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Abstract The application of cleaning treatments for the restoration of nineteenth–twentieth-century photographs represents an
innovative and still little explored aspect. In this work, in order to remove the degradation products, two cleaning methods were used
for two different photographic techniques: poly(vinyl alcohol)-based hydrogels were applied to clean an albumen-based print, while
calcium chlorine was used to remove the silver mirroring effect on a gelatin silver print. The constituent materials and conservation
state of the analyzed photographs were characterized using a multi-analytical approach: imaging analyses (UV–VIS-NIR), attenuated
total reflection (ATR) Fourier transform infrared spectroscopy (FT-IR) spectroscopy, macro-X-ray fluorescence scanning (MA-XRF)
spectroscopy, pH analyses and particle-induced X-ray emission (PIXE) were applied before and after the cleaning treatments. The
two treatments have permitted of the recovery the degraded parts of the two photos, especially in the first study case. For the silver
mirroring effect, further treatments will be required to obtain a complete removal of the effect.

1 Introduction

In the field of Cultural Heritage, the restoration of photographs is a relatively recent branch. The most important operation of
conservation is certainly the surface cleaning, but the choice of the suitable treatments is closely related to the constituent materials
of the object. The photographic material developed during the nineteenth–twentieth century have been often realized by mixture of
inorganic and organic materials. In the literature several studies are available regarding the characterization of the photograph’s con-
stituent materials and their conservation state [1–3]. However, the evaluations of surface cleaning treatments are still little explored.
Unfortunately, this material cannot be treated with water-based products, unlike most artworks on paper, and therefore, restorers
do not have many possibilities for conservation. The complexity of the examined materials shows the need of a multi-analytical
approach to have a complete characterization [4, 5]. Another aspect to take in consideration regards the characterization of their
degradation products. Albumen prints have very thin paper supports and usually are attached to a wood pulp cardboard support,
easily degradable: they suffer from thermo-hygrometric variations and atmospheric factors that cause cracking, yellowing and dis-
coloration of the emulsion [6]. Moreover, prints obtained with this type of photographic technique, which involves organic materials,
are also affected by biodegradation damages, and several studies which describe how to recognize the different microorganisms are
available [7]. Similar problems have also been observed for the gelatin-silver-based print [8]. This last type of prints is often DOP
(developing-out paper) instead of POP (printing-out paper), like albumen prints, and their most common damage is a superficial
degradation known as silver mirroring: this appears as a metallic reflected patina with a blue shade, as a mirror [9, 10]. It is a super-
ficial layer of Ag° or Ag2S, due to interaction with the atmospheric factors and a wrong fixing procedure during the development
of the photograph where the grains of metallic silver, which are formed during the development of the image, have dimensions of
the order of microns and have a complex dendritic shape [9, 10].

In this work, a multi-analytical approach was used to characterize the constituent materials and their respective degradation
products of an albumen print and a gelatin silver print that are representative of two different techniques used in the past to realize
photographs [5, 11–13]. These methodologies are also useful to find possible solutions to the challenge related to surface cleaning
treatments.
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At first, images in the UV-VIS-NIR were recorded in order to determine the presence of degradation products or biological
attacks on the photographic surfaces (UV) [14, 15] and to study the spectral behavior of the constituent materials in the Near
Infrared (NIR) range [16]. After this preliminary investigation, Fourier transform infrared spectroscopy (FT-IR) in ATR (attenuated
total reflectance) mode was used to characterize the supports, the emulsions and the fillers [17–19]. Scanning electron microscopy
with energy-dispersive X-ray spectroscopy (SEM-EDX), macro-X-ray fluorescence (MA-XRF) and particle-induced X-ray emission
(PIXE) were performed in order to identify the elemental composition, to reveal the presence of elements that could derive from a
wrong removal of fixatives during the manufacture process and to obtain information about the stratigraphy of the photographs [1, 20,
21]. The most appropriate cleaning treatments were chosen after the photographs characterization in order to remove the degradation
products and to recover the original features [22, 23]. Poly(vinyl alcohol)-based hydrogels have been used for the albumen based
photograph, while the gelatin silver print was subjected to a dry cleaning treatment, with the aim of removing the silver mirroring
layer. It should be mentioned that the treatment of the silver mirror is controversial: in literature several studies do not recommend
its removal as it is considered a natural modification of the original photo and not a degradation of it [24]. In this work we decide
to consider it as a degradation product in order to recover the image. The analytical protocol used for the characterization of the
constituent materials was adopted also to evaluate the efficacy of the cleaning processes with the addiction of pH analyses for the
albumen-based photograph.

