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made of beech (FASY), maple (ACPL) and birch (BTXX) 
using an artificial weathering procedure including xenon arc 
radiation and spray water application (Passauer et al. 2021). 
It was shown that the weather resistance of Compreg sur-
faces strongly depends on the top veneer type and the use of 
transparent phenol-/melamine-formaldehyde (PF, MF) resin 
pre-impregnated cellulose paper films as topcoats. This 
brief article presents results of a subsequent study carried 
out for the first time on Compreg types with top veneers of 
oak and teak.

2  Materials and methods

Compreg boards (300 mm x 300 mm x 10 mm) were made 
from rotary-sliced veneers from European beech (Fagus 
sylvatica L., thickness: 0.4 mm) that were used as core lay-
ers. Sliced veneers from European white oak (Quercus ssp. 
L., QCXE) and teak (Tectonia grandis L.F., TEGR) were 
applied as top layers (thickness: 0.6  mm). Veneers were 
impregnated with a low-molecular resole type PF resin 
(Prefere Resins Germany GmbH, Germany; solids content: 
70% ± 2%, pH value: 8.5 ± 0.5, viscosity: 300–600 mPa s) 
and pre-dried as described in Passauer et al. (2021). Veneers 
were subsequently stacked with 28 core layers at 90° to each 
other (cross grain) and two top veneer layers each arranged 

1  Introduction

Impregnation of wood veneers with thermosetting resins 
and their subsequent hot compression is an effective tech-
nology that significantly improves strength properties, 
dimensional stability, and durability of laminated wood 
(Stamm and Seborg 1955). Since the natural appearance of 
the top veneer surface is retained during processing, com-
pressed impregnated laminated wood (“Compreg”) repre-
sents an attractive composite for decorative applications. 
For its processing, rotary cut veneers of diffuse-porous 
hardwoods are commonly used, in Europe predominantly 
from beech (Dunky and Niemz 2002). Outdoor applications 
of Compreg require high weathering resistance of exposed 
material surfaces, which has been little investigated. There-
fore, in a recent study, extensive work was carried out on the 
weather performance of Compreg surfaces with top veneers 
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in parallel on top and bottom sides. Compreg variants 
QCXE_O and TEGR_O were coated with a direct pressed 
phenol overlay (Surfactor, Germany). Veneer stacks with-
out and with PF films were processed in a downstroke press 
(Höfer Presstechnik GmbH, Austria) at 120 MPa, 130  °C 
and 2 min mm− 1.

Artificial weathering of Compreg specimens (145 mm x 
65 mm x 10 mm) was accomplished using a weather-ometer 
ATLAS Ci3000 (Atlas Material Testing Technology, USA) 
under the following conditions: E300 − 400 = 60 ± 2  W/ m2, 
BCT = 65 ± 2 °C, RH = 50 ± 10%; cycle: 102 min dry, 18 min 
spray water.

Surface characterization was carried out on the unex-
posed specimens (texp = 0 h) and after 250, 500, 750 and 
1,000 h of exposure. Surface changes were always moni-
tored within identical surface spots (n = 2). Gloss measure-
ments were performed at 60° and 85° using a gloss-meter 
REFO 3D (Hach-Lange, Germany). CIELab values were 
determined using a spectrophotometer CM-3610d (Minolta, 
Japan; d65 standard light, 10° standard observer with gloss 
trap, measuring point Ø: 24.5  mm). Color differences ΔE 
were calculated as Euclidian distance, with the color data of 
the unexposed surfaces as initial values. Light microscopic 

images of surface sections of Compreg were recorded using 
an incident light fluorescence microscope ECLIPSE E 800 
(Nikon, Japan).

3  Results and discussion

Figure 1a depicts the surfaces of samples without (QCXE, 
TEGR) and with PF overlay (QCXE_O, TEGR_O) before 
and after 250 and 1,000 h of exposure.

The images of the exposed test specimens without PF 
overlay illustrate that the surface of both – QCXE and 
TEGR - became increasingly lighter as weathering pro-
gressed. This effect appears more distinct with these darker 
colored Compreg types than with brighter FASY, ACPL and 
BTXX counterparts (Passauer et al. 2021).

