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BRIEF ORIGINAL

Properties of adhesive films used in cultural assets
Erik Valetine Bachtiara, Peter Niemzb,c,d and Dick Sandberg c,d

aFraunhofer-Institut für Holzforschung, Wilhelm-Klauditz-Institut WKI, Braunschweig, Germany; bETH Zürich, Institute for Building Materials,
Zürich, Switzerland; cLuleå University of Technology, Wood Science and Engineering, Skellefteå, Sweden; dDepartment of Forestry and
Biomaterials, Czech University of Life Sciences Prague, Prague, Czech Republic

ABSTRACT
The hygroscopic nature of wood leads to large moisture fluctuations in the material that may
influence the mechanical performance of glued wood products. Adhesives based on bone, fish
and hide have a long tradition for the gluing of wood and can be found in wooden structures in
our cultural heritage. In this study, selected sorptive and mechanical properties of animal
adhesives have been compiled and compared to those of synthetic polyurethane adhesives. Bone,
fish and hide adhesives show a high moisture uptake at high relative humidity, which confirms the
low moisture resistance of such adhesives. The modulus of elasticity and ultimate tensile strength
of the films based on animal adhesives are considerably reduced when the moisture content is
increased.
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Introduction

To estimate the influence of climate conditions and mechan-
ical loadings on cultural assets such as historical sculptures,
furniture and musical instruments, finite-element (FE) simu-
lations are commonly used, but that means that characteristic
input values are needed for the wood material, coatings and
adhesives. The purpose of this study was to determine the
sorption behaviour and selected mechanical properties of tra-
ditional animal adhesives.

Material and method

Three types of animal adhesives and two types of synthetic
adhesives were studied: bone adhesive (dry pearls product
No. 63000, Kremer Pigmente), fish adhesive (liquid product
No. 63550, Kremer Pigmente), hide adhesive (dry cubes
product No. 63010, Kremer Pigmente), and two single-com-
ponent polyurethane adhesives (1-C PUR 1 L1275.000 from
Geistlich Ligamenta and 1-C PUR 2 HB 709 from Henkel).

Adhesive films were obtained by casting the liquid
adhesive on a flat plastic foil, curing the adhesive and
cutting the film into a specimen with the shape required
for the specific test. The thickness of the adhesive films was
approximately 0.1 mm. Figure 1(a) shows the film
preparation.

Diffusion test

For the diffusion test, the adhesive films were cut into circular
pieces with a diameter of 60 mm. The diffusion, wet and dry
cup tests, were performed according to EN-ISO-12572 (CEN

2016) at 20°C and 65% relative humidity (RH). Five specimens
were tested for each type of adhesive.

Sorption isotherm test

For the sorption test, no specific shape of the specimens was
required. A sorption isotherm was obtained at a temperature
of 20°C by measuring the equilibrium moisture content (EMC)
of the adhesives at different RH values from 0% to 98% using
a Dynamic Vapour Sorption equipment (DVS Advantages,
Micromeritics Instrument Corporation, Norcross (GA), USA,
located at the EMPA, Dübendorf). The balance used had a
sensitivity of 5 × 10−7 mg. Five specimens were tested for
each type of adhesive.

Modulus of elasticity (MOE) and tensile strength

Tensile tests were performed according to the ASTM-D638
standard, specimen type IV for plastic materials (ASTM
2014). Prior to the test, the adhesive film specimens were con-
ditioned to EMC at 5%, 35%, 50%, 65% and 80% RH at 20°C.
The tensile tests were performed in the universal testing
machine Zwick Roell Z010 at ETH Zurich. Five specimens
were tested for each type of adhesive. Figure 1(b,c) shows
the preparation and important dimensions of the tensile-
test specimens.

Results and discussion

Table 1 shows the moisture content (ratio of mass of water to
dry mass of adhesive) of the adhesive films at different RHs.
The sorptive properties differ considerably between the
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adhesives and there is a clear hysteresis between adsorption
and desorption. The diffusion of all the adhesive types was
moisture dependent. The sorption of the tested adhesive
films shows a behaviour similar to that reported in earlier
studies by Wimmer et al. (2013), i.e. a high moisture uptake
for the animal adhesives and a very low moisture uptake by
the PUR adhesive film (Figure 2(a)). Although the moisture

uptake in the polyurethane adhesive is low, this type of
adhesive often shows a considerable creep behaviour at
low stress as shown in Figure 2(b) (Bachtiar 2017).

Table 2 shows the diffusion resistance of the adhesive films.
Table 3 shows the MOE, the ultimate tensile strength, and

Poisson’s ratio for the adhesive films. The MOE and the tensile
strength are moisture-dependent, especially in the case of

Figure 1. Tensile test specimens of adhesive film: (a) mould for preparation of adhesive films by casting liquid adhesive, (b) punching tool for preparation of
specimens for the tensile test, and (c) length view of a tensile specimen with a thickness of 0.1 mm and b1 = 6 ± 0.4 mm, measurement length L0 = 25 ±
0.25 mm and L1 = 33 ± 2 mm.

