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Abstract

We characterised the thermal degradation of rabbit glue, a collagen-based protinaceous
material used as a paint binder in paintings. Paint reconstructions of the glue on its own or
mixed with, azurite (Cu3(CO3)2(OH),), calcium carbonate (CaCO3), hematite (Fe,O3-nH,O) and
red lead (Pb3O,4) were analysed using a thermo-analytical approach. This method enabled us to
investigate the interactions between the glue and pigments before and after artificial indoor light
ageing. The study was carried out using thermogravimetry analysis and differential scanning
calorimetry. The results highlighted that all the inorganic pigments interact with rabbit glue, thus
decreasing the thermal stability of the binder. Light ageing further decreased the thermostability
of pigmented paint replicas suggesting a moderate increase in the rate of the degradation.

Keywords rabbit glue, azurite, calcium carbonate, hematite and red lead, thermogravimetric

analysis, differential scanning calorimetry.

Introduction

Proteinaceous materials have been used as paint media to disperse and apply pigments since
the Bronze Age [1]. Animal glue, egg and milk or casein are the most common proteinaceous
binders used as painting media [2], although many other protein-containing materials have been
found as media in polychrome artistic objects, including garlic [3] and animal blood [4, 5]. The
characterization of paint binders in general, and proteinaceous ones in particular, is complex
due to the sample size, the high inorganic content, the degradation phenomena undergone with
time, the simultaneous presence of other organic materials, etc. [2]. Fluorescence spectroscopy
[6], Raman spectroscopy [7, 8], infrared spectroscopy [9], immunological techniques [10-12],
gas chromatography mass spectrometry [2, 13, 14], MS-based proteomic approaches [15-18]
are the most common approaches. The main difficulties arising when analysing protein-
containing samples relate to the fact that changes take place in the course of ageing, which are
influenced by the pigments present [2, 10, 16, 19-24]. A loss in solubility [2], changes in the
molecular profiles [16], and analytical interferences have been observed [19]. The chemical
reasons for these phenomena are still unknown, despite their importance in designing the
analytical procedures and data interpretation models required.

This study is the part of a research project carried out on pigmented paint reconstructions using
proteinaceous binders aimed at clarifying how these binders age also as a consequence of
interactions taking place with pigments. Our previous research focused on the thermal

degradation of paint reconstructions containing ovalbumin and casein both pigmented and
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unpigmented, analysed fresh and artificially aged [23, 24]. In this study we focus on animal glue,
specifically rabbit glue, and its interactions with the inorganic pigments commonly used in
paintings.

Collagen-based animal glues have been widely used in artworks, serving as adhesives, binding
media for pigments and consolidants for organic and inorganic materials. They are natural
polymers obtained by the extraction and partial hydrolysis of the protein constituent collagen of
animal hides and bones. Collagen in its natural state is a triple helix protein. It is water insoluble
and must be conditioned to be solubilised. The conversion of collagen into soluble glue involves
breaking the intra- and intermolecular polypeptide bonds through the use of acid or alkali and
heat. The collagen—glue transition is a stepwise process involving the melting of the trihelical
network to an amorphous form, followed by the sequential hydrolysis of various types of
covalent bonds [25]. In glue aqueous solutions, the polypeptide chains take up random mainly
linear configurations [26].

We prepared paint reconstructions of the glue binder on its own and mixed with four inorganic
pigments (azurite (Cusz(CO3)2(OH),), calcium carbonate (CaCO3), hematite (Fe,O3- nH,O) and
red lead (PbsO,4)) on a glass support. The paint reconstructions were then characterized by
thermogravimetry (TG) and differential scanning calorimetry (DSC). TGA and DSC were
performed on solid-state samples before and after artificial ageing in a Solarbox (indoor light
ageing). These techniques have been successfully used in the field of cultural heritage for a
wide range of different materials [23-24, 27-32] and were thus chosen to investigate the

modifications undergone by rabbit glue due to the effects of the pigments and artificial ageing.

