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Sow pyrolysis (gradual heating over a wide range of temperatyires
characteristics ofvarious biomasses (corn brakes (CB), wheat wtr@VsS)
and hazelnut shell (Hp)vere investigated by simultaneahgrmal analys
(STATGADTG-DSC), coupled with mass spectrometry (M$hermal
decomposition of these samples was dividamthree stagesorresponding
to removal of water, devolatilization, andormation of biechar. It was
found that differences in thermal behaviof the samples are due to
differences in their compositioMdS results showed that H2, CHARO,
CO2 (C3H8), CO, and C2H@&ere main gaseous products released during
pyrolysis.Within thepyrolysisprocessest was found thaCO2 can be used
onthelarge scale for production of C@ich syngas.

Keywords Biomass;Volatilization, Syngas productionEfficient bicchar
yields

1. Introduction

The energy from theSun is stored in biomass through the photosynthetic process. The
photosynthesis starts with the captwf light by photosynthetic accessory pigments and conversion
into electrical energy by the chlorophyll pigments of reaction centers. In a next stage, not
photochemical, although light is required to activegetain enzymes, the stored chemical enesgy i
used to reduce carbon dioxide (§@nd resulting synthesis of carbohydrates.

Biomass is a carbon dioxide neutral option for energy generation, and potential for the
conversion of biomass into energy is rapidly increasing).[ According to Maniatis 3], the energy
from biomass based on a short rotation forestry and other energy crops can contribute significantly
toward the objectives of the Kyoto Agreement in reducing the greenhouse gas emissions and to the
problems related to climate chandieverthelss, a number of biomass technologies are available for
converting the biomass to energy. These processes can change raw biomass into a variety of gaseous,
liquid, or the solid materials that can then be used for energy generBliisnconversion can be



implemented in three ways: therrmmbemical (break down biomass under the high temperature), bio
chemical (break down biomass under microorganism or enzymatic processes) and chemical (oils from
biomass can be chemically converted into a liquid fue§][

In recent years, there have been many developments in the science and technology related to
thermoechemical biomass conversions. So that, incineration, gasification and pyrolysis conversion are
among established and best availatiiermoechemical technologis [3]. These thermal processes
provide an efficient, environmentally acceptable and the-effsttive method of providing a
sustainable energy source.

Pyrolysis processes are conducted under an inert atmosphere for the production of selids (bio
char), Iquids (bicoils), or the high heating values gases. Their relative fractions depend on the
operating conditions (the extreme situations are usually referred tggtolysis(~ 400°C and using
the slow heating ratesharacterized by high vapor residericee (57 30 min)) and fast pyrolysis
(which mainly maximize the production of bail, where the biomass is quickly heated to a high
temperature with use of a very high heating rates: 100000°C s%).

Bio-char represents the obtained solid produmin pyrolysis. High values of carbon content
and heating value in bichar made it comparable to coal and coke used in a blast furBhdesofess
parameters in pyrolysis such as temperature, heating rate, residence time, pressure, and particle size
are crucial in particular to achieve high quality offsimar. Among the parameters, temperatsirine
most influenced parameter on kibar quality and yield. Increasing of pyrolysis temperature leads to
produce better quality of bichar, i.e. higher cadm content, lower volatiles, lower ash content, and
higher heating valueWhereas, biehar yield is lower when pyrolysis temperature is high, which
correspond to poor economic performance of pyrolysis procegses [

Through pyrolysis process, it is podsilto obtain a liquid fuel with higher vakaded, i.e. bio
oil. This fuel is manageable in combustion proces&sapd generates lower toxic emissions
compared to those of petroleum fueBo-oil is a biofuel obtained by condensation of the vapors
coming from biomass sources pyrolysis. However;fhigl is the liquid product of the fast pyrolysis
of biomass. Many researchers have been engaged in its application and the further treatment.

One of the important products of the pyrolysis is production sffgels (hydrogen and syngas)

[9] where other valuable gases, such as carbon monoxide (CO) can also be generated by pyrolysis.
These gases can be useful, among other applications, in chemical synthesis and high efficiency
combustion systems such as fudlélydrogen, has been considered the most suitable alternative for
future energy, aiming to reduce the dependence on fossil foeélsaabon based emissionsargest
consumption of hydrogen includes the synthesis of ammonia and methanol, upgradingvihe he
hydrocarbons and (iron) ore reductiom.addition, CQ reforming of methane can produce a syngas

with a theoretical HCO ratio of one, which is lower than,/@0O ratio delivered by partial oxidation,

steam reforming or autothermal reforming of methpl®. Such a syngas with a rich CO coriten

offers possibility to produceyngas wichiometries suitable foprocesses of the direct synthesis of
aldehydes and alcohols or olefin/gasoline synthesis of Fidabesch synthesid[].

