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abstract
The evolution of laws on the use of biocide products has led to important changes in the field of wood
preservation leading to an increasing interest for non “biocidal treatments” like thermal or chemical
modifications. While thermal modifications become more and more common on industrial scale,
development of chemical modifications progresses slowly. One reason for the challenges encountered is
probably the difficulty to use actual vacuum pressure plant to impregnate wood with solutions of reactive
chemicals aimed to react with or within the wood. In this context, the presented research focuses on a
new alternative called axial impregnation, derived from Boucherie process, for impregnation of treatable
non durable hardwood species. This process consists of low-pressure impregnation of green wood logs
through its lower extremity with treatment solution transiting via natural pathways of vessels. In order
to evaluate the feasibility of the method, logs of different hardwood species were impregnated with a
copper based preservative solution and the distribution of copper within the wood was determined. Results
indicated that treatable wood species like beech, hornbeam and birch can be easily and homogeneously
treated using axial impregnation method, while ash known for its weak impregnability remained untreated.
Keywords: Impregnation, copper, preservation, treatability, wood.

INTRODUCTION
Wood is naturally degraded by numerous agents including micro-organisms, insects and UV.
According to the species, natural durability of wood may be more or less important which determines
the usage or not of a preservation method for a given application. However, the protection of non durable
wood species remains a necessity to ensure their utilization in conditions where they are subjected to
degradations caused by abiotic and biotic agents causing the ruin of the infested wood (Rayzal 2002). Thus,
the choice of the wood species and the appropriate protection treatment, concerning both preservative
product and its way of application, should be carefully chosen to extend the lifetime of a wooden structure.

Different techniques can be used to protect wood. The impregnation of biocides within the wood
is still currently the most common method, although new processes such as heat treatment (Hakkou
et al. 2006) or chemical modifications are experiencing a major boom (Rowell et al. 2009, Hill 2006).
With regard to the impregnation of wood, there are many methods depending on the type of product to
be applied, the required depth of penetration and final utilization of treated wood. The most superficial
treatments are distinguished from the treatments allowing a deep impregnation. Superficial treatment
can be achieved by brushing, spraying, dipping and the sap displacement, while autoclave treatments
using vacuum and pressure are generally required for deeper impregnation. The type of treatment and
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the type of chemical used determine the possible applications of the treated wood (Thomasson et al.
2006). Vacuum pressure treatment plants require a huge investment, and have some disadvantages,
especially for the implementation of treatments based on reactive solutions. Indeed, in an autoclave, the
planks are spaced apart by the slats, and all the empty space around the planks must be filled with the
impregnating solution, which involves reusing the solution by supplementing for economic purposes.
Moreover, utilization of impregnation solutions containing highly reactive chemicals can lead to important
problems in case of uncontrolled reactions, especially with polymerizable resins or monomers which
can solidify in the reactor.

In this context, the Thiérache Wood Centre developed within the framework of several European
programs, the axial impregnation technology. This technology, derived from the Boucherie process,
should allow the homogeneous impregnation of the heartwood of treatable hardwood species on a freshly
cut log just after felling. Contrary to the Boucherie process aimed to impregnate only the sapwood of
softwood species by sap displacement, the axial impregnation process is aimed to impregnate the whole
wood, heartwood and sapwood, of treatable species. Utilization of freshly cut green wood exempt of
any defect is aimed to avoid inhomogeneous treatment resulting from preferential displacement of
the impregnation solution through fissures in the log due to drying. It is particularly suitable for the
treatment of European non durable hardwoods, like beech, allowing local development along with the
valorization of this underexploited resource in France. Another advantage of the axial impregnation
method, compared with vacuum/pressure methods conventionally used by industrial impregnation plants,
is to use only the volume of impregnation solution required, which avoids the problems associated with
the reuse of large volumes of solutions. Although many internal tests at the Thiérache Wood Centre
have proved the effectiveness of the axial impregnation method, so that two pre-industrial processing
prototypes have been developed, no rigorous study have been yet carried out showing that this method
ensures uniform distribution of impregnated product. The aim of this paper is to validate the uniformity
of copper distribution in wood using axial impregnation of a commercially available copper based
preservation product Tanalith E3492.

MATERIALS AND METHODS
Choice of wood species
Trees used for axial impregnation test grew in Aubenton forest, in the North of France. One tree
per species has been cut down especially for the axial impregnation test, at the end of April, just
before the bud burst. Because the aim of the study was to assess the feasibility of the method on
different hardwood species, only one tree per species was used. At the moment of the felling, the
orientation of the logs (up / down direction or crown / root) was marked in order to correctly place
the impregnation bell during processing.
Four hardwood species have been impregnated with the axial impregnation prototype shown in
Figure 1: birch (Betula pubescens), hornbeam (Carpinus betulus), ash (Fraxinus excelsior) and beech
(Fagus sylvatica).
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Figure 1. Scheme of the laboratory prototype used for the axial impregnation tests.