Experimental

Materials

Paint reconstructions were prepared using rabbit glue (53921) purchased from Bresciani srl
(Milan, Italy) on its own or mixed with azurite(Cu3(CO3)2(OH),), calcium carbonate (CaCOs),
hematite (Fe,O3) and red lead (Pb30O,4). The glue was dissolved in water and heated in a bain-
marie until a clear/fluid solution was obtained. The pigment was mixed with the fluid binder in
proportions that produced a paintable paste. The paint and the pure glue were then applied with
a brush on microscope glass slides. A set made up of each type of pigment/protein replica and
of pure glue was analysed before and after artificial ageing in the Solarbox (see next section)

and then stored at room temperature in the laboratory.
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Apparatus and methods

Thermogravimetry. A TA Instruments Thermobalance model Q5000IR equipped with an FTIR
(Agilent Technologies) spectrophotometer Cary 640 model for evolved gas analysis (EGA) was
used. TG measurements were performed at a rate of 10 °C/min, from 40 °C to 900 °C under air
flow (25 ml/min). The amount of sample in each TG measurement varied between 2 and 4 mg.
TG-FTIR measurements were performed at a rate of 20 °C/min, from 40 °C to 900 °C under
nitrogen or air flow (90 ml/min), in the range 600-3000 cm™ with a 4 cm™ width slit. A
background spectrum was taken before each analysis in order to zero the signal in the gas cell
and to eliminate the contribution due to the amount of ambient water and carbon dioxide. The
amount of sample in each TG-FTIR measurement varied between 4 and 10 mg.

Differential Scanning Calorimetry. A Perkin-Elmer differential scanning calorimeter Pyris
Diamond was used. Solid samples (4-8 mg) were sealed in aluminium pans and scanned from
150 °C to 550 °C at 5 °C/min under air flow. Empty pans were used as references. The
calorimeter was calibrated with indium as a standard.

Solarbox. The Solarbox (1500e RH, Erichsen, Germany) was used to artificially age the paint
replicas. The exposure conditions were 720 h at 25 'C, 50 % relative humidity (RH) and
irradiance 550 W/m?% A Soda-lime glass UV filter was used to simulate indoor exposure.
Irradiation uniformity was ensured by a parabolic reflector chamber with the xenon lamp in the

focus.

Results and discussion

Characterization of the paint replica with pure glue

The thermo-oxidative decomposition of rabbit glue samples occurs according to two main
degradation steps, as already found for other proteinaceous paint materials [23, 24] and
collagen from bovine Achilles tendon [33]. Figure 1 shows a comparison between the
degradation curves and the corresponding derivative curves recorded by TG for the unaged and
aged animal glue paint replica, and Table 1 summarises the experimental temperatures and the
percentage weight loss of the thermal degradation steps obtained.

In addition to water loss (a mass loss of about 10% below 100 °C), Fig. 1 highlights a step in the
250-350°C range, and one around 540°C, due to protein decomposition. The step at 250-350°C
is characterized by a broad DTG peak that is significantly lower than the one at 540°C. This
suggests that the maximum rate of mass loss is lower at lower temperatures because the

degradation products are formed more slowly. The higher rate of mass loss above 500°C is due
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to the easier oxidation with rapid formation and release of volatile compounds, as expected for
the complete combustion process. By analysing the DTG curves, it is clear that both the
degradation bands are constituted by the overlapping of multiple unresolved peaks, most likely
related to different degradation pathways. At 600°C almost all the sample is decomposed,
although a small residue remains (2-5%), most likely due to inorganic material.

The TG curves of the glue recorded in the nitrogen atmosphere showed a single pyrolytic
decomposition (DTG peak at 325°C) with a final residue around 20 %.

The gaseous species evolved by thermal degradation of the animal glue were analysed in TG-
FTIR experiments both in air and in nitrogen atmospheres. Figure 2 shows the FTIR spectrum
of the gas evolved at 325°C under nitrogen. In air we observed almost the same degradation
products although the bands are overwhelmed by the predominant signal due to CO, (data not
shown). H,O, CO,, NH3, HNCO can be identified in the FTIR spectrum in Fig. 2 together with
molecules containing aliphatic chains (aliphatic C-H stretching bands at 2968-2883 cm™:
aliphatic C-H bending bands at 1414-1326 cm™) and carbonyls (C=0 stretching broad band at
1690-1730 cm™ presenting a maximum at 1710 cm™). Similar results have been reported for
the thermal decomposition of collagen [33] and casein [34] with the exception of C=0 stretching
bands. It is possible that the carbonyl stretching vibrations observed in Fig. 2 can be attributed
to the radical cleavage of peptide bonds leading to the formation of volatiles amides and free
carboxylic acids.

