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Can paints and varnish impair the physicochemical properties of wood pyrolysis oils ?
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Abstract

The use of pyrolysis oils from demolition woods is an interesting option to produce fuels or
chemicals from waste wood. This work investigated the effect of paints and varnish, that contain
various potential contaminants, on the properties of bio-oils obtained by thermal pyrolysis of wood
or after ex-situ catalysis of the pyrolysis vapors using a H-ZSM-5 catalyst. The paints and varnish
were analyzed and their main inorganic components identified. Clean beech wood samples were
impregnated with commercial paints and varnish, and also individually with the main inorganic
compounds (TiO,, CaCOs, BaSO4) found in the paints and varnish. These contaminated wood
samples were pyrolyzed and the gas, liquid and solid products formed were thoroughly
characterized, and compared to the products obtained from clean wood. The results show that the
mineral contaminants remained in the chars and that the pyrolysis oils obtained by thermal
pyrolysis were not significantly modified by the presence of contaminants on the wood. In ex-situ
catalyzed pyrolysis experiments, the H-ZSM-5 catalyst promoted the formation of some fully
deoxygenated aromatic compounds, which were not obtained without catalyst. However, the bio-
oil produced from wood impregnated with commercial paints and varnish contained less fully
deoxygenated compounds. This effect was not related to the mineral compounds present in the
paints and varnish and could originate from the polymeric organic components present in their

formulations.

The Waste2Road project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement N° 818120.
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Wood pyrolysis; Demolition wood; Paints and varnish; Ex-situ catalytic upgrading; H-ZSM-5.
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1 INTRODUCTION
Co-processing pyrolysis-oils with fossil oils in conventional refining facilities, such as

fluid catalytic cracking (FCC) or hydrodeoxygenation (HDO) units, can contribute to reduce fossil
fuels dependency without heavy investments. However, the percentage of bio-oils that can be
mixed with fossil oils is limited, due to their detrimental impact on catalysts. For example, Pinho
et al. ! showed that up to 10 wt.% of pyrolysis oil can be processed with Brazilian vacuum gasoil
(VGO) in a FCC demonstration-scale unit (150 kg/h) without significant impact on products yields
and quality. The option of using biogenic residues and waste biomass is even more attractive to
develop a new generation of cost-effective biofuels and to improve waste management and
recycling. For instance, construction and demolition materials represent around 32% of the total
waste streams in the European Union (EU), accounting for more than 800 millions tons per year 2.
Aiming to mitigate this issue, the EU adopted in 2008 the Waste Framework Directive 3, setting a
minimum target of 70 wt.% recovery, recycling and re-use by 2025 for construction and demolition
waste (CDW). CDW is composed at ~85% concrete, ceramics and masonry materials, while
woody materials represents 2 - 4% *, which represents substantial tonnages due to the large
amounts of waste produced. Therefore, pyrolysis of demolition wood could be an alternative to re-
use this organic fraction of CDW, given that this process has been proved suitable for many

different types of biomass °.

Numerous studies investigated the effect of different parameters of pyrolysis, such as
temperature, heating rate, particle size, reactor configuration. residence time, presence and
properties of catalyst (& 7> 8 % 10. 11 12). other works reported the impact of mixing the wood with
different materials such as plastics, agricultural residues and municipal solid waste (13 14 15 16),
The pyrolysis of demolition wood in a fluidized bed reactor has been mentioned as early as 20057,
but the authors reported mostly experiments using pristine woods (pine, beech, bamboo) and only
one using demolition wood, which were simply compared in terms of liquids and chars yields.
Hwang et al. '® carried out the pyrolysis of different municipal solid wastes including wood chips
(obtained from construction and demolition waste) and mixtures of paper/wood/plastics, at 500,
700 and 900°C, the highest temperatures more closely related to gasification conditions. The gas

production increased with temperature at the expense of liquid products, which were quantified

but lacked detailed characterizations.
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Compared to pristine wood, demolition wood contains various pollutants originating from
the products applied for wood preservation, decoration and protection: persistent organic
pollutants (POPs) from wood preservatives, metal oxides and organic compounds from paints,

varnishes and flame retardancy treatments.

The composition of modern waterborne paints is complex: in addition to the purely mineral
pigments (Ti, Cr, Zn, Fe, Cd, Co oxides) or metal-organic pigments (i.e. “phthalo blue” based on
copper phthalocyanin, “nickel azo yellow” based on azonium complexes) that give the colors, they
also contain binders (water-dispersible acrylic or vinylic based copolymers of high molecular mass
that form a continuous film on the substrate surface) and several additives such as plasticizers (i.e.
dimethylphthalate), defoamers (i.e. silicon oil), stabilizers (i.e. dimethylformamide,
dibutyldithiocarbamate), metal soaps (i.e. Al stearate), dispersing agents (i.e. polyphosphates) and
extenders or fillers (i.e. CaCOs, BaSOs, talc, mica) used to improve the paints properties
(durability, viscosity, film adhesion and hardness, corrosion resistance) and to decrease their cost
19.20 Their effect on the properties and quality of pyrolysis oils prepared from waste wood has

been scarcely studied. Ozbay et al. 2!

studied the effect of three different varnishes deposited on
pine wood on the properties of the derived pyrolysis oils. Although the main components of bio-
oils identified by GC-MS were not drastically different in the oils derived from pure wood or wood
impregnated with varnishes, their yields were different in the presence of varnishes, the
polyurethane varnish leading to a higher yield in phenols, and the chemical composition of the oils
was significantly modified. More specifically, the effect of metal catalysts in biomass fast
pyrolysis has been studied by two approaches: either by direct impregnation of catalysts on the
biomass, or by ex-situ catalysis, in which the vapors produced by thermal pyrolysis pass through
a bed of catalyst. In the first case, the biomass is generally impregnated to the core by using
solutions of metal salts. Inorganic compounds such as CaCO3; and BaSO4 have been shown to

interact with biomass through a mineralization process and to modify its structural properties 2% 2%

24,25 and consequently the pyrolysis process and the composition of bio-oils derived from it. As
regards ex-situ catalysis, many metal oxides, including TiO>, have been reported to exhibit a
catalytic activity to upgrade pyrolysis vapors 2% 27 but H-ZSM-5 is the most widely used catalyst
to promote bio-oils deoxygenation in absence of hydrogen by dehydroxylation, decarboxylation

or decarbonylation reactions.
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Considering that the organic components of paints can degrade at the pyrolysis
temperature, while their mineral components can modify the thermal processes leading to the
formation of pyrolysis oils, the objective of the present study was to assess the impact of paints
and varnish on the properties of bio-oils obtained by fast pyrolysis of beech wood. This effect was
compared in purely thermal pyrolysis experiments and in the presence of an H-ZSM-5 catalyst for
ex-situ catalytic treatment of the pyrolysis vapors. In this purpose, model contaminated woods
were prepared by impregnation of beech wood chips with three commercial paints of different
colors (because they contain different inorganic pigments) and one varnish, and pyrolyzed in
purely thermal or thermal + catalyzed experiments. The effect of paints and varnish was evaluated
by quantifying the gas, liquid and solid products obtained by pyrolysis of clean and impregnated
woods and by comparing their physicochemical properties using various characterization
techniques. In addition, the main mineral compounds present in the paints and varnish were
identified and individually deposited on the pristine wood chips to ascribe more specifically which
of them might modify the reactions involved in the pyrolysis process, or behave as catalysts to

promote reactions between components of the pyrolysis vapors.

