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bstract

The influence of temperature on the properties of the soot formed from C2H2 pyrolysis has been studied. Pyrolysis experiments were carried out
n a quartz reactor at 1000–1200 ◦C, for an inlet C2H2 concentration of 15,000 ppmv. Outlet gases were analysed by gas chromatography and the
mount of soot produced measured. The soot samples formed were further characterized using elemental analysis, BET surface area, transmission

lectron microscopy, X-ray photoelectron spectroscopy, X-ray diffraction and Raman spectroscopy. The soot reactivity towards O2 and NO was
tudied. Results show that formation temperature is a key parameter in the properties and reactivities of the soot samples formed. The higher the
emperature the less reactive the soot, and structural properties support these results.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Soot is a carbonaceous solid produced during the combustion
f fuels when combustion conditions are sufficiently fuel-rich
o allow polymerization/condensation reactions of the fuel to
ake place, so that the soot particle can nucleate and grow. Soot
s an undesirable combustion product, and its formation repre-
ents one of the most complex chemical systems in combustion.
onsiderable progress has been made in recent years in under-

tanding the chemical and physical aspects of soot formation in
ombustion processes. The process of soot evolution from fuel
onsists of complex chemical and physical steps, including fuel
yrolysis, polycyclic aromatic hydrocarbon (PAH) formation,
article inception, coagulation, surface growth, carbonization,
gglomeration, and oxidation [1,2]. Soot emissions in combus-
ion may be controlled by limiting the inception of new soot
articles or by burn-out of existing soot particles. In this context,

study of the soot formation process and the properties and reac-

ivity of the resultant soot samples in different conditions may be
nteresting to the development of strategies to control emissions.

∗ Corresponding author. Tel.: +34 976761150; fax: +34 976761879.
E-mail address: pilruiz@unizar.es (M.P. Ruiz).
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The knowledge of the soot reactivity in different environ-
ents is of great significance for pollution control in combustion

rocesses: industrial flames, auto engines, etc. In fact, the study
f the interaction between soot and different gases is impor-
ant, not only to eliminate the soot particles, but also to analyse
he reduction of the NO generated in the combustion process
3–5].

The soot reactivity is directly related to its structure and
omposition. Properties such as surface area, particle size and
rystallinity affect the reactivity of the soot particles. The soot
anostructure depends upon its formation conditions, like fuel
dentity, residence time and temperature. An understanding of
hese dependences is fundamental to control the physical prop-
rties of the soot and therefore, its chemical reactivity [6–9].

In order to analyse the physical properties of the soot and
elate them further to its reactivity, different techniques have
een widely used, mainly scattering and microscopic techniques.
-ray diffraction, Raman spectroscopy and transmission elec-

ron microscopy are current techniques used to study the soot
anostructure and morphology [10–17].
Motivated by all these issues, the purpose of this article is
he study of the influence of the temperature on the formation,
roperties and reactivity of the soot formed from C2H2 pyroly-
is, compound that is considered as the main precursor of soot.

mailto:pilruiz@unizar.es
dx.doi.org/10.1016/j.cej.2006.09.006
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o do that, different techniques (elemental analysis, determi-
ation of BET area, transmission electron microscopy, X-ray
hotoelectron spectroscopy, X-ray diffraction and Raman spec-
roscopy) have been used to relate the formation temperature to
he soot nanostructure and its reactivity towards O2 and NO.

. Experimental

.1. Soot formation

Experiments of C2H2 pyrolysis have been carried out in the
acility shown in Fig. 1. This installation is similar to the one
mployed in a previous work [18]. It consists of a gas feeding
ystem, a reaction system, a soot collection system, and a gas
nalysis system. The reactor employed is a quartz tube of 45 mm
nternal diameter and 800 mm in length. Reactor inlet and out-
et can be cooled, by an air flow, which allows controlling the
emperature profile inside the reactor. Longitudinal temperature
rofiles inside the reactor have been determined by means of a S-
ype thermocouple in different conditions. The reactor is placed
n an oven electrically heated. The soot formed in the reaction
s collected in quartz fiber filters of 25 mm diameter and 60 mm
n length, with a pore size less than 1 �m.