Figure 3 shows the DSC curves in air flow for the unaged and aged rabbit glue unpigmented
paint reconstruction. The two plots have very similar shapes with a series of exothermic bands
due to the decomposition of the proteinaceous binder. The first broad and slightly exothermic
band (200-350°C) matches the first TG decomposition step. However, in the temperature range
425-550°C, where the complete combustion occurs, the DSC thermogram reveals three distinct
peaks, whereas the DTG plot shows a narrower unresolved signal in the range (475-525 °C).
The first band is due to the overlapping of a pyrolytic process and oxidative degradation due to
the oxidation of fragments of the peptidic backbone, while the second band is due to complete
combustion [24, 34]. The thermal stability of rabbit glue is not significantly influenced by artificial
ageing, unlike what has been observed for ovalbumin and casein [24].

A previous study on the thermal decomposition of bovine tendon collagen [33] showed similar
results, although the decomposition steps take place at higher temperature and the DSC peaks
have a more simple shape. The thermo-oxidation of collagen-based materials shows clear
differences due to the different source of the collagen as well as to different degree of hydrolysis
related to the different treatments that the protein undergoes in order to be solubilised for the
glue binder preparation.
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Table 1 Experimental temperatures and percentage weight loss of thermal degradation steps of unaged and aged pure glue and

pigmented glue in the temperature range 250-750 °C.

Temperature of the step

Step No.
(wt. loss)
Aged Aged Aged Aged
Aged Glue/ Glue/ Glue/
Glue Glue/ Glue/ Glue/ Glue/ Glue/
Glue CU3(C03)2(OH)2 Fe,0O3 Pb30,4
CU3(C03)2(OH)2 CaCOg; CaCOg; Fe,03 Pb304
L 298°C 299°C 299°C 305°C 295°C 296°C
(45%)? (38%)? (30%)*  (33%)° (29%) (31%)
) 339°C 315°C 326°C 335°C 323°C 320°C 324°C
(45%)*  (45%)% (38%)* (39%) (33%) @ (19%) (18%)
539°C 528°C 500°C 494°C 499°C 505°C 429°C 427°C 494°C 490°C
(42%)  (40%)° (27%) (27%) (27%) (28%)  (20%)°  (19%)°  (28%) (30%)
A 544°C 464°C 470°C
(40%)° (20%)°  (19%)°
- 648°C 635°C 708°C 709°C
(12%) (11%) (1.2%) (2.2%)

" Degradation step due to unreacted pigment; @ Total weight loss in the range 200-400°C;  Total weight loss in the range 400-500°C.
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Characterization of the pigmented paint replicas

The thermal behaviour of unaged and aged unpigmented rabbit glue replicas is compared
in Fig. 4 (DSC curves) and in Fig. 5 (DTG curves) with freshly prepared or aged pigmented
paint reconstructions. Both techniques prove that the pigments interact with the glue,
leading to an overall decrease in its thermal stability.

In all DSC curves the first exothermic band (200-350°C) shows a two-step degradation
(inserts Fig. 4 a and b). In the case of the unaged unpigmented paint reconstruction, two
signals are visible at 280°C and 306 °C, respectively. The presence of a pigment modifies
the band profile. This modification is limited in hematite and calcium carbonate paint
replicas, whereas a significant shift in the signals to lower temperatures is observed in red
lead and azurite paint replicas (insert Fig. 4 a). In all aged replicas, the whole exothermic
band is slightly shifted to higher temperatures compared to the band observed in unaged
replicas, though maintaining a similar shape.

The main effects of the pigments on the thermal stability of the glue binder observed on
the peak at higher temperature, attributed to proteinaceous binder combustion. Both DTG
and DSC show that pigments shift this peak to lower temperatures. This indicates that all
the pigments, both in the form of salts (Cu3(CO3),(OH), and CaCOz3) or oxides (Pb3O4 and
Fe,03), interact with glue by decreasing its thermal stability. DTG curves of calcium
carbonate paint replica show a peak above 600°C due to the thermal decomposition of
free CaCOg3 [35]. The decrease thermal stability is particularly evident in the case of the
hematite paint replica, which shows the highest decrease in thermostability to the
unpigmented glue. This suggests a strong interaction between hematite and glue, probably
due to iron’s involvement in metal-polypeptide coordination. It has been shown that the
iron metal centre can interact with histidine and with the oxygen atoms of proline and
hydroxyproline whose content in collagen is particularly high compared to other
proteinaceous binders [36]. As has already been observed in the case of red
lead/ovalbumin and azurite/casein paint replicas [24], the stronger the binding of the metal
centre with nitrogen or oxygen donors of specific amino acid residues, the easier the
thermal degradation of the protein. Two concurrent effects are probably responsible for
this behaviour: i) the metal-heteroatom coordination weakens the adjacent bonds in the
polypeptide backbone and forces the protein into a conformation which is more easily
degraded by thermo-oxidative processes and ii) induces a partial disruption of the
intermolecular interaction among the polypeptide chains. In most cases adding pigments
to glue produces a higher decrease in thermostability than in OVA or casein [24]. As a

result, on the basis of the value of the shift of the combustion peak measured for each