2 EXPERIMENTAL SECTION

2.1 Clean and contaminated woods.
Clean wood samples were prepared from commercial beech wood chips supplied by J.

Rettenmaier & S6hne (JRS) and sieved to a particle size range between 0.75 and 1.7 mm. The bulk
density was obtained by measuring the mass of sample representing the volume of 100 mL. The

elemental composition (CHNS) was obtained with a Flash2000 (Thermo Scientific) equipment.

The compounds hereafter referred to as “contaminants” were four different commercial
products: one varnish (Mat profond/Chéne clair — V33) and three acrylic-based paints of different
colors (White: Velours/North pole — Good home/Castorama; Yellow: Premium/Argan — Tollens;
Blue: Bleu gris — Dulux Valentine). The volatile matter of contaminants was determined by drying
a weighed sample at room temperature for 48h, then at 90°C for 24h, and weighing the mass
remaining after this process. The contaminated woods were prepared using an aqueous suspension
of varnish and paints (in equal mass proportion), aiming to obtain a final mass of 5 wt. % of
pollutants (on dry basis). The wood chips were added to this suspension (water/biomass ratio: 3.75

mL/g) and the mixture was stirred in a rotary evaporator at room temperature and atmospheric

4
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pressure for 1h. Then the water was evaporated by heating the bath at 50°C under reduced pressure
(400 mbar). The wood chips were dried in air at room temperature for 3 days, divided in small
fractions with the exact mass of wood needed for each experiment and kept in tightly closed vials.

Additionally, all wood samples were dried in an oven at 110°C before pyrolysis experiments.

The ash content of paints and varnish was obtained after calcination in air at 600°C for 3 h
and characterized by X-ray fluorescence (XRF) using a Panalytical Epsilon 4 spectrometer.
Samples were analyzed as powders deposited in plastic cups covered with Mylar film. The
elements were identified using a semi-quantitative method (Omnian), which allows quantification
of elements in the ppm range. The crystalline phases were identified by X-ray diffraction (XRD)
using a Bruker D8 Advanced A25 diffractometer, with 26 range from 4° to 80° and steps of 0.02°.
The diffractograms were analyzed using the Diffract Eva software associated with the PDF4+
database (2021).

ATR-FTIR spectra of pure PMMA, dry paints and varnish were recorded in the 4000-650
cm! range at a resolution of 4 cm™! with accumulation of 128 scans, using a Cary 630 FTIR
spectrometer (Agilent Technologies) equipped with an ATR sampling module (diamond crystal

and ZnSe windows).

The thermal decomposition of the wood was studied by thermogravimetric analysis (TGA),
under N; or air (40 mL/min) between 25°C and 900 °C (heating rate 10°C/min) on a Setsys
Evolution 1200 (SETARAM) analyzer with approximately 10 mg of initial mass.

2.2 Catalyst.

An H-ZSM-5 catalyst with a Si/Al ratio of 40 was supplied by Céramiques Techniques
Industrielles (CTI) Salindres, France. The powder was sieved to a particle size between 100 and
300 um. The textural properties of catalysts were characterized by nitrogen adsorption at -196 °C
on a Belsorp II adsorption measurements apparatus, after desorption at 200 °C under vacuum for
14 h. The specific surface area and total pore volume were calculated using the Brunauer-Emmett-
Teller (BET) equation and the Barrett-Joyner-Teller (BJH) method was applied to calculate the

average pore diameter. Its main properties are summarized in Table 1.
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Table 1 — Properties of H-ZSM-5 catalyst

Property Value

Si/Al atomic ratio (SAR) 40.5
Total SSA? (m?g™) 423
microporous surface (m?g) 363
external surface (m?g™!) 60

Average pore diameter® (nm) 0.55

Total pore volume (cmg™) 0.18
Brensted acid sites (umol/g)° 127
Lewis acid sites (umol/g)° 45

@ BET method; ° from International Zeolite Association database; ¢ measured by FT-IR of pyridine

adsorbed at 150°C.

2.3 Pyrolysis set-up and products recovery procedure.
A lab-scale pyrolytic set-up already described previously !° was used. The wood chips were

dried at 110°C for 1.5 h before being placed in a gas-tight hopper and kept under N>. A solid
dispenser allowed the semi-continuous delivery of the wood chips (every 10 seconds), with a
feeding rate of =16 g/h. The wood chips fall by gravity in a quartz tubular reactor equipped with
internal spikes to slow down the fall and increase the residence time of wood particles in the
pyrolysis section (Figure 1). At the bottom of the pyrolysis zone, a first quartz frit collects the solid
residues, while the vapors are driven through the catalytic bed placed downstream on a second frit.
The reactor is heated by a tubular oven which regulated the pyrolysis section temperature to 500°C
and the catalyst temperature to 450°C. Two inert gas flows are dispensed separately in the two
reactor parts: 260 smL/min of N> from the wood hopper to the pyrolysis section (this flow serves
to keep the wood chips under inert atmosphere and to drive the pyrolysis vapors towards the
catalyst bed) and 240 smL/min of N>+ 20 smL/min of He (internal standard) are sent directly to
the catalytic bed (this flow is used to prevent retro-diffusion of vapors and to adjust the total gas

flow rate).
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Figure 1 - Pyrolysis set-up scheme