Treatment
Chemical
Logs were axially impregnated with an aqueous solution containing 5% of Tanalith E3492, provided
by Arch Timber Protection. Active ingredients contained in Tanalith E3492 are constituted of copper
carbonate (20,5% w/w), propiconazole (0,23% w/w), tebuconazole (0,23% w/w) and boric acid (4,5%
w/w). Such chromium free preservative systems have been proposed to substitute CCA formulations
and constitute a model preservative easily quantifiable through copper analysis for our study (Temiz et
al. 2014, Treu et al. 2011, Islam et al. 2009).
Axial Impregnation
Axial impregnation tests have been carried out on the laboratory prototype available at the Thiérache
Wood Centre.
The treatment was carried out within 24 hours in order to avoid the wood drying. Furthermore, the
log to treat has to present a cross section as flat as possible: this allows obtaining a good bell / log contact
and prevents leakage. Thus, a slice of a few centimeters thick, at the base end of the log (root system
side) is cut just before the treatment.
For each wood species tested, the axial impregnation test requires a log of 1,2 m in length by 25 cm
in diameter. This log is cut up into four logs of 25 cm in length after severing ends. For each trunk, a
log was kept as a control.
To carry out the logs treatment; 7,6 L of water and 400 g of Tanalith E3492 are vigorously mixed in
a bucket with a stick. This solution is then introduced into the impregnation tank. The bell with a cutting
edge (20 cm in diameter) is pressed onto the cross section of the log with a hydraulic jack (15 tons),
until the contact on all the circumference of the bell / log link is sealed. The tight contact is important
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to avoid spilling, and consequently, the risk of incomplete treatment. The solution may then be brought
under slight pressure (1 bar), obtained by a compressor and a valve for regulating the pressure. The log
must be positioned so that the impregnation bell is placed on the root system side (hence the importance
of marking logs when felling trees). Other sealing methods could be used to connect the bell to the
log; some of them have been developed at Thiérache Wood Center allowing impregnating the trunk of
higher diameter (Damay 2014).
The liquid (free water and sap) contained in the log starts to flow as soon as it is pushed by the
impregnation solution; at the beginning, it is clear and pure, but afterwards the diluted treatment product
appears and becomes increasingly concentrated. The criteria characterizing the full impregnation of a
log is the volume of rejected solution. According to the available data from the Thiérache Wood Centre,
the volume of solution to impregnate is approximately equal to 0,3 times the volume of timber to be
treated. The volume of impregnated solution is assumed to be identical to the volume of rejected solution,
flowing at the end of the log. Thus, it is important to place a graduated bucket under the recovery tank, to
measure the volume of rejected solution. As a precaution, the impregnated volume was equal to 0,4 times
the volume of wood to be treated in order to ensure uniform treatment. The volume of impregnating
solution is calculated using the following formula:

With:
-

Vsol : volume of impregnating solution (m3)

-

Rbell : radius of the impregnation bell (m)

-

Llog : length of the log to be treated (m)

According to the size of the samples (0,25 m length) and to the radius of the impregnation bell
(0,10 m); the volume of the impregnation solution is of approximately 3,14 L.
The treatment was carried out within 24 hours after the felling. Then the logs were stored 14 days
so as to allow the diffusion of the treatment solution throughout the wood. The logs were then sawn
into two parts to avoid drying splits. The logs were then sawn with a band saw and machined with a
planer to produce 30 mm thickness boards. Again, the cut logs into stud were stored 30 days to allow
the drying of the boards.
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Sample collection
After treatment, machining and drying, samples for the determination of copper were taken according
to the cutting plane shown in Figure 2.

Figure 2. Cutting plane of test samples for the determination of the copper concentrations.

Three longitudinal positions are determined in relation to the direction of circulation of the treatment
product in the log - inlet, middle and outlet; and for each of these cross sections, three concentric zones
are defined - inner, intermediate and outer.