In the experiments, a given flow rate of C2H2 diluted in nitro-
en is fed into the reaction system, which is heated at different
emperatures in the 1000–1200 ◦C range. No soot formation has
een observed at lower temperatures. The inlet C2H2 concentra-
ion used is 15,000 ppmv and the total flow rate is 1000 ml/min
STP). Taking into account the total flow rate used and the tem-
erature interval considered, a length of the reaction zone of
4 cm can be assumed with a flat temperature profile ±25 ◦C.

hus, the gas residence time in these experiments, defined as

he reaction zone volume divided by the total gas flow rate
ntroduced, is 3983/T (K) s. Every experiment is run during the
ecessary time to collect a significant amount of soot (higher

i
(
i
p

ig. 1. Experimental set-up used for the C2H2 pyrolysis experiments. (1) N2 and C2

uartz reactor; (6) electric furnace; (7) temperature controller; (8) soot sampling filte
ring Journal 127 (2007) 1–9

han 1 g). This results in a length of the experiment of about 3 h.
n every experiment, the composition of the outlet gas has been
nalysed by gas chromatography and the soot obtained has been
ollected. For further soot reactivity study and analyses, and in
rder to eliminate the adsorbed compounds in the soot samples
ormed, the raw samples are annealed during 1 h in a N2 atmo-
phere at 1100 ◦C, except the soot samples produced at 1000
nd 1050 ◦C, which are annealed at their formation temperature
o avoid possible structural changes.

.2. Soot reactivity

In order to study the reactivity of the soot samples formed,
xperiments of the soot–O2 and soot–NO interactions have been
arried out in a quartz reactor for a temperature of 1000 ◦C and
total flow rate of 1000 ml/min (STP). For the soot–O2 experi-
ents, the inlet O2 concentration used is 500 ppmv, and for the

oot–NO tests, the inlet NO concentration is 2000 ppmv.
The experimental set-up used for the soot reactivity exper-

ments is shown in Fig. 2. A control panel connected to mass
ow controllers is used to prepare a mixture of gases (N2/O2 or
2/NO) from gas cylinders. The desired mixture is directed to a
uartz reactor of 550 mm in length and 15 mm internal diameter.
t is heated by an electrical furnace.

For every experiment, the amount of soot introduced into the
eactor is approximately 10 mg and it is always previously mixed
ith 350 mg of silica sand (150 �m). The mixture is located
n a quartz wool plug placed in a bottleneck in the middle of
he reactor, resulting in a thin layer. The sand is necessary to
acilitate the introduction of the sample into the reactor and to
revent agglomeration of the soot particles. An inert flow of N2

s fed while the sample is heated up to the reaction temperature
1000 ◦C). Once this set point is reached, the reactant gas mixture
s fed. The reaction temperature is measured by a thermocouple
laced 0.5 cm just below the quartz wool plug where the reac-

H2 cylinders; (2) mass flow meters; (3) control unit; (4) bubble flow meter; (5)
r; (9) gas chromatograph.
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Fig. 2. Experimental set-up used for the soot–O2 and soot–NO interaction tests.
(1) N2 and O2 (or NO) cylinders; (2) mass flow meters; (3) control unit; (4)
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Fig. 3. Outlet gas composition (H2 and C2H2) in the C2H2 pyrolysis experiments
made for an inlet C2H2 concentration of 15,000 ppmv, in the 1000–1200 ◦C
temperature range.

Fig. 4. Outlet gas composition (CH4, C2H2, C3, C4 and C6H6) in the C2H2

pyrolysis experiments made for an inlet C2H2 concentration of 15,000 ppmv, in
the 1000–1200 ◦C temperature range.
ubble flow meter; (5) fixed bed reactor; (6) electric furnace; (7) temperature
ontroller; (8) compressor; (9) condenser; (10) particle filter; (11) NO analyser;
12) CO/CO2 analyser; (13) vent.

ion takes place. The reaction products are evacuated and then
ooled down to room temperature. Prior to the analysis system,
particle filter is placed in order to retain any solid particle. The

eaction products are continuously measured by Uras14/IR NO
nd CO/CO2 analysers. In the soot oxidation experiments, only
he CO/CO2 gas analyser is used.

