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Borax-agar gel has been used recently in the deacidification and other 
conservation processes for paper manuscripts. However, the residues of 
borax-agar can be damaging to the cellulose fibers. Conservators are 
trying to solve this problem, especially with the great success achieved by 
the borax / agar based gel in the acidity neutralization and improve the 
mechanical properties of the paper manuscripts. The current study 
considers whether the use of paper barriers such as Japanese gampi, 
linen, and rayon can reduce harmful borax-agar residues. Historical paper 
specimens were treated with 3% and 6% of agar poultice with different 
barriers such as rayon, pure linen, and Japanese gampi paper. After 
drying, the treated paper samples were exposed to hot-moist ageing at 80 
°C and 65% relative humidity for 72 h. The role of different barriers used 
in the reduction of residues from agar poultice and the effect of these 
residues on cellulose fibers were studied via some analytical techniques, 
such as digital optical microscopy, scanning electron microscopy, pH, 
color change, and Fourier-transform infrared spectroscopy (FTIR), were 
used. The results showed that 3% of the agar poultice-borax with a linen 
barrier gave the best results with no residue left after treatment.  
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INTRODUCTION 
 

Many libraries, museums, and stores contain paper manuscripts that are suffering 

from deterioration aspects, such as acidity and dirt, and such problems call for 

deacidification and cleaning (Zou et al. 1996; Warda et al. 2007; Baglioni et al. 2009; 

Domingues et al. 2013; El-Feky et al. 2014). The acidity plays an important role in 

degradation of ancient manuscripts (Kolar et al. 1997, 2003, 2006). In principle, paper is 

formed with a network structure involving cellulose and non-cellulose (hemicelluloses and 

lignin) components. These materials are held together with hydrogen bonds; therefore, the 

mechanical properties of different paper samples are substantially influenced by the 

individual characteristics of cellulose fibers, by the nature, concentration and chemical 

properties of fillers and additives, as well as by the network structure of the paper 

(Hinterstoisser and Salmén 2000).  
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When cellulosic materials are exposed to elevated temperatures, changes can occur 

in their chemical structures that affect its performance. The changes in chemical structure 

may be manifested only as reduced strength, and water content and of course change of pH 

(Hassan 2016). 

Furthermore, the acidity may be due to the use of iron ink in writing. Such ink 

which contains mainly sulfur compounds (sulfate ferric) with tannic and gallic acids, and 

sulfuric acid (H2SO4) is formed in the presence of moisture and dust. This leads to 

formations of burns beneath it in some cases. The acidity plays an important role in the 

damage and degradation of historical paper and its holdings (Badea et al. 2012; Elamin et 

al. 2018a,b). With the passage of time, the paper gradually becomes more and more brittle 

which leads finally to a complete disintegration after several hundred years of storage. Two 

processes have explained the degradation of paper; metal-catalyzed oxidation and acid-

catalyzed hydrolysis of cellulose. Both phenomena can occur simultaneously or 

independently from each other; the final stage of these reactions is the high acidity and 

decomposition of the paper (Baty et al. 2010; Hubbe et al. 2017). 

 A recent study showed that impregnated interleaving papers with the ethanolic 

extracts produced from Lemna gibba and Eichhornia crassipes effectively neutralized the 

acidity of decayed paper after 7 d from the treatment with evidently chelated transition 

metals (Mohamed et al. 2019). Furthermore, the daylight and the artificial light interior, 

especially the more energy-rich component – near ultraviolet radiation (UVA) cause 

gradual degradation of paper, fabrics and other organic based materials (Olabi 2017; 

Brunetti et al. 2019). Many authors associate the yellowing of bleached pulp and paper 

with oxidation of cellulose and subsequent increasing of carbonyl group content. This is a 

result of acid hydrolysis - the degradation of macromolecules of cellulose, hemicelluloses, 

and lignin, with the creation of increased share of low molecular fractions with high 

presence of carbonyl and carboxyl groups, which may be the cause of increased paper 

acidity (Feller 1994; Fan et al. 2011). Several processes have been introduced to effectively 

neutrals the acidity in paper and arrest its deterioration action (Agrawal and Barkeshli 

1997). 