©CO~NOOOTA~AWNPE

proteinaceous binder, we suggest the following order of protein-pigment interaction: glue >
casein > OVA.

The decrease in thermostability of pigmented paint replicas is slightly enhanced with
ageing, with the exception of glue/calcium carbonate paint reconstructions. This behaviour
is quite similar to that of previously investigated casein based paint replicas [24]. In
contrast, the ageing effect on OVA pigmented paint replicas was to increase their thermal
stability, and was attributed to OVA cross-linking involving the formation of disulphide
bridges and dityrosines. We can therefore rule out the effects of cross-linking on
pigmented rabbit glue induced by ageing.

The TG-FTIR spectra of the gaseous species evolved by thermal degradation of the
animal glue pigmented paint reconstructions show the same bands as the unpigmented
paint reconstructions. This suggests that, although the pigments interact with protein
leading to a partial disruption of the protein-protein intermolecular interactions, they do not

modify the mechanisms of the protein thermal degradation.
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Conclusions

Despite the extensive work on the characterization of collagen [33, 36, 37], to our
knowledge, very little has been published on the effects of the interactions between
inorganic pigments and animal glue [21], which is the binder obtained from collagen based
materials, such as bones, tendons and other tissues. We investigated the interactions
taking place between four commonly used inorganic pigments (Cuz(CO3)2(OH),, CaCOsg,
Pb3;04 and Fe,03) and rabbit glue in paint reconstructions, using TG and DSC.

We highlighted that the presence of pigments in all cases induces a decrease in the
thermal stability of the proteins. As previously observed for OVA and casein [24], we
suggest that pigments act directly on the stability of the protein structure with the following
order of protein-pigment interaction: glue > casein > OVA. We believe that this is the
result of the direct interaction of the pigment with amino acid functional groups, i.e. by
forming coordination complexes, and/or the promotion of oxidative stress, which may lead
to a global unfolding rearrangement of the proteins.

We found that Fe,O3; showed the strongest interaction with rabbit glue, probably due to the
ability of iron to form stable complexes with histidine and with the oxygen atoms of proline
and hydroxyproline residues, whose content in the collagen is quite high compared to
other proteinaceous binders. The glue samples were not very sensitive to artificial light
indoor ageing, although pigmented paint replicas slightly decreased their thermostability
with ageing, however we can rule out any cross-linking on pigmented glue samples

induced by ageing.

ACKNOWLEDGMENTS
This work was supported by PRIN 2008 (Project No 2008 XXAMZT) and PRIN 2010/2011
(Project No. 2010329WPF) funding from the Italian Ministry of University and Research.



©CO~NOOOTA~AWNPE

REFERENCES

[1] Brecoulaki H, Andreotti A, Bonaduce |, Colombini MP, Tenorio AL. Characterization
of organic media in the wall-paintings of the “Palace of Nestor” at Pylos, Greece: evidence
for a secco painting techniques in the Bronze Age. J Archaeol Sci. 2012; 39: 2866-2876.
[2] Colombini MP, Andreotti A, Bonaduce |, Modugno F, Ribechini E. Analytical
strategies for characterising organic paint media using GC-MS. Acc Chem Res. 2010; 43:
715-727.

[3] Bonaduce |, Colombini MP, Diring S. Identification of garlic in old gildings by gas
chromatography-mass spectrometry. J Chromatogr A. 2006; 1107: 226-232.

[4] Fraser D, DeRoo CS, Codyc RB, Armitaged RA. Characterization of blood in an
encrustation on an African mask: spectroscopic and direct analysis in real time mass
spectrometric identification of haem. Analyst. 2013; 138: 4470-4.