Table 1. Moisture content of the adhesive films at different RH values.

Adhesive Relative humidity (%) at 20°C

5 20 35 50 65 80 95

Bone Adsorption (%) 3.25 8.46 11.77 14.70 18.54 28.1 68.05
Desorption (%) 6.20 11.66 14.77 17.03 19.49 29.69

Fish Adsorption (%) 1.60 6.17 9.42 12.39 15.96 22.69 50.39
Desorption (%) 6.63 10.88 13.90 15.84 17.44 22.61

Hide Adsorption (%) 2.95 8.02 11.98 15.63 19.55 26.39 59.78
Desorption (%) 6.22 12.52 16.64 19.19 21.41 26.39

PUR* Adsorption (%) 0.12 0.48 0.83 1.32 1.67 2.28 3.14
Desorption (%) 0.62 0.97 1.33 1.82 2.17 2.53

* based on Wimmer et al. (2013).

Figure 2. (a) Moisture vapour isotherms for different adehsive films (Wimmer et al. 2013), and (b) creep of 1C-PUR adhesive under tension in 20oC/65% RH. σu –
ultimate tensile strength (Bachtiar 2017).
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the adhesives based on animal raw materials. In a highly
moist environment (>85% RH) the reduction in MOE and
strength is particularly noteworthy for the animal adhesives
and the strength of the adhesive film is lost, which is not
the case for the polyurethane adhesives.

The determination of mechanical properties for cured
adhesives in a timber product is complicated, and the result
is dependent on the method used for the test. Stöckl et al.

(2010), Clauss (2011) and Konnerth et al. (2013) studied mech-
anical characteristics of various adhesives, determined by
using nano-identification. Figure 3 shows for different
adhesives the relation between the MOE determined by a
nano-identation tester and the MOE determined by a
tensile test. The nano-indentation method gave a value
about twice as large as the MOE value determined by a
tensile strength test.

Conclusion

The sorption properties, elastic modulus and ultimate tensile
strength have been determined for bone, fish and hide
adhesives films at different moisture levels. The animal
adhesive films were extremely hygroscopic with a high moist-
ure uptake at high relative humidities. The diffusion resist-
ance and the strength of the adhesive films are moisture-
dependent, and this must be considered in simulation calcu-
lations on cultural assets.
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Table 2. Diffusion properties of the adhesive films.

Adhesive Dry cup Wet cup
D (m2 s−1) µ in - D (m2 s−1) µ (-)

Bone 1.449·10−12 1134.6 1.32·10−12 154.7
Fish 1.823·10−12 1076.7 1785·10−12 177.7
Hide 2.388·10 −12 711.6 1.292·10−12 199.7
1-C PUR 2.859·10−12 8497.8 1.506·10−12 6928.0

D – diffusion resistance, µ – diffusion resistance coefficient.

Table 3. Mechanical properties of the tested adhesive films.

Adhesive Moisture level

Bone RH/EMC: 5%/3% 35%/12% 50%/15% 65%/19% 85%/29%
MOE (MPa) 5420 (4%) 4390 (5%) 4020 (14%) 3890 (20%) 130 (21%)
σu (MPa) 82 (6%) 74 (3%) 59 (12%) 47 (13%) 14 (8%)
ⱱ (-) 0.29 (5%)

Fish RH/EMC: 5%/2% 35%/9% 50%/12% 65%/19% 85%/29%
E (MPa) 4990(8%) 4530(7%) 3710(15%) 1780(25%) 720(16%)
σu (MPa) 67(13%) 57(1%) 50(1%) 41(6%) 14(13%)
ⱱ (-) 0.37(8%)

Hide RH/EMC: 5%/3% 35%/12% 50%/16% 65%/20% 85%/26%
MOE (MPa) 4160 (10%) 4040 (8%) 4350 (4%) 345 (14%) 1890 (18%)
σu (MPa) 76 (14%) 66 (5%) 57 (7%) 46 (9) 28 (27%)
ⱱ (-) 0.36(3%)

1-C PUR 1 RH/EMC: 5%/- 35%/- 50%/- 65%/- 80%/-
MOE (MPa) 900 (5%) 800 (3%) 830 (35%) 730 (12%) 560 (7%)
σu (MPa) 22 (7%) 19 (5%) 20 (1%) 18 (6%) 17 (5)
ⱱ (-) 0.39 (3%)

1-C PUR 2 RH/EMC: 5%/0.1% 35%/0.8% – 65%/1.7% 85/3.1%
MOE (MPa) 1300 (6%) 1100 (7%) – 1000 (7%) 900 (3%)
σu (MPa) 33 (1%) 26 (3%) – 27 (5%) 23 (1%)
ⱱ (-) –

MOE – elastic modulus, σu – ultimate tensile strength, ⱱ – Poisson’s ratio. Coefficient of variation (COV) in paranthesis.

Figure 3. Relation for different adhesives between the MOE determined by a
nano-identation test and the MOE determined by a tensile test of the adhesive
film (Clauss 2011).
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