Some researchers have studied the effects of various type of deacidification on 

stability of cellulose, where none of the methods gave homogeneous distribution of active 

compounds in the paper. For example, a natural dye (in dyed paper) like turmeric is not 

stable and will change color during the deacidification process, and it was found that the 

chemical composition of the paper components is affected by organic solvents commonly 

used in deacidification of archaeological paper; this is especially the case for toluene and 

ethyl alcohol, which accelerated oxidation and hydrolysis of paper samples (Wahba et al. 

2020).  

The sol-gel process is one of the most important approaches used in the 

conservation of historical paper manuscripts, where it has some advantages, such as easy 

and securely controlled, which makes it useful in applications of paper preservation. 

Additionally, the gel has a multi-function structure. Most associated studies within the last 

15 years have tended to use gel in the treatment of paper manuscripts in cleaning, to extract 

salt from some materials (Ellis and Ellis 1997; Campbell et al. 2011; Hassan 2015; Hassan 

and Mohamed 2017, 2018; Hamed and Hassan 2019).  

Recently, agar gel has been used in deacidification and other conservation 

processes of paper manuscripts (Hughes and Sullivan 2016). The material is regarded by 

some today as one of the most innovative for use in conservation. Agar, a polysaccharide 

complex derived from marine seaweeds, is indeed the oldest known gelling agent, used 
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over the centuries in numerous fields, mainly as a food additive (Jönsson et al. 2020). Agar 

is composed of two different polymers, both made from the simple sugar galactose: 

agarose, a linear-chain, neutral and high-molecular weight polymer; and agaropectin, the 

same basic structure containing methyl, sulphate, and pyruvate substituent groups. Perhaps 

one of the most important adverse effects of agar on paper is to increase the rate of bacterial 

activity (Ishida et al. 2003; Bae et al. 2004).  

Polymeric gel systems can be prepared by means of reversible chemical crosslinks 

between borate ions (from borax salt [Na2B4O7 • 10H2O]) and partially hydrolyzed agar to 

obtain agar-borate gels with a highly viscous liquids that can conform to multi-dimensional 

and complex surfaces, and as elastic solids (Angelova et al. 2015; Riedo et al. 2015). 

Responsive agar – borax gels offer several advantages over nonresponsive physical solvent 

gels for conservation applications. These gels are both effective as cleaning tools and are 

easily removable from the painted surface once they have carried out their function because 

they are converted rapidly to free-flowing liquids. Thus, by modulating the chemical and/or 

conformational properties of the gelator, it is possible to apply a gel and, after the activation 

of a chemical or physical switch, induce a physical gel/sol transition (Sacco et al. 2018). 

Removing the sol from the surface of a work of art minimizes mechanical action 

over the surface of the work of art and diminishes the possibility of surface damage 

(Khandekar 2000; Alam et al. 2012). Furthermore, such cleaning generally requires no 

aqueous clearance procedure. In some instances, the soiling material dislodged from the 

surface is drawn into the gel particles, or simply on to the surface of the gel membrane. In 

other instances, particularly when a film-forming material gives the soil coherence and 

some character of an actual film, application of the rigid Agar gel simply swells the soil 

layer, which can then be removed by the gentle action of a dry cotton swab. Within this 

working strategy, the use of a grated rigid agar gel leads to further improvements: more 

gentle and uniform action, without any problems due to adhesiveness (Cremonesi 2016). 

Nevertheless, the researchers did not pay attention to the borax-agar residues that could 

cause damage to the paper structure, so the present study is unique in terms of its study to 

reduce the borax material residues in the gel agar systems through the usage of various 

barriers. A further goal was to assess the extent of the efficiency of borax/agar based gel in 

deacidification and the amount of borax harmful residues after application. Several studies 

have tried to improve the use of gel in cleaning processes with different methods, either 

mechanical or chemical cleaning, which left uncontrolled residues. Some previous studies 

revealed that the use of agar poultice is better than the use of chemicals in the treatment 

processes, and the remains of which are lower compared with the remains of solutions on 

cellulose fibers. The ageing is one of the important steps that has an active role in the 

evaluation of treatment after its ageing for long-term (Devanathan 2012). 

