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Abstract  

 

Acid-attack is the main enemy of paper-based materials, including photographic materials. 

Accordingly, the primary aim of this study is to evaluate the efficacy of different deacidification 

methods in decreasing the acidity level in mounted silver gelatin prints, as well as to study their 

effect on the properties of such unique photographs. Selected methods include the use of 

conventional methods (i.e., calcium carbonate and barium hydroxide) and new methods (i.e., 

calcium carbonate and barium hydroxide loaded on gellan gum gel, and magnesium hydroxide 

nanoparticles). Several testing methods have been employed such as: USB digital microscope, 

scanning electron microscope (SEM), pH value measurements, and Fourier transform infrared 

spectroscopy (FTIR). The obtained results indicate that the gellan gum gel loaded with barium 

hydroxide treatment yielded the best results compared to the other treatments, in terms of 

efficiency and having the lowest effect on the properties of the acidified mounted silver gelatin 

prints.   
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Introduction  

 

Photographs are an essential part of the Egyptian cultural heritage for their historical, 

social, and artistic value and as documentary tools, as well as records of the history of 

photography [1].  

Silver gelatin prints were considered the classic form of black-and-white photography in 

the 20th century [2].  Silver gelatin prints were either printed-out (POP) or developed-out (DOP). 

DOP silver gelatin prints form an essential part of photographic collections since they exist in 

large numbers in archival collections in museums, libraries, and archives worldwide [3]. A 

developed-out silver gelatin print comprises a primary support material, paper; a baryta coating, 

a finely ground white barium sulfate in gelatin; a binder, gelatin; and the image forming 

substance, filamentary silver grains [4]. In many cases, photographs are mounted on a secondary 

support, the original mount [5].  

The lifespan of silver gelatin prints is greatly affected by many factors, such as natural 

decay, poor processing, improper or fluctuating temperature and relative humidity levels, light, 

biological threats, inappropriate handling and misuse, atmospheric pollutants, and inappropriate 
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display and storage materials [6]. These factors can lead to deterioration and/or degradation 

ranging from mild to severe. Acid is a common cause of damage to photographs with their high 

cellulose content [7].  

Paper is one of the most common primary support materials used for positive images. It 

was introduced in 1840 for use in making salt prints and is still in use today [5, /8]. In the early 

1900s, photographic paper was made almost entirely from rag pulp (i.e., linen or cotton). In 1923, 

75% rag fiber and 25% sulfite pulp were used for making photographic paper. In 1924, paper was 

made using 75% rag fiber and 25% alpha cellulose pulp [9].  In 1929, highly purified, 100% wood 

cellulose was produced. Paper was sized with gelatin, starch or rosin solutions in the 19th century. 

In 1926, sodium stearate was used as a sizing agent. In 1885, baryta-coated paper was used for 

photographic purposes [10]. By 1931, all raw paper bases, with one exception, had been 

converted to 100% high alpha wood pulp and stearic acid sizing [9]. The secondary support 

involves both the mount itself and an adhesive. Many mounts are composed of a laminate of good 

quality top and bottom sheets with a center which contained highly lignified fibers. Starch, 

gelatin, and sulfur-containing adhesives such as rubber cement were used such as adhesives [5].  

Paper is a multi-component material with a structure that depends considerably on the 

manufacturing process and raw materials used. In all cases, cellulose is the main component of 

paper. Cellulosic fibers form three-dimensional structures, whose molecules are linear polymers 

of β-D–glucopyranose monomers linked by β-1, 4–glycoside bonds. In addition to cellulose, the 

paper may also contain hemicelluloses, lignin, and additives (i.e., binders, inorganic fillers, dyes, 

pigments, metal ions, etc.) in varying amounts, depending on the cellulose source and the 

intended use of the material [11]. Rags make strong paper structures due to their long cellulose 

chains (i.e., a degree of polymerization around 3500 for linen and 1000–3000 for cotton), where 

the chains are tightly bound into the fibrils and fibers by extensive hydrogen bonding, as opposed 

to wood pulp which produces paper with shorter cellulose chains (i.e., a degree of polymerization 

around 600–1000) and a weaker structure [12].  

The main causes of paper degradation are hydrolysis and oxidation. These are inherent in 

the natural polymer but can be significantly accelerated by factors such as additives, temperature, 

relative humidity, light, pollution, poor-quality display and storage materials and others. 

Cellulose, its derivatives and lignin are all susceptible to oxidation. Lignin, hemicellulose and 

hydrolyzed cellulose (i.e., all basic to the cellular structure of wood pulp) oxidize and produce 

substantial amounts of acidic degradation products [13]. In cellulose, the hydroxyl groups are 

oxidized to aldehydes, ketones and carboxylic acids, causing the paper to discolor. On the other 

hand, lignin is responsible for the distinctive yellowing of paper since it contains several 

chromophores with conjugated aromatic rings and carbonyl groups, these chromophores absorb 

light and can decompose into yellow-colored ketones and quinones. Moreover, these molecules 

act as secondary chromophores and can react further, exacerbating the yellowing and degradation 

processes. For this reason, paper made from rags degrades slower than wood pulp paper [12]. 

Additives added during the manufacturing process (i.e., rosin-alum) result in the formation of 

oxidizing agents and provide a source of acid, leading to acid-catalyzed hydrolysis. As a result, 

the paper becomes severely fragile and yellow [13]. On this basis, discoloration and loss of 

strength are significant indicators for the chemical stability of paper.  