2 Materials and methods

2.1 Materials samples

The photographs studied in this work are part of a private collection.

• Sample 1 (S1): The S1 (Fig. 1A) has been identified, through a visual analysis, as an albumin photograph [25]. The picture
represents Trafalgar Square in London; no certain information about the date of its realization is available.

• Sample 2 (S2): The S2 (Fig. 1B) has been identified as a silver photograph, specifically a positive, because it does not present the
inverted chiaroscuro. It is characterized by a surface deterioration (silver mirroring), typical degradation of gelatin silver prints
DOP that appears as a “mirror” patina on the surface of the photograph [10]. This photo is dated in 1912.

2.2 Experimental setups

2.2.1 Imaging analyses (UV-VIS-NIR)

UV fluorescence (UVF) imaging were realized by using a modified Reflex Camera Nikon D7000-NIR, with a silicon sensor and
a spectral range between 370–1100 nm, with a resolution of 16.2 Megapixel. For the illumination, two UV lamps at 365 nm were
used. Infrared reflectography (IRR) was performed by using the same Reflex Camera Nikon D700-NIR coupled with a 250 Watt
halogen lamp.

2.2.2 FT-IR analyses in ATR mode

FT-IR analyses in ATR mode were realized by using a Tensor II spectrometer (Bruker Optics, Germany), equipped with a diamond
reflection element (Platinum ATR accessory) and a DTGS detector. The measurements were collected in the range 4000–400 cm−1

with a resolution of 4 cm−1. For each sample, 32 scans were collected.

2.2.3 SEM-EDX

SEM-EDX analyses were carried out by using a SNE200M (SEC) microscope equipped with a QUANTAX 100 Advanced BRUKER
EDS microanalysis detector. The EDS quantification method is performed by using manufacturer’s standards library and self-
calibrating P/B-ZAF standard-based analysis. The images were taken under reduced vacuum conditions on gold coated micro-
sample, while the EDS spectra were acquired under reduced vacuum conditions directly on the surface of the micro-sample. The
analytical conditions were: 400X magnification, 30 kV, 10 mm working distance.

2.2.4 MA-XRF

MA-XRF analysis was carried out exploiting the scanner designed and developed by the INFN-CHNet (Cultural Heritage Network)
collaboration [26] specifically for Cultural Heritage applications [27–29]. The instrument allows to gain elemental spatial maps of
a scanned area of the sample. Concisely, the equipment consists of three linear motor stages by Physik Instrumente over which the
measuring head is installed. This is composed of a Silicon Drift Detector (Amptek XR100 SDD, 50 mm2 effective active surface,
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Fig. 1 A. S1: albumin photograph
representing Trafalgar Square in
London (private collection); B.
S2: a silver bromide photograph,
characterized by a surface
deterioration(silver mirroring)
from a private collection;
application of the cleaning
treatments onto the analyzed
photographs: C. Hydrogels on
Sample 1, D. Calcium chloride on
Sample 2

500 µm thickness), an X-ray tube (Moxtek, 40 kV maximum voltage, 0.1 mA maximum anode current) and a telemeter (Keyence
IA-100), acting for the continuous control and adjustment of the sample-instrument distance during the scan. In the analysis discussed
here, the operating conditions of the X-ray tube were: 38 kV anode voltage, 0.9 mA filament current, Mo anode with an 800 µm
diameter collimator. Scanning velocity ranged from 1 to 2 mm/s and the equivalent-pixel size from 200 to 1000 µm.