.3. Soot characterization

As has been mentioned, all the soot samples formed have been
haracterized using different techniques: elemental analysis,
etermination of BET area, transmission electron microscopy
TEM), X-ray diffraction (XRD), Raman spectroscopy and X-
ay photoelectron spectroscopy (XPS). The elemental analyses
ave been carried out in a Carlo Erba CHNS-O EA1108 anal-
ser. A Quantachrome AUTOSORB-6 gas adsorption analyser is
sed for the surface area analyses with N2 at 77 K. TEM images
ave been obtained using a JEOL JEM-2010 microscopy. XPS
nalyses are made in a VG-Microtech Mutilab 3000 analyser,
RD analyses in a Seifert JSO-DEBYEFLEX 2002 model and

or Raman analyses, a Jobyn Yvon Horiba LabRam Spectrom-
ter has been used.

. Results and discussion

.1. Soot formation

The results of gas composition, gas yield and soot yield
btained for different temperatures (1000–1200 ◦C) in the C2H2
yrolysis experiments are shown in Figs. 3–5. The main gases
nalysed are H2, CH4, C2H2, C2H4, compounds with three (C3)
nd four (C4) carbon atoms and C6H6. As can be deduced from

he results shown in Fig. 3, the conversion of acetylene increases
ith temperature, varying from 52% at 1000 ◦C up to 81% at
200 ◦C. On the other hand, an increase in the temperature of
oot formation leads to an increase in H2 concentration, which

Fig. 5. Soot and gas yields obtained in the C2H2 pyrolysis experiments made for
an inlet C2H2 concentration of 15,000 ppmv, in the 1000–1200 ◦C temperature
range.
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soot samples formed at lower temperatures have lower τ values,
and thus, are more reactive towards O2.

Table 1
Carbon complete conversion time in the soot oxidation experiments

Soot samples τ (s)

Soot 1000 ◦C 5,406
M.P. Ruiz et al. / Chemical En

s the main gas product in all experiments. However, concen-
rations of the other gases analysed decrease with increasing
emperature (Fig. 4). With respect to the gas and soot yields,
hey are defined as the percentage of the amount of carbon in
he gases and soot, respectively, related to the amount of carbon
hat goes into the reactor. Fig. 5 shows that, increasing the tem-
erature, the soot yield increases and, therefore, the gas yield
ecreases. The increase of soot yield with the temperature has
een previously reported in the literature [18–21].

.2. Soot reactivity

Experiments of the interaction soot–O2 and soot–NO have
een carried out in order to study the reactivity of the different
oot samples formed and to further relate it with the character-
stics of the corresponding soot.

.2.1. Soot–O2 interaction
Several investigations have been carried out about the soot

xidation process in order to study the mechanisms of soot oxi-
ation [22–24].

In this work, experiments of the interaction between the soot
amples formed and oxygen have been carried out for an inlet
xygen concentration of 500 ppmv and for a temperature of
000 ◦C. The outlet gases continuously analysed are CO and
O2. During the experiments, carbon is mainly lost from the
articles in the form of CO and CO2. The carbon mass in the
eactor at any time was calculated from the measured time vari-
tion of CO and CO2 concentrations in ppm (CCO and CCO2 ,
espectively) of the exhaust gas. In this way, the total initial
mount of carbon (in mol) in the reactor, NC0 , was defined as:

C0 = FT × 10−6
∫ ∞

0
(CCO + CCO2 ) dt (1)

here FT is the outlet flow expressed in mol per unit time and
s expressed by the following equation:

T = QP

Rg T
(2)

here Q is the feeding flow rate, P the reactor pressure, Rg the
niversal gas constant in appropriate units and T is the reactor
emperature.

The amount of carbon (in mol) in the reactor at any time is
alculated as:

C = NC0 − FT × 10−6
∫ t

0
(CCO + CCO2 ) dt (3)

Therefore, the carbon mass in the reactor at any time, WC, is
etermined as:

C = NC MC (4)

here MC is the atomic mass of carbon.
In this way, the evolution of carbon conversion accumulated
XC) as a function of time can be calculated for all experiments.
hese results for the soot samples obtained at different tempera-

ures are shown in Fig. 6. As can be observed, higher XC values
re reached with the soot samples formed at lower temperatures.

S
S
S
S

ig. 6. Evolution of carbon conversion as a function of time in the soot oxidation
xperiments ([O2] = 500 ppmv; T = 1000 ◦C).

In order to compare the reactivities of the different soot sam-
les, it has been considered interesting to use a simple particle
inetic model that fits with good accuracy the experimental data
f the evolution of carbon conversion with time.