 This study aims to evaluate the use of different barriers as a means to reduce the 

residues of borax-agar on historical manuscripts and the effect of those residues on 

cellulose fibers under artificial ageing. Therefore, this work is complementary to the actual 

evaluation of the efficacy of the agar and borax material in the deacidification of paper 

manuscripts. The study was undertaken on historical samples from special groups, which 

gives more accurate and realistic results for the nature of manuscripts. In addition, it 

provides a number of solutions for the residues within the paper structure.   
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EXPERIMENTAL 
 

Historical Paper Samples  
A historical paper manuscript sheet (Fig. 1) was used in the experimental aspect in 

the current study. It dates back to 1887 AD, and the manuscript was obtained from special 

collections, Cairo, Egypt. The authors used a microscopic examination to identify the type 

of paper. The scanning electronic microscope (FEI Quanta 200 ESEM FEG; FEI Company, 

Seto, Japan) examination showed that the manuscript paper was probably made from flax 

(Fig. 2).  

 

 
 

Fig. 1. The historical paper manuscript with leather bookbinding 
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Fig. 2. The SEM image of historical paper before treatment with agar gel 

 

The fiber was inherently characterized as flax based of its strength and durability 

with a low percentage of lignin, ranging from 2 to 5%, as well as the cylindrical 

compartmentalized partitions with walls incidental thick canal central narrowness. 

 
Preparation of Agarose Poultice 

Two concentrations (3% and 6%) of agarose were prepared (Granan et al. 1987; 

Kelly 1987; Zarubica et al. 2015). Briefly, water was boiled at 100 ℃, and then agar with 

borax (Kraemer Company, Bremen, Germany) were added gradually under stirring. After 

completely solving the agar (Fig. 3a), the beaker was put inside an oven for 1 min. Then, 

the prepared material was poured into a glass mold with 1 cm thickness. The poured 

material was left for 1.5 h to reach the jelly state (texture) (Fig. 3b). 

 

50 µm 
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Fig. 3. Preparation steps of agar poultice: (a) Agarose after completely solving; (b) Agarose 
poured inside glass mold 

 

Application of Agarose with Different Barriers 
After reaching to the jelly state, the agarose was cut into small samples. Then, 

different barriers were put onto historical paper samples before treatment processes, such 

as pure linen, rayon, and Japanese gampi paper (Fig. 4). These were used to evaluate how 

well these barriers will succeed in reducing poultices gel residue. Agarose was put on the 

paper samples with different barriers and left for 1.5 h. After the 1.5 h, the agarose with 

different barriers were removed from the samples and left to completely dry at room 

temperature. 

 

Accelerated Moist-heat Ageing  
The treated and untreated historical samples were exposed to a moist-heat treatment 

at 80 ℃ and 65% relative humidity for 72 h, as per ISO 5630-4 (1986). The oven used in 

this ageing process was from the National Institute for Standards, Giza, Egypt. 

 

Analytical Techniques 
Digital microscope 

A portable USB digital microscope (model PZ01; Shenzhen Super Eyes Co., Ltd., 

Guangdong, China) was used to investigate the surface of the experimental samples. 
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Fig. 4. Application steps of agar poultice on historical paper: (a) Agar after drying was cut into 
small samples; (b) Putting barriers on historical samples; (c) Putting agar poultice above barriers; 
(d) Removing poultices and barriers; (e) The paper samples after removing poultices; (f) Paper 
samples after completely drying 

 
Color change measurements 

The changes in the color parameters L, a, and b were measured with a Hunter lab 

colorimeter (HunterLab Labscan 600 spectrocolorimeter, version 3.0; Hunter Associates 

Laboratory Inc., Reston, VA, USA); L index refers to black-to-white color, a index refers 

to green-to-red color, and b index refers blue-to-yellow color.  
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The overall change in color indices due to ageing was expressed as ΔE according 

to the following formula (George 1995; Ali et al. 2018; Salem et al. 2019),  
 

   ∆E=√( ∆𝐿)² +  (∆𝑎)² + ( ∆𝑏)²       (1) 

where = ( ∆L)², (∆a)², and  (∆b)² are the differences between the values of the color indices 

before and after ageing. 

