lack of silica penetration 

and deposition on the surface, and the presence of a large 

percentage of CNF formed a cross-linked network on the 

surface [58], affecting the penetration of silica, which greatly 

increased the percentage of silica on the surface of the samples. 

pH measurement of the experimental samples with different 

mixing ratios showed that the ratio 1:9 changed pH, and the 

surface became alkaline because the decrease in silica conc-
entration led to penetration into the surface. The CNF remained 
on the surface, forming an elastic film with increased CMC 

percentage, while the opposite occurred in other mixing ratios . 

Color measurements for the aged samples treated with Sil/ 

PEI/CMC: CNF showed that color changes occurred with 

thermal and light aging for the sample’s ratio of 9:1 change 

with a slight percentage. ΔE* was 0.8. For samples with a 
mixing ratio of 9:1/1:1, ΔE* was respectively 1.1 and 1.5. In 

addition, yellowing occurred in mixing ratios 1:9/1:1/ greater 
than the ratio 9:1. This was probably a result of degradation 

of the cationic polymer PEI, which tended to yellow upon 

thermal aging [59]. This enhanced the interactions between 

cellulose and the cationic polymer PEI, which increased yel-

lowing. The lower color change observed for the experimental 
sample with a ratio of 9:1 might indicate that the CMC with 

a large ratio provided protection against the degradation of 

the cationic PEI polymer [60]. The tensile test showed the 
mechanical efficiency at a ratio of 1:9 because the CNF formed 
a thin layer on the surface, resulting in increased ductility. 

The SNP penetrated deeper and was strengthened throughout 

the layer, resulting in higher stiffness. The surface treated 

with Sil/PEI/CMC [61] was mechanically affected by aging 

due to the network of hydrogen bonds formed on the surface 

which would lead to mechanical improvement, as the previous 

hydrogen bond strengthened the network of cellulose nano- 

particles and their interaction with textiles and the anionic 
polymer (carboxymethyl) cellulose (CMC), unlike other 
mixing ratios 1:9 /1:1 [62]. The infrared analysis indicated 

the functional groups that indicated whether changes occurred 
in the experimental study samples treated with nanomaterials 
before and after the photo and thermal aging process. It 
confirmed that in the sample treated at a ratio of 9:1, there 

was no change in the functional group because both the hyd-
roxyl group and C-H stretching increased slightly compared 
to others, suggesting that the water content of the cellulose 
of the sample was not affected. Also, there was no change 
in the C=O mixture, which indicated no effect on the hemi-

cellulose group [63]. In contrast, there was a change in the 
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functional group in the samples mixed at ratios of 1:1 and 
1:9, indicating a change in the water content of the sample. 
The results of examinations and analyses of the historical 

painting showed that it had much damage, as proved by optical 
microscopy (OM), stereo, SEM, and polarized examination. 
The fibers of the linen fabric were weak and frayed, and 
there were cuts at the edges of the painting, cracks, and loss 

of color peel. It was noted that the fabric was fragile and 
uneven. The layered structure showed the extreme weakness 
of the panel layers and the weakness of the fibers, which con-

firmed the necessity of strengthening and lining the painting. 

 
6. Restoration Processes of the Case study 

6.1. Consolidation using nanocomposite and lining 
The front and back surface of the painting was cleaned with 

a soft brush, and the surface was protected by Japanese paper 

using a brush after the weak color crust was fixed from the 

bottom by injection, as shown in fig. (15-a & b). The install-

ation was conducted with nanocomposite %9 CMC@SNP  : 

%1 CNF  by 2.5% dissolved in 100 ml of ethanol, then ironed 

and cauterized with a thermal iron at 45 °C, fig. (15-c). After 

protection and fixing the weak color crust, the canvas was 

uniformly re-straightened from the back surface to ensure 

that the torn parts did not separate [64], fig. (15-d) and was 

done on the edges of the painting because of their weakness. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure (15) the fixation of the paint that was about to a. fall, b. with heat, 

c. restoring the position of the fabric fibers and flattening the 

area, d. protecting the surface paint and making the sides of 

the painting 
 

The cut parts were fixed using nanomaterial compound adh-

esive and Nantacid paper, characterized by flexibility. It is a 

paper made of non-woven, high-density polyethylene fibers. 
It does not expand or tear, and it maintains its physical proper-

ties during humidity vibration [65]. Ironing and light pressure 

were applied to flatten and enhance adhesion, fig.  )16-a). 