—
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residue

Catalyst bed

A trap system including A) a condenser and a round bottom flask at 10°C, B) an electrostatic
precipitator, C) a trap filled with Pyrex beads at -15°C and D) a silica gel beads trap at ambient
temperature, prevents any condensable liquids from reaching the on-line micro-GC analyzer. The
total mass of bio-oils formed in the experiments was established by mass difference, by weighing
the different glassware parts before and after the experiments. The first fraction of bio-oil was
recovered after condensation in the first cold trap at 10°C and hereafter denoted as the “organic
phase”. Due to its direct recovery in the first cold trap, this phase was considered the most
representative of the native bio-oil composition. Other portions were also recovered downstream
in the different parts of the glassware assembly (cold traps, electrostatic precipitator) and hereafter
denoted as “recovered organic phase”. The recovery process involved washing the different
glassware parts with methanol, gathering the washing fractions and evaporating the methanol,

which probably involved the simultaneous evaporation of volatile bio-oils components. Therefore,
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the “recovered organic phase” was quantified and characterized separately. Indeed, Karl-Fischer
titration of the recovered fractions revealed that they contained less water than the pristine organic
phase, whereas '*C-NMR analyses showed that they contained residual methanol. Therefore, since
the recovery process appeared to modify the bio-oil composition, it was decided not to mix these
fractions. Finally, the “unrecovered organic phase” was deposited on the Pyrex beads and in the
silicagel beads trap; this fraction was only weighed for total bio-oil quantification, because its
recovery would have involved too much solvent or because it was not possible to extract it from

the silicagel.

The mass of solid residue deposited on the first frit glass was weighed, whereas the
incondensable gaseous products were quantified by GC and converted to a mass of gaseous
products, in order to determine the mass balance of gas, liquid and solid products. In catalytic
experiments, 2 g of catalyst were used (discounting the water content determined by TGA). Before
starting the wood delivery, the reactor was heated to 500 °C under N; for 1 h in order to reach a

stable temperature and to desorb the catalyst in ex-situ catalytic pyrolysis experiments.

2.4 Products analysis.
The gaseous products were analyzed on-line during the pyrolysis experiments using a

micro gas chromatograph Inficon 3000 (SRA instruments) equipped with three analytical modules
(MolSieve, Plot U and Alumina columns) to identify and quantify all the gaseous compounds
produced (He, Hz, CO, CO; and C;-Cs hydrocarbons). Each analysis duration was 6 minutes and
they were run successively for 90 minutes. The GC response of all gaseous compounds was
calibrated using appropriate calibration mixtures. Helium was used as internal standard for
quantitative analysis, because the production of gaseous compounds resulted in a reactor exit gas

stream higher than the inlet gas flow rate.

The water content of bio-oils was determined by Karl-Fischer Titration, using a Metrohm
Titrando 852 analyzer. The samples were diluted in THF (= 10 %wt.) and the volumetric method
was employed. To avoid possible side reactions of aldehydes and ketones with standard reagents,
which produce water and alter the water quantification, the reagents were specifically chosen for

samples containing these organic compounds: Karl Fischer ROTI hydroquant C5K (5 mg of
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water/mL of solution) and Karl Fischer ROTI hydroquant working medium K. The calibration was

carried out using Hydranal — Water Standard 10.0.

Total organic carbon (TOC) measurements were performed with a Shimadzu TOC-VCHS
analyzer equipped with an ASI-V sampler. Samples were diluted in ultrapure water (0.1 wt.%) and
mixed with hydrochloric acid (concentration 1N) to remove the inorganic carbon as CO,. Then,
the samples were injected in a combustion reactor with a catalytic bed of Pt/Al,O3 at 720 °C. The
gas phase was cooled down and dried and the CO, produced was analyzed by an IR detector.
External calibration was applied, using a solution of nicotinic acid (0.1 g/L). Two measurements
were generally carried out, three if the standard deviation between the first two measurements was

greater than 2%.

The average molar mass and molar mass distributions were obtained by gel permeation
chromatography (GPC). The measurements were performed with an Agilent equipment (1200
series) using two PL gel columns with different pore sizes (500 and 50 A) equipped with a
refractive index detector (RID) and a diode-array detector (DAD), collecting spectra every 0.4 s
in the range 200-450 nm, each 2 nm. The mobile phase used was THF with flow rate of 1 mL/min.
The samples were dissolved in THF with a concentration of 0.2 wt. % for the organic fraction and
1 wt. % for the aqueous phase, and filtered before analysis. The measurements were carried out at
35°C and the system was calibrated using hydrocarbons (HC) standards of molecular weights
between 86 and 1000 g/mol. The calibration with HCs showed a smaller deviation regarding the
real molar mass of reference compounds than the traditional PS calibration. The reference
compounds were eugenol (164 g/mol) and 1-(2,4-Dihydroxyphenyl)-2-(4-methoxyphenoxy)
ethenone (274 g/mol), denoted as DHPMPE. The difference between measured and real MW's was
<-15 % with HC calibration, but up to +70% with PS calibration. When the UV detector was used,
the signal was normalized per mass unit of dry bio-oil, this correction being possible because the

absorption of pure water in this wavelength range is very weak and can be neglected.

IBC-NMR spectra were recorded with a spectrometer Bruker AVANCE 400 MHz and the
spectra were analyzed using TopSpin 3.0 software. The measurements were performed at room
temperature with accumulation of 4500 scans. The samples were placed in the tube and a thinner
tube containing DMSO-D6 was inserted, allowing to recover the oil-samples without modification

after the analysis. Trioxane was used as an internal standard, diluted in DMSO-D6 to allow the
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quantification of functional groups. The choice of trioxane is due to its specific chemical shift (at
93 ppm) that is well defined and does not overlap with other peaks of the bio-oils.

Gas chromatograph coupled with a mass spectrometer (Shimadzu GCMS-QP2010 SE)
equipped with a Zebron ZB Wax-Plus column (60 m, 0.25 mm I.D., film thickness 0.25 pm) was
employed to analyze the organic fractions diluted in methanol (20 wt. %). The aqueous phases
were diluted in methanol at a concentration of 30 wt. %. The oven temperature program starts at
70 °C (hold for 10 min), then heating rate of 5°C/min up to 150 °C. At this point the heating rate
changes to 3°C/min up to 250 °C (hold for 15 min).

The two-dimensional gas chromatography coupled with mass spectrometry (GCxGC-MS)
was carried out in equipment from Agilent (GC 6890N). The first separation was performed by a
polar column VF-1701 MS (I.D 0.25 mm; Film thickness 0.25um; length 30m) followed by a
second column apolar DB1 (I.D 0.25 mm; Film thickness 0.25um; length 1.5m) to promote the
second dimension of separation. The modulation was performed by a cryogenic modulator from
Zoex Corporation (USA) at each 12s. Compounds were identified by the coupled MS detector
(5975B). The use of a polar column first, followed by the less polar column favors the separation
of oxygen and nitrogen containing compounds, widely present in bio-oils. 2%. The temperature
program was set as follows: first oven (first column) from at 50°C to 300 °C with a ramp of 1.75
°C/min, then to 320°C with a ramp of 1.8 °C/min. The second oven goes from 50 °C to 320 °C at
1.8 °C/min. The samples concentration was the same as described for GC-MS analyses.