 

Scanning electron microscope (SEM) 

A scanning electron microscope Zeiss LEO1550 (SEM LEO 1550VP; Carl Zeiss 

AG, Oberkochen, Germany), equipped with an Edwards Scan Coat K550X sputter coater 

(Gordon Brothers, Boston, MA, USA) at Asyut University was used for investigation the 

morphology of the untreated and treated inked paper samples with agar. 

 

Measuring of pH 

Measurement of pH was performed on samples according to TAPPI 509 om-02 

(2002) (cold extraction, 1 g of sample per 70 mL of water) (Kočar et al. 2004; Standard 

ISO 6588-1 2005). The pH values were measured by using a pH meter (Misura line ML 

1010 pH meter; Servicios de Análisis Químico Aquater Limitada, La Florida Santiago, 

Romania), between pH 4.01 and 7.01 at 20 ℃. 

 

FTIR spectra 

The FTIR was used to monitor the chemical characterization and the changes that 

occurred in the paper due to treatment of agarose poultice using different tissue carriers. 

The samples were analyzed with an FTIR spectrometer (Model 6100; Jasco, Tokyo, Japan). 

The spectra were obtained in the transmission mode with a TGS detector using the KBr 

method and represent (2 mm/s) co-added scans in the spectral region ranging from 4000 to 

400 cm-1, with a resolution of 4 cm-1.  

All samples were given codes as shown in Table 1. : the conditioning atmosphere 

for application and analysis  was 50.0% ± 2.0% RH ± 1.0ºC according to TAPPI 402 sp-

08 (2013). 

 

Table 1. Sample’s Code for FTIR Measurements 

Materials Code 

Agarose A 

Concentration 3% and 6% 

Barriers 

Japanese gampi Paper G 

Pure Linen L 

Rayon R 

Before Ageing 0 

After Ageing 1 
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RESULTS AND DISCUSSION 
 

Optical Microscope 
The optical microscope images (zoom x40) of the untreated and treated samples 

with agarose (3%) are shown in Fig. 5. Some impurities and black stains were noted on the 

untreated sample after accelerating ageing, which confirmed impact of artificial ageing in 

oxidation of cellulose components. In the treated sample with agarose (3%) with Japanese 

gampi barrier, it can be easily noticed that the fibres became more flexible than untreated. 

 

 

 

 

     5 µm     5 µm 

     5 µm 

    5 µm      5 µm 

     5 µm 
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Fig. 5 (g-h).  Images of optical micrographs (zoom x40) for treated paper samples with 3% agarose 
before and after ageing: (a) the historical sample before ageing; (b) aged historical sample; (c) 
treated historical sample (3%) with Japanese gampi barrier before ageing, (d) treated historical 
sample with Japanese gampi barrier after ageing; (e) treated historical sample (3%) with linen 
barrier before ageing, (f) treated historical sample (3%) with linen barrier after ageing; (g) treated 
historical sample (3%) with rayon barrier before ageing, and (h) treated historical sample (3%) with 
rayon barrier after ageing 
 

Additionally, a dramatic decrease of impurities in the treated sample was noticed. 

The treated sample with pure linen barrier gave the best results, where the fibers became 

flexible and the surface appeared pure and cleaned. 
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Fig. 6 (e-h). Images of optical micrographs (zoom x40) for treated paper samples with 6% agarose 
before and after ageing: (a) the historical sample before ageing; (b) aged historical sample; (c) 
treated historical sample (6%) with Japanese gampi barrier before ageing, (d) treated historical 
sample with Japanese gampi barrier after ageing; (e) treated historical sample (6%) with linen 
barrier before ageing, (f) treated historical sample (6%) with linen barrier after ageing; (g) treated 
historical sample (6%) with rayon barrier before ageing, and (h) treated historical sample (6%) with 
rayon barrier after ageing 

 

In the case of the treated sample with rayon barrier, the ratio of the impurities was 

higher compared to when the linen barrier was used. From the obtained images from the 

optical microscope (Fig. 6) for the treated historical samples with agarose (6%), it was 

found clearly that a large amount of impurities were on the surface of with using Japanese 

gampi barrier. While in the treated sample with agarose (6%) and linen barrier, the fibres 

seemed flexible without the appearance of any residues. For the agarose (6%) and rayon 

barrier, some residues were observed because of the treatment but it disappeared with 

ageing. 