2.2.5 PIXE

PIXE measurements have been carried out at the INFN LABEC laboratory in Florence [30], where is located a 3 MV Tandetron
accelerator with an external beamline dedicated to ion beam analysis on cultural heritage samples [31, 32]. A 3 MeV proton beam
was used, extracted into atmosphere through a 200 nm thick Si3N4 membrane. Beam size was defined by a 0.5 mm diameter
collimator, placed in vacuum before the extraction window. The photograph was positioned roughly at 1 cm from the beam exit
window and measurements lasted 600 s each. Beam current intensity varied between 100 and 200 pA, indirectly measured by
means of a rotating chopper [33]. Such measurement conditions resulted in extremely low beam charge densities, guaranteeing the
not-deliberately destructive characteristics of these analyses and ensuring no visible effect on the object. The external beam PIXE
measurements were performed using simultaneously [21, 34] two X-ray detectors, a 10 mm2 silicon drift detector (SDD) for light
and major elements analysis and a 150 mm2 SDD, for heavy and trace elements; a He flow was maintained in front of the sample
and of the small area PIXE detector in order to reduce the absorption of lower energy X-rays in air.

2.2.6 pH measurements

pH measurements were performed on surface paper samples, before and after cleaning procedure, using an Amel Instrument 334-B
pH meter with a combined glass electrode Ag/AgCl and a porous PTFE diaphragm (Crison Instruments, Spain); RSD was 1%,
calculated on three measurements of the same sample.
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2.3 Cleaning treatments

2.3.1 Materials

The reagents used for the cleaning treatments, poly(vinyl alcohol; fully hydrolyzed) (PVA), calcium chlorine and sodium periodate,
are acquired from Merck KGaA, Germany. Aqueous solutions were obtained using bi-distilled water (Millipore, Merck, KGaA,
Germany).

2.3.2 Hydrogels

The application of the cleaning treatments onto the analyzed photographs is shown in Fig. 1. In the case of sample 1 (S1), the
cleaning process was performed in selected zones of the photo (Fig, 1C), using two different cleaning gels, called Gel_L and Gel_M,
characterized by lower (L) and more (M) retentive properties respectively [22, 23]. They are constituted by different molar ratios
of PVA and telechelic poly(vinyl alcohol) (called tel-PVA). They were prepared according to the protocol reported elsewhere [22,
23]. In the gels (called GEL_L and GEL_M), the percentages of PVA and tel-PVA are 10 and 5% (w/v) and% of PVA and 10% of
tel-PVA respectively. In detail, tel-PVA was prepared by oxiding the head-to-head PVA sequences using NaIO4, at 2% (mol/mol
with respect to the moles of repeating units of PVA) in a solution of PVA at 60 °C under vigorous stirring. After 20 minutes, and
cooling the solution at room temperature, the tel-PVA solution, was added to an aqueous PVA one (at about 80 °C) to favor at
cross-linking of the polymer chains; then pH was adjusted to pH=2 with HCl concentrated solution. To allow the complete gel
formation the mixture was left for about 48 hours in the reaction vessel. Finally, the gels were washed against double distilled water
for several days until the conductivity of water was about 1µS and no PVA residues were present in the washing water. To perform
the cleaning process, a piece of gel was cut to obtain the desired size and applied on the designed zone of the photo. Over them, a
PET film was applied, uniformly pressed thus ensuring a close contact between the gel and the sample 1 (S1). Cleaning time was
15 minutes. After cleaning, the gel was removed in only one step.

2.3.3 Calcium chloride

In the case of sample 2 (S2), calcium chlorine was used as it is to eliminate silver mirroring (Fig. 1D), thus adopting a modification of
the method proposed by Mestra J. et al [35]. Several studies reported in literature suggest removing the silver mirroring by washing
the sample with water [9, 12, 36]. However, these methods were not applicable to Sample 2, because a washing with water process
could have further degraded the photograph, causing swelling of the gelatin. In the treatment proposed by Mestra J. et al [35], the
ability of chlorinated hydrocarbons (such as tetrachlorethylene) to not hydrate gelatin is exploited. By cleaning the surface with
these solvents, there is no risk to detach the image from the support. At the same time, calcium carbonate, used in the proposed
cleaning process, has the advantage of allowing dry alkaline neutralization. Moreover, calcium chloride does not hydrate the surface,
rather it is used to dry the area undergoing treatment, removing its moisture. Considering that the treatment proposed by Mestra J.
et al [35] could have been a valid tool to remove the silver mirroring from Sample 2, a small amount of calcium chlorine was used.
Calcium chloride, at room temperature, appears as a white crystalline powder, very hygroscopic, very soluble in water and quite
soluble in ethanol, and it was applied and removed onto sample 2 by using a cotton swab (Fig. 2B). The duration of the treatment
was approximately 2 minutes.