[5] Mazel V, Richardin P, Debois D, Touboul D, Cotte M, Brunelle A, Walter P,
Laprévote O. Identification of ritual blood in African artifacts using TOF-SIMS and
synchrotron radiation microspectroscopies. Anal Chem. 2007; 79: 9253-60.

[6] Nevin A, Comelli D, Valentini G, Anglos D, Burnstock A, Cather SCR. Time-
resolved fluorescence spectroscopy and imaging of proteinaceous binders used in
paintings. Anal Bioanal Chem. 2007; 388: 1897-1905.

[7] Nevin A, Osticioli I, Anglos D, Burnstock A, Cather S, Castellucci E. The analysis of
naturally and artificially aged protein based paint media using Raman spectroscopy
combined with Principal Component Analysis. J Raman Spectrosc. 2008; 39: 993-1000.

[8] Vandenabeele P, Edwards HGM, Moens L. A Decade of Raman Spectroscopy in
Art and Archaeology. Chem Rev. 2007; 107: 675-686.

[9] Rosi F, Daveri A, Miliani C, Verri G, Benedetti P, Pique F, Brunetti BG, Sgamellotti
A. Non-invasive identification of organic materials in wall paintings by fiber optic
reflectance infrared spectroscopy: a statistical multivariate approach. Anal Bioanal Chem.
2009; 395: 2097-2106.

[10] Cartechini L, Vagnini M, Palmieri M, Pitzurra L, Mello T, Mazurek J, Chiari G.
Immunodetection of Proteins in Ancient Paint Media. Accounts Chem Res. 2010; 43: 867-
876.

[11] Gambino M, Cappitelli F, Cattd C, Carpen A, Principi P, Ghezzi L, Bonaduce I,
Galano E, Pucci P, Birolo L, Villa F, Forlani F. A simple and reliable methodology to detect
egg white in art samples. J. Bioscience. 2013; 38: 397-408.

[12]  Sciutto G, Litti L, C Lofrumento, Prati S, Ricci M, Gobbo M, Roda A, Castellucci E,
Meneghetti M, Mazzeo R. Alternative SERRS probes for the immunochemical localization
of ovalbumin in paintings: an advanced mapping detection approach. Analyst. 2013; 138:
4532-4541.

[13] Schiling MR, Khanjian HP, Souza LAC. Gas Chromatographic Analysis of Amino
Acids as Ethyl Chloroformate Derivatives. Part 2, Effects of Pigments and Accelerated
Aging on the Identification of Proteinaceous Binding Media. Journal of the American
Institute for Conservation. 1996; 35: 45-59.

[14] De la Cruz-Canizares J, Domenech-Carbo MT, Gimeno-Adelantado JV, Mateo-
Castro R, Bosch-Reig F. Suppression of pigment interference in the gas chromatographic
analysis of proteinaceous binding media in paintings with EDTA. J Chromatogr A. 2004;
1025: 277-285.

[15] Dallongeville S, Koperska M, Garnier N, Reille-Taillefert G, Rolando C, Tokarski C.
Identification of Animal Glue Species in Artworks Using Proteomics: Application to a 18th
Century Gilt Sample. Anal Chem. 2011; 83: 9431-9437.

[16] Leo G, Bonaduce I, Andreotti A, Marino G, Pucci P, Colombini MP, Birolo L.
Deamidation at Asparagine and Glutamine As a Major Modification upon

10


http://www.ncbi.nlm.nih.gov/pubmed/23775114
http://www.ncbi.nlm.nih.gov/pubmed/23775114
http://www.ncbi.nlm.nih.gov/pubmed/23775114
http://pubs.acs.org/doi/abs/10.1021/ac070993k
http://pubs.acs.org/doi/abs/10.1021/ac070993k
http://link.springer.com/article/10.1007/s00216-007-1402-0
http://link.springer.com/article/10.1007/s00216-007-1402-0
http://link.springer.com/article/10.1007/s00216-007-1402-0
http://onlinelibrary.wiley.com/doi/10.1002/jrs.1951/full
http://onlinelibrary.wiley.com/doi/10.1002/jrs.1951/full
http://onlinelibrary.wiley.com/doi/10.1002/jrs.1951/full

©CO~NOOOTA~AWNPE

Deterioration/Aging of Proteinaceous Binders in Mural Paintings. Anal Chem. 2011; 83:
2056-2064.