Thus, ten samples were taken for each cross section or 30 samples per log. These samples were then
ground in a Fritsch grinder ring (Vibrating Mill Pulverisette Cup 9, 3 times 40 seconds at 1000 RPM)
with the grinding set N° 484125, then dried at 103°C in a ventilated oven for further analysis.
Characterization - Determination of copper concentrations
The dried powders obtained from the treated wood samples were mineralized in order to determine
the copper. The mineralization of the impregnated wood powders was done following a procedure
inspired by the American standard A7-04, from the American Wood Protection Association (AWPA
A7-04, 2004). Copper was analyzed by atomic absorption spectrometry.
A mass of 0,2 g of dried treated wood powder is precisely weighed in a 50 mL Erlenmeyer flask and
10 mL of nitric acid (HNO3, 68%, Sigma Aldrich) is added. The Erlenmeyer is then placed on a fluidized
bed (bed of graphite) at a temperature of 85°C. The reaction produces irritant redhead’ fumes (nitrogen
dioxide, NO2). When there is no more redhead fumes, 4 mL of hydrogen peroxide (H2O2, 30%, VWR
- Prolabo) is added dropwise. If some particles remain in the solution, 2 mL of additional hydrogen
peroxide (H2O2, 30%) is added dropwise; this addition may be repeated as long as the solution remains
turbid. Then, the solution is transferred to a 50 mL volumetric flask and completed up to precisely 50 mL
by addition of distilled water. In parallel, a range of four standards is prepared from a stock solution at
1000 mg L-1 (Standard AAS Cu, Fluka, 1000 mg L-1 ± 4 mg L-1). Standard concentrations were 1 mg L-1,
3 mg L-1, 5 mg L-1 and 8 mg L-1.
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Then, the copper contained in the mineralized wood solutions is measured using an atomic absorption
spectrometer Varian 220 FS, provided with a lamp for copper analysis. This equipment allows nebulizing
the solution to be tested in a flame of acetylene at about 2500°C; the absorbance measurement at the
specific wavelength of the studied metal, in this case 324,8 nm for the copper, is used to determine the
copper concentration of the solution (Subra et al. 1999).

RESULTS AND DISCUSSION
The choice of wood species tested by axial impregnation meets specific criteria: it is addressed to
low durability species, impregnable species, and should use local woods available in quantity. The four
hardwood species tested - ash (Fraxinus excelsior), beech (Fagus sylvatica), birch (Betula pubescens), and
hornbeam (Carpinus betulus) - are the most common hardwood species - with oak, which is considered
naturally durable - in the forests of north east of France (Delécluse and Junot 2007). According to
Rayzal (Rayzal 2002), these four species present low natural durability, and among them, beech, birch,
and hornbeam are deemed impregnable. Conversely, ash is considered as a refractory species. This
allows a comparison of the effectiveness of the axial impregnation method depending on the species’
impregnability.

Tanalith E3492 was used to validate the axial impregnation method. It has fungicidal and insecticidal
properties. It was chosen for two main reasons. First, the major active material in its composition is
the copper carbonate; the copper element is easy to dose after wood mineralization, as shown in the
literature (Rapp et al. 1997); furthermore, the copper ions are dissolved in aqueous solution, so they
easily spread into the wood, which provides a good impregnation. Tanalith E3492 was chosen as test
product because of its certification by FCBA in the CTBp+ list of preventive preservation products, in
view of further development at the Thiérache Wood Centre in order to obtain the label CTB-Bois +. The
concentration of Tanalith E3492, the volume of impregnated solution, the duration of treatment and the
treatment pressure were chosen based on previous axial impregnation studies performed in the framework
of European programs VALUE, WOOD Plus INNOVATION, INTERREG III and IV. After treatment,
the logs were stored to allow the diffusion of the product throughout the whole of the wood fibers. Then
these logs were cut according to a precise plan to achieve a “mapping” of the copper concentrations in
the wood. Product migration through the log, and the distribution of the product in the log were studied
according to longitudinal and radial directions.

After grinding and mineralization of the sample, copper was analyzed by atomic absorption
spectrometry (AAS) in order to determine its concentration in the log according to the longitudinal
and radial directions. The atomic absorption spectrometer directly provides the concentrations of
copper, depending on the calibration, after converting the measurement of the absorbance at 324,8 nm.
These copper analyses allow observing the impregnability of tested species for a treatment by axial
impregnation with Tanalith E3492. For each log and each cross sectional, the data is the average of two
samples for the inner zone close to the axis of the log, and four samples for the two outer zones. Results
are presented in Table 1.
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Table 1. Copper concentrations in wood log depending on radial and longitudinal
positions for the four tested species.

As regards to the determination of copper in the treated birch by axial impregnation, the distribution
is relatively uniform, on both the cross-sectional and the longitudinal sections. Mean concentration for
the 30 samples was 1,3 ± 0,06 mg of copper per gram of dry wood. Concentrations appear to be slightly
lower in the peripheral area of the log.