Fig. 2 A. UV image of Sample 1, the square shows an area characterized by fluorescence spots, B UV image after the cleaning treatments

123



Eur. Phys. J. Plus         (2022) 137:757 Page 5 of 12   757 

3 Results and discussion

3.1 (S1): Characterization and application of hydrogels to remove albumen degradation products

3.1.1 Pre-treatment characterization

The pre-treatment characterization of S1 by using UV photography showed the presence of two predominant fluorescence signals:
indeed, the whole image flows in blue, typical of albumen based tempera [37], while the surface degradation appears as a yellowing
of the surface, could be due to the oxidation of aromatic amino acids (tryptophan, tyrosine and phenylalanine) present in albumin
and less in gelatin (Fig. 2A). These amino acids are in fact more subject to oxidation [11, 38].

This result was confirmed also by ATR-FTIR analyses which revealed the presence of protein components, identified by Amide
I and II bands assigned to the C=O stretching and N-H bending of the peptide bonds, centered at about 1632 cm− 1 and 1526 cm− 1

respectively (Fig. 3) [1, 39]. The two peaks at the same intensity at about 1452 cm− 1 and 1386 cm− 1, related to the stretching
mode of lipids, indicate the use of albumin as photograph emulsion. This is confirmed also by a small shoulder of carboxylic groups
centered at 1720 cm− 1, together with 2956, 2932 and 2872 cm− 1 (relative to CH stretching in aliphatic group) [18, 40]. In addition,
the absorption bands at 3540 and 3410 cm− 1 suggest the presence of gypsum (CaSO4·2(H2O)).

The IR spectra of cardboard showed the characteristic band of cellulose (centered at 1025 and 1000 cm− 1) [41]. Regarding the
intermediate layer, the one between cardboard and photographic emulsion, the characteristic bands of aluminum silicates (kaolinite
(Al2Si2O5(OH)4)), at 3690, 3620, 1030, 1002 cm− 1 and 790, 750 cm− 1, as well as gypsum (CaSO4·2(H2O)), characterized by
bands at about 3540, 3410, 1625, 1280, 1150 cm− 1, probably used as fillers [42, 43], were detected.

In the spectra acquired (not reported here) in the degraded area (see Fig. 2A) were detected the bands related to albumin, cellulose
and gypsum, the same observed for the photographic emulsion [42, 43].

SEM-EDX spectrum was also useful to identify the type of silver halide used for image development (Table 1). The presence
of chlorine (Cl) suggested the use of silver chloride in the photographic emulsion. The presence of residual chlorine, not removed
by the film development, could represent a potential cause of degradation for the photography due to the possible silver chloride
decomposition under light exposure into silver and chloride ions. SEM-EDX also showed the presence of aluminum (Al) and sulfur
(S).

Differential PIXE has been essential for the conclusive non-invasive identification of the stratigraphy of the photograph. A selected
homogeneous dark, not cleaned, area of Sample 1 was investigated at three different proton energies (2, 3 and 4 MeV in vacuum,
corresponding to 1.91, 2.93 and 3.95 MeV on the sample surface respectively, see Fig. 4A). This analysis consists in analyzing the
same point of a sample at different proton energies. Since in a layered, or heterogeneous in depth, material the X-ray yields change
as a function of the beam energy depending mainly on the elemental distribution and the X-ray absorption in the material itself,
the depth profiling of the detected elements can be qualitatively inferred comparing the spectra at different energies. Operatively,
for each measurement, first the apparent composition (assuming a homogeneous matrix) was obtained, analyzing the PIXE spectra
with the GUPIXWin software package [44]. If the photograph is homogeneous, the same ratios for the composition of the main
characteristic elements (Al, Si, K, Fe and Ag) would be expected at different energies [45]. With reference to Fig. 4B, practically the
Fe-to-Si, K-to-Si and Al-to-Si composition ratios remained relatively constant at the different energies showing that these elements