Deacidification, using aqueous or nonaqueous chemical treatments, mainly aims at 

decreasing the rates of acid-catalyzed hydrolysis and other changes leading to embrittlement in 

paper-based materials by neutralizing acids and depositing a buffer in the paper that will protect 

it from the formation of acid in the future [14]. This article focuses on assessing the efficiency of 

selected deacidification methods in reducing the acidity of mounted silver gelatin prints and 

evaluating their effect on their properties. Selected methods include the use of conventional 
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methods (i.e., calcium carbonate and barium hydroxide) and new methods (i.e., calcium carbonate 

and barium hydroxide loaded on gellan gum gel, and magnesium hydroxide nanoparticles). 

Calcium carbonate is one of the most abundant materials [15], and it is considered as a 

leading candidate for deacidification in terms of its chemical simplicity, relatively low cost, high 

brightness, and suitability for use as a paper filler. However, CaCO3 and carbonates in general 

tend to be insoluble in neutral water as well as in organic solvents, a factor that limits its manner 

of distribution in paper-based artifacts. Although that magnesium carbonate was found to impart 

a higher pH than calcium carbonate [16], it was also found to cause accelerated aging of pure 

cellulose paper, whereas calcium carbonate did not [17]. It is known, however, that some 

precipitated CaCO3 products contain some residual calcium hydroxide (Ca (OH)2), such that 

when they are equilibrated with water the pH can rise well above 9. By contrast, relatively pure 

calcium carbonate products, as well as essentially all limestone and chalk products tend to buffer 

the pH in a more moderate range of about 7.5 to 8.5 [18]. Barium hydroxide is used in analytical 

chemistry to titrate weak acids, particularly organic acids. It forms clear aqueous solutions that 

are free from carbonate, unlike those of the alkali hydroxides since barium carbonate is insoluble 

in water. This allows the use of indicators such as phenolphthalein or thymophthalein without the 

risk of titration errors due to the presence of weakly basic CO3
−2 ions [19]. Barium hydroxide (Ba 

(OH)2) has been used as an alkaline agent, primarily in non-aqueous deacidification, and it is 

reported that the British Museum had used Ba(OH)2 for deacidification as early as 1890 with the 

primary disadvantage that the barium hydroxide solute is toxic  [18].  

Gellan gum is a high molecular mass polysaccharide gum produced by a pure culture 

fermentation of carbohydrates by Pseudomonas elodea, purified by recovery with isopropyl 

alcohol, dried, and milled. With a molecular mass of approximately 500 000, it consists of 

approximately glucose 60 %, rhamnose 20 % and glucuronic acid 20 %. There are three types of 

gellan gum: 1) native gellan gum which consists of a backbone of repeating unit of b-1,3-D-

glucose, b-1,4-D-glucuronic acid, b-1,3- -D-glucose, a-1,4-L-rhamnose, and two acyl groups, 

acetate and glycerate, bound to glucose residue adjacent to glucuronic acid; 2) acetylated gellan 

gum which is produced by removing The acetyl groups in native gellan gum by alkaline 

treatment; and 3) clarified gellan gum which is produced by filtering hot, deacetylated gellan gum 

for enhanced removal of cell protein residue [19]. Gelling agents are used in surface cleaning 

artifacts, particularly, fragile objects which are highly water-sensitive, to increase the viscosity 

of water by means of hydrophilic polymers. The disadvantage of this method is that it tends to 

leave gel residues on the surface and accordingly requires a clearing rinse with water. To 

overcome this issue, Richard Wolbers developed the so-called rigid gels which do not require any 

treatment afterwards due to the rigid gels’ physical form and limited adhesive strength [20]. 

In the last few decades, nanomaterials have received particular attention in the field of 

cultural heritage conservation due to their unique properties. Nanomaterials (1–100 nm) with 

higher surface areas than similar larger-scale materials have the possibility to penetrate deep into 

the damaged artifacts due to their particle size. The efficacy of these nanoparticles has been tested 

on different materials [21]. In this article, magnesium hydroxide nanoparticles, Mg(OH)2NPS, 

were explored as an effective material in the deacidification of acidified mounted silver gelatin 

prints. This treatment was found to preserve the mechanical properties of paper; gave a higher 

efficacy in the deacidification treatment; are less aggressive since they are easily converted into 

the carbonate; can be applied by spraying, brushing, and immersion; their use does not require 

any special safety procedures; the method is environmentally safe; and cheaper than the 

conventional methods for paper deacidification [22]. 

For scientific assessment of previous treatments, several testing methods have been 

employed such as: USB digital microscope, scanning electron microscope (SEM), pH value 

measurements, and Fourier transform infrared spectroscopy (FTIR).  
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Experimental part 

 

Materials 

A silver and gelatin print dating back to the 20th century suffering from high acidity was 

selected for this study as shown in Figure 1. The print was cut into several samples in different 

sizes according to the application of the materials as well as the types of tests and analysis as 

shown in Table 1. 

 

 
 

Fig. 1. Sample preparation 

 

Table 1. The samples prepared for this study 

 

Tests Sample size Number of samples 

USB 5×5 cm2 12  (6 rectos & 6 versos) 

pH 7×2.5 cm2 12  (6 rectos & 6 versos) 
SEM 2×2 cm2 12  (6 rectos & 6 versos) 
FTIR 2×2 cm2 12  (6 rectos & 6 versos) 

 

Both conventional and modern materials were selected for this study. Conventional 

materials included: barium hydroxide and calcium carbonate, which were applied loaded on 

gellan gum and by brush. Novel materials included: magnesium hydroxide nanoparticles, which 

was also loaded on gellan gum. 
Methods 

Preparation methods 

Preparation of gellan gum gel: 4g of calcium acetate were added in two stages to 30g of 

gellan gum, also added in two stages to 1000 ml of distilled water. The mixture was heated using 

a Bunsen burner flame to a temperature of 80°C [22], after which the resultant gel was poured 

into Petri dishes and sterilized with alcohol for protection against fungal infection as shown in 

Figure 2.  
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Fig. 2. Preparation of gellan gum gel 

 

Preparation for barium hydroxide: 2.5 g of barium hydroxide were added to 500 mL of 

ethyl alcohol and well stirred as shown in Figure 3.  
 