Microscopic images reveal that the surface brighten-
ing is a result of the degradation and erosion of the top PF 
layer (Fig.  1b, QCXE, TEGR). Since large pored vessels 
of the veneer surface of both QCXE and TEGR are filled 
with resin, resin erosion within these areas is lower. Thus, 
a characteristic, stripe-like and fiber-oriented damage pat-
tern results, consisting of areas still filled or coated with PF 

Fig. 1  (a) Compreg surfaces before (background) and after 250 and 1,000 h of exposure. Samples with top veneers from European oak (QCXE) 
and teak (TEGR), either without or with PF overlay (QCXE_O, TEGR_O). (b) Corresponding micrographs of surface areas after 250 and 1,000 h, 
scale bars represent 1,000 μm; identical areas were recorded in each case
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and damaged areas with exposed and thus bleached veneer 
surface sections after resin erosion. Thus, this damage pat-
tern is ultimately a consequence of the ring-porous charac-
ter of both wood species. The phenomenon is less distinct 
with TEGR than with QCXE possessing larger pores/ves-
sels. Moreover, TEGR is more prone to cracking, especially 
within the zones of wood rays (Fig. 1b, TEGR), as already 
shown for FASY variants (Passauer et al. 2021). This veneer 
surface cracking even continues into the overlay (Fig. 1b, 
TEGR_O), as described for the FASY_PF_O type too (Pas-
sauer et al. 2021). In contrast, the veneer surfaces of QCXE 
and QCXE_O remain almost free of cracks, even after 
1,000 h of exposure (Fig. 1b).

Surface brightening and damaging were markedly 
reduced for both Compreg types in case of applying PF 
impregnated overlays as an additional topcoat (Fig. 1a and 
b, QCXE_O, TEGR_O). This indicates that cellulose fiber 
reinforced phenol films are quite effective in protecting the 
underlying dark top veneer surface from UV radiation and 
moisture as already shown for Compreg types with brighter 
top veneer surfaces (Passauer et al. 2021). However, PF 
overlay surfaces are also subject to weather-related dam-
age in the following manner. Cellulose fibers that were 
exposed due to the degradation, embrittlement and erosion 
of the resin matrix of the overlay film (Fig. 1b, QCXE_O, 
TEGR_O) cause an increase in opacity, surface microstruc-
turing and subsequent loss of gloss of the exposed material 
surface (cf. Figure  2b, c). However, the extent of surface 
damage is significantly reduced compared to the variants 
without overlay (QCXE, TEGR).

Figure  2 depicts the CIELab color changes and gloss 
alterations associated with weathering of the Compreg 
specimens. Total color changes ΔE*, shifts of lightness ΔL* 
(L1,000 h – L0h), red-green components Δa* (a1,000 h – a0h) and 
blue-yellow axis Δb* (b1,000 h – b0h) after maximum expo-
sure time are included (Fig.  2a). The initial color values 
were as follows (in the order L0h, a0h, b0h): QCXE: 34.5, 
7.5, 9.9; QCXE_O: 35.7, 3.3, 4.2; TEGR: 36.0, 8.6, 11.2; 
TEGR_O: 39.3, 6.8, 8.8 (cf. FASY: 45.4, 15.2, 19.4; ACPL: 
58.1, 13.8, 26.2, BTXX: 64.7, 16, 25.4).

Both initial CIELab values and color changes after 
1,000 h reveal great similarities between QCXE and TEGR 
on the one side and between QCXE_O and TEGR_O on the 
other, where teak variants were slightly less discolored. It 
becomes also clear that the overall color change ΔE1,000 h 
(13.8 … 30.4) is essentially a result of surface bleaching/
brightening, which is indicated by high positive ΔL1,000  h 
values (13 … 30.3) nearly identical to respective ΔE1,000 h. 
Slight yellowing in all variants (Δb1,000  h = 2.5 … 4.5) 
becomes obvious, which is somewhat more pronounced in 
the overlay types. A possible reason for this is that yellow-
colored photooxidation products of phenolic substructures 

