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Abstract 

The study of heritage has grown due to the need to preserve cultural assets that serve as witnesses of 

history and culture. In conservation and restoration, research on traditional papers is extensive, but 

translucent papers have received less attention. These documents, of proteinaceous, cellulosic, or 

synthetic origin, achieve transparency through processes that modify their structure, which makes 

them more vulnerable to aging. Their degradation is aggravated by inadequate storage and handling, 

which poses challenges because they do not respond well to conventional treatments. This study 

analyses these issues through documents from the Provincial Historical Archive of Granada and the 

Archive of the Higher Technical School of Architecture of Granada. Through visual, photographic, 

and bibliographic study, a theoretical and graphic catalogue of the most significant deteriorations has 

been developed. At the same time, a physicochemical analysis was applied using techniques such as 

colorimetry, X-ray Fluorescence Spectroscopy (XRF), and Fourier Transform Infrared Spectroscopy 

(FTIR). These tools make it possible to relate the material composition of the documents to their state 

of preservation. This work provides deeper knowledge about the degradation mechanisms of these 

supports and lays the foundations for the development of specific restoration strategies for this 

documentary typology. 

Keywords: translucent paper; alterations; conservation; restoration; paper degradation; archival 

heritage; FTIR spectroscopy; XRF analysis; colorimetry 

 

1. Introduction 

Translucent supports have frequently been used in the production of historical documents due 

to their aesthetic and functional qualities. However, their conservation poses specific challenges 

derived from the industrial processes that give them transparency, as well as from the additives used 

in their manufacture. Unlike conventional papers, these materials exhibit greater structural fragility 

and marked sensitivity to degradation factors, both intrinsic (inherent to the support) and extrinsic 

(environmental or anthropogenic). These characteristics render them unresponsive to convencional 

conservation and restoration treatments for paper supports, which justifies the need to address them 

in a specific manner. 

While many alterations in graphic documents are common, some paper components can 

accelerate or worsen degradation. Therefore, it’s important to detect compositional elements that may 

affect the aging of the paper [1,2]. It should be noted that, when working with aged historical 

materials, the conclusions are presented as hypotheses, since the great variety of materials, 

manufacturing techniques, different natural aging processes, and environmental exposure require a 
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flexible approach that considers all the possible chemical and structural variations inherent to this 

type of heritage object. 

This study focuses on the analysis of a collection of documents on translucent cellulosic support, 

with the aim of identifying them and understanding the main deterioration processes that affect 

them. To this end, an assessment of the state of conservation is carried out using a methodology that 

combines visual, photographic, and colorimetric inspection with advanced analytical techniques 

such as X-ray Fluorescence Spectroscopy (XRF) to detect inorganic elements at the compositional 

level, and Fourier Transform Infrared Spectroscopy (FTIR) to identify altered organic compounds, 

such as fats or additives. 

1.1. Evolution of Materials and Manufacturing Processes of Translucent Paper 

Translucent papers have undergone a remarkable evolution from the Middle Ages to the 

industrial era, reflecting significant advances in manufacturing processes. In their origins, the main 

translucent support was thinned parchment, treated with animal fats, varnishes, or glues [3]. With 

the appearance of paper as a new support, three fundamental techniques were developed to confer 

transparency: (1) impregnation with fatty substances (oils, resins, or waxes), (2) chemical treatments 

through acid gelatinization, and (3) intensive mechanical refining to compact the fibres. Today, many 

papers combine these techniques, which makes it difficult to accurately identify the procedures and 

materials used in their manufacture [4,5]. 

During the pre-industrial stage, papers made from rags, mainly linen or cotton, were used, and 

these were impregnated with vegetable oils (linseed, walnut, castor, etc.) as well as natural resins 

(rosin, shellac, dammar, sandarac, etc.) and waxes; solvents such as turpentine could also be added 

to these processes. Over time, other substances such as mineral oils, starch, and synthetic resins were 

also introduced. This impregnation treatment filled the spaces between the fibres with substances of 

a similar refractive index, thereby reducing light scattering and improving the transparency of the 

support [6,7]. However, due to the artisanal nature of both the paper and the treatments applied, 

regular and optimal surfaces for the reception of other substances such as inks or the development of 

artistic works were not always obtained [8]. 

With the Industrial Revolution (1760–1840), the supply and demand of translucent supports, 

mainly used in architectural drawing, experienced a significant change and growth. This 

transformation drove the search for new strategies to meet the growing need for supports for the 

development of plans and graphic representations [9]. By the late nineteenth century, the first 

continuous papermaking machines were patented, and between 1844 and 1884, the initial methods 

for obtaining wood pulp were developed. These advances made it possible to meet high demand 

thanks to a new fibre source and more mechanized production processes. The new pulps developed 

for papermaking included techniques of mechanical abrasion as well as chemical processes based on 

the use of caustic soda, sulfites, and sulfates. This marked the beginning of the modern era in pulp 

and paper manufacturing [2,10]. 

At the beginning of the nineteenth century, the Frenchmen J.A. Poumarède and Louis Figuier 

began experimenting with the gelatinization and chemical modification of cellulose fibres through 

the use of acids, thereby laying the foundations for the material known as papyrine [11]. In 1846, the 

sulfurization process was patented, which used sulfuric acid to gelatinize the paper fibres. Zinc 

chloride was also employed as a less aggressive alternative by W.E. Gaine in 1853 [3]. However, it 

was in 1859 that T. Taylor introduced a decisive innovation by applying sulfuric acid in a more 

controlled way, giving rise to the process of fibre vulcanization. This consisted of briefly immersing 

the paper in sulfuric acid, followed by a neutralization stage, which allowed a more uniform and 

efficient gelatinization of the fibres [4]. 

Other variants explored during this period included the use of cuprammonium solutions (a 

mixture of ammonia and copper oxide) to treat cellulose, as well as the combination of sulfurized 

papers with impregnation techniques aimed at improving the surface properties of the supports [11]. 

Around 1878, the German Robert Emmel investigated the effects of intensive refining of rag pulp, 
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another method for achieving transparent papers. This technique was later adapted to chemical 

pulps, giving rise to the so-called semi-sulfurized paper, produced from chemically treated cellulose 

(with sulfite or bisulfite) and processed with the Hollander beater until complete gelatinization of the 

fibres was achieved. This intense refining eliminated the air spaces in the paper structure, thus 

increasing its transparency [4]. One of the best-known variants of this type of paper is crystal or 

glassine paper, whose manufacture began around 1894. The process consisted of cooking bisulfite 

pulp at low temperature together with lime, followed by prolonged refining. Finally, the calendering 

process was applied using hot rollers, which gave the paper its characteristic smooth, translucent, 

and glossy finish [9]. In addition, its composition could be enriched with additives such as glycerine, 

oils, or resins, thereby improving its resistance to moisture and the penetration of fatty substances 

[4]. 