The solid products obtained after reaction (chars and post-reaction catalyst) were analyzed

by x-ray fluorescence and elemental analysis.

3 RESULTS AND DISCUSSION

3.1 Contaminants characterization.
IR spectra of the dried paints and varnish (Fig. S1) showed that the varnish, white and

yellow paints exhibited the main vibration bands of polymethylmethacrylate (PMMA), a polymer

commonly used in acrylic paint formulation °.

The volatile matter of varnish and paints and the mineral elements present in their ashes
analyzed by XRF are presented in Table 2. The elements with concentrations smaller than 1% were
omitted. It is noteworthy to mention that XRF was used as semi-quantitative analysis, aiming to

identify the main inorganic elements present in samples.

10
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Table 2 - Volatile matter and mineral elements (analyzed by XRF) of paints and varnish

wt. % Varnish White paint Yellow paint Blue paint
Volatile matter 68 58 52 51
Al 4 2 - 3
Ba - - 51 -
Ca 33 - 7 31
Fe 3 - 7 -
K 1 - - -
Na 3 - 1 -
S - - 7 -
Si 17 3 - 4
Ti 2 66 18 33

The presence of these elements agrees with the mineral pigments commonly used in paints
formulation. For example, titanium is found predominantly in the white paint and can be related
to TiOz, a usual pigment in white paints. Similarly, BaSO4 and iron oxides provide colors such as
white and yellow 3% 3!- 32, Ca was found in high amounts in the varnish and blue paint, it can be
assigned to the presence of CaCOs, which is a common filler used for coating materials 3. This
was supported by XRD analyses (Table 3) which allowed identifying the main crystalline phases
present in the samples. The phases were very well crystallized, with intense and thin diffraction
lines suggesting large crystallites. Based on reflection lines broadening, the crystallite sizes of the

different phases identified ranged from 35 to 90 nm.

Table 3 - Crystalline phases found in contaminants dried at 100°C

Varnish White paint Yellow paint Blue paint
CaCOs (calcite) TiO; (rutile) BaSOy4 (baryte) TiOz (rutile)
TiO; (rutile) CaCOs (calcite)
FeO(OH) (Goethite)

In addition to the wood impregnated with the commercial paints and varnish, model
contaminated samples were also prepared using the clean beech wood and impregnating with 5
wt.% (on dry basis) of TiO: (rutile phase), CaCO3 or BaSOs. The procedure used was the same as
described to prepare the samples with biomass and paints/varnish. The main properties of clean

beech wood chips are summarized in Table 4.

11
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Table 4 - Properties of beech wood
Property Beech wood (BW)

Bulk density (ppyix, ke/L) 0.31

Elemental analysis (wt. %)

C 50.3+0.2

H 54+02

N 0.1 + 0.04

O (by difference) 442 + 03
Higher Heating Value (MJ/kg) 19.3+0.3
Ash content (wt. %) 0.9+0.1

The higher heating value (HHV) was calculated from the elemental analysis using the equation

proposed by Channiwala and Parikh 3.
HHV = 0.3491[C] + 1.1783[H] — 0.1034[0] — 0.0151[N] — 0.0211[ASH]

The calculated HHV is expressed in MJ/Kg and [C], [H], [N], [O] and [ASH] are expressed in
mass percentages on dry basis. This equation is valid for the specific range of values, i. e. C: 0.00

—92.25 %; H: 0.43 —25.15%; O: 0.00 — 50.00%; N: 0.00 — 5.60%; Ash: 0.00 — 71.40%.

Thermal gravimetric analysis (TGA) under inert atmosphere were performed to check if the
contaminants deposited on the wood particles have an impact on the degradation of biomass.

Figure 2 shows the mass loss profiles of clean and impregnated beech wood.

12
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Figure 2 - Mass loss profiles for clean and impregnated wood under N>

All samples showed similar TG profiles up to =370 °C. Between room temperature and 150°C,
the mass loss was related to water desorption (4-5 wt.%). Between 250 and 370°C, a large mass
loss (=61 wt. %) can be assigned to the degradation of wood into its volatile components *3, 36, 37,
while the final remaining mass corresponds to the non-volatile components of the wood (chars).
From 370°C the curves exhibited small differences between samples, and at the pyrolysis
temperature (500 °C) the total mass loss observed varied from 77% for clean beech wood and
beech wood impregnated with paints/varnish to approximately 74% for the wood impregnated with
Ti0,, CaCO3z and BaSOs. Since Ti0O; and BaSO, are thermally very stable (MP= 1830 and 1580°C,
respectively), they will not degrade within the TGA temperature range and their mass can account
for the slightly lower overall mass loss observed with these samples. For the BW+CaCO; sample,
the small mass loss in the 650-670°C range could be related to the decomposition of CaCO3 into
CaO and CO,*8. The similarity of TGA profiles up to =400°C suggests that the presence of paints
and varnish, or their main mineral components, does not significantly modify the thermal processes

involved in wood decomposition.

TGA was also carried out under air to assess the ash content in the contaminated samples.

Compared to the ~0.9 wt.% ash content found in clean wood (Table 4), the wood impregnated with

13
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paints and varnish showed 3.6 + 0.1% of ashes while the TGA of wood impregnated with TiO»,
CaCOs and BaSO4 showed 5.8 £ 0.2%, 2.4 + 0.3% and 5.9 + 0.3%, ashes content, respectively.
These values are consistent with the 5 wt.% of thermally stable mineral compounds deposited on
the wood, except for the sample with CaCOs, which decomposes into CaO and CO; during the

TGA, leading ultimately to a smaller mineral content.

The wood chips before and after impregnation with contaminants were examined by scanning

electron microscopy (SEM, Figure 3).
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Figure 3 - SEM images of wood particles: a) clean beech wood; b) wood impregnated with
commercial paints+ varnish; ¢) TiO2; d) BaSOs; €) and f) CaCOs. Images: F. Simonet.

