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Influence of impregnation method on metal retention of CCB-treated wood in
slow pyrolysis process
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In the present work, the effects of copper, chromium and boron on the pyrolysis of wood and their
distribution in the pyrolysis products were investigated. For this, the wood has been impregnated with
chromium-copper-boron (CCB). In addition, to describe the effects of impregnation method, vacuum-
pressure and dipping methods were also conducted. Thermogravimetric analysis (TGA) results show that
anincrease in the final residue and decrease in degradation temperature on both methods of treated wood
compared to untreated wood. Then, slow pyrolysis experiments were carried out in a laboratory reactor.
The mass balance of pyrolysis products is confirmed by TGA. Furthermore, the concentration of metals
in the final residue is measured by inductively coupled plasma mass spectroscopy (ICP-MS). The results
show that the final residue contains more than 45% of the initial amount of metal present in the treated
wood. The phenomenon is more pronounced with vacuum-pressure treated wood. The heating values
of pyrolysis products were analyzed. The heating value of charcoal obtained from treated and untreated
wood is approximately same. But the heating value of tar from untreated wood is higher than the heating
value of the tar from treated wood.

1. Introduction

Waterborne salts have been used to preserve wood and to
extend its life service until 20-50 years, depending on the method
of treatment and the salts preservative. Copper based formulations
such as CCA (chromium, copper, arsenic) or CCB (chromium, cop-
per, boron) are the most important and widely used commercial
preservatives [1]. After impregnation by vacuum-pressure method
or by dipping method, the metal compounds are fixed on the cell
walls of the wood matrix. Substantial amounts of CCA/CCB remain
in the wood for many years, and the disposal of waste wood is a
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growing problem in Europe and United States. Telephone poles,
timber from landscape and cooling, cable drums and wooden silos
generate treated wood wastes which are classified as hazardous
industrial waste by the European Commission. From 1998 to 2006,
the amount of treated wood waste was estimated to 2.59 Mt/year
which is 27% of the hazardous wastes in France [2].

Several alternatives for disposal of treated-wood waste had
been studied in the literature [3,4]. Slow pyrolysis seems to be a
promising approach for the disposal problem. One major advantage
of slow pyrolysis is to capture most heavy metals in the charcoal
and also to reduce the pollutant in gas drastically which is respon-
sible of environmental pollution. Helsen et al. [5-7] have studied
extensively low temperature pyrolysis of CCA-treated wood. Their
results suggest that pyrolysis at 300°C for 20min results in
zero metal release (Cu, Cr, As) in gas, but the observations are



inconclusive due to the high experimental uncertainty. Welthe
et al. [8] also investigated the impact of CCB wood preservatives
on the flash pyrolysis of biomass. The yields of pyrolysis prod-
ucts were similar to those obtained for untreated wood. Even
in the presence of high boron content there was only small
decrease of the gas yield and a small increase of the charcoal
yield. Fu et al. [9] investigated the influence of several inorganic
salts (K;Crp07, CrO3 and CuSO4) on the pyrolysis of southern
pine wood at 350°C for 30 min. The yield of pyrolysis tar from
K;Cr,07-treated wood and CuSOg4-treated wood was similar to
that from untreated wood. Correspondingly, the yield of char-
coal from treated wood was found to be close to that from
untreated wood. For CrO3 and CrOs+CuSO,4 treated wood, the
yields of pyrolysis fractions were quite different from those of
untreated wood. Indeed, the yield of tar decreased drastically and
the yield of charcoal increased around 50% from treated wood com-
pared to untreated wood. The thermogravimetric analysis (TGA)
curves of treated wood shifted to lower temperatures. The treated
samples decomposed fast at lower temperatures, followed by a
slower thermal decomposition at higher temperature, offering high
final charcoal yield. The CrO3; treated wood exhibited the most
significant effect and the same phenomenon was also apparent
for K2 Cl'z 07.

To our knowledge, there is not much research focused on the
pyrolysis product from CCB-treated wood. Thus, in the present
study slow pyrolysis was performed to investigate the effect of CCB
salts on the pyrolysis of wood and the distribution of each element
(Cu, Cr and B) in the pyrolysis products. Therefore, in the first step
the influence of impregnation method in pyrolysis of wood was
investigated and in the second step the effect of salts of CCB in
pyrolysis of wood was also discussed. This study is aided by the
use of thermogravimetric analysis. The heating value was analyzed
by a bomb calorimeter to determine the energy value of pyrolysis
products obtained.