 
 

Fig. 3. Preparation of barium hydroxide 

 

Preparation of calcium carbonate: Similarly, 2.5g of calcium carbonate  were added to 

500 millimeters of distilled water, and well stirred. 

Preparation of magnesium hydroxide nanoparticles: 4g of magnesium oxide 

nanoparticles were added in two stages to 500 millimeters of distilled water, and well stirred and 

flipped.   (Fig. 6). 

Application methods 

Application of gellan gum gel with barium hydroxide dispersion: In this method, the 

barium hydroxide dispersion was loaded on the surface of the gel by brush and then the samples 

were placed in the Petri dish for treatment. As shown in Figure 4.  
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Fig. 4. Application of gellan gum gel with barium hydroxide dispersion 

 

Application of barium hydroxide dispersion by brushing technique: barium hydroxide 

dispersion was conventionally applied to the surface of the samples by brush.  

Application of gellan gum gel with calcium carbonate dispersion: the calcium carbonate 

dispersion was loaded on the surface of the gel by brush and then the samples were placed in the 

Petri dish to treat acidity. 

Application of calcium carbonate dispersion by brushing technique: the calcium carbonate 

dispersion was conventionally applied to the surface of the samples by brush. 

Application of magnesium hydroxide nanoparticles dispersion by brushing technique: the 

magnesium hydroxide nanoparticles dispersion was conventionally applied to the surface of the 

samples by brush as shown in Figure 5. 

 

 
 

Fig. 5. Application of magnesium hydroxide nanoparticles dispersion using a brush 
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Assessment methods 

Changes in samples post treatment were studied using visual inspection, microscopic 

inspection using digital microscope, scanning electron microscope (SEM), pH value 

measurement, and Fourier transform infrared spectroscopy (FTIR).  

Microscopic inspection: a ROHS Digital USB microscope 1000X was used to monitor the 

visual changes which have occurred due to  the effect of acidity and treatments.  

Scanning electron microscope (SEM): the samples were examined using a JEOLJSM 5400 

LV EDX LINK ISIS – (Oxford Detector High Vacuum). 

pH value measurement: pH values were measured by a cold extraction method according 

to ASTMD778-97(2002) at room temperature using a PH meter. The samples were cut into 25g 

pieces for each treatment and put in 20ml of distilled water (a pH of 7) for 1 h to measure the 

acidity of the paper [23]. 

Fourier transform infrared spectroscopy (FTIR): this analysis was performed using the 

Nicolet 380 FT-IR Spectrometer. This analysis provides information on the chemical nature of 

materials and the changes that occur to them as a result of the treatment and the aging processes. 

Grounded FTIR technology absorbs the material for some infrared regions, which have a 

wavelength of 400 to 4000 cm-1, which is the field corresponding to the energies of vibration of 

the particles inside the material. This analysis was conducted at the National Institute of Standards 

(NIS) [24]. 

 

Results and discussion 

 

Microscopic inspection 

Digital microscope examination of the photographic samples before treatment showed 

reddish brown spots on different regions on the surface of the photograph which is mostly a color 

change caused by the high level of acidity [25] and some white spots can be seen which are likely 

salt deposits that maybe caused by the deposition of chlorine ions from the hydrochloric acid. A 

large peeled off spot can be seen on one of the samples besides some faded grayish spots that 

may be caused by the HCL fumes. It is also likely to have been caused by the high acidity level 

that led to weakness and bombardment of the cellulose fibers as shown in Figure 6 [11]. 

 

  
 

Fig. 6. Reddish-brown spot and white spots on a photograph sample prior to treatment (left)  

and a large peeled off spot on the surface of a standard photograph sample and some grayish spots (right) 

 
Photographic samples treated with calcium carbonate using the brush method showed a 

faded reddish spot on the photograph sample which is most likely remaining acidity or a color 

change which have resulted from the high acidity level the samples were exposed to. No 

remaining acidity was observed in the case of gel-based treatments as shown in Figure 7. 

Furthermore, small white spots were observed on both the gel and the brush samples which is 

probably due to the excess CaCO3 salt that was deposited on the surface of the samples [11, 26]; 

a b 
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and it can also be calcium chloride salt resulting from the reaction between calcium carbonate 

and hydrochloric acid [27] as shown in Figure 8.  

 
 

 
 

Fig. 7. The sample treated with calcium carbonate by brush, 

(a) with a faint reddish spot; sample treated with the gel method (b) with no obvious acidity remaining 

 

 
 

Fig. 8. White spots thought to be crystallized salt in the case of both treatment applications, where 

(a) is the brushing method; (b) is the gel-based method 

 
Photographic samples treated with barium hydroxide showed small faded reddish spots in 

the brush-treated samples and large reddish areas in the gel-treated samples which also may be 

caused by the remaining acidity as shown in Figure 9. It also showed deposited salt with a medium 

amount in the brush samples and a very small amount in the gel samples as shown in Figure 10.  

 

 
 

Fig. 9. Reddish spots on the samples treated with Ba (OH)2, where 

(a) is the brush-treated sample showing small faded spots;  

(b) is the gel-treated sample with a large reddish area 
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Fig. 10. Salt crystallization on both treatment methods, where 

(a) is the brush-treated sample; (b) is the gel-treated sample. 
 