The main goal of thisvork is the pyrolysis characterization of different types of biomass
(lignocellulosic biomass as agriculturasidue} usingthermogravinetric analysis (TGA)derivative
thermogravimtery (DTG) differential scanning calorimetrfDSC) coupledwith mass pectrometry
(MS) detectionanalysis wherelatest generation device for thermal measurements is isedused
device allowssimultaneous measurements of-DGEG-DSC sighals on the lagcale grade



2. Materials and Methods

2.1.UsedMaterials and Sampling Procedure

Various biomass samples were usedexperiments byimultaneous thermal analgs(STA),
Biomass samples includegricultural residuesasfollows: corn (Zea mayg brakes, wheat stra{f.
aestivum and hazelnut(Corylus avellan® shells.Corn was grown on domestic fields &central
region of the Republic of Serbia. After peeling, corn brakes were left on a pile as industry leftovers for
2 months. Hazelnut shells canfrom suburban region of Serbia, near Capital city, Belgrade. After
removing hazel nutsd i nner apdédrought to thédnlablorhtery. ieatr e c ol
straw was brought froomountains in Southern Serbia and it was alreaidydried beforesample
preparation started.

According to standard EN ISO 1478IP] each biomass sample was prepared for experimental
tests. Sample was removed from the trangpactagng, and then placed inside the oven at 105 °C for
2 h, in order taletermine moistuee left on the inner surfaces of the packing. This amount of moisture
was included in the calculation of the total moisture content in the sample according to standard EN
ISO 18134[13]. Regarding the pre-drying process of the samplehieh is necessary toemove
residual moisture during preparation, sample was placed on a plate and left to reach moisture
equilibrium with laboratory atmosphere conditions for 24 h. After that period of time, sample was
reduced in two steps using cutting mill, after which @&swsieved through the 1 mm (18 Mesh sizes)
sieve.

Finally, the obtained undersize was declared as a general analysis sample and divided into 3 test
portions for further testing. First portion of prepared sample was used for determination of ultimate
analyss (carbon,hydrogen and nitrogen contenggcording to standard EN ISO 169fB1]. The
results of proximate analysis (total moisture, ash, volatile matter and char content) were @taiained
the second portion gfrepared sampl€roximateanalysis wagperformedin accordance witktandard
procedureslefined inEN ISO 172251 [15]. The higher heating value (HHV) and lower heating value
(LHV) for tested samples were determined udiognb calorimeter (IKA C200,KA® Works, Inc.,
Wilmington, USA), accordingo the standard EN 1SO 181PH].

2.2.SimultaneousThermal Analysis (STA) Measurements

The STA (TGA(DTG)-DSC) meaurements were performed dhird portion of prepared
biomass sampl&NETZSCH STA 445 F5 Jupiter systdirich NETZSCH GmbH & Co. Holding KG
Geamany)was used for STAests for alltestedsamples. Inert atmosphere was provided to maintain
the pyrolysis process using high purity nitrogen (Class 4.6) as a carrier gas. At the same time, nitrogen
was used as a protective gas in order to keep theshigin s i t i ve i nter nal bal ance
and protective gas flovateswere set to thé = 50 mL min'. The weight measurements were carried
out using internal balance which provided the following results: corn hrékes+ 0.D mg, hazelnut
shellii5.35 + 0.10 mgandwheat strawi5.80 = 0.50 mgrespectively Alumina aucibles were used for
test s, and during each measurement they were fi
placed on the top, so the optimum heat transfer coutddlzed. Each sample was tested using three
different heating ratesh(= 5, 10 and 20C min?), one for each measurement. Using these heating
rates, the samples were heated from rdambient)temperature up t@ = 600 °C. During allthe
measurements, the sample temperature controller (STC) was turned off, so the seituesn(&00


https://en.wikipedia.org/wiki/Corylus_avellana

°C) is referred to furnace temperature. Temperatpresented on diagrams &@mnple temperatures
that, due to the construction of the furnace, never reached the set temperatutealihis mode
resulted in better temperature curve lineariban it wold be possibleif STC was turned orSTA

445 F5 Jupiter runs undeersatile Protefssoftware and includes all operating tools to obtain a
reliable measurementiataandto evaluatethem or even carry out complicated analyses.