SEM images show the presence of particles deposited all over the wood surface. In the sample
impregnated with commercial paints and varnish, many particles appeared embedded in a layer
that could correspond to polymeric binders, plasticizers, surfactants and anti-foaming agents
constitutive of paints formulations. In the samples impregnated with TiO,, CaCO3 or BaSOs, the
particles fully covered the wood surface but were densely packed in some parts. TiO, and BaSO4
formed globular particles, whereas CaCO3 formed large and sharp cubic particles, some of them

filling the wood porosity, as shown in Figure 3f).

EDS mapping was employed to obtain information about the composition of these particles
(Figure S2). The analyses showed that the relevant elements (Ti, Ca, Ba, S) corresponded to the

particles deposited on the wood.

As mentioned previously, mineral species (e.g. CaCOs3 and BaSO4) can be used to modify the
structural properties and thermal degradation behavior of biomass 2% 24 3% 40. 41, 42 However, in
this case the biomass structure is impregnated to the core using soluble metal salt that diffuse
deeply inside the wood porosity and cell walls, leading to in-situ formation of the desired mineral
species. In the present study, the objective was to emulate a painted/varnished wood by coating
the wood chips with the mineral components of paints and vanish, using water suspensions of
Ti0,, CaCO3 and BaSO4 powders. This led to the deposition of the mineral compounds on the
wood surface and in its pores, and this deposition did not significantly affect the thermal processes
leading to wood degradation into its volatile components, as shown by the TGA profiles (Figure

2).
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3.2 Effect of contaminants on wood pyrolysis.

3.2.1

Mass balance and products distribution.

The impact of contaminants was assessed in absence and in presence of catalyst. Table 5

shows the masses of gas, liquid and solid products and the mass balance in the experiments. The

results are depicted as percentages in Figure 4.

Table 5 - Masses of gas, liquid and solid products and overall mass balance

Mass (g)
Initial mass (g)
Feedstock Gas phase Liquid phase Solid phase | /' 1 lance
Without catalyst
Beech wood (BW) 3.6 10.6 33 17.8 /98%
BW+Paints/varnish 3.2 9.4 33 16.5/97%
BW+TiO; 3.1 9.4 3.5 16.5/97%
BW+CaCO3 3.1 9.7 3.4 16.7 /97%
BW+BaSOy 3.0 9.2 3.4 15.5/101%
With HZSM-5 catalyst

Beech wood (BW) 4.1 9.8 33 17.8/97%
BW+Paints/varnish 3.9 8.7 3.5 16.7/96%
BW+TiO2 3.6 7.7 3.6 15.4/96%
BW+CaCO3 3.5 8.7 3.4 15.9/97%
BW+BaS04 3.4 7.8 3.5 15.3/96%

In all experiments with and without catalyst, the liquid fractions were the main products,

altogether representing almost 60 wt.% of the starting feedstocks (Figure 4). In addition, the liquid

phase segregated into immiscible organic and aqueous fractions after centrifugation.
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Figure 4 — Products selectivity in experiments: a) without catalyst; b) with H-ZSM-5

}_

The presence of contaminants resulted in a small reduction in gas and liquid selectivity, as
well as an increase in solid phase selectivity. This difference agrees with the TGA results that
showed a solid residue =3% higher for contaminated samples. Considering that the most part of
contaminants do not degrade at the pyrolysis temperature, they are retained in the solid phase with

the chars.

The main liquid fraction collected was the organic phase, its total mass accounting for 35-
36 % of the mass balance in experiments without catalyst, and 32-33 % in the presence of H-ZSM-
5 catalyst. The yield in aqueous phase accounted for 21-26 wt. % of the total mass, with no
significant differences between experiments. Overall, the yield in liquid products was close to 60
wt.% in the absence of catalyst and 55 wt.% in the presence of H-ZSM-5, in agreement with the

yields typically observed in thermal and ex-situ catalyzed pyrolysis, respectively.
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3.2.2 Characterization of gas phase products.
Figure 5 shows the production of gaseous products during the pyrolysis reaction of clean

and contaminated woods, in absence or presence of catalyst.

B Beech wood (BW) A BW+TiIO, € BW+BaSO, M Beechwood (BW) A BW+TIO, @ BW+BaSO,
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Figure 5 - Accumulated mass of gaseous products a) without catalyst and b) with HZSM-5.

The presence of contaminants on the wood had a modest impact on gas production with
time in both set of experiments. Without catalyst (Figure 5.a), the reaction performed with the
clean wood (black squares) produced a little more gases but this probably resulted from a slightly
higher mass of wood in this experiment (Table 5), because the yield of gaseous products was
similar to that obtained in experiments with contaminated woods (Figure 4). For ex-situ catalytic
pyrolysis (Figure 5.b), the data were more scattered and these differences were even smaller. The

products distribution in the gas phase (without catalyst) is presented in Figure 6.
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Figure 6 — Gas phase composition during pyrolysis of contaminated woods (without catalyst)

CO and CO; were the main gaseous products, accounting for approximately 90 wt. %,
followed by CHa4 (~ 5 wt. % in average), light C>-C3 hydrocarbons (~3 wt.%) and finally H> with
approximately 0.1 wt.%. In the presence of contaminants, there was a reduction on all compounds
compared to clean wood, except for hydrogen production which increased for BW + TiO, and BW
+ paints/varnish. It has been reported in the literature *> * that TiO» can catalyze the
dehydrogenation of propane into hydrogen and propylene, which supports the present results.
Thus, the increase in hydrogen formation observed with BW + paints/varnish could be related to

the presence of TiO,. However, reproducibility tests carried out on three experiments with clean
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wood (Table S1 and Figure S3 in the supporting information) showed that the variations observed

on hydrogen masses are not significantly different considering the experimental error.

Similar trends were obtained in the presence of H-ZSM-5 catalyst (Figure S4 in supporting
information), but the production of C>-C3 hydrocarbons was significantly higher than in absence

of catalyst, due to the cracking properties of H-ZSM-5.

3.2.3 Characterization of liquid products.

Table 6 presents the water content and elemental analysis of the organic phase.

Table 6 - Water content, elemental composition and calculated HHV of organic phase.