2. Materials and methods
2.1. Sample preparation

The type of wood used in the present study is a mixture of scots
pine (Pinus sylvestris), maritime pine wood (Pinus pinaster) and
douglas (Pseudotsuga menziesii). The crushed wood chips (mixture
of sapwood and heartwood) were between 1 and 2mm thick.
The mixture were impregnated with 5% CCB solution (34% CuSOyg,
37.3% KCr(SOg4); and 28.7% H3BO3) according to the prescribed
formulae used for waterborne of CCB preservatives [10]. For the
vacuum-pressure method, the wood chips and the preservative
solution were mixed and placed in the autoclave which was
hermetically sealed, a vacuum of 0.09 MPa was applied for 10 min.
Subsequently, the autoclave was pressurized by compressed air:
0.8 MPa for 60 min. Samples were removed from the autoclave and
dried in a conventional oven with air circulation at a temperature
of 105°C for 72 h. In the case of dipping method, the wood chips
were completely submerged in a tank of preservative solution for
24 h. Then, the samples were removed from the tank and dried in a
conventional oven with air circulation at a temperature of 75 °C for
120 h. After the impregnation methods, the bonding of metals in
the wood was allowed to continue for about one week at room tem-
perature. Table 1 summarizes the different impregnation methods
on each sample and moisture (H) content obtained by weight dif-
ference before and after drying. Therefore, the metal content in the
treated wood was analyzed by inductively coupled plasma-mass
spectrometry (ICP-MS), after digestion according to the reflux
method provided by Helsen et al. [6]. The average concentration

Table 1
Treated and untreated wood.

Salts Impregnated method Sample name H (%)
treatments
- Untreated Wood Bnt 10.9
5% CCB {34% Dipping treatment: the Dipping Bt-CCB 9.46
CuSO4 +37% samples were dipped
KCr (SO4), into the impregnation
+28.7% solution for 24 h for
H3BOs} long-term dipping
Pressure treatment: Pressure 8.61
10 min under vacuum Bt-CCB

at 0.9 bar (absolute)
and 60 min under
pressure of 8 bar in an
autoclave

(ppm) of chromium, copper and boron in vacuum-pressure and
dipping CCB-treated wood were shown in Table 2.

2.2. Thermogravimetric analysis

The apparatus used was a SETESYS evolution for TGA. It was
equipped with SETERAM analysis software and SETSOFT 2000 pro-
gram. The apparatus provides the continuous measurement of
sample weight as a function of temperature and a provision was
made for an electronic differentiation of the weight signal to give
the rate of weight loss, the data are processed using Excel file.
Thermogravimetric analyses of untreated wood and treated wood
samples were carried out at the heating rate of 10°C/min (which
is approximately the same heating rate used for pyrolysis process)
and a nitrogen flow rate of 20 ml/min. A sample (56 mg) was heated
from room temperature to 600 °C.

2.3. Slow pyrolysis

Slow pyrolysis of untreated and CCB-treated wood samples was
carried out in a laboratory scale reactor. The reactor has a steel
cylinder with an outer diameter of 14 cm, an internal diameter of
9.5 cm and a height of 10 cm. The sample of 10.6 g was weighed and
placed in the reactor which was heated by an external electrical
heater to its maximum power (380 W) for 70 min. The samples was
heated until maximum temperature at a heating rate of 10°C/min
and maintained for 20 min, after which the experiment was ter-
minated. A condenser was connected to the output of the reactor
and the tar was condensed in a collector to be weighed. The char-
coal collected in the reactor was weighed at the end of experiment.
The temperature was measured every minute in the reactor using
a type K thermocouple.

2.4. Analytical methods

2.4.1. Metal analysis

The chromium, the copper and the boron content in the char-
coal and tar were analyzed by ICP-MS analysis. The metal content,
expressed as percentage of the metal found in the charcoal or in the
tar is calculated with Eq. (1). The percentage of the metal in gases
is calculated by difference.

[metal]charcoal or tar X Mcharcoal or tar (1)

metal content (%) =
[metal]ireated wood X Mireated wood

Table 2

Metal (Cu, Cr, B) content (mg metal/g of dried wood) of the samples.
Samples name Cu (mg/g) Cr (mg/g) B (mg/g)
Dipping Bt-CCB 21.36 6.02 9.7
Pressure Bt-CCB 11.06 4.03 6.2




[metal]charcoal or tar @0d [metal]ieated wood are the metal concentra-
tion (in wt%) in charcoal or in tar and in treated wood respectively.
Mcharcoal or tar @1d Myreated wood are the masses of charcoal or tar and
treated wood respectively.

2.4.2. Lower heating value

The higher heating value (HHV) of the charcoal and the tar is
identified by the bomb calorimeter after a benchmark test on ben-
zoic acid. The lower heating value (LHV) is calculated using the
following formula:

HHV = LHV + Xy x Ln,0 (2)

where xy is mass fraction of hydrogen in the charcoal (or tar). It is
obtained by elementary analysis of charcoal. Ly, o is latent heat of
water (2511 kJ/kg).