From the second half of the twentieth century onwards, synthetic resins began to replace natural 

ones due to their greater stability, as they do not significantly yellow over time [8]. The complexity 

in the manufacture of translucent papers increased not only because of the wide range of materials 

used, but also due to the combination of chemical and mechanical treatments, impregnations, and 

the use of additives, thus prioritizing functionality over durability (Figure 1). 

 

Figure 1. Chronology of relevant techniques and materials in the manufacture of translucent papers. 

Although, from a theoretical point of view, a clear differentiation can be established between: 

(1) papers impregnated with fatty substances or resins, both natural and synthetic; (2) sulfurized 

papers, made from mechanical pulps subjected to acid treatments; and (3) semi-sulfurized papers, 

characterized by the use of refined and calendered chemical pulps, it is important to take into account 

the possible combination of these typologies, as well as the diversity of materials, considerably 

expanding this classification. Below, a summary table is presented that gathers the main reference 

materials and techniques to be considered for the interpretation of the typologies and alteration 

processes affecting translucent papers (Table 1). 

Table 1. Summary table of the different manufacturing methods and materials present in translucent papers 

[2,12–19]. 

 Category Materials/Substances Properties Aging 

T
y

p
e 

o
f 

p
u

lp
s 

Rag pulp Linen, hemp, cotton 
Long fiber. Lignin-free—

chemicals 
Stable 

Mechanical 

pulp 

Groundwood / Bleaching 

agents  

With lignin, fragile, opaque, 

inexpensive 

Yellows and becomes 

brittle 

Chemical 

pulp 

Alkaline/Kraft/Sulfate: 

Sodium Hydroxide and 

Sodium Sulfide 

No lignin. Strong, stable, and 

slightly dark 

Good (pH 

controlled) 

Acidic/Sulfite: Sodium, 

Calcium, 

Sulfur, Magnesium, 

Ammonium, etc. 

Low lignin. Whiteness, better 

for printing. More fragile 

Due to residual 

acidity 
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Chemical-

mechanical 

pulp 

Chemical processes + 

Pulping 
Cheap, stiff, low permanence Variable  

T
re

at
m

en
t 

Translucency 

(foils) 

Oils, Resins, Waxes, Starches, 

etc. 

Fills spaces (refractive index 

similar to cellulose). Flexible 

Oxidation of fats 

(yellowed, stiff, 

opaque) 

Translucency 

(acids) 

Sulfuric Acid, Nitric Acid, 

Zinc Chloride, 

Cuprammonium Solution 

Chemically modifies. Resistant 

to oils/moisture 
Very fragile 

Translucency 

(refining) 

Short fibers (Hollander 

Beating) 

 

Very smooth 
Low mechanical 

strength 

A
d

d
it

iv
es

 

Softeners / 

Plasticizers 

Glycerin, oils, 

synthetic resins. 

Improves feel, flexibility, and 

transparency 

They oxidize or 

become sticky 

Fillers CaCO3, talc, starch, TiO2, etc. 

Adjusts opacity, absorption, 

and pH. Smoother, less 

absorbent. 

Good (alkaline 

fillers) 

Poor (acidic residues) 

Bleaching 
Chlorinated substances, 

NaOH, H2O2, SO2, etc. 

Removes lignin. Increases 

brightness and whiteness. 

Chemical 

degradation and 

cellulose yellowing 

Like many other materials, translucent paper has evolved according to demand and practical 

necessity. The urgency for rapid, mass, efficient, and economical production gave rise to low-quality 

supports, reflected today in the critical state of conservation of this type of paper. Accelerated aging 

is due both to the nature of its materials and to its intensive use, since it was a material widely 

employed for the development of technical drawings and, currently, as a historical reference 

document. 

1.2. Alterations and Conservation of Supports in Translucent Paper 

The main alterations observed in this type of support respond to degradation factors that, 

according to traditional classification, are divided into: intrinsic factors (inherent to the material 

composition) and extrinsic factors (environmental or derived from human interventions). Regarding 

the environmental factors that most affect them, humidity stands out, which can promote acidic 

reactions in the paper and the development of fungi, especially under abrupt fluctuations or excessive 

levels [20]. Temperature also has a critical impact, as heat accelerates cellulose depolymerization, 

weakens the paper, and favors the proliferation of microorganisms, while extreme cold can cause 

condensation and staining; however, the most harmful are sudden thermal changes, which generate 

internal stresses capable of fracturing the support [21]. Light, particularly ultraviolet radiation, 

triggers photochemical and thermal effects that fade inks and degrade paper [3]. Atmospheric 

pollution, including gases, dust, and salts, causes stains, corrosion, and chemical reactions that can 

feed microorganisms. Among biological agents, fungi, bacteria, insects, and rodents stand out, 

capable of softening, perforating, or disintegrating the support [22]. In addition, human action, 

through improper handling, can produce tears, rips, stains, and deformations, factors which, together 

with the fragility of this documentary typology, constitute one of the main sources of alteration [23]. 

In the particular case of translucent papers, interest focuses on the peculiarities of their 

manufacture, since processes such as sulfurization, the presence of fatty substances, or the 

modification of cellulose fibres along with other chemical treatments that confer transparency, cause 

a progressive loss of flexibility and mechanical strength, resulting in brittle supports with fissures 

and a tendency to tear even under minimal stress [24,25]. Added to this are yellowing and loss of 

transparency, phenomena associated both with cellulose oxidation and with the destabilization of 

additives, which hinder readability and reduce the quality of the support as a technical document 

[26,27]. These particularities explain why their handling is especially critical, as the inherent fragility 
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of translucent papers can cause each fold to generate irreversible microfractures, and any tear to 

propagate quickly due to their rigidity and structural weakness [28]. The combination of this 

mechanical instability along with susceptibility to yellowing and loss of translucency makes this type 

of support one of the most vulnerable within graphic and cartographic collections. In contrast, 

materials applied to the support (inks, pigments, etc.) show patterns of alteration consistent with 

those described in studies focused on the conservation and restoration of traditional paper and 

documents [23]. For this reason, the present work focuses mainly on the characteristic deterioration 

of the translucent support, excluding alterations specific to the overlying elements. 

Based on this description, the main alterations detected in this type of material are described 

below, serving as a documentary reference for comparative studies on documents of similar 

typology. 

Description of main alterations in translucent papers [7,10,28–32]: 

• Chemical alterations: 

Acidity: resulting from the use of highly acidic compounds and wood-based pulps. Acidity 

accelerates the degradation of the support, being enhanced by exposure to light, heat, and 

humidity. 

Yellowing: color change associated with lignin and cellulose degradation, accelerated by 

oxidation, hydrolysis, and light exposure. In translucent papers with added fatty substances, it 

is also due to the oxidation of the oils or varnishes used, reflecting the natural aging of the 

material. 