Composition (wt. %, on dry basis) HHV
H20 (%) C H N O* (MJ/Kg)
Without catalyst

Beech wood (BW) 186+£0.2 653+1.0 6.1+04 06+£01 281%15 27.0+1.0
BW+paints/varnish ~ 16.1+1.5 67.0+1.6 65+0.1 08+0.1 256+1.6 28.4+0.6

BW+TiO; 195+0.5 640+0.8 65+03 0.8+06 28.8+0.9 26.9+0.5

BW+CaCOs 21.0+03 59.0+1.0 86+1.1 08+05 31.6+04 27.5+£0.9

BW+BaSO4 21.8+14 66.1+£22 66+04 08+05 266+23 28.0+0.6
With H-ZSM-5

Beech wood (BW) 11.9+03 704+£09 6.6+03 0703 224+1.0 30.0+£0.2
BW+paints/varnish 9416 71809 6702 12+13 203+0.7 30.9+£0.5

BW+TiO; 13.8+04 747+14 65+0.1 0.7+£02 181+1.1 31.9+0.5
BW+CaCOs 11.3+£0.5 70.0+08 6602 07+£06 228%0.5 29.8+0.3
BW+BaSO4 146+13 699+1.7 6.1+14 08+08 23.1+22 29.2+2.0

*Calculated by difference

Within series of experiments carried out without or with catalyst, the presence of
contaminants on the wood did not significantly modify the bio-oils composition. The presence of
contaminants generally led to a slight increase in the water content of bio-oils compared to clean
wood, except for the BW-paints/varnish sample. In contrast, the bio-oils formed in the presence
of the H-ZSM-5 catalyst clearly contained less water, more carbon and less oxygen than the

thermal bio-oils.
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The aqueous phase was also analyzed in the experiments carried out with clean BW and
BW-+paints/varnish. Table 7 gives the total organic carbon (TOC), the water content and the
elemental analysis. It is noteworthy that in this case, the CHN analyses were not corrected for the

water content.

Table 7 — Aqueous phase composition.

TOC Composition (wt.%)
wey | O %H | %N | %O*

Without catalyst
BW 23.1£0.3 | 48.3%+1.2 | 27.0+0.2 | 8.6£1.6 | 0.6+0.3 | 63.8+1.3
BW-+paints/varnish | 21.0+0.5 | 54.0+0.1 | 22.5¢1.1 | 9.1£1.5 | 0.4+0.1 | 67.9+2.4

With H-ZSM-5
BW 12.4+0.1 | 71.4+1.3 | 12.9+1.6 | 9.8£2.3 | 0.4+0.3 | 77.0£3.7
BW-+paints/varnish | 8.03+0.02 | 82.1+0.7 | 8.6+0.3 | 10.1£1.0 | 0.5+0.4 | 80.8+0.9

*Calculated by difference

The TOC measurements agreed reasonably well with the carbon analysis and confirmed
that the aqueous phase was composed mainly of water, but the thermal bio-oils, however,
contained >20 wt. % of organic carbon. The effect of the catalyst appears here very important since
it allows halving the carbon content of the aqueous phase by converting a good part of the water-

soluble compounds into less polar compounds which remain in the organic phase.

Figure 7 shows the molar mass distributions of the organic fraction, measured by GPC.
The chromatograms were normalized to the highest peak intensity. As a matter of comparison, the
chromatograms of two reference compounds, eugenol (164 g/mol) and DHPMPE (274 g/mol) are
overlaid. DHPMPE corresponds approximately to the detection limit of GC-MS analyses, i.e.

compounds that can be vaporized and eluted at 250°C.

In both series of experiments without or with catalyst, four major MW peaks could be
identified, at 120, 140, 190 and 267 g/mol (in HC eq.). These MWs may be slightly under-
estimated given the deviations observed for reference compounds (Table 8), which can be assigned

to the different hydrodynamic volume of analyzed compounds compared to the hydrocarbon
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standards used in the calibration. The peak intensities with a RI detector are also compound-
dependent and molecules with polarizable groups such as aromatics exhibit higher refractive

indices than compounds with less polarizable groups (i.e. oxygen atoms or alkyl groups) *°.
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Figure 7 - Molar mass distribution of organic phase a) without catalyst b) with H-ZSM-5.

Without catalyst, the low MW region (below the DHPMPE peak) corresponded to 49.5 % of the
total area; this ratio increased to 55% in the presence of H-ZSM-5 (the X scale in Figure 7 being
logarithmic, the visualized areas are misleading). This translates into slightly reduced average

MWs in the presence of H-ZSM-5 (Table 8).

Table 8 — Weight average molecular mass of organic fraction (in HC equivalent).

My, (g/mol in eq. HC)
Standards
Theoretical Measured
Eugenol 164 147 (-10.4 %)
DHPMPE 274 234 (-14.6 %)
Organic fraction
Without catalyst H-ZSM-5
Beech wood (BW) 211 200
BW-+paints/varnish 217 177
BW+TiO, 221 198
BW+CaCO, 228 213
BW+BaSO, 217 218
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The bio-oils were also analyzed with GPC-UV-DAD to obtain a deeper insight on the
nature of UV-adsorbing bonds of the dissolved compounds. Figure 8 shows the 3D plots obtained
at wavelengths between 200 and 450 nm for MWs between 86 and 1000 g/mol. The peaks
intensities were normalized per ug of dry bio-oil to correct the detector response for the small
differences in samples dilution. Given the modest impact of mineral contaminants, only the results
for the organic phase obtained with BW and BW+paints/varnish are shown. For all samples, the
most intense absorption peak was centered around 267 nm. Absorption in this region is assigned
to aromatics and unsaturated conjugated compounds. The presence of contaminants on the wood
had no significant impact on the surface shape. For the sample obtained with contaminated wood
and H-ZSM-5 (Figure 8c), the maximum wavelength and molar mass peaks were centered in the
same region (266 and 155, respectively). However, the MW distribution was clearly narrower than
in absence of catalyst, with lower intensities above 200 g/mol. Therefore, the H-ZSM-5 catalyst

appears to promote a deeper depolymerization of aromatic and/or unsaturated conjugated

components of bio-oils.
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Figure 8 - GPC-DAD chromatograms of organic fractions obtained from: a) Beech wood without
catalyst; b) BW+paints/varnish without catalyst; c) BW+paints/varnish with H-ZSM-5.

The molar mass distributions of the aqueous phases obtained with clean BW and
BW-+paints/varnish pyrolysis are shown in Figure 9. The composition of aqueous phase is
essentially different from that of the organic phase, as will be shown later, which implies that the
compounds present in the aqueous phase have probably different hydrodynamic volumes.

Therefore, the measurements obtained for the organic and aqueous phases cannot be compared

directly, but the aqueous phases can be compared with each other.
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Figure 9 - Molar mass distribution of aqueous phase a) without catalyst b) with H-ZSM-5

The molar mass distribution of the aqueous phase exhibited the most intense peak at ~160
g/mol (in eq. HC) and was narrower than that of the organic phase. Similarly, Hoekstra et al. #°
observed that the aqueous phase separated from a bio-oil contains mostly low MW compounds.
Overall, the shapes of the curves were similar in experiments with clean and contaminated wood.
However, in the presence of H-ZSM-5 the peaks intensity above 200 g/mol was clearly lower,
indicating that the aqueous phases contained less compounds above this MW than in absence of

catalyst.