            Photographic samples treated with magnesium hydroxide nanoparticles showed large 

gray spots spreading in many parts of the samples. There was also salt deposited in some areas.  

In addition to some residual acidity color change traces (Fig. 22) as shown in Figure 11. 
 

 
 

Fig. 11. Photograph samples (a, b) show the treated with Mg (OH)2 NPS suffering from grey spots; (c) shows salt 

deposition on the photograph sample treated with Mg(OH)2 NPS, and (d) shows remaining discolored spots post 

treatment with Mg(OH)2 NPS 

 

Untreated cardboard samples showed brown spots darker in color than the support itself 

which is likely due to the high prevalence of acidity in most of the samples.  There were large 

peeled off areas on some of the samples which is likely caused by the high acidity level or some 

mechanical impact on the support. Some dark spots can also be seen which can also be the effect 

of the high acidity level as shown in Figure 12.   

 
 

 
 

Fig. 12. Acidity of the cardboard support samples before treatment where (a) shows a large brown spot; (b, c) show a 

large brown spot around a peeled off spot in the sample, (d) shows a small black dot on one of the samples; and (e) 

shows some larger black spots on another sample 

 

Cardboard samples treated with calcium carbonate showed dark brown spots on the 

samples treated using the brush application method which could mean that the acidity was not 

fully neutralized or that these spots are just an unrecovered color change that the acidity has 

caused. At the same time, there were no brown spots on the samples treated with the gel-based 

application method. The examination also showed some salt spots deposited on the samples, 

whether treated by brush or gel as shown in Figure 13. Fungal growth was observed on the 

C  d 

c d e 
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samples treated by gel. The fungal species were identified using the USB microscope as 

Aspergillus niger, Aspergillus tamarii and Aspergillus fumigatus [28] which is due to the gel 

remaining on the samples because the gel consists of a molecular mass of polysaccharides which 

fungi feed on [29] as shown in table 2 and Figures 14 and 15. 

 

 
 

Fig. 13. The acidity treatment results of the two treatment application methods, where (a, b) are the samples treated by 

brush showing brown spots; (c, d) are the samples treated by gel showing no spots; and (e, f) show the deposited salt 

spots on samples treated using both selected application methods, where (e) is the sample treated by brush and (f) is the 

sample treated by gel. 
 

Table 2. shows morphology characteristics of the funguses growing on the samples. 
 

Fungi 

name 

Morphology images 

 

 

 

Aspergillus 

niger 

Conidiophores 0.5-2 mm X 16-22(-30) µm conidial heads globose 

to radiate, 300-500 (-1000) µm in diameter. Conidiophores 

smooth, long and coarse, vesicles globose, 25-75µm, metulae 

cylindrical, (10-) 20-40 (-75) X 6-8 µm. phialides cylindrical 

tapering to a diatinct neck, 7-10 X 3-3.5 µm. conidia globose, 3.5-

4.5 µm, rough-walled, with black bars. 

                   

 

 

 

Aspergillus 

fumigatus 

 

Conidiophores hyaline or slightly coloured, short, green, 

particularly in the upper part, smooth-walled, 100-500 X 5-8 µm. 

conidial heads radiate to nearly globose, 100-150 µm in diameter, 

biseriate. Conidiophores vesicles broadly clavate, 20-30 µm. 

phialides with a short neck, often greenish pigmented, 6-8 X 2-3 

µm. conidia colourless, globose to subglobose, 2.5-3 µm, green, 

rough-walled to echinulate. The teleomorph is produced with 

difficulty. 
 

 

 

 

 

Aspergillus 

tamari 

Conidiophores hyaline, long and coarsem 0.5-2 mm X 10-20 µm. 

conidial heads radiate, splitting into separate columns, 500-600 

µm in diameter. Conidiophore vesicles globose, 25-50 µm, 

metulae present, cylindrical 7-10 X 4-6  µm. phialides cylindrical 

tapering to a distinct neck, 10-15 X 4-8 µm. conidial heads often 

biseriate, but heads with only phialides also present. Conidia 

cylindrical to pyriform when young, later globose to subglobose, 

5-6.5 (-8) µm, conspicuously roughened from prominent 

tubercles and bars of brownish yellow colouring matter, the outer 

and inner conidial wall visible. 

 

 

 

 
 

Fig. 14. A fungus infection on some of the samples treated with gel 

e f 
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Fig. 15. A clearer image of the fungus infection on some samples treated by gel where: 

(a) is Aspergillus niger; (b) is Aspergillus fumigatus; (c) is Aspergillus niger in its early formation; 

(d) is Aspergillus tamarii; (e) is Aspergillus niger in its early and late formation; 

(f) is Aspergillus niger and Aspergillus tamari 

 

Cardboard samples treated with barium hydroxide showed some remaining brown spots 

in the samples treated by brush, while in the samples treated by gel there were none as well as 

some deposited salt spots in both brush and gel-treated samples, but it was very minor in gel-

treated samples as shown in Figure 16.  

 

 
 

Fig. 16. The acidity treatment results of the two treatment application methods, where: 

(a, b) are the samples treated by brush showing dark brown spots can be seen;  

(c, d) are the samples treated by gel showing no spots can be seen; (e, f) show the deposited salt spots on both treatment 

application methods - where (e) is the sample treated by brush and (f) is the sample treated by gel 

 

Cardboard samples treated with magnesium hydroxide nanoparticles showed some faint 

brown spots, as well as some deposited salt spots in several places of the samples as shown in 

Figure 17. 
 