Fig. 3 The FT-IR spectra obtained
on three different points of the
photographic support: the
photographic film (A), the
cardboard support (B), the
intermediate layer (C) between the
cardboard and the photographic
film
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Table 1 SEM–EDX analysis of
S1. Norm. C [wt.%] means the
normalized concentration in
weight percent of the element with
the error in the weight percent
concentration at the 1 sigma level

Element Norm. C. [wt.%]

C 50.32±4.64

O 37.85±4.00

Al 1.24±0.08

Si 1.12±0.07

S 2.21±0.08

Cl 1.56±0.07

Ca 2.17±0.08

Ag 3.52±0.10

Fig. 4 A. Comparison between PIXE spectra of a dark, not cleaned, area of the photograph at three different energies. The reported beam energies refer
to the effective values at the sample surface, after traversing the beam exit window and about 1 cm path in external atmosphere, B. Apparent composition
ratios of some characteristic elements as a function of the different proton beam energies, C. Correlation between the Ag and Au or Hg concentrations in the
analyzed spots. Comparison of PIXE spectra obtained analyzing with 3 MeV protons the plain cardboard and a dark, not cleaned, area of the photograph.
Spectra on the left refers to the small area SDD for light elements (D), while those on the right correspond to the large area SDD for heavy elements (E)

Table 2 pH measurements onto
S1 before and after the application
of hydrogels

Points Hydrogels pH (pre-treatments) pH (post-treatments)

P1 (back of the photograph) GEL_L 4.67±0.05 5.18±0.05

P2 GEL_M 4.57±0.05 5.16±0.05

P3 GEL_L 4.64±0.05 5.08±0.05

P4 GEL_M 4.88±0.05 5.12±0.05

could be in the same layer, whereas the Ag-to-Si composition ratio decreased with increasing beam energy evidencing that Ag is
present in a more superficial layer than Si (and hence also Al, K and Fe). Two heavy elements, Au and Hg, were found in traces (a few
hundreds of ppm) and their concentrations are well correlated with Ag, as shown in Fig. 4C. Au indeed is possibly present in the form
of gold thiocyanate or potassium tetrachloroaurate used as chemical sensitizer. Elements as Al and Si are essentially located into
the cardboard support, hence comparing the PIXE spectra obtained analyzing with 3 MeV protons the plain cardboard and a dark,
not cleaned, area of the S1 photograph, from the attenuation of the X-ray of Al and Si due to the overlaying photograph, it is indeed
possible to infer the thickness of the photographic paper. Assuming simply the paper composition as cellulose, C6H10O5, from the
different analyzed points of the photograph, it turns out that the thickness of the photographic paper is about 25–40 micrometers.

Moreover, pH measurements were carried out on the back of the photograph (P1) and in different points of the photo (P2, P3 and
P4 shown in Fig. 1). The results are presented in Table 2.
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Fig. 5 A FTIR spectra of pre (1) and post (2) cleaning treatments. B Details of Sample S1 with relative Ag, Cl, Ca, MA-XRF maps. Cleaning test areas are
visible in Cl maps

It should be noted that the pH of a paper in good conservation state is about 7; the very low pH values obtained thus indicate
that S1 is strongly oxidized and acid by products are formed. One possibility for slowing down the irreversible degradation process
is to use suitable cleaning hydrogels, able to remove dirt and degradation products, improving the pH and the optical quality of the
paper support.