The particle model that there is used for describing this
on-catalytic gas–solid reaction is the “shrinking core model”
25,26]. Its simplicity makes it adequate for the description
f many heterogeneous, non-catalytic gas–solid reactions. Tak-
ng into account the experimental system, a constant gas con-
entration on the soot particle surface can be assumed. The
xperimental results fit with good accuracy to the following
quation:

t

τ
= 1 − (1 − XC)1/3 (5)

hat would correspond to the equation of the shrinking core
odel assuming a decreasing particle size and chemical reaction

ontrol. From this equation, using the carbon conversion values
t any time, it is possible to calculate the so-called in the model,
arbon complete conversion time, τ.

The values of τ are calculated, according to Eq. (5), from the
tting of the experimental data of up to 95% carbon conversion.
hese τ values are inversely related to the solid reactivity. The
values obtained for the soot samples formed at different tem-

eratures are summarized in Table 1. It can be observed that the
oot 1050 ◦C 6,636
oot 1100 ◦C 7,469
oot 1150 ◦C 9,573
oot 1200 ◦C 11,211
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Table 2
Carbon complete conversion time in the interaction soot–NO experiments

Soot samples τ (s)

Soot 1000 ◦C 14,646
Soot 1050 ◦C 12,200
Soot 1100 ◦C 13,294
S
S
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ig. 7. Evolution of carbon conversion as a function of time in the interaction
oot–NO experiments ([NO] = 2000 ppmv; T = 1000 ◦C).

.2.2. Soot–NO interaction
The great interest in reducing the emissions of nitrogen oxides

as led to a large amount of work on the kinetics and mecha-
isms of reduction of NO by different carbonaceous solids [e.g.
–5,27].

In this work, the interaction between the soot samples formed
nd NO has been studied for an inlet NO concentration of
000 ppmv and a temperature of 1000 ◦C. The gases continu-
usly analysed are CO, CO2 and NO. From the concentration
alues obtained it is possible to calculate the carbon conver-
ion and the NO conversion as function of time. These results
re shown in Figs. 7 and 8, respectively. Although the NO con-
ersions reached with all the soot samples are very low (less
han 0.1), the soot samples formed at lower temperatures exhibit
igher reactivities and lead to higher NO conversions. It should
e noted in Fig. 8 that NO conversion decreases with run time

ecause WC also decreases. In the same way as in soot oxidation
xperiments (using Eq. (5)), it is possible to calculate the car-
on complete conversion time in the soot–NO interaction tests

ig. 8. Evolution of NO conversion as a function of time in the interaction
oot–NO experiments ([NO] = 2000 ppmv; T = 1000 ◦C).
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oot 1150 ◦C 17,501
oot 1200 ◦C 19,433

Table 2). At any time, the amount of NO (in mol) reacted is sim-
lar to the moles of carbon converted. The soot samples formed
t higher temperatures (1150 and 1200 ◦C) have higher τ val-
es, and therefore they are the less reactive soot samples towards
O. On the other hand, as can be observed in Tables 1 and 2, the
values are higher in the soot–NO interactions. Therefore, the

oot samples are more reactive towards O2 than towards NO.

.3. Soot characterization

.3.1. Elemental analysis
Table 3 shows the results of the elemental analyses of the

ifferent soot samples formed, as well as the C/H ratio in molar
asis. The main element in the soot samples is carbon, more than
4% in all cases. The values of C/H ratio obtained are similar
o the values observed by other authors [28]. It is worth noting
hat higher soot formation temperatures result in higher carbon
ontents and lower hydrogen contents. Thereby, the C/H ratios
re higher at high temperatures. As has been reported in litera-
ure, the hydrogen content is directly related to the availability
f active sites of the solid and so, to its reactivity [29–31]. This
s in agreement with the results obtained (Figs. 6–8) because the
oot samples formed at lower temperatures (1000 and 1050 ◦C),
re the most reactive soot samples.

.3.2. Surface area analysis
The surface area of a solid is also related to its reactivity.

everal references state that soot particles are essentially non-
orous, or have only limited porosity [32,33]. In the present
tudy, the surface areas of the soot samples have been determined
y nitrogen adsorption at 77 K and further calculated using
he Brunauer–Emmett–Teller (BET) adsorption isotherm model.
he results are summarized in Table 4. As can be observed, the
rea values of the soot samples are significantly low, being of
he same order of magnitude as their external surfaces. The soot
ith the highest surface area is the one formed at 1050 ◦C, with
0.3 m2/g. At higher temperatures, the surface area decreases
onsiderably. As has been reported in literature [18,22,28], soot
s a not microporous solid, and increasing temperature, a graphi-
ization process occurs and can lead to lower surface area values.