IBC-NMR is a very useful technique for characterizing bio-oils, since it provides a global
analysis of any fraction that is soluble in the chosen solvent, independently of MWs or volatility,
and detailed information regarding the functional groups of bio-oils components. The chemical
shifts ranges attributed to the main functional groups are detailed in Table S2 (supporting
information). The 3C-NMR carbon distribution of functional groups in the organic fraction

obtained with each wood sample, with or without catalyst, is depicted in Figure 10.
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493 The presence of contaminants on wood did not significantly modify the functional groups
494  distribution in bio-oils, within the same series of experiments (with or without catalyst). The effect
495  of H-ZSM-5 catalyst on the bio-oils composition, however, was confirmed through the increased
496  yield of aromatics (54-60 % vs. 42-46 % without catalyst), whereas the yield of sugars, alcohols

497  and carboxylic compounds decreased.

498  Similarly, the aqueous fractions were analyzed by '*C-NMR (Figure 11).

499
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Figure 11 — BC-NMR functional groups distribution of aqueous phases obtained in experiments
without catalyst or with H-ZSM-5.

Comparing Figure 10 and Figure 11 shows that the overall composition of aqueous phases
was very different from the organic phase’s composition. The aqueous phases exhibited a smaller
concentration of aromatic carbon units (with a high ratio of C-O/C-H+C-C aromatic bonds
indicating highly oxygenated compounds) and a higher concentration of polar carbon units, such
as sugars, alcohols, ethers, aldehydes and ketones. Compounds bearing these polar groups are
expected to show a higher affinity with water and, therefore, to partition preferentially in the
aqueous phase during the phase separation process. The TOC content of aqueous phases was
shown previously to decrease strongly in the presence of H-ZSM-5 catalyst (Table 7): this
translates in a different distribution of functional groups, with more small aliphatic compounds
(probably also bearing aldehydes, ketonic groups) and less aromatics. This suggests that the
catalyst converts the aromatic oligomers present in the pyrolysis vapors into smaller and less polar

aromatic compounds that are more soluble in the organic phase than in the aqueous phase.

GC-MS was employed to obtain a more detailed insight on the composition of bio-oils.
Given the complexity of the samples (around 600 different compounds were identified with good

similarity indexes throughout all analyses performed), the calibration of each compound is not
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possible. In addition, some peaks are not fully separated and resolved, resulting in less accurate
integration. However, the comparison between peak areas of similar compound families is valid

and can highlight composition variations due to the presence of contaminants 46, 47, 48,4,

Additionally, the GC-MS technique is limited to the analytes that can be volatilized without
thermal decomposition and elute at 250°C (maximum temperature of the analytical column). As
an example, the peak of DHPMPE (274 g/mol, solid at room temperature) used as reference
compound in GPC analyses elutes at the final GC temperature program (250°C). Higher MW or

boiling points compounds are therefore excluded from this analysis.
Compounds were grouped into families based on similar functional groups (Table 9).

Table 9 — GC-MS compound families and examples

Compound family Examples
Acid/ester Organic acids (acetic, propanoic, butanoic...),
vinyl butyrate
Alcohols 1,2-ethanediol, cyclopropyl carbinol
Aldehyde/ketone/ether 1-hydroxy-2-propanone, cyclopentenones
Aromatics benzene, xylene, styrene
Aromatic ether 1,2,4-trimethoxybenzene, 3,4-
dimethoxytoluene
Furans 2(5H)-furanone, furfural, 5-
hydroxymethylfurfural
Guaiacol/syringol 2,6-dimethoxy-phenol, guaiacol, 2,6-
dimethoxy-4-(2-propenyl)-phenol
Nitrogen-containing 6-methyl-4(1H)-pyrimidinone, 3-
methylpyridazine
Polycyclic aromatic hydrocarbons indane, naphtalenes,
(PAH)
Phenols catechols, alkyl-phenols
Sugars levoglucosan, DL-arabinose, 2,3-anhydro-d-
mannosan

The selectivity for families of compounds of the organic phases obtained with the different

feedstocks and experimental conditions are presented in Figure 12.
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These results fully support the general trends observed with 3C-NMR. In absence of
catalyst, the organic phase contained essentially oxygenated aromatic compounds derived from
lignin, such as guaiacols, phenols, ethers, and the presence of contaminants did not induce strong
differences in the products distribution. The main compound found was generally 2,6-dimethoxy-

4-(2-propenyl)-phenol, accounting for approximately 8% of the total area.

Fully deoxygenated aromatic and polyaromatic compounds were found only after ex-situ
catalytic treatment, highlighting the effect of H-ZSM-5 catalyst in promoting the dehydroxylation,
decarbonylation and decarboxylation reactions leading to the removal of oxygenated groups. With
H-ZSM-5 and the BW+paints/varnish sample, however, a significant decrease in the amounts of
fully deoxygenated compounds could be noticed, which was not observed for contaminated woods

impregnated with TiO,, CaCOs3; or BaSOs. This suggests that the polymeric organic compounds
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present in commercial paints or varnish (i.e. polymethylmethacrylate or other organic additives),
observed in IR spectra and SEM images, could lead to partial catalyst deactivation affecting its
deoxygenation functionality, but not its cracking functionality. This could be related to their
decomposition into coke precursors small enough to diffuse into the micropores of H-ZSM-5 and

to poison the most acidic sites.

Similarly, the selectivity for families of compounds of the aqueous phases obtained from

clean BW and BW+paints/varnish is depicted in Figure 13.

100% - Without catalyst . HZSM-5 . -
— , 77 unidentified peaks
E - Nitrogen-containing
80% - \ [ Jsugars
'
\ BB rhenols
c>60% E E I:l Guaiacol/syringol
E" E % Furans
<40% i : |:| Aromatic ether
E - Polycyclic Aromatic Hydrocarbons
20% - \ [ ] Aromatic non-oxygenated
E XY Aldehyde/ketone/ether
0%- : -Alcohols
B2 Acid/ester
%Q“Q/&

Figure 13 - Relative areas of compound families in aqueous fractions analyzed by GC-MS.