 
 

Fig. 17. Faint brown spots on some of the samples treated with Mg (OH)2  

NPS (a, b); and (c, d) show deposited salt spots 
 

Scanning electron microscope (SEM) 

Scanning electron microscopy was used to examine the morphology of fibers, the effect 

of acidity, and also to detect the effect of each treatment. SEM images show the rough and uneven 

surface of the standard photograph sample, where some particles are present on the surface, which 

may be dirt particles as shown in Figure 18. The SEM images also reveal fractured wood fibers 

of the cardboard support’s standard sample where cracks appear on the surface due to the acidity 

as shown in Figure 19 [14]. In the samples where calcium carbonate was applied to the 

photograph with a brush, the result was satisfactory as shown in Figure 20, and in case of the 

supports, calcium carbonate seemed to cover the fibers and link them together as shown in Figure 

21. In the samples treated with gellan gum gel with calcium carbonate, no negative impact was 

e f 

c d 
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detected on the photograph samples, and small white particles which seem to be the treatment’s 

salt particles appear on the surface of the sample as shown in Figure 22. On the other hand, fungus 

growth can be seen on the support samples due to the gel residues as shown in Figure 23 [30]. In 

the samples treated with barium hydroxide applied with a brush or as gel, the results were good 

and there was little to no significant change in the photograph; however, in the gel-treated support 

sample, small particles appear to be covering the wood fibers as shown in Figure 24. In the 

samples treated with magnesium hydroxide NPS, the nanoparticles appear to fill in the gaps 

between the grains of the photograph and improve its surface heterogeneity and enhance the 

surface overall due to the deposition of the nanoparticles since nanoparticles smaller than 10 

nanometers have shown to act similar to gas molecules and can penetrate through the surface and 

get into fibers as shown in Figure 25 [31]; however, for the photograph sample, the treatment 

does not seem to enhance the surface at all; cracks can still be seen between the fibers and also 

some of the fibers appear to be ripped off as shown in Figure 26. 

 

 
 

Fig. 18. The uneven surface of the standard photograph sample, 

where some particles can be seen between the surface grains 

 
 

 
 

Fig. 19. The fractured surface of the standard support sample where cracks can 

be seen in the structure of the support 

 

 
 

Fig. 20. The photograph sample treated with CaCO3 applied with brush 

 



ACIDIFIED MOUNTED SILVER GELATIN PRINTS: EVALUATION OF TREATMENTS 

 

 

http://www.ijcs.ro 1645 

 
 

Fig. 21. The support sample treated with CaCO3 applied with brush, where the treatment salt  

appears covering the ends of the fibers and linking them together 
 

 
 

 
 

Fig. 22. The photograph sample treated with CaCO3 applied with gel, where no physical change  

can be detected except for some white particles that seems to be the treatment salt particles 

 
 

 
 

Fig. 23. The support sample treated with CaCO3 applied with gel, where fungal growth is obvious 

 

 
 

Fig. 24. The support sample treated with Ba (OH)2 applied with gel, where  

the treatment salt appears to be enveloping the fibers 
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Fig. 25. The photograph sample treated with Mg(OH)2 NPS, where the nanoparticles  

can be seen between the surface grains 

 

 
 

Fig. 26. The support sample treated with Mg (OH)2 NPS, where cracks can still 

be seen between the fibers and some fibers are ripped 

 
pH value measurements 

The pH value of the treatments’ dispersions was measured before starting the treatment   

as shown in table 3; two measurements were taken for each photograph and support sample and 

the mean of the measurements was calculated as shown in tables 4 and 5. In the measurement of 

the standard samples, the support sample was found to be far lower compared to the photograph 

sample as shown in tables 4 and 5; and that’s due to the cardboard nature since it is made out of 

wood pulp that contains lignin and naturally produces acids. pH measurement showed that the 

treatment that increased the pH level the most was calcium carbonate [32] as shown in table 6. 

The barium hydroxide treatment was also effective in increasing the pH level when applied with 

gellan gum gel [18], while it was less effective when applied by brush as shown in tables 4 and 

5. In general, when comparing between the gel and brush application methods, the gel-based 

treatments were more effective in increasing the pH level as shown in table 6. As for the samples 

treated with magnesium hydroxide nanoparticles, their pH values were low as shown in tables 4 

and 5, which may be due to the low pH level of the treatments dispersion itself as mentioned in 

table 3. 

By comparing the average values of the measurements shown in Tables 3 and 4, it was 

concluded that the more to less effective treatments are: magnesium hydroxide NPS, calcium 

carbonate applied by brush for the photograph samples, and calcium carbonate applied by brush, 

barium hydroxide applied by brush, and magnesium hydroxide NPS for the secondary supports. 

 
Table 3. The pH measurements of the treatment solutions 

 

Solution pH measurement 

CaCO3 10.5 

Ba (OH)2 13.2 

Mg (OH)2 NPS 5.5 
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Table 4. The pH measurements results of the photograph samples. 
 