3. Results and discussion
3.1. Thermogravimetric analysis of treated and untreated wood

In the following discussion, the integral as well as the differ-
ential thermogravimetric curves are presented since both curves
contain information which is relevant for understanding the ther-
mal behavior of treated wood. The mass (TG) and derivative of mass
(DTG) vs. temperature of treated wood and untreated wood are
presented in Fig. 1.
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Fig. 1. Thermal behavior of untreated wood and CCB-treated wood. (a) TG curves
and (b) DTG curves.

A comparison of the thermal behavior of untreated wood and
treated wood (by vacuum-pressure and dipping method) showed
a significant difference in mass degradation. At temperature below
100°C, drying takes place with a corresponding peak in the DTG
curve, representing the release of water vapor. The peaks observed
at higher temperatures can be attributed to pyrolysis process
of wood. The temperature threshold for which the pyrolysis of
untreated wood starts is around 200°C and for treated wood the
pyrolysis starts around 150°C. This threshold is almost the same
for both the treated woods. The temperature where the maxi-
mum rate of decomposition occurs (Tpeai) is around 390 °C and the
final charcoal yield is around 20% for untreated wood. For CCB-
treated wood by vacuum-pressure and dipping method, Tpeak is
around 290°C which is lower than the value of untreated wood.
The final yield of charcoal from treated wood is around 35% at
600°C which is higher than the value obtained from untreated
wood (20%).

In addition, by observing TG curves, unlike untreated wood,
the both treated woods decomposed fast at lower tempera-
ture followed by a slower decomposition at high temperature.
This investigation corresponds qualitatively with the TGA curves
obtained in other studies with fire retardants inorganic salts. The
resulting change in the nature of the pyrolysis reactions was
reported there to be apparent in the higher rate of volatilization at
the lower temperatures and the increased yield of the residual char-
coal [11]. Further, the degradation of untreated and treated wood
is done in two stages: a rapid degradation step and slower step
(hence the presence of two peaks in Fig. 1(b)). It has been debated
in the literature that the two regions of weight loss observed
for wood pyrolysis is represented as a combination of individ-
ual decomposition of hemicelluloses and cellulose. In DTG curve
of untreated wood, the lower temperature shoulder represents
the decomposition of hemicelluloses and the higher temperature
peak represents the decomposition of cellulose. Lignin decomposes
slowly over a very broad range of temperatures. The decompo-
sition of CCB-treated wood occurs in two steps. This shows that
chromium, copper and boron content in the CCB treatment, inter-
act with the wood components (cellulose, hemicelluloses, lignin) to
form bonds during impregnation. As aresult, these metals influence
the thermal degradation of wood. This phenomenon is more pro-
nounced for dipping CCB-treated wood than for vacuum-pressure
CCB-treated wood in the temperature range of 200-280°C which
corresponds to the decomposition of hemicelluloses and lignin.
The opposite phenomenon is observed in temperature range of
290-400°C which corresponds to the decomposition of cellulose
and lignin. This can be attributed to the higher amounts of metal
in dipping CCB-treated wood compared to the amount of metals in
vacuum-pressure CCB-treated wood (fixation of metals) and also in
the chemical interaction between metals and components of wood
(penetration of metals). Indeed, the impregnation process affects
the final quantity of metals in treated wood. The penetration capac-
ity, the fixation capacity, the retention capacity, the duration of
impregnation and the distribution of metals in the wood are key
parameters in the impregnation process [12]. Because of all these
parameters there is a difference between the percentage of salts
in the solution of CCB and the percentages of copper, chromium
and boron in treated wood by vacuum-pressure method and by
dipping method. The main practical difference between vacuum-
pressure method and dipping method is the depth of penetration
of CCB salts in the wood. Taking into account the structure of wood
components (lignin is the outer layer and the hemicelluloses are
between lignin and cellulose), the metals interact more with lignin
and hemicelluloses in case of dipping method and with lignin,
hemicelluloses and cellulose in case of vacuum-pressure method.
Thus in the temperature range of 200-290 °C, with high metals con-
tents, the DTG peak of dipping treated wood is more high than the



DTG peak of vacuum-pressure treated wood and the inverse in the
temperature range of 290-400°C. The two-stage decomposition
was also observed by Zaror [13] who studied the low tempera-
ture pyrolysis of wood sample treated with sodium and potassium
carbonates and chlorides. He defined a first stage characterization
by a rapid evolution of volatiles which is controlled by chemical
reactions; catalytic action of salts upon the pyrolysis reaction was
postulated. It is important to notice that the cause of emerged DTG
peaks of untreated wood is mineral matter naturally present in
the biomass which catalyzes the pyrolytic decomposition in an
unpredictable variety of ways. The second stage characterization
by much slower rate of weight loss for which the mass transfer
from interior of the sample to surroundings is likely to be the rate
controlling step. The mass transfer becomes more important with
an increase of salt content because the salt catalyzes the degrada-
tion mass of wood by increasing yield of charcoal at the expense of
yield of tar and gas. The effects illustrated in this study are similar
to previous work [13]. In fact, Richards and Zheng [14] attributed
the very low ‘DTG maximum peak’ with transition metal (Cu and
Cr in our case) to acid-catalyzed pyrolysis associated with sulfate
ion.