The aqueous phases contained essentially polar compounds (acids, esters, ketones, sugars).
The aqueous phase composition changed more significantly in the presence of catalyst than did
the organic phase composition. Without catalyst, the most abundant organic product was 1,6-
anhydro-B-D-glucopyranose (also named levoglucosan), accounting for ~15% of the total peaks
area, whereas with H-ZSM-5 acetic acid was the main product, with more than 35% of the total
area. Indeed, the zeolite is known for its ability to reduce the amounts of sugars in bio-oils >°, 3!,
52 1t should be mentioned that in Figure 13 the peak areas are normalized to the total peaks area

in GC-MS, but they actually correspond to very different TOC amounts in the aqueous phases, cf.
Table 7.
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Two-dimensional GCxGC analyses (Table S3 and Figures S5 and S6 in the supporting

information) also confirmed these trends.

In summary, the characterizations of liquid products obtained by thermal pyrolysis, and
more specifically the organic phases, show that the presence of evaluated contaminants on the
wood did not impair the quality of the final bio-oil. When ex-situ catalytic treatment of the vapors
using H-ZSM-5 catalyst was applied, the composition of bio-oils was improved, in terms of lower
oxygen and water contents, reduction in high MW oligomers content and decrease of sugars and
carboxylic acids, which confer bio-oils their acidic properties. The deposition of commercial
paints/varnish on the wood appeared to partially hinder the formation of deoxygenated compounds,

but this effect was not related to the main mineral compounds present in the paints and varnish.

3.2.4 Chars and post-reaction catalysts characterization

The yields of solid products deposited at the reactor outlet were similar after each pyrolysis
reaction (Table 5). TGA of chars under N> showed that the mass loss was <5 wt.% in the 150-
500°C temperature range (Fig. S7 in supporting information), which suggests that most of the
volatile compounds were extracted from the wood during the pyrolysis process. XRD of the chars
(Fig. S8 in supporting information) also revealed that the mineral phases (TiO2, CaCOs, BaSOx)
initially deposited on the wood were found unmodified in the chars after pyrolysis. Table 10

compares the elemental analyses and the calculated HHV of the chars.

Table 10 - Elemental analysis of chars obtained after pyrolysis of different woods

Mass composition, on dry basis (wt.%) HHV
Feedstock (MJ/Kg)
C H N O*

Beech wood (BW) 82.3+0.5 3.0+0.4 0.3£0.03 14.4+0.5 30.7+0.4

BW-+paints/varnish 75.2+0.6  2.7+0.3 0.3£0.1  21.9+0.8 27.1+£0.6
BW+TiO> 64.2+1.5 2.3+0.01 0.2+0.02 33.3+1.4 21.7+0.7
BW+CaCO3 71.1£0.5 2.6+0.01 0.3+0.04 26.1+0.6 25.1+0.3

BW+BaSO, 65.4+0.5 2.3+0.1 0.2+0.01 32.2+0.6 22.2+0.4
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The chars obtained from contaminated woods contained less carbon and more oxygen than
the char from clean wood. This behavior can be related to the presence of mineral species, which
increases the incombustible fraction of chars and consequently results in lower HHVs. In an
eventual process integration, a lower HHV will result in less energy that can be recovered from

this by-product.

In ex-situ catalytic experiments, the chars (Table 11) and the post-reaction H-ZSM-5
catalyst (Table 12) were also analyzed by XRF, aiming to assess a possible transfer of pollutants
from the wood to the catalyst (placed after the pyrolysis zone and immediately after the frit that

collects the chars, cf. Figure 1), which could impact the catalytic activity.

Table 11 — Chemical composition of chars analyzed by XRF

Feedstock Element concentration” (wt.%)
Beech wood (BW) g g 3I'<7 1(\)4;1 1(\)/15g
BW-Paints/varnish 1? 5 gall 2K7 fg 0319 (E;Z
BW-TiO, 5;15 gz 11'<9
BW-+CaCOs TR
BW+BaS0s 2B3?0 6?7 ﬁ 2I.<7 1(\)/15g

*Elements with concentrations smaller than 0.5% are not shown

Compared to the char formed from clean wood, the chars from contaminated woods

contained larger amounts of the inorganic pollutants originally impregnated on the biomass.

Table 12 -XRF analyses of fresh and post-reaction H-ZSM-5 catalyst after pyrolysis of different
feedstocks

Elements Concentration” (wt.%)

Si Al P Ca Cl Ti Fe Cr
Feedstock

H-ZSM-5 catalyst before reaction
- 33.68 0.78 0.22 0.17 0.10 0.04 0.02  0.01
H-ZSM-5 catalyst after reaction
BW-+paints/varnish  35.79 0.78 0.21 0.18 0.10 0.05 0.02  0.01
BW+TiO; 37.19 0.82 0.19 0.17 0.09 0.05 0.02  0.01
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BW+CaCO3 36.17  0.80 0.21 0.18 0.09 0.04 0.02  0.01
BW+BaSOy 35.35 0.77 0.21 0.17 0.10 0.04 0.02  0.01

*_Elements with concentrations smaller than 0.01% are not shown

XRF analyses are only semi-quantitative, however they allow an accurate comparison of
samples with similar properties. The concentration of inorganic pollutants (Ti, Ca, Ba and S) in
the catalyst was not modified after pyrolysis of contaminated woods. These results show that the
mineral contaminants remained in the chars and were not transferred to the catalyst, which
validates the choice of an ex-situ catalytic configuration for the reactor. The catalyst and the
biomass are not in direct contact and the contaminants can be removed from the system with the

char.

4 CONCLUSIONS
The main conclusions of this study can be summarized as follows:

e Commercial acrylic paints and varnish deposited on clean beech wood had no significant
influence on the composition of bio-oils prepared by thermal pyrolysis of this contaminated
wood.

e The main mineral components of paints and varnish were TiO2, CaCO3 and BaSOg, they
essentially remained in the solid char residues formed after pyrolysis.

e When ex-situ catalytic treatment of the pyrolysis vapors in the presence of HZSM-5
catalyst was applied, the composition of bio-oils originating from both clean and
contaminated woods was improved in terms of lower oxygen and water contents, lower
high MW oligomers content and decrease of carboxylic acid groups.

e The mineral components of paints and varnish were not transferred to the catalyst.
However, their polymeric organic components might be pyrolyzed into coke precursors,

leading to an inhibition of the catalyst deoxygenation properties.

Supporting information: ATR-FTIR spectra of paints and varnish; reproducibility of H>
production; gaseous products composition in pyrolysis of contaminated woods with H-ZSM-5
catalyst; 3C NMR chemical shifts; compound families in GCxGC-MS analyses of organic and

aqueous phases; TGA and XRD of chars obtained from clean and contaminated woods.
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