 

Scanning Electron Microscope Analysis 
It was clear from the microscopic images (Figs. 7 and 8) that accelerated ageing 

impacted the structure of the untreated samples; an apparent destruction of untreated paper 

fibers was observed after the specimens had been subjected to ageing. Additionally, 

roughness of the fibers and the tearing deformation of paper fibers were also noticed. 

After the treatment by both concentrations, no noticeable differences were detected. 

However, it was worth noting that an amount of residue was high at a concentration of 3% 

compared to a concentration of 6%, which can be attributed to the decrease in viscosity in 

5 µm 
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the concentration of 3%. Furthermore, it was noted that the residue ratio decreased 

dramatically at 6% concentration. It was clear from the examination that there were borax 

residues that appeared on the fibers, but residues were less when pure linen was used 

compared with other samples, which was attributed to the low penetration of the remains 

(Fig. 8). Moreover, the linen barrier scored the best results, as the residues were minimum, 

followed by the Japanese gampi barrier, and finally the rayon barrier.   

 

 

 

 
 

Fig. 7. The effect of the deacidification process on treated paper’s surface with agar gel 3%. 
Japanese gampi barrier (a) before ageing, (b) after ageing; linen barrier (c) before ageing,  
(d) after ageing; rayon barrier (e) before ageing, and (f) after ageing 
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Fig. 8 (c-f). The effect of the deacidification process on treated paper surfaces treated with agar 
6%. Japanese gampi barrier (a) before ageing, (b) after ageing; linen barrier (c) before ageing, (d) 
after ageing; rayon barrier (e) before ageing, and (f) after ageing  

 

Color Change by Spectrophotometer 
Total colour differences (ΔE) 

Comparing the results of the colour change values for the samples (ΔE) before and 

after treatment (Table 2), it was noted that no noticeable colour change occurred in the 

treated samples with agarose poultice at the concentrations of 3% and 6% combined with 

different barriers except with treated samples (3% and 6%) by using the Japanese gampi 

barrier, for which the value of the ΔE was relatively high compared to the linen and rayon 

barriers. The results of the table confirmed that after the artificial ageing, the values of ΔE 

in all treated samples decreased significantly where ΔE of sample (A6L1) recorded 1.99 

then the sample A6L0, which recorded (3.54), followed by sample A3L0 that was 6.7, then 

sample A3L1 that was 4.77. The apparent improvement in the values of the color change 

can be attributed to two reasons: i) role of the heat during the ageing in dryness of the 

residues ii) borax can react as a bleaching agent, which can improve the color change after 

(a) 
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aging a result of bleaching (Farr et al. 2003). There was also a clear difference between the 

values of the color change according to the type of barrier after the accelerating ageing 

Where ΔE of the aged treated samples with linen barrier A6L1 and A3L1 recorded 

1.99 and 4.77 respectively, which confirmed that the linen barrier had a pivotal role in 

reducing the values of colour change.  

Comparing these results, it was observed that the lowest degree of colour change 

was in the sample treated with the poultice concentration of 6% and the use of pure linen 

as a barrier. This was followed by the treated sample with concentration 3% and the use of 

rayon as a barrier (after ageing). Next, was the treated sample with a concentration of 6% 

and the use of rayon as a barrier, then the treated sample with the poultice concentration 

3% and the rayon as a barrier (after treatment without ageing), then the treated sample with 

concentration of 3% with Japanese gampi barrier (after ageing), and lastly the treated 

sample with a concentration of 6% using a Japanese gampi barrier. 