of the wood, for example, quinones (Hon 2001) probably 
accumulate under the overlay, while they are leached out 
from the surfaces without overlay protection. Furthermore, 
there is a slight decrease in the red component, indicated by 
low negative Δa1,000 h values (-0.6 … -2.9), which is also 
slightly intensified at overlay types. This green shift is prob-
ably due to the conversion/degradation of quinones and qui-
none methides in the overlay that are responsible for the 
reddish brown color of phenolic resins (Kowatsch 2010). 
The above effects, bleaching, yellowing and “green shift” 
are common phenomena in the light-induced discoloration 
of dark wood species (Hon and Shiraishi 2001). They are 
linked to the photodegradation of primary chromophores 
of the wood (e.g., polyphenols, lignin), the formation of 
secondary chromophores (quinones, charge-transfer com-
plexes) from colorless phenolic precursors (“leucochro-
mophores”) by photooxidation and subsequent degradation 
of secondary chromophores by UV and visible light (Hon 
2001).

The weather-protecting effect of direct hot-pressed 
phenol films becomes obvious as significant decrease of 
ΔE1,000 h from 30.4 (QCXE) to 17.1 (QCXE_O) and from 
27.0 (TEGR) to 13.8 (TEGR_O). Accordingly, surface 
lightning is also reduced markedly from ΔL1,000  h = 30.3 
to 16.4 (QCXE, QXCE_O) and from 26.9 to 13.0 (TEGR, 
TEGR_O).

Since the microstructure/surface roughness has an 
impact on the color of the surface of wooden materials (Hon 
and Shiraishi 2001), it is useful to consider the correlation 
between gloss alterations and total color change. Figure 2b, 
c depicts respective data for variants without and with over-
lay. Comparing the results with bright Compreg types pos-
sessing ΔE1,000 h values in the range between 12.0 (BTXX) 
and 25.5 (FASY) (Passauer et al. 2021), a stronger discolor-
ation of the initially darker and more brightening QCXE and 
TEGR types becomes obvious. Gloss level changes caused 
by surface microstructuring are comparable with FASY, 
ACPL and BTXX types (Passauer et al. 2021). The overlay 
variants QCXE_O and TEGR_O possessing a smoother sur-
face in their initial state (GU0 h = 15.6 and 17.1), exhibit a 
greater reduction in gloss level by 65% and 82% (GU1,000 h 
= 5.4 and 3) than the counterparts without an overlay (47% 
and 64% for QCXE and TEGR). The reason is that these 
already feature rougher and matte surfaces in the original 
state (GU0 h = 12.7 and 8.4) compared to the counterparts 
with overlay. Nevertheless, the protecting effect of the 
overlay is evident due to the significant reduction and time 
delay of surface discoloration/whitening of both QCXE_O 
and TEGR_O by a color difference of approx. 13 units each 
compared to QCXE and TEGR. Thus, discoloration of the 
variants with PF film after 1,000 h exposure roughly corre-
sponds to the color change of the unprotected counterparts 
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after short-term weathering over 250 h (ΔE250 h = 15.3 and 
18.7).

4  Conclusion

Dark Compreg surfaces with top veneers of oak and teak 
show severe discoloration and structural surface damage 
under accelerated weathering, manifested by significant sur-
face brightening and moderate yellowing and green shift. 
Partial weathering of the phenolic resin surface and subse-
quent photobleaching of the underlying top veneer surface 
are the main causes. The higher durability of the resin layer 
around larger wood pores filled with PF and its erosion in 
the intervening surface areas results in an inhomogeneous, 
fiber-oriented and light-dark contrasting damage pattern. 
Compreg with teak top veneer is more susceptible to surface 
cracking around the wood rays, comparable to counterparts 
with beech top veneer surface. Substantial surface stabi-
lization is achieved by using hot-pressed cellulose fiber-
reinforced phenol films as an additional topcoat, as already 
used to stabilize brighter Compreg types. Nevertheless, the 
overlay-treated variants show moderate surface brightening 
and loss of transparency of the topcoat due to separation of 
cellulose fibers from the resin matrix of the overlay. The use 
of overlay films made of microfibrillated or nanofibrillated 
cellulose and more durable and flexible impregnating resins 
is considered promising way to obtain even more weather 
resistant Compreg surfaces.

Fig. 2  (a) CIELab color changes of Compreg without (QCXE, TEGR) and with PF overlay (QCXE_O, TEGR_O) after 1,000 h of exposure; (b) 
Relation between gloss levels and total color change of Compreg without and (c) with PF overlay; arrows indicate weathering progress (texp = 0 
… 1,000 h)
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