Darkening/opacity: loss of clarity and transparency of the paper due to surface dirt or chemical 

processes such as oxidation or hydrolysis. 

• Biological alterations: 

Fungi and microorganisms: although biological action is less frequent in translucent papers 

than in conventional ones, under extreme conditions of humidity, lack of ventilation, and high 

temperature, their proliferation can intensify the described alterations and contaminate other 

supports without direct contact. 

• Physical-mechanical alterations: 

Brittle and friable support: extreme fragility due to acidification processes, light exposure, 

handling, and variations in humidity and temperature. 

Abrasion: surface wear commonly caused by improper handling, lack of cleaning, weakening, 

or chemical alteration of the support. 

Deformation: alteration of the paper’s flatness due to environmental variations, especially 

humidity, as well as handling or improper storage (rolled, folded, etc.). 

Folds: deformations caused by improper handling or packaging. In fragile papers, folds can 

generate fractures and loss of support. 

Fracture: physical damage manifested as a broken line with microcracks in the cellulose fibres 

caused by folding. In translucent papers, these appear as light-toned lines. 

Tear: separation of the paper due to tension or localized fragility arising from folds or fractures, 

exposing and weakening the structural fibres of the support. 

Loss of support: loss of parts of the document, generally due to tears, metallic elements (staples), 

or incorrect handling. In this type of support, due to its characteristics and function, it is 

important to evaluate whether the missing material is the result of alteration or an original 

irregularity of the document. 

Surface dirt and stains: accumulation of external particles such as dust, environmental 

contaminants, or biological residues on the paper surface. This presence can result in localized 

stains or chromatic alterations caused by multiple factors: microorganisms, adhesives, metals, 

fats, humidity, or chemical degradation processes. The most frequent manifestations include: 

Tape stains: yellowing and darkening that are difficult to remove, caused by the degradation of 

tape adhesives. In this study, three types of tape are highlighted: paper tape with rubber 

adhesive, transparent cellulose acetate tape, and polypropylene packaging tape. 
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Migration stains: caused by contact of the paper with water, which carries soluble substances, 

leaving an irregular dark edge. 

Contact stains: transfer of generally soluble compounds from one document to another due to 

direct contact. 

Stains from the addition of fatty substances: irregular application and absorption can, after 

aging and oxidation processes, produce yellowing, darkening, and heterogeneous stain 

appearance. In addition, these substances may create some surface stickiness, attracting dirt and 

facilitating adhesion and contamination of other documents in contact. 

Alterations from additives or anthropogenic causes: stains, tears, or loss of material caused by 

elements such as staples, clips, or other objects added later. 

Today, the interest in the conservation and restoration of translucent papers lies in their extreme 

fragility, which affects both their handling and restoration interventions. Preventive conservation 

prioritizes environmental control in order to avoid sudden changes that could accelerate the onset of 

alterations; in this regard, the preventive conservation standards of the Spanish Cultural Heritage 

Institute recommend stable temperature conditions between 17–27 °C and relative humidity of 30–

70 %. However, the most important task is the systematic recording of possible variations to minimize 

them and thus ensure the structural stability of the materials [33]. In the case of translucent papers, 

priority is given to maintaining humidity levels as low as possible within the conservation standards 

and the climate typical of the geographical area, as well as horizontal storage using stable, acid-free 

materials. Nevertheless, in many cases, the format of the support does not allow this type of storage; 

therefore, depending on the state of conservation and the type of translucent paper, rolled storage 

systems are also used, typically with an internal core that acts as support, preventing the sheet from 

deforming or generating folds during handling [34]. This core or spine can be made of materials such 

as cardboard, polyethylene, methacrylate, or PVC, protected with acid-free paper or polyester fabrics 

(Tyvek or Reemay) to avoid direct contact with the document. 

Regarding restoration, although various methodologies have been documented, many 

techniques applied have not proven fully suitable for this type of material, largely due to insufficient 

research and limited knowledge about its behavior and intervention criteria [35]. For this reason, 

restoration strategies usually prioritize mechanical stabilization using very thin Japanese papers and 

reversible adhesives. Frequently, a system is applied that consists of the prior impregnation of the 

Japanese paper with adhesives that can be reactivated at the time of intervention for fractures or 

losses of support, allowing work with minimal and localized moisture. In translucent papers, due to 

the presence of oils or the high calendering of their fibres, it is essential to avoid aqueous treatments 

and generalized humidification processes, since the documents are particularly sensitive to moisture 

[34,36]. Nevertheless, the possibility of more invasive treatments, such as general laminations, is 

considered when fragility is so high that localized reinforcements could generate instability between 

areas of the document. In these cases, preliminary tests are usually conducted to ensure the 

effectiveness of the treatment, seeking a balance between structural consolidation and the 

preservation of the original transparency [34,36,37]. A similar situation occurs with supports 

containing oxidized fats; some treatments seek to replace these substances with more stable ones, 

restoring flexibility without compromising transparency and avoiding excessive yellowing [28,37]. 

The complexity of these supports has motivated recent research in the field of conservation, 

aimed at expanding the range of available treatments and developing new materials that ensure good 

performance after intervention. Among these, experimental use of nanocellulose, consolidants, and 

cleaning and deformation removal treatments stand out, showing promise, although they are still in 

the validation phase [35]. Finally, it should be noted that many of these documents possess not only 

informational value but also historical, artistic, and heritage value. Therefore, it is essential to 

investigate their characteristics and understand the various manufacturing processes to which they 

may have been subjected in order to develop specific strategies for their conservation and restoration. 
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2. Materials and Methods 

2.1. Equipment, Materials and Methodology 

Portable X-ray fluorescence (XRF): the analysis was carried out using a portable NITON XL3t 

GOLDD+ device (Thermo Fisher Scientific, Waltham, MA, USA) with a silver anode (50 kV, 200 μA). 

The analyzer is equipped with a camera and a small-spot analyzer, allowing the analysis to be 

restricted to an area of 3 mm. Before using the analyzer, a five-minute wait is required for the 

instrument to stabilize and perform a system check. Spectra were collected using the “test all geo” 

measurement mode. The analyzer has four excitation filters (main, high, low, and light) that optimize 

the device’s sensitivity for detecting different chemical elements. Measurements of 30 seconds were 

set for each filter, totaling 120 seconds per analysis. The NITON Data Transfer (NDT©) software 

version 6.1 was used to control the instrument and manage data transfer. Measurements were carried 

out using a specific support that allows vertical positioning, leaving the measurement area free from 

backing support to prevent the instrument from receiving information from other materials. The 

reduced thickness of the analyzed samples is insufficient for the sensitivity of the XRF equipment; 

therefore, a sheet of common paper was used as backing support during measurements, as its 

composition does not interfere with the detection of the inorganic elements of interest in the study. 