Sample Measurement 1 Measurement 2 Mean 

Standard 5.7 5.7 5.7 

CaCO3 (brush) 4.7 6.4 5.6 

CaCO3 (gel) 5.9 6.9 6.4 

Ba (OH)2 (brush) 5.4 6.6 6 

Ba (OH)2 (gel) 6.2 6.2 6.2 

Mg (OH)2 NPS 6 4.6 5.3 

 
Table 5. The pH measurements results of the support samples 

 

Sample Measurement 1 Measurement 2 Mean 

Standard 4.2 3.1 3.7 

CaCO3 (brush) 2.8 4.8 3.8 

CaCO3 (gel) 6.1 6 6.1 

Ba (OH)2 (brush) 3.2 4.4 3.8 

Ba (OH)2 (gel) 4.3 5.6 5 

Mg (OH)2 NPS 4.6 3.3 4 

 
Table 6. The arrangement of the different treatment methods from best to  

worst results in increasing the pH level in both sample types 
 

Order Photograph samples Support samples 

1 CaCO3 (gel) CaCO3 (gel) 

2 Ba (OH)2 (gel) Ba (OH)2 (gel) 

3 Ba (OH)2 (brush) Mg (OH)2 NPS 

4 CaCO3 (brush) CaCO3 B. / Ba (OH)2 (brush) 

5 Mg(OH)2 NPS  

 
Fourier transform infrared spectroscopy (FTIR) 

The samples were treated with different substances to remove acidity and were divided 

into paper support samples and silver gelatin photographic samples. The treatment with calcium 

carbonate and its application with a brush to remove acidity from the paper support caused a 

decrease in the wavelength of the band of O-H stretching from 3431 to 3415cm-1, which led to a 

decrease in the water content of the treated sample [33]. At the same time, there was no noticeable 

change in the intensity and wavelength of the photos when treated with the gel loaded with 

calcium carbonate. Samples treated with barium hydroxide applied by a brush showed a decrease 

in the intensity of O-H stretching band from 48.7 to 34.6; however, loading that substance on a 

gel of gellan gum showed no change in the water content of the samples as shown in table 7 and 

Figure 27. 

 
Table 7.  The changes in functional groups of the treated samples from paper support 

 

Nano 

magnesium 

hydroxide by 

brush 

Barium 

hydroxide 

carbonate 

on gel 

Barium 

hydroxide 

carbonate by 

brush 

Calcium 

carbonate on 

gel 

Calcium 

carbonate by 

brush 

Standard Functional 

groups 

intensity 
Wave 

length 
Intensity 

Wave 

length 
intensity 

Wave 

length 
intensity 

Wave 

length 
intensity 

Wave 

length 
Intensity 

Wave 

length 

46.6 3431 49.1 3431 34.6 3413 47.2 3431 51.5 3415 48.7 3431 
OH 

stretching 

53.2 2922 56.1 2922 44.4 2911 55.3 2922 57.8 2922 56.1 2922 
C H 

stretching 

56.3 1641 58.4 1641 46.6 1657 57.1 1641 59.6 1655 58.3 1632 
C=O ester 

carbonyl 

55.7 1429 57.7 1429 43.7 1430 57.3 1429 58.9 1458 58.6 1429 
CH₂ 

banding 
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Fig. 27. The comparison between the standard sample and samples treated with  

calcium carbonate applied by brush and loaded on gellan gum gel on the paper support 

 
The use of calcium carbonate and barium hydroxide applied by brush caused the highest 

rate of oxidation in the paper support samples as the wavelength and intensity of the C=O 

carbonyl group of the samples treated with calcium carbonate increased from 1632 cm-1 to 1655 

cm-1; and from 58.3 to 59.6, respectively. While the samples treated with barium hydroxide, 

showed an increase in the wavelength of C=O carbonyl group from 1632 cm-1 to 1657 cm-1, and 

a decrease in the intensity from 58.3 to 46.6. The treatment with calcium carbonate achieved the 

highest rate of increase in the crystallinity index of cellulose as the intensity of the CH2 band 

increased from1429cm-1 to 1458 cm-1. The barium hydroxide applied by brush decreased the 

intensity from 58.6 to 43.7 compared to the standard sample as shown in figure 28 and 29. The 

photographic samples treated with nano Mg(OH)2 exhibited the highest rate of oxidation by 

increasing the wavelength of the OH stretching from 1641 to 1647 cm-1 and increasing the 

intensity from 47.1 to 66.1. Deacidification using nano magnesium hydroxide and barium 

hydroxide applied by brush caused hydrolysis and oxidation at the amide I and amid II region, 

which led to the degradation of the photographic samples, but all the changes that occurred post 

treatment with the gel loaded with barium hydroxide were not noticeable, which indicate that the 

use of the barium hydroxide bearing gel technique is the best in deacidification of the photos 

without causing any effects on their properties or changes in the functional groups of the samples 

[34] as shown in table. 8 and figures 30, 31 and 32. 
 

 
Fig. 28. The comparison between the standard sample and samples treated  

with barium hydroxide applied by brush and loaded on gellan gum gel on the paper support 
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Fig. 29. The comparison between the standard sample and sample treated  
with nano magnesium hydroxide applied by brush on the paper support 

 
Table 8. The changes in functional groups of the treated samples from the photographic layer 

 

Nano 
magnesium 

hydroxide by 
brush 

Barium 
hydroxide 
carbonate 

on gel 

Barium 
hydroxide 

carbonate by 
brush 

Calcium 
carbonate on 

gel 

Calcium 
carbonate by 

brush 
Standard Functional 

groups 

intensity 
Wave 
length 

intensity 
Wave 
length 

intensity 
Wave 
length 

Intensity 
Wave 
length 

intensity 
Wave 
length 

intensity 
Wave 
length 

57.7 3441 46.3 3427 43.4 3431 50.2 3427 38.8 3414 35.7 3431 
OH 
stretching 

66.1 1647 56.2 1647 54.3 1643 57.7 1651 47.3 1655 47.1 1641 Amide I  
63.1 1647 57.4 1516 54.4 1633 58.6 1510 48.8 1512 48.2 1429 Amid II 

 

 
 

Fig. 30. The comparison between the standard sample and samples treated  
with calcium carbonate applied by brush and loaded on gellan gum gel on the photographic samples 

 

 
 

Fig. 31. The comparison between the standard sample and samples treated  

with barium hydroxide applied by brush and loaded on gellan gum gel on the photographic samples 
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Fig. 32. The comparison between the standard sample and sample treated  
with nano magnesium hydroxide applied by brush on the photographic samples 

 
Conclusions 
 

The USB microscopic examination of the photograph samples showed that calcium 
carbonate applied on gellan gum gel yielded the best results in terms of acidity neutralization; as 
for the secondary support samples, calcium carbonate loaded on gel did decrease the acidity to a 
good level. Nevertheless, fungal growth was observed on the samples. On the other hand, barium 
hydroxide loaded on gel gave satisfactory results as it removed the acidity and didn’t cause fungal 
growth.  