3.2. Pyrolysis products from untreated and treated wood

Temperature profiles applied in pyrolysis experiment using the
lab reactor are presented in Fig. 2. It is interesting to note the sig-
nificant difference between the temperature profiles of untreated
and both CCB-treated wood essentially in temperature ranges of
25-100°C and 150-350°C. The difference observed in the first
range can be attributed to the difference in moisture content of
each sample. The difference in the second range can be attributed
to the effect of metal ions in the decomposition of cellulose and
hemicelluloses. It is seen that under the same operating condi-
tions, final pyrolysis temperature for each sample is different. It
can be attributed on one hand to thermal conductivity of metal ions
presents in the wood [15] and the charring process which is highly
exothermal. On the other hand, it can be explained by the combina-
tion effect of all metal ions and their amount in the CCB treatment
as shown previously. The obtained results in Table 3 show that CCB
compounds act as promoters of the pyrolysis reactions favoring the
formation of charcoal. The results obtained from pyrolysis confirm
those observed by TGA experiments.
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Fig. 2. Temperature profiles of untreated wood and CCB-treated wood during pyrol-
ysis process.

Table 3
Pyrolysis products in weight percentage.

Final Charcoal (%) Tar (%) Gas (%)
temperature (°C)
Bnt 316 31.64 38.29 30.10
Dipping Bt-CCB 358 41.25 37.21 21.54
Pressure Bt-CCB 372 41.47 36.09 22.42
Table 4
Retention value of Cu, Cr and B in charcoal.
Mean retention values in charcoal (%)
Cu Cr B
Dipping Bt-CCB 39.60 60.65 54.88
Pressure Bt-CCB 54.04 45.69 67.20

3.3. Metal analysis

The distribution of heavy metals in the charcoal is given in
Table 4. It can be seen that the contents of copper and boron are
higher in charcoal of vacuum-pressure treated wood compare to
dipping treated wood. The opposite phenomenon is observed for
chromium. In the tar from vacuum-pressure treated wood and dip-
ping treated wood, the metal content calculated on its total amount
in the feedstock wood is only in the range of 10~3 to 10~4%. Thus,
the metals are emitted with the incondensable gases. From this
experiment, the final pyrolysis temperature of CCB-treated wood
at maximum power of the external heater is very difficult to recover
all the metals in charcoal. Thereby, in a forthcoming study the
thermal treatment and duration of the pyrolysis process will be
performed.

3.4. Analysis of heating value

The results obtained from the analysis of lower and higher
heating value for untreated and treated pyrolysis products are pre-
sented in Table 5. The LHV of the charcoal obtained from treated
wood and that of untreated wood is approximately the same. The
trends are opposite in the case of HHV of tar. Indeed, the amount
of water in tar of untreated and CCB-treated wood is analyzed.
For this, a mixture of 80 ml of tar with 20 ml of xylene (insoluble
organic solvent in the water) was distilled. The xylene that evapo-
rates at 143 °C is an azeotropic mixture with water. After cooling,
water and xylene were separate. The water fraction is determined
volumetrically. The amount of water obtained from CCB-treated
wood (89.08%) increased by 15% compared to that from untreated
wood (73.4%). Thereby, chromium, copper and boron present in
CCB-treated wood catalyze the dehydration and decarbonylation
of cellulose and the degradation of lignin. It results in the increase
of charcoal yields and in the increase of water. The results are inter-
esting but investigation on pyrolysis gas should be performed for
energy recovery of all pyrolysis products in future work.

Table 5
Calorific value of charcoal and tar of untreated and treated wood.

HHV and LHV (M]/kg)

LHV charcoal HHV Tar
Bnt 32.86 7.6
Dipping Bt-CCB 29.64 2.7
Pressure Bt-CCB 30.13 2.7




4. Conclusion

Treating wood with metal ions gives significant effect onits ther-
mal degradation process. TGA and pyrolysis experiment showed
that chromium, copper and boron present in salts of CCB induce
the production of low tar and high charcoal yields. Furthermore,
more boron and copper are captured in the charcoal compared
to chromium at final temperature of pyrolysis process of wood
impregnated by vacuum-pressure method. The opposite phe-
nomenon is observed in the case of dipping method. The products
obtained essentially charcoal and gas containing metals. Thus in a
subsequent study, we will perform pyrolysis in order to increase
the metals in the charcoal and to have a clean gas. It will conse-
quently essential to extract the polluting elements in the charcoal
to obtain clean products.
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