 
Table 2. Total Colour Differences of Treated Samples Before and After Ageing    

Agar 3%  Agar 6% 

Sample Colour Values Total 
Colour 

Differenc
es 

Sample Colour Values Total 
Colour 

Differenc
es 

L a b ΔE L a  b ΔE 

Standa
rd 

77.93 3.50 20.06 0.0 Standard 77.94 3.50 20.06 0.0 

A3G0 79.006 3.05 17.01 3.29 A6G0 68.19 4.78 15.27 10.94 

A3G1 68.25 4.43 15.07 10.94 A6G1 72.57 4.05 16.12 6.68 

A3L0 71.64 4.05 17.67 6.76 A6L0 75.50 3.60 17.50 3.54 

A3L1 81.04 2.15 16.69 4.77 A6L1 77.76 3.32 18.09 1.99 

A3R0 71.02 4.09 14.62 8.82 A6R0 78.25 3.08 16.17 3.93 

A3R1 81.42 1.78 14.39 6.87 A6R1 72.57 3.81 15.64 6.96 

Subscript ‘1’ refers to after ageing and ‘0’ refers to before ageing 

 

The pH Measurement 
The results shown in Table 2 show that the pH value for the historical sample was 

4.5, and this value can be regarded as an initial stage of the oxidation process. It was stated 

that fibers made of cellulose chains are degraded when exposed to an acidic environment 

in the presence of moisture. In this case, the acid hydrolysis reaction can occur, such that 

cellulose chains are repeatedly split into smaller fragments as long as the source of acid 

remains in the paper. This acid hydrolysis reaction produces more acid and accelerates the 

degradation (Block et al. 1958). 

After treatment, a dramatic change was observed, where the values of pH increased. 

Table 3 shows that the A3L0 sample gave the best result in the concentration of 3%, after 

ageing (A3L1) the result was still higher than the untreated sample, which confirms that the 

treatment (3%) helped to prevent the oxidation of the paper during the ageing and gave an 

acceptable pH value. 

It also indicated the success of the linen barrier in achieving the desired goal of 

treatment, which was to neutralize the acidity efficiently. With rayon and gampi barriers 

(samples A3G0 and A3R0) it achieved a high pH level. This may be due to the penetration 

of the agarose into the pores of the paper, and this did not fit the goals of treatment with 

poultice. However, after the ageing, the samples A3G1 and the sample A3R1 reached a 
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neutral level. As for the 6% concentration in the sample A6L0 and the sample A6L1, it 

appeared that the higher concentration of the poultice with pure linen as a barrier did not 

help in penetration of the substance well, where pH values increased slightly after 

treatment. 

For the samples A6G0, A6G1, A6R0, and A6R1, it appeared that gampi and rayon 

helped achieve the deacidification of treated paper (3%) compared to the linen barrier. 

Where the pH values of treated paper reached suitable values, as well as after ageing, the 

pH level was ideal. According to these results, it is recommended to use low concentrations 

of the poultice (approximately 3%) with pure linen as a barrier. This was because it reduced 

the residues after treatment.  

 Beside that, gampi or rayon barriers should be used in the case of a high 

concentration of agarose, because they allowed the penetration of the treatment particles 

by the required ratio. The results are consistent with what has been demonstrated by 

specialists in the field of paper acidity deacidification; paper preservation from acid 

hydrolysis as well as from the corrosion of oxidative ink has been achieved by stabilizing 

the final pH of de-acidifying paper around 6.5 to 7.5 (Poggi et al. 2010). 

 

Table 3. The pH Values of Treated Samples 

Samples pH 

Standard 4 : 5 

A3L0 7.5 : 8 

A3L1 6 

A3G0 8.5 : 9 

A3G1 7 : 7.5 

A3R0 8.5 : 9 

A3R1 7.5 : 8 

A6L0 5.5 : 6 

A6L1 5.5 

A6G0 8 : 8.5 

A6G1 7.5 : 8 

A6R0 8 : 8.5 

A6R1 7.5 : 8 

 
FTIR Results 

Figure 9 shows the FTIR spectra of control and treated samples before and after 

ageing. For an aged untreated specimen it was interesting to note that after ageing there 

were some differences in the decrease of the relative intensity of the O-H group at 3400 

cm-1, and the shape change of this peak may be an indication of the rate increase of 

evaporation. Secondly, it increased molecular mobility. In addition, the 876 cm-1 bands that 

represent the C-H stretch third overtone disappeared. The intensity of the carboxylic peak 

near 1600 cm-1 also increased with ageing. 