The SEM images showed that the most efficient treatment method for photograph samples 
was nano magnesium hydroxide, and it also enhanced the surface of the samples. In the case of 
the secondary support samples, barium hydroxide loaded on gel gave the best results since the 
substance’s particles covered the fibers of the cardboard and filled some of the gaps between 
them. 

The pH measurement results showed that the methods which efficiently decreased the pH 
level in both the photograph and secondary support samples are: calcium carbonate loaded on gel 
followed by barium hydroxide loaded on gel. 

The FTIR analysis showed that barium hydroxide loaded on gel didn’t affect the properties 
of the photograph samples or make any changes to their functional groups unlike other treatment 
methods. For the secondary support samples, calcium carbonate and barium hydroxide applied 
by brush caused oxidation and reduction in the water content while using gel loaded with these 
substances didn’t make noticeable changes to the functional groups. 

By combining and comparing the results of all testing methods, it turns out that the method 
which has efficiently decreased the acidity without having a noticeable negative effect on the 
samples whether the photographs or supports is gellan gum gel loaded with barium hydroxide.    
 
Acknowledgments 
 

The authors would like to thank Ms. Rasha Sadek and Dr. Mahmoud Morsy from the 
National Institute for Standards (NIS) for their assistance. 

 
References 

 
[1] M. Ali, M. Ali, S. Darwish, U. Saker, E. Ciliberto, E. Greco, E. Viscuzo, Investigation and 

conservation of El-Shenawy palace photographic collection in mansoura, Egypt, 
Mediterranean Archaeology and Archaeometry, 15(3), 2015, pp. 165-185, 
https://doi.org/10.5281/zenodo.2774. 

[2] G. Weaver, A Guide to Fiber-Base Gelatin Silver Print Condition and Deterioration, 
Adobe Calson, Pro, Catriel, and Tandelle, 2008.  



ACIDIFIED MOUNTED SILVER GELATIN PRINTS: EVALUATION OF TREATMENTS 

 

 

http://www.ijcs.ro 1651 

 
[3] L. Elattar, S. Darwish, U. Rashed, M. Ali, S. Eldeighdye, Hibiscus sabdariffa L. calyces’ and 

argon DBD plasma: potential eco-friendly cleaners for fire-damaged silver gelatin prints, 
Pigment & Resin Technology, 52(1), 2023, pp. 91-104, DOI:10.1108/PRT-07-2021-0085 

[4] M. Roosa, Handling and storage of photographs, International Preservation Issues, 5, the 
International Federation of Library Associations and Institutions (IFLA) Core Activity on 
Preservation and Conservation, 2004. 

[5] J. Reilly, Stability problems of 19th and 20th century photographic materials, Rochester 

Institute of Technology, New York, 2005, http://albumen.conservation-
us.org/library/c20/ reilly-stability.html. 

[6] M. Ryhl-Svendsen, An introduction to the factors which deteriorates photographic materials, 
and to basic preventive conservation, Seminar Notes, Western African Museums Program 
(WAMP), Saint, 1999. Louis, Senegal, http://www.iaq.dk/papers/wamp_photo.htm 

[7] J. McGlinchey, Simple non-adhesive methods for conservation mounting of photographs, 
Tech Notes, Williamstown Art Conservation Center, 2010. 

[8] * * *, Popular photographic print processes: salted paper prints, The Library of Congress, 

2022, https://www.loc.gov/rr/print/coll/589_salted.html. 
[9] K. Funderburk, Guide to the surface characteristics: Kodak fiber base black-and-white 

papers, 2nd edition, 2009. 
[10] B. Lavédrine, A Guide to Preventive Conservation of Photograph Collections, Getty 

Publications, USA, 2003.  
[11] M. Area, H. Cheradame, Paper aging and degradation: Recent findings and research 

methods, BioResources, 6, 2011, pp. 5307-5337, DOI:10.15376/biores.6.4.5307-5337 

[12] M. Seery, Paper conservation, Royal Society of Chemistry, 2013, https://edu.rsc.org/ 
feature/ paper-conservation/2020204.article  

[13] R. Ion, R. Grigorescu, L. Iancu, M. David, A. Cirstoiu, G. Paraschiv, M. Geba, 
Morphological and mechanical properties of book cellulose-based paper (XXth Century) 
treated with hydroxyapatite nanoparticles, Heritage, 5, 2022, 2241–2257, 
https://doi.org/10.3390/heritage5030117 

[14] M. Hubbe, R. Smith, X. Zou, S. Katuscak, A. Potthast, K. Ahn, Deacidification of acidic 
books and paper by means of non-aqueous dispersions of alkaline particles: a review 
focusing on completeness of the reaction, BioResources, 12(2), 2017, pp. 4410-4477, 
DOI:10.15376/biores.12.2.Acidic_Books_Hubbe 

[15] M.M.H, Al Omari, I.S. Rashid, N.A. Qinna, A.M. Jaber, A.A. Badwan, Calcium Carbonate, 
Profiles of Drug Substances, Excipients and Related Methodology, 2016, pp. 31–132, 
https://doi.org/10.1016/bs.podrm.2015.11.003. 