Fourier transform infrared spectroscopy (FTIR): spectra were acquired using a JASCO IRT-7100 

microscope coupled to a JASCO 6200 infrared spectrometer, equipped with a micro-ATR (Attenuated 

Total Reflectance) accessory with a diamond crystal, allowing direct analysis of solid samples with 

minimal preparation. In this case, the micro-samples come from small fragments detached due to the 

inherent deterioration of the documents, placed in direct contact with the diamond crystal, without 

the need for prior treatments or additional mounting. Data acquisition and processing were 

performed using SPECTRA MANAGER v2 software. ATR spectra were recorded over a spectral 

range of 600 to 4000 cm−1, with a resolution of 2 cm−1 and a total of 200 scans per sample, allowing 

spectra with a high signal-to-noise ratio to be obtained. This technique is particularly suitable for the 

study of heritage materials, as it allows the identification of functional groups present in the analyzed 

samples, providing detailed information about their chemical composition and surface molecular 

structure. 

Photographic documentation: for photographic documentation, a Nikon D3100 camera with an 

AF-S DX NIKKOR 18-55 mm f/3.5-5.6G VR lens was used, manually configured (ISO 200) with a 

custom white balance using a ColorChecker Classic X-Rite chart. The obtained images were 

processed in Adobe Lightroom Classic (version CC 2024) applying color correction based on the RGB 

values of the ColorChecker chart and adjustments to exposure and contrast. Due to the translucent 

nature of the support, a uniform white background was used in all cases to ensure the highest fidelity 

in visual comparison. Photographic recording was carried out mainly with transmitted lighting, 

using reflected light only occasionally for the observation of specific alterations. 

Color measurements: the colorimetric study was carried out using a portable Konica Minolta 

CM-2600d spectrophotometer, equipped with SpectraMagic NX software and following ISO/CIE 

11664-4 (2019). Measurements were performed under the standard D65 illuminant, with a 10º 

viewing angle and a 3 mm diameter aperture, excluding both the specular component and the 

ultraviolet factor. Three readings were taken at each analysis point to ensure result accuracy. Since 

the support is translucent, all measurements were performed on a uniform white background to 

facilitate comparison between cases, and both the workspace and the recording time were kept 

constant to minimize possible lighting variations. Results were expressed in the Lab* CIE 1976 color 

space, also obtaining color difference values (ΔE) [38]. Finally, for graphical representation, Lab* color 

space values were converted to RGB using Adobe Photoshop 2020, allowing a color visualization to 

be generated from the spectrophotometer data. 
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2.2. Study Collections 

For this study, a total of 146 documents on translucent paper were selected, 48 of them from the 

collection of plans and maps of the Provincial Historical Archive of Granada and 98 documents from 

the Archive of the Higher Technical School of Architecture of Granada; mostly architectural projects, 

copies, and modifications of cadastral plans from the late nineteenth century and primarily the 

twentieth century. These supports present a notable diversity both in drawing techniques (graphite, 

ink, pen, or wax) and in types of translucent paper, providing a representative sample for the study 

(Figure 2). The selection of both collections is based on their high degree of fragility and advanced 

deterioration, which not only complicates consultation but also reflects the conservation challenges 

associated with this type of paper. 

 

a)                                       b) 

Figure 2. Differences in translucent papers: a) documents from the Provincial Historical Archive of Granada and 

b) documents from the Higher Technical School of Architecture of the University of Granada. 

4. Results 

In the following section, the results of the proposed work are presented, focusing on a 

physicochemical study applied to the selected set of translucent paper documents (146 documents: 

48 from the Provincial Historical Archive of Granada and 98 from the Archive of the Higher Technical 

School of Architecture of Granada). The alterations observed are documented and described through 

visual examination and photographic recording (section 4.1), a physical-colorimetric evaluation and 

a preliminary physical classification of the supports into three categories according to thickness, 

texture, color, and degree of deterioration are carried out (section 4.2), and instrumental analyses 

obtained by portable XRF and FTIR are presented, allowing grouping of inorganic and organic 

profiles (section 4.3, with XRF classification into groups and FTIR patterns described in tables and 

figures). Based on the integration of visual observations, colorimetric measurements, and 

instrumental data, this chapter proposes, as a hypothesis, a preliminary typology of the analyzed 

plans and describes some alteration trends associated with their aging and state of conservation. 

4.1. Visual Study and Photographic Recording of Characteristic Alterations in Plans on Translucent Paper 

The preliminary visual study of the documents constitutes a key stage for evaluating the general 

state of conservation of collections and, in the case of translucent papers, assessing the typology 

encountered in conservation and restoration processes. However, these supports present additional 

limitations due to the complexity involved in differentiating between types of translucent papers and 

the lack of research. Therefore, below, the main alterations detected in the studied documents are 

described in a table format, presenting a detailed photographic record that will serve as a 

documentary reference for future comparative studies on documents of similar typology (Table 2). 
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Table 2. Results of the alterations detected in the selected documents: documents from the Provincial Historical 

Archive of Granada (AHP); documents from the Archive of the Higher Technical School of Architecture of the 

University of Granada (ETSAG). The table highlights the document corresponding to the image of each case. 

Alteration/Document Photographic representation Alteration/Document Photographic representation 

Yellowing 

All documents show 

yellowing, tonal 

changes, and varying 

degrees of opacity due 

to the aging of the 

support and exposure 

to light.  

 

Fungi 

ETSAGV3, 

ETSAGV4, 

ETSAGV6, 

ETSAGV7  

 

Abrasion 

AHP5097, AHP5099 

 

Deformation 

AHP508, AHP721, 

AHP729, AHP730, 

AHP733, AHP735, 

AHP790, AHP802, 

AHP832, ETSAGV3, 

ETSAGV4, 

ETSAGV6, 

ETSAGV7, 

ETSAGG1, to 

ETSAGG12, 

ETSAGP1 to 

ETSAGP37 

 

Folds 

AHP473, AHP474, 

AHP476, AHP508, 

AHP573, AHP711, 

AHP721, AHP729, 

AHP734, AHP790, 

AHP814, AHP832, 

AHP5097, AHP5099, 

AHP5101, AHP5110, 

AHP5112, AHP5114, 

AHP5117, AHP5119, 

AHP5148, AHP5156, 

ETSAGC1P14, 

ETSAGC1928P2, 

ETSAGC1D15, 

ETSAGC1D45, 

ETSAGC1D2 

 

Tear 

AHP5097, AHP5099 

 