3.1.2 Application of hydrogels

For this sample, the cleaning treatment adopted was the hydrogel treatment by using two different kinds of gels called GEL_L,
GEL_M; the first being less retentive than the other. Hydrogels have several advantages: they are easy to synthesize, rigid, transparent,
biocompatible and with good retention properties. Desired shaped hydrogels have been applied on the areas that need to be cleaned;
these spots have been previously analyzed in order to measure starting pH values. GEL_L was applied for 15 minutes on point P3,
both on the surface of the photo, where there is a patch of dirt (Fig. 1A), and on back of the photograph (P1). GEL_M, on the other
hand, was applied in the same way on points P2 and P4 (Fig. 1A). After the cleaning procedure, GEL_L did not show any color
changes, although it had partially removed the dirty area present on the sample surface. On the contrary, GEL_M turned yellow,
despite removal of the dirt from the photograph was not complete. The yellowing of the gel is probably due to the absorption of
cellulose degradation byproducts, due to paper aging, from the cardboard used as a support. It is well known that hydrogels in contact
with porous materials can gradually transfer solvent into support and absorb water-soluble materials which move from samples to
hydrogels (such as acid molecules due to cellulose degradation), thus carrying out a cleaning action on the paper [22, 23, 46].

3.2 Post-treatment characterization

A comparison between the pH values before and after cleaning, reported in Table 2, showed an increase in pH due to treatment,
indicating that both the hydrogels used, GEL_L and GEL_M, were efficient in removing the acid degradation products present on
the sample.

Post-treatment characterization by UV fluorescence images showed the disappearance of the organic material present on the
above-discussed area (Fig. 2B), as after the hydrogel treatment no fluorescence was present in the treated area.

After the application of hydrogels, the disappearance of the gypsum bands (3540, 3410, 1150 cm− 1) in the IR spectra was
observed, as shown in Fig. 5A. The presence of gypsum on the superficial layer could be due to a rise of the gypsum from the
underlying layer. The fact that after cleaning with hydrogel it is no longer visible could mean that it has been mechanically removed
or has been solubilized in the hydrogel.

The XRF maps of Sample S1, shown in Fig. 5, show the Ag distribution that corresponds to the darker areas of the image
(impressed areas). The effectiveness of cleaning methods is confirmed by observing the chlorine (Cl) map: the element appears
partially removed in the treated areas.
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Fig. 6 FT-IR spectra of cardboard
support (A), silver mirroring film
(B), white layer (C)

3.3 Sample 2 (S2): Silver photograph (Gelatin silver print DOP) a stratigraphic characterization and cleaning treatment dissertation

3.3.1 Pre-treatments characterization

Thanks to a deterioration present on the upper left side of the sample 2 (S2), it was possible to analyze, by means of FT-IR, three
different layers: the support, a white substance and the surface affected by silver mirroring effect (Fig. 6).

The FT-IR spectrum of the paper support of S2 showed the main absorption bands of cellulose (1150, 1103, 1050, 1026, 910
cm− 1) and the absorption bands at about 3690, 3650 and 3620 cm− 1, that characterize aluminum silicates (kaolin), often used as
fillers in paper supports as already explained [42].

FT-IR detects starch (1150, 1078, 1010 cm− 1) and gelatin (1635, 1535, 1448, 1405 e 1333 cm− 1) [47, 48] that are the constituents
of the emulsion, and a band at about 1740 cm− 1, probably related to the presence of organic acids. The white substance, superimposed
on the paper, was identified as baryte (1170, 1050, 980 cm− 1) [49].

On the basis of these results, the Sample 2 is a gelatin silver photograph. Further, the presence of a mirror effect confirms the
manufacturing technique.

Once the stratigraphy of the photograph analyzed has been defined, our attention was focused on the areas where silver mirroring
was present and on its removal.

IR Reflectography (IRR) has indicated that, below the silver mirroring layer of S2, some parts of the image were still intact
(Fig. 6B). Indeed, the IRR image as allowed to recover features of the photo no more visible at naked eye, as for example, the
branches of the tree, the gentleman’s jacket and tree trunks, confirming the existence of a still well-defined image below the patina
layer, except for the bottom part that is completely degraded (Fig. 7).

The SEM-EDX analysis (Table 3) showed the presence of Si and Al, attributed to kaolin, used as a filler in the paper support,
while chlorine (Cl) suggests that this is the halogen used to perform the photographic emulsion, as the sample S. Sulphur and barium
are related to baryte layer.