FT-IR spectra of treated sample showed vibrational peaks at 3419.3 cm-1, and 

3421.9 cm-1, which indicates the presence of O-H stretching. Furthermore, an absorption 

band was found at 2900 cm-1, which is associated with methoxyl group, while vibrational 

band occurred at 1600 cm-1 presented the CO and NH groups, which are responsible for 

the formation of conjugated peptide bonds. It is also observed that the presence of a band 

at 930 cm-1, in (Figs. 10 to 14) indicated the presence of 3,6-anhydrogalactose bridges. 
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Furthermore, the borax spectrum bands at 1420, 1150, 1079, 1000, 949, and 832 cm-1 were 

detected in all treated samples. 

However, it should be noted that FTIR spectra also showed that there was a 

difference in the amount of residues on the samples according to barriers types. This 

difference was as follows: with linen, a barrier a dramatic decrease in intensities of 

starching bands at 1073.3 cm-1 and 1150 cm-1 was observed. Furthermore, the intensities 

of borax bands at 1420, 1079 and 1150 cm-1 decreased observably as compared to other 

barriers. On other hand, the agar and borax bands intensities increased with use of rayon 

and the gampi as barriers. However, those bands their intensities decreased after ageing 

because part of these materials could be subjected to oxidation resulting from the process 

of ageing as shown in Figs. 10 to 14. 
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Fig. 9. FTIR spectra of control sample (above) and treated samples with 3% agar poultice and 
linen barrier: standard (black); A3L0 (red); A3L1 (green) 

 
 

 
Fig. 10. The FTIR spectra of treated samples with 3% agar poultice and rayon barrier: standard 
(black); A3Ro (red); A3R1 (green) 
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Fig. 11. The FTIR spectra of treated samples with 3% agar poultice and gampi barrier: standard 
(black); A3G0 (red); A3G1 (green) 

 
 

 
Fig. 12. The FTIR spectra of treated samples with 6% agar poultice and gampi barrier: standard 
(black); A6G0 (red); A6G1 (green) 
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Fig. 13. FTIR spectra of treated samples with 6% agar poultice and linen barrier: standard 
(black); A6L0 (red); A6L1 (green) 

 
 

 
Fig. 14. FTIR spectra of treated samples with 6% agar poultice and rayon barrier: standard 
(black); A6Ro (red); A6R1 (green) 
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CONCLUSIONS 
 
1. The results confirmed that the concentration of 3% of borax poultice gave the best 

results in treatment with no residue left, especially when using the linen as barrier. The 

optical microscope images confirmed that the treated fibers became more flexible after 

treatment. Additionally, a dramatic decrease of impurities in the treated sample was 

noticed. 

2. This study provided that it was preferable to use high concentrations for highly 

sensitive objects that did not bear the high moisture content. 

3. The use of barriers greatly reduced residues resulting from the use of a poultice, 

especially the linen barrier, as demonstrated by the results of FTIR where the intensities 

of agar and borax bands at 1420 and 1150 cm-1 reduced dramatically in treated samples 

with linen barrier.  

4. One of the striking results was the decrease in the color change values of the samples 

treated by borax poultice after artificial ageing where the result of ∆E value confirmed 

that the poultice in the current study recorded acceptable ΔE values, which cannot be 

detected by naked eye. 

5. Linen barrier with a concentration of 3% gave promising results for the de-

acidification, even after artificial ageing where a dramatic change was observed in the 

values of pH that increased observably after treatment even after aging the result was 

still higher than the untreated sample which confirmed that the treatment (3%) helped 

to prevent the oxidation of the paper during the ageing and gave an acceptable pH 

value.  

6. Treatment with borax poultice increased the intensity of -OH stretching band notably 

that helps improve the mechanical and physical characters of paper manuscripts. 
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