Rips 

AHP473, AHP474, 

AHP484, AHP508, 

AHP530, AHP573, 

AHP585, AHP721, 

AHP729, AHP733, 

AHP755, AHP756, 

AHP822, AHP825, 

AHP832, AHP833, 

AHP5097, AHP5099, 

AHP5101, AHP5110,  

Loss of support 

AHP473, AHP474, 

AHP573, AHP574, 

AHP578, AHP711, 

AHP729, AHP734, 

AHP735, AHP755, 

AHP756, AHP790, 

AHP817, AHP818, 

AHP822, AHP825, 

AHP832, AHP5097, 

AHP5099, AHP5101,  
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AHP5112, AHP5114, 

AHP5117, AHP5119, 

AHP5128, AHP5167, 

ETSAGB5, ETSAGB9 

AHP5110, AHP5112, 

AHP5114, AHP5116, 

AHP5117, AHP5119, 

AHP5128, AHP5156, 

AHP5167, ETSAGB5 

Surface dirt 

AHP508, AHP553, 

AHP560, AHP790, 

AHP814, AHP818 

 

Tape stains 

-Polypropylene- 

AHP817, AHP822 

 

 

Tape stains 

-Cellulose acetate- 

AHP721, AHP802, 

AHP817, AHP825, 

AHP829, AHP833, 

AHP1537, AHP5097, 

AHP5099, AHP5101, 

AHP5110, AHP5112, 

AHP5114, AHP5117, 

AHP5119, AHP5167, 

ETSAGC1, ETSAGC2, 

ETSAGC3, ETSAGC4 

 

Tape stains 

-Rubber adhesive- 

AHP484, AHP508, 

AHP530, AHP585, 

AHP721, AHP729, 

AHP733, AHP755, 

AHP802, AHP814, 

AHP817, AHP818, 

AHP825, AHP829, 

AHP832, AHP833, 

AHP805, AHP5112, 

AHP5114, AHP5117, 

AHP5128 

 

Staining from 

migration 

AHP729, AHP734, 

AHP817, AHP818, 

AHP822, ETSAGV3, 

ETSAGV4, ETSAGV6, 

ETSAGV7, ETSAGG1, 

ETSAGG2, ETSAGG3, 

ETSAGG4, ETSAGG5, 

ETSAGG6, ETSAGG7, 

ETSAGG8, ETSAGG9, 

ETSAGG10, 

ETSAGG11, 

ETSAGG12, ETSAGP4, 

ETSAGP5, ETSAGP8, 

ETSAGP9, ETSAGP14, 

ETSAGP16, 

ETSAGP28, 

ETSAGP29, 

ETSAGP32, 

ETSAGP33, ETSAGP34 

 

Contact stains 

AHP790, AHP814 

 

Staple tears: additions 

AHP578, AHP583, 

AHP585, AHP756, 

AHP5148, AHP5156 

 

Loss of support due 

to staples: additions 

AHP574, AHP578, 

AHP585  

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 October 2025 doi:10.20944/preprints202510.0124.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.0124.v1
http://creativecommons.org/licenses/by/4.0/


 11 of 22 

 

Deformation from 

storage: anthropogenic 

ETSAGV1 to 

ETSAGV10,  

ETSAGVi1 to 

ETSAGVi4,  

ETSAGB1 to 

ETSAGB22,  

ETSAGBA1 to 

ETSABA25,  

ETSAGG1 to 

ETSAGG13,  

ETSAGC1 to 

ETSAGC4,  

ETSAGP1 to 

ETSAGP37,  

ETSAGR 

 

Storage marks: 

anthropogenic 

AHP473, AHP484, 

AHP508, AHP530, 

AHP552, AHP553, 

AHP560, AHP721, 

AHP733, AHP734, 

AHP735, AHP790, 

AHP814, AHP817, 

AHP818, AHP805, 

AHP1537, AHP1543, 

AHP5097, AHP5099, 

AHP5117, AHP5119, 

AHP5128, 

ETSAGC1D13, 

ETSAGC1D3, 

ETSAGC1P14, 

ETSAGC1928P2 

 

4.2. Evaluation of Types of Translucent Paper Based on Their State of Conservation and the Study of 

Physical Parameters. Color Study 

Based on visual studies and the analysis of parameters such as thickness, surface texture, color, 

and overall degree of deterioration, a preliminary classification of the different types of translucent 

paper has been carried out. As shown in Table 3, three main groups are identified: T3G1, T3G2, and 

T3G3, which differ in thickness, state of conservation, texture, and color. Although pH measurements 

of the supports were performed, they were not considered relevant in this study since all documents 

showed similar values between 5 and 6.5, indicating slight acidity. 

Table 3. Preliminary classification of the studied documents. Thickness values are grouped as (H) for high values 

(>0.1 mm), (M) for medium values (0.05–0.1 mm), and (L) for low values (<0.05 mm). The state of conservation 

is classified as: (G) good, (F) fair, and (P) poor. 

Characteristics T3G1 (35%) T3G2 (45%) T3G3 (20%) 

Thickness M/L M/L H 

Conservation P/F P/F G 

Texture 
Matte, smooth, and 

regular surface 

Matte, less smooth, and 

regular surface  

Glossy, smooth, and regular 

surface. It has emulsion 

 

Color 

 

   

The most significant criterion among the different established groups was color. The colorimetric 

study was carried out both visually and instrumentally using spectrophotometry, converting CIE-

Lab values to RGB coordinates to provide a visual approximation of the detected tones. Table 4 details 

the chromatic variations measured with a spectrophotometer and observed within each group 

defined in Table 3. 

Table 4. Representative colorimetric parameters (CIE-Lab) corresponding to the document groups defined in 

Table 3 (white is used as the standard to establish comparison between groups). 

Groups Table 3 Color ΔE*ab ΔL* Δa* Δb* 

T3G1 White 7,09 -5,82 -2,72 2,99 

T3G1 Gray 22,05 -13,10 -3,10 17,47 

T3G2 Yellow 41,61 -20,05 4,20 36,22 
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T3G3 Violet 23,96 -20,48 0,55 12,42 

T3G3 Ochre 40,05 -30,82 3,87 25,28 

T3G3 Green 40,13 -34,28 -3,31 20,59 

Documents in group T3G1 showed predominantly white and grayish tones, constituting the set 

closest to white (T3G1-White = ΔEab 7.09). A slight shift toward green-yellow was detected (a* = –

2.72; b* = +2.99), and these were also the lightest supports (ΔL = –5.82). Their surfaces are smooth and 

regular compared to group T3G2. These plans correspond to medium or low thicknesses (0–0.1 mm) 

and show a poor or fair state of conservation due to fragility and the high presence of tears. 

The second group, T3G2, is characterized by marked yellowing, consistent with oxidation and 

natural aging processes. Colorimetric values confirmed this observation, showing a significant 

increase in the red and yellow components of the T3G2-Yellow example (a* = +4.20; b* = +36.22) 

compared to the white/gray values of the previous group. Regarding thickness, they also fall within 

medium and low ranges, sharing with group T3G1 a poor state of conservation, suggesting a common 

structural vulnerability, likely linked to the composition of the pulp, additives, or translucency 

treatments applied. 