[17] Kuckova S, Hynek R, Kodicek M. Identification of proteinaceous binders used in
artworks by MALDI-TOF mass spectrometry. Anal Bioanal Chem. 2007; 388: 201- 206.
[18] Werf IDvd, Calvano CD, Palmisano F, Sabbatini L. A simple protocol for Matrix
Assisted Laser Desorption lonization- time of flight-mass spectrometry (MALDI-TOF-MS)
analysis of lipids and proteins in single microsamples of paintings. Anal Chim Acta. 2012;
718: 1-10.

[19] Bonaduce I, Cito M, Colombini MP. The development of a gas chromatographic-
mass spectrometric analytical procedure for the determination of lipids, proteins and resins
in the same paint micro-sample avoiding interferences from inorganic media. J
Chromatogr A. 2009; 1216: 5931-5939.

[20] Nevin A, Anglos D, Cather S, Burnstock A. The influence of visible light and
inorganic pigments on fluorescence excitation emission spectra of egg-, casein- and
collagen-based painting media. Appl Phys A-Mater. 2008; 92: 69-76.

[21] Manzano E, Romero-Pastor J, Navas N, Rodriguez-Simon LR, Cardell C. A study of
the interaction between rabbit glue binder and blue copper pigment under UV radiation: A
spectroscopic and PCA approach. Vib Spectrosc. 2010; 53: 260-268.

[22] Romero-Pastor J, Navas N, Kuckova S, Rodriguez-Navarro A, Cardell C. Collagen-
based proteinaceous binder-pigment interaction study under UV ageing conditions by
MALDI-TOF-MS and principal component analysis. J Mass Spectrom. 2012; 47: 322-330.
[23] Duce C, Ghezzi L, Onor M, Bonaduce |,Colombini MP, Tine MR, Bramanti E,
Physico-chemical characterization of protein-pigment interactions in tempera paint
reconstructions: casein/cinnabar and albumin/cinnabar. Anal Bioanal Chem. 2012; 402:
2183-2193.

[24] Duce C, Bramanti E, Ghezzi L, Bernazzani L, Bonaduce |, Colombini MP, Spepi A,
Biagi S, Tine MR, Interaction between inorganic pigments and proteinaceous binders in
reference paint reconstructions. Dalton Transactions. 2013; 42: 5975-5984.

[25] Veis A, Cohen J. Nonrandom disaggregation of intact skin collagen. J Am Chem
Soc. 1956; 78: 6238-44.

[26] Pourdier J, Status of knowledge of the constitution of gelatin. Sci Ind Photogr. 1948;
19: 81-91.

[27] Pires J, Cruz A J. Techniques of thermal analysis applied to the study of cultural
heritage. J Therm Anal Calorim 2007; 87: 411- 414.

[28] Prati S, Chiavari G, Cam D, DSC Application in the Conservation Field, J Therm
Anal Calorim. 2001; 66: 315-327.

[29] Bonaduce I, Carlyle L, Colombini MP, Duce C, Ferrari C, Ribechini E, Selleri P,Tiné
MR, A multi-analytical approach to studying binding media in oil paintings.
Characterisation of differently pre-treated linseed oil by DE-MS, TG, and GC/MS. J Therm
Anal Calorim. 2012; 107: 1055-1066.

[30] Bonaduce I, Carlyle L, Colombini M P, Duce C, Ferrari C, Ribechini E, Selleri P,
Tiné MR. New Insights into the Ageing of Linseed Oil Paint Binder: A Qualitative and
Quantitative Analytical Study. PLoS ONE. 2012; 7: e49333.

[31] Duce C, Bernazzani L, Bramanti E, Spepi A, Colombini MP, Tiné MR, Alkyd artists'
paints: do pigments affect the stability of the resin? A TG and DSC study on fast-drying oll
colours, Polym Degrad Stabil. 2014; 105: 48-58.

[32] Cavallaro G, Donato DI, Lazzara G, Milioto S. A Comparative Thermogravimetric
Study of Waterlogged Archaeological and Sound Woods. J Therm Anal Calorim. 2011;
104: 451-457.