The distribution of copper in the hornbeam log is fairly uniform both in cross-sectional and in
longitudinal section. Nevertheless, it can be seen that the concentrations of copper in the inner zone of
the log are slightly lower, particularly in middle and outlet cross-sections. The average concentration
was 1,0 ± 0,08 mg of copper per gram of dry wood. There is also a gradient lengthwise in the log. This
gradient could be even more distinct if longer log had been treated. However, the treatment homogeneity
could probably be improved by increasing the volume of treatment solution allowing a more homogeneous
concentration of the product within the longitudinal direction and a more homogeneous diffusion in the
wood cell walls (Perre and Karimi 2002).

As compared to birch, beech log was visually well treated. Mapping of copper concentrations in the
log shows its regular distribution, both in cross-sections and in longitudinal section. Beech is the wood
species which keeps the most copper. The average copper content is about 2,1 ± 0,12 mg per gram of
dry wood.
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Assuming that copper is homogenously distributed in wood, it is possible to adapt the final
concentration in the wood according to the initial concentration of the impregnation solution.

In contrast to the other species, the ash log shows a heterogeneous poor copper concentration profile.
Low concentrations of copper are detected in the input cross-section, of the order of 0,2 mg of copper
per gram of dry wood; however, copper is not detected in middle and output cross-sections, except for
a very low concentration of 0,1 mg of copper per gram of dry wood in the outer area of the log. The ash
wood vessels seem refractory to impregnation, at least in the heartwood. Sapwood is slightly permeable,
as shown in the mapping of copper concentrations. Furthermore, it is important to note that the axial
impregnation of the ash log required significantly longer than for logs of the other species: in fact, after
45 minutes of treatment at 1 bar pressure, 2 liters of solution only had been rejected, mainly of the sap,
while only 3 to 5 minutes of treatment at 1 bar pressure had been needed to bring out more than 4 liters
of liquid (sap and free water) mixed with a small amount of impregnation solution, for the other species.
The ash is considered in the literature as a moderately permeable species by the conventional impregnation
method of vacuum / pressure (Benoit 2008), corroborating our results. The axial impregnation does not
allow the achievement of a homogeneous impregnation of the ash log.

Knowing the average copper concentration in sawdusts and wood density, it is possible to estimate
the quantity of Tanalith E3492 retained within the wood allowing determination of wood use classes.
These results are presented in Table 2.

Table 2. Density, average copper concentrations in wood log, estimated Tanalith E3492 retention
and corresponding use classes.

According to the CTBp+ classification, retention of Tanalith E3492 should be above the threshold
of 7,1 kg/m3 for applications in use class 3 without termites and above 10,3 kg/m3 for applications in
use class 3 with termites, while retentions of 13,3 kg/m3 should be obtained for applications in use
class 4 as defined in AWPA U1-14 and NF 335-2EN standards. In the case of treated hornbeam, mean
Tanalith retention was estimated to 8,03 kg per cubic meter of wood allowing wood utilization in exterior
conditions above ground without termites corresponding to use class 3. Similar results were obtained
for birch wood with potential application in use class 3. The average Tanalith E3492 concentration of
beech wood of 13,42 kg/m3 is just over the value of 13,3 kg/m3 recommended by CTBp+ indicating
potential applications in class use 4. Ash presents very low Tanalith E3492 concentration incompatible
with outdoor applications. In all cases, an increase of the treatment solution concentration may result in
an higher Tanalith retention in wood allowing utilization of wood in higher class uses.
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CONCLUSIONS
The results obtained in this preliminary study indicate that axial impregnation is suitable for
impregnation of treatable hardwood species. Indeed, three out of the four studied species were
homogeneously treated with this method. Moreover, the results are consistent with the classification of
the species impregnability proposed by Rayzal, in which the birch, hornbeam and beech are considered
as impregnable species, while ash is described as a refractory species to impregnation. In the future, it
would be interesting to test longer logs and larger diameter to validate the method on industrial scale
using larger bell sizes in order to fit with the diameter of the log to be impregnated.

Beech is the species that has retained the most copper (2,1 ± 0,24 mg of copper per gram of dry
wood) throughout its volume. Birch and hornbeam present slightly lower copper concentrations after
treatment, the average copper retained in these species are 1,3 ± 0,13 and 1,0 ± 0,16 mg of copper per
gram of dry wood, respectively. These differences are likely to be related to the water content of the
logs at the time of the treatment, and to the volume of sap replaced during impregnation. Finally, the
ash cannot be treated uniformly by the axial impregnation method.

According to our results, the axial impregnation appears as a suitable method to impregnate treatable
hardwood species constituting an attractive alternative to classical vacuum pressure impregnation
methods.
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