2.3.Mass $ectrometry (MS) Analysis

Determination of evolved gases froperformed STA was carried out continuously using
guadrupole mass spectrometer NETZSCH QMS 403&dlos (QMS)(Erich NETZSCH GmbH &

Co. Holding KG Germany. TGA/STA T QMS coupling wasprovided bytrander line (quartz
capillary tubgwi t h di a me tTransfer dinfe wagbated and kept at constant temperature of
230 °C in order to avoid condensatiaf evolving volatile compound€QMS was operated under
vacuum up to 10 bar, providing conditions necessary to detect gas componsittg their ions
intensity according to their respeaivmass to charge ratioavf). Evolved gas composition was
monitored and analysegtaphically (onbargraphcycleg, with scanning mass units in the range from
1 to 80. Cycles were set to speed of ®ger mass unit and carried out usstgir mode. Ecitation
energy in the QMS was set up at 1200 eV with the resolution of 50 units.

From the selected range, the focus was on specific ions that correspond to gases evolved in
pyrolysis process. Accordinglthe molecules with atomic mass units (amu) of 2, 16, 18, 28, 30, 44,
58 and 72 which correspond tg,HCH,;, H,O, CO, GHe, CsHg (CO,), C4Hio and GH4, respectively,
were analysed, and intensity peak areas obtained for each compound were compared.

3. Results and Dscussion

3.1.Results of Proximate ad Ultimate Analysis and Bio-Char Yields

Tablel presenthe results of proximate and ultimate analysis of tested biomass samples.

Table 1Proximate and ultimate results for tested biomass samples

Proximate analysis(wt %) Corn brakes Wheat straw Hazelnut shell
Moisture 8.58 11.63 9.27
Volatile matter 73.94 65.32 68.08
Fixed carbon 16.00 15.17 20.97
Ash 1.48 7.88 1.67
HHV (MJ kg™h) 16.72 15.29 18.20
LHV (MJ kg") 15.10 13.91 16.68
Ultimate analysis' (wt %)
C 47.97 44.12 50.12
H 6.87 6.34 6.66
o° 42.89 39.99 40.53
N 0.66 0.63 0.86
S 0.00 0.00 0.00

20n a dry basis’ By the difference.

It can be seen from Tablethat all biomass samples are characterized by high volatile matter
contenf ranging from65.32 - 73.94 %, which makes them desirable for a good regulation of
combustion or gasification procességnong tested samples, wheat straw shows the highest ash
content value.88 %, because of the fact that amongagiticulturalresiduesthe high aslcontent of



strawinterfere withpulping process (apropos water must be spray onto the wheat straw when cutting it
in pulp mill to prevent raising of the dust), the chemical recovery of pulping chemicals and the
utilization of straw as fuel. Raw materiat have moisture conterangng 8.58 - 11.63 %which can
be attributed to open air conditions as well as to wet separation process. In addition, it can be observed
from Tablel thatcorn brakesrecharacterized bjighest value of volatile matteomparedo other
samples, which emns it is characterized Whyghest conversion, in comparison ttee sample with
highest fixed carbon (hazelnut shell, Tall)e From a theoretical point of view, corn brakes can be
suitable for poduction of bieoil, while hazelut shell would be besaw materialfor production of
bio-char (Tablel). All tested samples have the HHV valuesmging from15.29- 18.20 MJ kg,
which correspondgo heating values of biomass derived bhmars (11.83 44.20MJ kg") [17,18].
Generally the biomasses with high HHV valuesake them very attractive fahe sourcdeeds for
clean energy production instead of fodsksed solid fuels

In addition, the concentration of C and H is the lowest for wheat stwéile their highest
concentratiorwas identified for hazelnut shell (Tablg. The wheat straw has a something lower
content of O compared to other samples, which may indicate creation of smaller amount of inorganic
vaporsduring combustion Agricultural biomass has a low heating value doi its high ash content,
where it was reported §] that biomass with a high ash content is not an ideal fuel source, because the
ash content is one of the main factors that directly influence the heating value of biomass. High carbon
and low oxygen iniomass as compared to coal (73.1 % of carbon and 8.7 % of oxygen) are favorable
for combustion applications, while the higher proportion of carbon (relative to hydrogen and oxygen
content) (for example, wheat straw and hazelnalisfirable1) increasestte energ content of a fuel
becausesnergy contained in carbaarbon bonds is greater than that of carbrygen and carben
hydrogen bond<2[)].