Finally, group T3G3 presented greenish tones toward browns, ochres, and purplish grays. 

Colorimetric data showed greater darkness in the ochre and greenish cases, the latter being the most 

opaque (T3G3-Green = ΔL –34.28). These documents were clearly distinguished by having a high 

thickness (>0.1 mm) and the presence of a surface emulsion associated with the tracing technique 

used, giving them greater gloss and smoothness compared to the rest (Figure 3). It is noteworthy that, 

despite coming from a collection affected by a flood, they are in good condition, with damage limited 

to deformations caused by humidity. This behavior could suggest that the translucent paper or the 

emulsion provides beneficial properties for their conservation. 

    

a)                                   b) 

Figure 3. Comparison of surface texture: (a) document without emulsion or surface preparation corresponding 

to group T3G2 in Table 3 (image of document AHP729); (b) document with intaglio emulsion corresponding to 

group T3G3 in Table 3 (image of document ETSAGG12). 

Overall, the results indicate that color can serve as an initial supporting criterion for grouping 

certain papers, especially in the case of the third group, but it should not be considered a general 

classification indicator. Chromatic variations among white, yellow, and brown papers, with shifts 

toward greenish or purplish hues, are too broad to establish reliable typological categories based 

solely on this parameter. 

Finally, the study shows that papers with greater deterioration and fragility correspond to those 

with low thickness (≤0.05 mm), less smooth surfaces, and yellowish tones, likely linked to advanced 

oxidation processes. In contrast, the whitest supports, with greater thickness, more homogeneous 

surfaces, and the tracing technique employed in the specific case of group T3G3, exhibited greater 

mechanical resistance, although this stability can also be strongly influenced by environmental 

conditions and prior use. 
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4.3. Studies Using X-Ray Fluorescence Spectroscopy (XRF) and Fourier Transform Infrared  

Spectroscopy (FTIR) 

Following the identification and visual analysis of the most common alterations in the studied 

collections, the obtained results are compared with advanced analytical techniques, seeking the 

possibility of correlating the visible manifestations of physical deterioration with their chemical basis. 

In this context, X-ray fluorescence (XRF) allows the detection of inorganic elements associated with 

manufacturing processes and subsequent degradation, while infrared spectroscopy (FTIR) detects 

pure or altered organic compounds [39]. The combination of both methodologies (visual inspection 

and instrumental characterization) aims to achieve a better understanding of deterioration 

mechanisms and the typological characterization of the selected documents. 

The study using X-ray fluorescence spectroscopy (XRF) has made it possible to identify the 

presence of various chemical elements in each of the analyzed documents. Based on these results, 

Table 5 presents a classification of the documents into six groups (T5G1 to T5G6) according to the 

similarity of their elemental composition. For each group, the percentage of documents belonging to 

the total studied is indicated, thus providing a general assessment of the distribution relative to the 

different chemical profiles detected. 

Table 5. Chemical elements identified by XRF: (M) major > 150 cps, (m) minor between 20–150 cps, and (tr) traces 

between 1–20 cps. 

 S Ba Si Al Cl Ca K Zn Fe Cu Ni Ti P 

T5G1 (20%) M - tr tr M M m M m m m - -/tr 

T5G2 (14%) M M tr tr M M m - m m m - - 

T5G3 (55%) m - tr tr M M m - m m m -/tr -/tr 

T5G4 (5%) m - M tr M M m - m m m - - 

T5G5 (4%) M - M tr M M m M m m m - - 

T5G6 (2%) M - tr tr M M m - m m m - - 

Among the elements detected, calcium (Ca) and potassium (K) are systematically found in all 

analyzed documents. Both are characteristic of the plant raw materials used in pulp production, as 

well as the chemical solutions (liquors) employed in paper manufacturing treatments [17,40]. 

Likewise, their presence is also associated with the use of mineral fillers such as calcium carbonate 

(CaCO3), used as a filler or alkaline reserve agent, among other purposes, to improve the physical 

and mechanical properties of papers [26]. Chlorine (Cl) also appears broadly in all documents, at 

relatively constant concentrations, suggesting its association with pulp bleaching processes, as in 

treatments that used chlorinated compounds during paper production in the 20th century [16]. 

On the other hand, aluminum (Al), detected at low concentrations in most cases, suggests its use 

as an additive, as occurs with aluminum sulfate (alum), which was used to improve filler retention 

and optimize ink reception on papers [40,41]. In the specific case of sulfurized translucent papers, 

there are historical recipes referencing the use of these compounds to improve the surface of 

translucent papers intended for writing, although it cannot be guaranteed that this applies exactly to 

the translucent papers studied [11]. Traces of titanium (Ti) were identified in a smaller number of 

documents, an element also associated with paper manufacturing through titanium dioxide (TiO2), a 

common additive in paper production since the early 20th century to achieve opacity and brightness 

[8,26]. Similarly, phosphorus (P) appears, which could be attributed not solely as an additive, but as 

a derivative (phosphates or other phosphorus compounds) used as dispersing and stabilizing agents, 

inhibitors of calcium carbonate precipitation, crystal formation, and to improve the strength of paper 

fibers [16,42]. Metallic elements such as iron (Fe), copper (Cu), or nickel (Ni) are found in all 

documents with similar intensity bands. These elements are associated with the manufacturing 

processes of both pulp and paper sheets, resulting from the use of metal machinery such as refiners 

in fiber grinding processes, or rollers for pressing and calendering, typical of similsulfurized papers 

[43]. 
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The elements described so far do not show significant variations among the documents; 

however, there are others that are relevant and have been taken as a reference for the classification of 

the groups in Table 5. These are: 

• Sulfur (S): this is a key element regarding the study of sulfurized papers (produced mainly 

through treatments with sulfuric acid); however, its use as an additive in paper manufacturing 

processes or in sulfite and bisulfite chemical pulps should also be considered [44]. In Figure 4, 

higher-intensity sulfur bands can be observed along with elements such as barium or zinc in 

their composition (T5G1 and T5G2). Among the documents containing sulfur accompanied only 

by elements common to the rest of the documents, intense sulfur bands were identified in only 

2% of cases (T5G6) compared to 55% of papers showing weak sulfur bands (T5G3). It is 

noteworthy that the presence of sulfur accompanied by other elements could also be due to its 

action as sulfates or components of additives, ruling out its presence as an indicator of sulfuric 

acid use, which is typical of sulfurized translucent papers. 

 

Figure 4. Comparative XRF spectrum of sulfur (S) levels present in the different types of analyzed supports. 

Representation of groups T5G1, T5G2, T5G3, and T5G6 from Table 5. 