11


https://scifinder.cas.org/scifinder/references/answers/87E4D7A2X86F35092X24667C7458CB745659:881277FAX86F3514BX1EA7DC384D35729ECB/1.html?nav=eNpb85aBtYSBMbGEQcXCwtDI3NzNMcLCzM3Y1NDEKcLQ1dHcxdnYwsTF2NTcyNLV2QmoNKm4iEEwK7EsUS8nMS9dzzOvJDU9tUjo0YIl3xvbLZgYGD0ZWMsSc0pTK4oYBBDq_Epzk1KL2tZMleWe8qCbiYGhooCBgYEJaGBGCYO0Y2iIh39QvKdfmKtfCJDh5x_vHuQfGuDp5w5UkV9cyFDHwAxUz1jCwFRUhuoCp_z8nNTEvLMKRQ1X5_x6B3RBFMwFBQwAv0FD3w&key=caplus_1957:30679&title=Tm9ucmFuZG9tIGRpc2FnZ3JlZ2F0aW9uIG9mIGludGFjdCBza2luIGNvbGxhZ2Vu&launchSrc=reflist&pageNum=1&sortKey=ACCESSION_NUMBER&sortOrder=DESCENDING
https://scifinder.cas.org/scifinder/references/answers/3FF5AFD3X86F35012X341964E5191DED5C54:3FF86DCEX86F35012X4E8886E6197558063E/29.html?nav=eNpb85aBtYSBMbGEQcXYzc3CzMXZNcLCzM3Y1MDQKMLE1cLCwszVzNDS3NTUwsDM2BWoNKm4iEEwK7EsUS8nMS9dzzOvJDU9tUjo0YIl3xvbLZgYGD0ZWMsSc0pTK4oYBBDq_Epzk1KL2tZMleWe8qCbiYGhooCBgYEFaGBGCYO0Y2iIh39QvKdfmKtfCJDh5x_vHuQfGuDp5w5UkV9cyFDHwAxUz1jCwFRUhuoCp_z8nNTEvLMKRQ1X5_x6B3RBFMwFBQwAr85DxQ&key=caplus_1948:20387&title=U3RhdHVzIG9mIGtub3dsZWRnZSBvZiB0aGUgY29uc3RpdHV0aW9uIG9mIGdlbGF0aW4&launchSrc=reflist&pageNum=2&sortKey=ACCESSION_NUMBER&sortOrder=DESCENDING

©CO~NOOOTA~AWNPE

[33] Cucos A, Budrugeac P, Simultaneous TG/DTG-DSC-FTIR characterization of
collagen in inert and oxidative atmospheres. J Therm Anal Calorim. 2014; 115: 2079-2087.
[34] Mocanu AM, Moldoveanu C, Odochian L, Paius CM, Apostolescu N, Neculau R.
Study on the thermal behavior of casein under nitrogen and air atmosphere by means of
the TG-FTIR technigue.Thermochim Acta. 2012; 546: 120-126.

[35] Sanders JP, Gallagher PK. Kinetic analyses using simultaneous TG/DSC
measurements: Part I: decomposition of calcium carbonate in argon. Thermochim Acta.
2002; 388:115-128.

[36] Kaml |, Vcelakova K, Kenndler E. Characterisation and identification of
proteinaceous binding media (animal glues) from their amino acid profile by capillary zone
electrophoresis. J. Sep Sci 2004; 27: 161-166.

[37] Abraham LC, Zuena E, Ramirez BP, Kaplan DL. Guide to Collagen
characterization for Biomaterial Studies. J Biomed Mater Res Part B: Appl Biomater. 2008;
87B: 264-285.

12


http://www.sciencedirect.com/science/article/pii/S0040603112003759
http://www.sciencedirect.com/science/article/pii/S0040603112003759
http://www.sciencedirect.com/science/journal/00406031
http://www.sciencedirect.com/science/journal/00406031/546/supp/C
http://www.sciencedirect.com/science/article/pii/S0040603102000321##
http://www.sciencedirect.com/science/article/pii/S0040603102000321##
http://www.sciencedirect.com/science/journal/00406031

©CO~NOOOTA~AWNPE

Figures Captions

Fig. 1 Thermogravimetric curve (left axis) and its derivative (right axis) of unaged and
aged rabbit glue paint reconstruction performed under air flow at a heating rate of
10°C/min.

Fig. 2 FTIR spectrum for rabbit glue thermal degradation at 325°C under nitrogen
atmosphere.

Fig. 3 DSC curves of unaged and aged rabbit glue paint reconstructions performed under
air flow at a heating rate of 10°C/min.

Fig. 4 DSC curve under air flow of unaged (a) and aged (b) rabbit glue pigmented paint
reconstructions.

Fig. 5 DTG curves under air flow of unaged (a) and aged (b) rabbit glue pigmented paint
reconstructions.
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Figure 4
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Figure5 1.2
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