Bio-char yield for considered samples was calculated from STA experiments using a relation:
Bio-char yield (%)= [(my) / (m)] x 100, wherem is the mass at desired temperature and time, while
m is the mass at time= 0 (min). Table2 lists values of biechar yields of biomass samples in
pyrolysis process obtained at different operating temperatures aneheestimes at0°C min™.

Table 2 Biochar yields of tested biomass samples at different operating temperatures and
residence times for the heating rate ob = 10°C min™

Corn brakes Wheat straw Hazelnut shell

T (°C) 250 350 450 550 | 250 350 450 550 | 250 350 450 550

t(min) |24.50 33.76 43.50 53.31| 24.50 34.00 43.83 53.58| 24.47 33.75 43.55 53.26

Yield (%) | 89.21 43.42 30.38 26.65| 90.87 46.15 34.21 30.60| 88.00 52.98 36.24 31.66

It can be seen from Tablthat for all biomass samples, the {oiar yields are negatively
correlated with increasing pyrolysis severity (increased operating temperature and longer residence
times). Among tested samplesorn brakeshave the lowest bichar yield forT O 450 °C along
residence timet > 43.50 min. At high operating temperatureprobably, there is a significant
distinction in composition of cell wall components and extractivaiisitype of biomass sampile
comparison withwheat straw and hazelnut #hérom presentedesultsit can be seen thdtazelnut
shell has the highest bhar yield (excepat the lowesbperating temperature). From thessults it
follows that high initial moisture for wheat straw (Tafi}eproduceshigh biochar yield athe lowest



operating temperatur@andthen visibly decreases with incread residence time (Tabl2). Obtained
resultsfor bio-char yieldsarein the range for bi@har yield under slow pyrolysis of biomass feedstock
(27 60 % R1]. Fairly high biochar yelds in this study can be attributed to lower valfi@itrogen

flow rate, where carrier gas can regulaspor residene time and has an impact char forming
reactions.

3.2. TGA-DTG-DSC Curvesof Pyrolysis Processes

Experimental TG (Thermogravimetric)y DTG (Derivative thermogravimetric)i DSC
(Differential scanning calorimetryjurves for thermal decomposition of corn brakes (a), wsteatv
(b) and hazelnut shell (ehder an atmosphere of nitrogare shown ofriguresl-3.

All TGA curves (Fig.1) show tlree main stages which are typical for biomass pyrolysis
process. The first stage corresponds to moisture release (water evaporatiqyydlyses stage),
which occuresapproximately inthe temperature range 25175 . The remaining two stages are
attributed to active and passive pyrolysis, respectively. The active pyrolysis stage is characterized by
largest mass loss where various vapors and gases are released as a result of decomposition processes
of hemicelluloses and cellulose which takes place imdtage, withi temperature ranges 17580
°C and 250 380°C, respectively.
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Fig. 1 TGA curves of ai corn brakes, bi wheat straw, and c¢i hazelnut shell pyrolysis process,
at different heating rates (5, 10 and 20C min-1)

On the othehand, the lignin is decomposed in both stages: active and passive pyrolysis stages
in the temperature range 175600 °C, without characteristic peaks (Fig). However, various
biomasses show different heat effects in respect to the number of endotred exothermic peaks at
fixed heating rate (Fig3). The depth of endothermic peak related to-pymlysis stage varies from
sample to sample, which is in correlation with moisture content in samples (Table 1). One of the
processes i s c @vert that nptolyably fitmeee sik and advantage of overlapping
decomposition reactions, related to one of the pseodgonents in biomass samples.
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Fig. 3 DSC curves of d corn brakes, bi wheat straw, and ¢i hazelnut shell pyrolysis processt
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The DSC curve fohazelnut shell (Fig3, c) is only distinguished &m other DSC curves.
Certain variations in the heat effects cha significantly stimulatd by concentration ofthree
important pseudaeomponents (hemicellulose, cellulose, and lignin) present in samples, which also
affects the development of decompositfmaths.For wheat strawthe slight exothermic effect in the
passive pyrolysis which is attributed to lmioh a r formi ng waswhitbdosotlgm at e d
samples this is indicated iy 4 6  8).Atislgould be mentioned thatrength of endothermic pea
caused by volatilization afoisture can be enhanced higher gas flow, while with an increase of
pyrolysis temperature, the heat of exothermic reaction during pyrolysis can increase gradually.