• Barium (Ba): although theoretically not mentioned as a relevant element in the manufacture of 

translucent papers, there are references associating its use as a filler or in bleaching processes to 

improve surface properties in cellulosic supports [40]. Observing Table 5, and in the specific case 

of group T5G2, a significant presence of barium is found in relation to the other elements, 

associated in all cases with intense sulfur bands, absence of zinc, and the presence of silicon only 

as traces (Figure 5). Despite its absence in descriptions of translucent support manufacturing 

processes, its highly specific behavior suggests that it could act as a chemical marker for a 

specific type of translucent paper. Additionally, visually these papers show a tendency toward 

less yellowed and darker tones, especially compared to documents classified in group T3G1 of 

Table 3. However, this phenomenon cannot be attributed solely to the presence of barium, as 

documents without barium also exhibit similar characteristics. 

T5G1 

T5G2 

T5G3 

T5G6
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Figure 5. Comparative XRF spectrum of groups T5G4, T5G2, and T5G5 described in Table 5. 

• Silicon (Si): it is known in the paper industry for improving ink receptivity, strength, and filler 

compounds, and can be considered as an additive or derived from compounds used in pulp 

treatments and manufacturing [40,45]. In the case of translucent papers, although it appears 

mainly as traces in most documents, in a small number of cases (5%) it also shows particular 

band intensities. Unlike barium, the presence of considerable silicon bands has been associated 

with weak sulfur bands (group T5G4 in Table 5 and Figure 5). Only in group T5G5 has a high 

intensity of silicon and sulfur been related to the presence of other elements such as zinc or 

barium. 

• Zinc (Zn): this element, detected in 24% of the documents, is associated with high sulfur bands 

(groups T5G1 and T5G5 in Table 5 and Figures 4 and 5). However, in this specific case, the 

physical and visual analysis helps detect the relationship of both groups directly with a specific 

intaglio technique in which the translucent paper receives an emulsion. Therefore, the presence 

of zinc is related to those coatings applied to the translucent papers, providing not only an 

additional layer but also a gloss and texture that characterize both the technique and the support 

(relation to group T3G3 in Table 3). There are references to the use of zinc compounds for 

purposes similar to other elements such as aluminum, silicon, and phosphorus [19]. However, 

in this case, the intensities corresponding to zinc bands are much higher than in the cases of Al, 

Si, or P, and are characteristic only of the documents that contain this emulsion. Many patents 

developed throughout the 20th century mention the use of emulsions for the production of 

diazotypes with zinc compounds, such as US patent 4,478,926 by Muller and Mustacchi (1984), 

highlighting the use of zinc sulfonates offering significant advantages as stabilizers in diazotype 

materials (reproductions of plans or technical drawings obtained through a photochemical 

process using diazonium salts sensitive to ultraviolet light) [46,47]. 

Overall, the XRF results allow grouping the documents according to the inorganic composition 

of the translucent papers, showing that differences between the supports are not solely due to paper 

type, but also to factors such as the applied artistic technique, environmental conservation conditions, 

and handling. Given the limitation of XRF in detecting organic compounds, the results obtained with 

the FTIR technique are presented below, in order to provide relevant data to further support the 

formulated hypotheses. 

Fourier Transform Infrared Spectroscopy (FTIR) analysis reveals that the predominant signal 

in all cases corresponds to cellulose, with characteristic absorptions in the 3420–3330 cm−1 region (O–

H stretching) and 1200–1000 cm−1 (C–O and C–O–C vibrations of glycosidic bonds) [48]. The absence 

of diagnostic bands in the 2600–2550 cm−1 range (S–H) and around 1040 cm−1 (S=O) rules out the 

presence of sulfonate groups typical of sulfurized papers, indicating that the translucency does not 

originate from chemical treatments with sulfuric acid [49]. Nevertheless, although most of the 

T5G4 

T5G2 

T5G5 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 October 2025 doi:10.20944/preprints202510.0124.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.0124.v1
http://creativecommons.org/licenses/by/4.0/


 16 of 22 

 

documents studied match the spectrum shown in Figure 6, certain spectral differences are observed, 

allowing the detection of two general groups with variations within each. These behaviors are 

described and summarized in Figure 6 and Table 6. 

Table 6. FTIR results: (S) strong band, (M) medium band, and (W) weak band [48,50]. 

FTIR Band (cm-1) 

Groups of documents 

Observations T6G1 

(71%) 

T6G2 

(8%) 

T6G3 

(2%) 

T6G4 

(19%) 

3420-3330 O-H S S S/M M Cellulose 

2920- 2850 C-H M M/S S/M M Cellulose/Oils 

2600-2550 S-H - - - - Sulfur degradation 

2159-1975 
 

- M - - Triple bonds, cellulose, 

contamination 2114 M - M - 

1740-1730 C=O W W S S Oils 

1710 C=O - - - - Oxidation 

1650–1600 O-H W/M W/M M W/M Absorbed water 

1540-1370 
CH2, C-H, O-H 

Bending 
W W M M 

Acids/oils/oxidation 

 

1200–1000 C-O-C M M/W S S Cellulose/ Oils 

1040 S=O - - - - Sulfurized 

900-895 β-glycosidic -/W -/W M W Amorphous cellulose 

 
a) 
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b) 

Figure 6. FTIR spectra: (a) representative FTIR spectrum of the regions of interest in Table 6; (b) FTIR spectra of 

groups T6G1 (green), T6G2 (orange), T6G3 (red), and T6G4 (blue). 

On one hand, groups T6G1 and T6G2, representing 79% of the documents analyzed, show weak 

bands around 1740–1730 cm−1 (C=O of esters or fatty acids). The low intensity and lack of definition 

suggest these signals are related to contaminants, additives, or degradation products associated with 

aging. Bands at ~2915 cm−1 (aliphatic C–H) and ~3324 cm−1 (O–H) are characteristic of the cellulose 

structure and, by themselves, do not constitute diagnostic evidence of fatty substances. 

Consequently, although these groups show notable signals in the C–H region, they are not 

representative of systematic fat impregnation [51]. Similarly, the absence of intense bands around 

~1260–1150 cm−1 (S=O of sulfonates) rules out classic sulfurized treatment (Figure 6), with these 

signals corresponding to vibrations of cellulose itself (C–O, C–O–C) [48]. Notably, there is 

differentiation between these two groups: T6G2 presents three bands of considerable intensity at 

2159, 2030, and 1975 cm−1, related to triple bonds, combined molecular vibrations, or environmental 

contamination; similarly, the 2114 cm−1 band appears in groups T6G1 and T6G3. While this region is 

not relevant for main characterization, it is noted as potentially important for future research [52,53]. 