[16] J. Baty, C. Maitland, W. Minter, M. Hubbe, S. Jordan-Mowery, Deacidification for the 
Conservation and Preservation of Paper-Based Works: A Review, BioResources, 5(3),  
2010, pp. 1955–2023, DOI:10.15376/biores.5.3.1955-2023 

[17] R.C. Ropp, Encyclopedia of the Alkaline Earth Compounds, Newnes, 2012. 
[18] L. Fusi, A. Monti, M. Primicerio. Determining Calcium Carbonate Neutralization Kinetics 

from Experimental Laboratory Data, Journal of Mathematical Chemistry, 50(9), 2012, 
pp. 2492–2511, DOI:10.1007/s10910-012-0045-3 

[19] I.B. Bajaj, S.A. Survase, S.P. Saudagar, R.S. Singhal, Gellan Gum: Fermentative 
Production, Downstream Processing and Applications, Food Technology and 
Biotechnology, 45. 2007, pp. 341-354, ISSN 1330-9862 

[20] A. Giordano, P. Cremonesi, New Methods of Applying Rigid Agar Gels: From Tiny to 
Large-scale Surface Areas, Studies in Conservation, 66(8), 2020, pp 1-12, 
DOI:10.1080/00393630.2020.1848272 

[21] K.M., Saoud, S. Saeed, R. Al Soubaihi, A. Samara, I. Ibala, D. El Ladki, O. Ezzeldeen, 
Application of Mg(OH)2 Nanosheets for Conservation and Restoration of Precious 
Documents and Cultural Archives, BioResources, 13(2), 2018, 
DOI:10.15376/biores.13.2.3259-3274 



S. EL-SAYED et al.  

 

 

INT J CONSERV SCI 15, 4, 2024: 1633-1652 1652 

[22] G. Rodorico, C. Bozzi, L. Dei, C. Gabbiani, B. Ninham, P. Baglioni. Nanoparticles of 
Mg(OH)2: Synthesis and Application to Paper Conservation, Langmuir, 21(18), 2005, pp. 
8495–8501, DOI:10.1021/la050564m 

[23] * * *, ASTM D778-97 Standard test methods for hydrogen ion concentration (pH) of paper 
extracts (hot-extraction and cold-extraction procedures, ASTM International, West 
Conshohocken, PA, USA, 2002. 

[24] E. Salim, M. Abdel-Hamied, S. Salim, S. Gamal, S. Mohamed, F. Galal, F. Tarek, R. 
Hassan, H. Ali, M. Salem, Reduction of Borax / Agar-Based Gel Residues Used to 
Neutralize Acidity of a Historical Manuscript with Use of Different Paper Barriers: 
Artificial Ageing Results, BioResources, 15(3), 2020, pp. 6576–6599.  

[25] E. Ardelean, N. Melniciuc-Puică, Conservation of paper documents damaged by foxing, 
European Journal of Science and Theology, 9(2), 2013. pp 117-124,  

[26] H.N.S. Wiechers, P Sturrock, G.V.R Marais, Calcium Carbonate Crystallization Kinetics, 
Water Research, 9:9, 1975, pp. 835–845, https://doi.org/10.1016/0043-1354(75)90143-8.  

[27] E. Todor, Calcium Carbonate Scale Adsorption and Desorption Studies on Uncoated 
and Coated Stainless Steel Surfaces, 2021. 

[28] S. Sukumar, S. Arockiasamy, M.C. Moothona, Optimization of cultural conditions of gellan 
gum production from recombinant Sphingomonas paucimobilis ATCC 31461 and its 
characterization, Journal of Applied Biology and Biotechnology, 9(1), 2021, pp. 58-67, 
DOI:10.7324/JABB.2021.9108 

[29] H.O. Hamad, M. Hakkı Alma, Hero M. Ismael, A. Göçeri, The Effect of Some Sugars on the 
Growth of Aspergillus Niger, Kahramanmaraş Sütçü İmam Üniversitesi Doğa Bilimleri 
Dergisi, 17(4), 2015, pp. 7-11, DOI:10.18016/ksujns.28479.  

[30] F. Maheux, Cross-disciplinary uses for gellan gum in conservation, The Book and Paper 
Group Annual, 34, 2015, pp. 69–79. 

[31] V. Vinita, S.S. Samal, N. Manoharan, Safety and Risk Associated with Nanoparticles - A 
Review, Journal of Minerals and Materials Characterization and Engineering 9(5), 
2010, pp. 455–459, DOI:10.4236/jmmce.2010.95031. 

[32] O. Abdel-Aziz, M. Mahmoud, Y. Aboelfath, S. Abdel-Aziz, M. Samir, M. Ali, Evaluation 
of Conventional Treatments for Mirrored Silver Gelatin Prints: Experimental and Applied 
Study, International Journal of Conservation Science, 10(1), 2019, pp. 81-96, ISSN: 
2067-533X 

[33] R.L. Feller, Accelerated Aging: Photochemical and Thermal Aspects, Accelerated Aging: 

Photochemical and Thermal Aspects, 1994, https://www.getty.edu/ 
publications/virtuallibrary/0892361255.html. 

[34] M. Ali, M. Ali, S. Darwish, U. Saker, E. Ciliberto, Solvent Cleaning of Antique 
Chromogenic Prints: An Analytical Comparative Study, Mediterranean Archaeology & 
Archaeometry, 17(3), 2017, pp. 1-12, DOI:10.5281/zenodo.1005426 

______________________________________ 
 
Received: December 12, 2023 
Accepted: October 22, 2024 
 

 
 