Then, weights were placed on it and left for 24 hours. The 

back surface of the original canvas of the painting was cle-

aned with a nano compound to remove the acidity and left 

for 48 hours. After that, the lining process was carried out 

using the cold lining method using 2% plexitol dissolved in 

xylene and two wooden frames with Belgian linen fabric 

stretched over them. The first frame was made of new wood 

with a size larger than the original painting, and the other 

frame was larger than the first by 10 cm on each side. The 

size of the painting was determined by number (2), which 

was stretched with linen and painted with plexitol to the 

specified size, which was applied with a brush. The original 

painting was painted from the back. The area painted with 

xylene was sprayed on the new canvas and the original pai-

nting surface. Then, the painting was applied to No. “1” inside 

No. 2", fig.  )16-b). Next, it was placed on a surface, and sui-

table weights were placed on it until the next day. Then, the 

painting was tightened onto the original stretch wood after 

cleaning and sterilizing. The Japanese paper was removed 

from the drywall carefully by hand. When adhered parts were 

found, they were wet with distilled water and then raised so 

that they were parallel to the surface. 
 

                            a                                                          b 

 

 

 

 

 

 

 

 

 
 
 

Figure (16) a. the application of the painting inside the stretch wood; "No 

2”, b. patching the cut parts using Nantacid paper and ironing. 
 

6.2. Cleaning process  
Mechanical cleaning was carried out using soft brushes and 

then cleaning with an enzyme with natural saliva, which dis-

solved part of the surface dirt and removed paint particles 

by mechanical action without damaging the paint layer [66]. 

Then, solvent cleaning used a mixture of isopropyl solvent 

with white Sprite solvent in a ratio of 1:1 that worked effe-

ctively in cleaning the light areas of the painting, fig. (17-

a). The old varnishes were cleaned with a solvent mixture 

consisting of white Sprite: isopropyl in a ratio of (1: 3) or 

(5: 5), fig. (17-b). 
        

                               a                                                        b 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (17) a. the cleaning of the right side of the painting, b.  the use of 

cleaning with a mixture of solvents 
 

6.3. Filling & retouching 
The missing parts of the ground layer were filled using a white 

paste consisting of calcium carbonate + one part glue + 9 parts 
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water. Then, the putty area was smoothed using a piece of soft 

sandpaper.  The retouch was done using colors type Maymeri. 

6.4. Restoration of the frame   
The frame was cleaned mechanically, using a soft brush to 

remove simple dust, then the saliva enzyme, simple to remove 

the non-simple dust. Then cleaning by chemical methods using 

vegetable turpentine solvent, the cleaning rates were weak, 

then cleaning with ethyl alcohol, the cleaning rates were weak, 

then cleaning with a mixture consisting of ethyl alcohol + veg-

etable turpentine in a ratio of 2:1. It was found that cleaning 

with this mixture gives a better result than all the previous 

solvents. 

6.5. Applying the varnish 
After the retouch dried, the varnish types Gamvar Satin/ 

Matte Picture, Manufacturer/Supplier Gamblin Artists Color, 

was applied to the surface by spraying with a gun. which is 

transparent and does not change color, and the painting was 

put in the frame, fig. (18).                                          
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Figure (18) the painting a. before and b. after restoration. 

 

7. Conclusion 
Consolidation by green nanocomposite is preferred in restoring oil 
paint applied on canvas. The green nanocomposite based on comb-
inations of SNP and CNF treated with CMC is suitable for treating 
the loss of mechanical integrity of deteriorated canvas. The reinforc-
ement properties of the formulations can be adjusted by changing 
the ratio between silica and CNF particles. Due to the size difference 
between the components, the green nanocomposite [Sil/PEI/CMC: 
CNF/ w:w] at ratios of 9:1, 1:9, and 1:1 provided suitable treatment. 
A comparison revealed that the green nanocomposite [Sil/PEI/CMC: 
CNF/ w:w] mixed at a ratio of 9:1 provided the best results in stren-
gthening and removing acidity. CNF formed a thin layer on the surface 
of the fabric, while silica particles penetrated the interior of the fabric.  
The high CNF content in the formulation resulted in ductile behavior, 

while the high silica content resulted in a stiffer fabric and provided 
the potential to reinforce the deteriorating panel compared to other 
processors at a ratio of 1:1/1:9. 
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