A smaller subset of documents (21%), corresponding to groups T6G3 and T6G4, shows a 

different pattern with more pronounced bands at 2920–2850 cm−1 (aliphatic C–H) and 1740–1730 cm−1 

(C=O), accompanied by intensified signals in 1200–1000 cm−1 (Figure 6). These features provide clear 

evidence of lipid compounds [48]. As observed in the XRF analyses for groups T5G1 and T5G5 in 

Table 5, these signals should be interpreted technically: the presence of fats may be related not to the 

paper manufacturing process but to the use of emulsions for intaglio techniques. Although T6G3 and 

T6G4 share similarities, differences in O–H (3420–3330 cm−1) and C–H (2920–2850 cm−1) band 

intensities may relate to the nature of the pulp, absorbed water content, lignin presence, or 

mechanical cellulose disruption [54]. Such phenomena have been documented in hydrolysis and 

recrystallization of cellulose treated with mineral acids, where changes in band intensity are linked 

to hydrogen-bond alteration and chain reorganization. In the 900–895 cm−1 region, a more 

pronounced peak is observed, possibly associated with greater β-glucosidic cellulose disorganization 

and, therefore, advanced structural deterioration; however, the applied emulsion may also influence 

this signal [48,51,55]. 

Overall, these results allow us to discard the hypothesis of systematic sulfurized paper 

production, as no characteristic S–H or S=O absorptions were identified. Rather, the data indicate two 

typologies: (1) papers whose translucency derives from physical processes without substantial 

chemical modifications, and (2) a smaller group in which the detected fats appear more linked to 

specific technical contexts of the supported material than to the composition of the translucent paper 

substrate [49,50]. 
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5. Discussion 

The integration of visual, colorimetric, XRF, and FTIR analyses allows for proposing a 

comprehensive interpretation and typological hypothesis of the translucent papers studied and their 

deterioration mechanisms. 

From a physical and colorimetric perspective, two main trends can be identified. On one hand, 

thin papers with shades ranging from white to yellow exhibit an advanced state of fragility and 

yellowing, phenomena attributable to oxidation processes and the natural aging of the paper and 

additives [56]. In contrast, thicker papers with a homogeneous surface show a superficial emulsion 

that seems to provide greater mechanical resistance, even after exposure to extreme conditions, such 

as moisture from flooding. 

The results from XRF and FTIR reinforce and nuance these observations. The group of papers 

with a coating associated with the calco technique shows XRF spectra with notable concentrations of 

zinc and sulfur, along with carbonyl bands and significant lipid signals obtained through FTIR [54]. 

This group is physically and chemically distinct from uncoated papers in each of the applied 

techniques, forming a typology where the surface layer, although not part of the translucent paper 

manufacturing process, is part of the support, as it covers the entire surface, affecting both its 

appearance and its behavior against deterioration and conservation strategies to be applied. 

In the rest of the documents, the low sulfur intensity in most cases and the absence of diagnostic 

S–H or S=O bands may rather indicate similsulfurized papers, where translucency was obtained 

through mechanical refining and intensive calendering, ruling out systematic sulfurization as a 

manufacturing method [49]. Within this group, hypothetically considered as similsulfurized, two 

cases stand out: on one hand, papers that do not show elements other than the common ones (calcium, 

chlorine, potassium, iron, copper, and aluminum), and on the other, papers with elements significant 

for classification. Among these, silicon stands out, a widely used additive in papermaking [45]; and 

barium and sulfur, which could correspond to sulfurized papers with additives or, more likely based 

on FTIR results, similsulfurized papers with barium sulfate (BaSO4) used as a mineral filler [57,58]. 

Regardless of the case, FTIR analysis excludes fat impregnation. Physically, it is difficult to associate 

this group with a specific conservation state, as they would be framed within groups T3G1 and T3G2 

of Table 3, which present very similar characteristics. 

Overall, the convergence of physical, visual, and chemical results allows for outlining a 

preliminary typological pattern in translucent papers. Thin papers (groups: T3G1, T3G2; T5G2, T5G3, 

T5G4; T6G1, T6G2), lacking coatings, are the most vulnerable, showing fragility, yellowing, and slight 

loss of translucency. In contrast, papers with surface emulsion (T3G3; T5G1, T5G5; T6G3–T6G4), 

defined by the presence of zinc and sulfur in XRF and lipid signals in FTIR, exhibit relatively better 

preservation, although with more pronounced loss of translucency and darkening. Finally, cases with 

barium or silicon as additives (T5G2, T5G4) correspond to papers with mineral fillers, where these 

elements may have influenced aging behavior, with a slight improvement in the case of barium 

regarding yellowing, showing a general trend toward whiter and grayer tones. 

6. Conclusions 

The results point to the exclusion of the existence of sulfurized papers among the documents 

analyzed from the selected collections. Most of the documents appear to correspond to 

similsulfurized papers, manufactured through refining and calendering, differentiated by the 

presence or absence of specific mineral fillers. A smaller group consists of a translucent paper support 

on which a photoreproduction technique has been applied, where evidence of fatty substances from 

the coating or support is found. Visual and colorimetric analyses confirm that thickness and the 

presence of this emulsion, resulting from the calco technique employed, are beneficial variables for 

maintaining the stability of these supports, while color, due to its high variability, does not constitute 

a reliable typological criterion for the classification of translucent papers. Thinner papers without 

coatings appear as the most vulnerable to deterioration. 
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Ultimately, the study demonstrates that the diagnostic approach to translucent papers must be 

based on an integrated perspective that simultaneously considers physical properties, chemical 

composition, and conservation factors. The typologies and deterioration mechanisms identified are 

proposed as consistent hypotheses that may be confirmed and refined through the application of 

other analytical techniques and the expansion of the documentary corpus studied. In this way, the 

work not only contributes to the classification and understanding of these supports but also 

establishes a knowledge base that complements theoretical information, characterizes certain groups, 

and acts as a bridge for future research and the design of conservation and restoration strategies 

adapted to their material complexity. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

XRF X-ray fluorescence spectroscopy 

FTIR Fourier-transform infrared spectroscopy 

CIE Lab* Commission Internationale de l’Éclairage L*a*b* color space 

RGB Red, Green, Blue color space 

AHP Archivo Histórico Provincial de Granada (Provincial Historical Archive of Granada) 

ETSAG 
Escuela Técnica Superior de Arquitectura de Granada (Higher Technical School of Architecture of 

Granada) 

T3G1 Group 1 (G1) of Table 3 (T3) 

T3G2 Group 2 (G2) of Table 3 (T3) 

T3G3 Group 3 (G3) of Table 3 (T3) 

T5G1 Group 1 (G1) of Table 5 (T5) 

T5G2 Group 2 (G2) of Table 5 (T5) 

T5G3 Group 3 (G3) of Table 5 (T5) 

T5G4 Group 4 (G4) of Table 5 (T5) 
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T5G5 Group 5 (G5) of Table 5 (T5) 

T5G6 Group 6 (G6) of Table 5 (T5) 
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