Regardless opyrolytic behavior only DTG curve related t@orn brakes pyrolysis (Fi@, a)
showtwo distinctive peaks attributed ttlecomposition reactions demicellulose and cellulose in an
active pyrolysis stage (designatedfb 6 a)nd @ 30

For other twosamples(Fig. 2, b-c), the welldefined peakwhich was present ircorn brakes
pyrolysisi s transf or med Considaringtalh@TG Busvedpng Iltadseinr a passive
pyrolysis stage can be attributed decomposition of lignin atemperatures above 40C, where
pyrolysis proceeds with a slower ssaoss rate.

Based on these resuliscan be concluded that high heating rates, separate DTG peaks did
not arise because some of them were decomposed simultaneously and several adjacent peaks were
united to form overlappedider and higher peaksThis is consequence of heat and mass transfer
limitations. In this respect, with an increase in heating rate, the temperature in furnace space can be a
little higher as the temperature of a particle and the rateaunggosition are higher tharlease of



volatiles.Differences irmolecular structures and chemical nature of three psemtiponents account

for observeddissimilar behaviorsNamely, it is obvious thatariations in appearance in DTG curves
are primary related to variation in percentage of lethiloses presented in biomass samples.
Namely, the higher lignin content mdgadto a slower decomposition with a more energy needed,
whereas a higher cellulose and hemicelluloses content decomposes faster and produces a larger
fraction of gaseous prodts. Detected exothermic effects withthe passive pyrolysistage can be
attributed todecomposition patterns of hemicelluloses and lignin that are related to their high charring
nature, ad which is in contrast witklecomposition of cellulose taking pby the full volatilization

[24, 25. Bio-char consistsof the residue of lignin[26-28], where lignin continues to further
exothermic polymerization stage of lbar. At higher temperatures, the polymerization of biomass
bio-cha continuously occurrednd polymerization reaction is dependent on the unique properties of
bio-char oftestedsample At low heating rates, the bichar yield from lignin exceeds 50 % by weight.

3.3. Analysis of the Gases Produced During ¥olysis

Thermogravimetric analysi® massspectrometry TGA-MS) profiles of the evolved gases
during pyrolysis H,, CH,;, C,He, CsH10, CsH1» and profiles of the changes the ion current as a
function of temperaturegl{e mass spectra) for pyrolytic water {B), CO, (CsHg) and CO for various
typesof biomass(CB i corn brakes, WS wheat strawand HS i hazelnut shell) athe different
heating ratesf 5, 10 and 26C miri* are shown in Figsti 6 (a)-(f), respectively.

The present study was focused on the main volatile products of biomass gyoolythie basis
of changes in ion currents across the temperature range o6@0 °C, and on their relevancy,
assigned to the ion/mass insgies (m/z) with corresponded screening analysis performed in the
selectedon monitoring (SIM) mode (the ions dtaateristic of each molexules, such as: 2, 16, 18, 28,
44, ... for H, CH,, H,O, CO, CQ, ... were monitored) and which is in accordance with database of
National Institute of Standards and Technology (NIST).
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Fig. 6 SimultaneousTGA-MS profiles of evolved gases ding pyrolysis of hazelnut shell (HS)

For tested samples, at all observed heating rates, the primary devolatilization stage was
identified with major mass loss and the release of organic compounds which leads to foofrizition
char, where this stage ealses B CH,, H,O, CQ (also C3Hg), CO, includinglight hydrocarbons
(Figs.4 1 6). The maxinas in DTG curves Fig. 2) correspond to the maximuof gas release, as
shown inFigs.41 6. It can be observed that with arcreaseof the heating rate, th@ntensityd of ion
currentalso increases, so theite of the gas producteleaseis higher For CB andWS, the light



gases, b CH, (C,0 Cs), and CQ (Figs.4 1 5 (a)(f)) evolve at a wide temperature range and their
evolution profiles are similar to DTG mianum ratesln addition, for both cases, some deviations are
observed for CO evolution profile and thpeofile varies withheating ratechange Largest deviation

showsCO evolution profileof HS pyrolysis in respect to DT@&aximafeatures, and this devian is

particularyy pronounced, when changing heating rate from lowest to highest rhatfig. This is
consequence of ngmr of i |l ed DTG peak, but a cl ear appear an
depends on hemicellulogencentrationif the corcentration is low.