3.3.2 Application of calcium Chloride

As previously discussed, calcium chloride was applied and removed on the photo with the help of a cotton swab, the application
time was around 2 minutes.

3.3.3 Post-treatments characterization

The effectiveness of the treatment is directly observable from the image shown in Fig 8. Indeed, silver mirroring affected areas were
partially removed and some details have come to light (Fig. 8C). The IRR image captured after the treatment showed that other
details are present below the treated surface.

SEM image showed that the surface appears more compact and no longer encrusted with respect to the silver mirroring one,
however a deposit of calcium chloride occurs by means the SEM – EDX maps of Ca and Cl (Fig. 9).
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Fig. 7 Photo A and IRR image B
of S2

Table 3 SEM–EDX analysis of
S2. Norm. C [wt.%] means the
normalized concentration in
weight percent of the element with
the error in the weight percent
concentration at the 1 sigma level

Element Norm. C. [wt.%]

C 26.51±4.42

O 11.02±2.36

Al 0.64±0.09

Si 0.77±0.08

S 5.81±0.20

Cl 9.39±0.26

K 2.59±0.11

Ca 2.97±0.12

Ag 15.30±0.38

Ba 24.98±0.50

Fig. 8 Photo (A), IRR image (B)
of S2 and (C) magnification of
Photo and IRR detail that shows
the partially removal of silver
mirroring

These results are consistent with those obtained by MA-XRF mapping, shown in Fig. 10, where in the Ca and Cl maps the
cleaning test areas are clearly visible. The higher X-ray counts of these two elements in the lower right corner of the photograph
may suggest an incomplete removal of the cleaning treatment.
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Fig. 9 Secondary electron (SE)
image pre A and post B treatment
of S2; Back scattered electron
(BSE) image after the treatment C
and Ca and Cl maps (D and C)

Fig. 10 A Detail of Sample S2
with relative Ag, Ba, Ca, Cl
MA-XRF maps. Cleaning test
areas are visible in Cl and Ca maps

4 Conclusions

This work is focused on the evaluation of two cleaning methods of degradation products onto ancient photographs. In particular, two
types of photographs were analyzed, an albumen print and a silver gelatin one, by using a multi-analytical approach. The imaging
techniques have proved useful for making an initial diagnosis of the conservation state of the analyzed samples. The FT-IR analysis
has proven to be a powerful tool for identifying binders and supports, allowing to discriminate between gelatin and albumin as
a material used as binder, and providing information about the composition of the paper support and the fillers used during the
manufacturing process. Elemental analyses (SEM-EDX and mapping XRF) were used to identify the elemental composition of the
samples, and to map their distribution onto the photography surface. Finally, differential PIXE has been essential for the conclusive
non-invasive identification of the stratigraphy of the sample 1. Matching the data obtained from this multi-analytical approach it was
possible to choose a dedicated cleaning treatment for each analyzed sample. Therefore, in the case of sample 1, wet treatment using
opportune hydrogels was effective to improve the conservation state of the photographic surface. Instead, sample 2 was treated with
calcium chloride, exploiting its dehydrating power, in order to remove the silver mirroring. After the cleaning treatment, a second
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characterization was carried out, using the same analytical approach previously described, to verify the effectiveness of the cleaning
methods used.

About Sample 1, the obtained results showed an increase in pH values suggesting the efficacy of the selected treatment. The
effectiveness of cleaning treatments is visible also in the XRF map of Sample 1, where the chlorines (Cl) present on the surface
layer result to be partially removed. A comparison between the pH values before and after cleaning, reported in Table 2, showed
an increase in pH, indicating that both the used hydrogels, GEL_L and GEL_M, were efficient in removing the acid degradation
products present on the sample.

About Sample 2, calcium chloride was effective to remove the silver mirroring effect, recovering the photographic image.
However, the elemental analysis (SEM-EDX and MA-XRF) showed the presence of chlorine and calcium, suggesting that the
calcium chloride remains on the surface. Thus, this process must be further improved.

The results discussed in this work represent a preliminary study of different cleaning treatments applied on two case study.
However, in order to prove the effectiveness of the proposed method, other typologies of photography will be treated and analyzed.
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