Having in mind these results and comparing the CO gas pr(figsading CO, profile), it can
be concluded thatontribution of ligninplays a significant role and its contribution largely depends on
the heatingrate . Since the ligm is decomposed continuously in a wide temperature range, with
undefined mass logate auch behavior is manifested through a seriefiunfsteady profiles of CO
evolution.It shouldbe noted thaCH, and H peaks are detected in passive pyrolgsise fo T > 450
°C. This secondary pyrolysis is the result of decomposition of heavy molecules-thaio The H
evolved is, in fact, only a part pfesentiydrogendue tohigher volatile matter content in samples.

It should also be noted thatgardng to H,, the charring and restructuring processes, which
include dehydrogenation reactions, are responsible for its production, starting at temperature above
450 °C, depending on the samplEhe CH, as well as other £and G hydrocarbons, present local
maxima & temperatures different than ones of the DTG maag@ima(for HS) (Figs.6 (a)(f)). ForHS,
two local maxima at 10 and 20C min™ in temperature ranges 400450 °C / 4507 550 °C
correspondto methane evolution peaks. The lower temperature peak cantber i but esd t o
functional group cracking, while the higher temperature peak is due to charring pro2gsses [

A relatively significant amoustof CO and HO were detected because of large number of
hydroxyl groups and oxygen atoms presentha sanples (cellulose, hemicelluloses, and lignin).
However, we can note thatajority of gases is generatedtigmperature range of 200600°C, where
differences occur in respect to chanfthe heating rate and peakfintensityo .

At temperatures below 20TC, there is justreleaseof H,O (Figs.4 1 6 (d)-(f); its peaks
coincide with those odDTG curves, during evaporation step. The release,Of &hd CQ (Cs) occurs
between 200 and 50TC. These two gasesre characterized mainly by two peaks, whep® kvas
produced on all the interval of decomposition of biomasdicatingtheir provenance from different
origins. The peak obtained at approximately 1G5s due toreleaseof absorbed water, whilpeaks
beyond 200°C correspond tovater formed duringleconposition of hemicelluloses, cellulose and
lignin. Productiors of C,Hg results from decoposition of cellulose whileelease of Ch at low
temperatures, comes from decompositions of cellulose and hemicelllBOe&t [high temperatures,

CH, is mainly prodiced by cracking of the methoxyl grou4];

Fig. 7 (a)(h) showssimultaneous comparisaf individual gaseous products for each sample at
a fixed value of the heating rat&0 °C min™).

Usually (for water and carbon dioxide), the shape of the mastr@metric curves resembles
DTG curve. The shape similarities of the mass spectra of these compounds with shapes of DTG curves
for all biomasses are obvious. On the other hand, however, the hydrogen signal has a different
behavior. At a fixed rate of heatig, for WS the ion current of hydrogen increases from low
temperature to approximately 380, and then decreases to higher temperaiigs7 (a)). However,
for CS, the ion current of hydrogen increases also fiom temperature and maintains at a canst
value in a very narrow temperature range and then increases up f€,340d then decreasé¢s
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higher temperaturesig. 7 (a)). Considering DTG curve at € min™, it can be observetthat there

are some differences with behavior of the mass sigina largest differences can begén the case

of HS, wheranaximum ion current is reached at approximately ZB0which is completely opposite

to maximum mass loss rate identified on D@@ves related to this system (F&xc), andFig. 7 (a)).

It can be assumed that the mass spectrometric signal is strongly overlapping with DT Gqueéz,

the mass spectrometric signal for hydrogen is overlap only partially with DTG clinen be
concluded thamain source for hydrogen production arises fronrrita volatilization of biomass
pseudecomponentsThe methane mass spectrometric signal (except for HS) is similar to the shape of
DTG curves. However, for CB and HS, the methane signals shdepeaks in temperature ranges
4507 580°C and 460" 580°C, respectively.
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Fig. 7 Comparison of individual gaseous products for each tested biomass sam@& (WS and
HS) at a fixed value of the heating rate (10C min-1)

This means that in considered cases, the most pronosnoecks for methane productiare
from two origins:volatilization at lower temperaturegnd charring processat high temperatureFor
volatilization, the cleavage of methoxyl groups present in ligeimore important hereAt high
temperatures, the GHproduction is attributed to charring processes which involve aliphatic and
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