.3.3. Transmission electron microscopy (TEM)
TEM analyses have been carried out in order to deduce the
icrostructure of the different soot samples formed. The TEM
mages of these soot samples are shown in Fig. 9. It can be
bserved in the TEM micrographs obtained that soot has the
ppearance of chain-like aggregates composed of several tens or
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Table 3
Elemental analysis and C/H ratio (molar basis) of the soot samples formed

Soot samples Elemental analysis (wt%) (dry basis) C/H (molar basis)

C H N S

Soot 1000 ◦C 94.90 0.30 0.00 0.00 26.36
Soot 1050 ◦C 95.51 0.36 0.00 0.00 22.11
Soot 1100 ◦C 97.53 0.17 0.00 0.00 47.81
S 0.00 0.00 58.72
S 0.00 0.00 51.02
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S
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S
S
S

oot 1150 ◦C 98.65 0.14
oot 1200 ◦C 97.95 0.16

undred of sub-units, known as monomers or spherules. Low-
nd high-resolution transmission electron microscopy have been
elied upon as the primary diagnostic for soot nanostructure
6,10,11,14–17,34–36]. Soot particles often occur as fractal
ggregates with sizes up to several hundred nanometres, built
p from primary particles with sizes of 5–50 nm, approximately
15–17,37].

Particle size is one important structural parameter of soot that
s often assessed with microscopy or scattering techniques. The
urrent methodology for soot primary particle size determina-
ion is through analysis of TEM micrographs. In this case, for
ach soot, an average size of the particles has been obtained from
he TEM images. Two particle size ranges can be clearly distin-
uished: 150–220 nm for the soot samples formed at 1000 and
050 ◦C, and 75–110 nm, for the soot samples formed from 1100
o 1200 ◦C. Therefore, the particle average size decreases when
he soot formation temperature increases. These morphological
henomena are attributed to the shrinkage of the outer shell due
o the growth and alignment the grapheme sheets [38–40]. This
rocess converts the initially amorphous soot material to a pro-
ressively more graphitic carbon material with some decrease
n particle size.

The soot particles appear to be encapsulated aggregates of
ighly defective carbon “onions”, presenting a graphitic struc-
ure (Fig. 9). These onion-like structures are made from parallel
rapheme sheets arranged with their basal planes perpendicular
o the radii of the structures. These have been also observed in
he literature [12–14,41]. Several researchers [13,34] even dis-
inguish clearly two parts: an inner core, composed of several
ne particles of 3–4 nm in diameter, and an outer shell, composed
f microcrystallites with periodic orientation of carbon sheets,
r a so-called graphitic structure. In order to prove the existence

f the graphitic outer shell, X-ray photoelectron spectroscopy
XPS) analyses of the soot samples formed have been made.
PS is widely used to study the electronic structure and can
e applied to the structural characterization of carbon materials

able 4
ET surface area (m2/g) of the soot samples formed

oot samples Surface area (m2/g)

oot 1000 ◦C 52.8
oot 1050 ◦C 80.3
oot 1100 ◦C 70.4
oot 1150 ◦C 58.1
oot 1200 ◦C 39.8 Fig. 9. TEM images of the soot samples obtained at different temperatures: (a)

1000 ◦C; (b) 1050 ◦C; (c) 1100 ◦C; (d) 1150 ◦C; (e) 1200 ◦C.
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Table 5
Aromaticity of the soot samples formed

Soot samples A0 0 2 A�-band Aromaticity (f)

Soot 1000 ◦C 1556 624 0.71
Soot 1050 ◦C 1520 587 0.72
Soot 1100 ◦C 1452 528 0.73
S
S

i
T
t
T
o
t
m
l

3

g
b
t
a
s
R
T
i
a
i
1
d
l
a
similar and broad. Therefore, the structure and Raman spectra of
the soot samples can be interpreted in terms of highly disordered
graphitic structures, as can be observed in the TEM micrographs
(Fig. 9). To further investigate the two characteristic D and G
ig. 10. Comparison of the X-ray diffractograms of the soot samples obtained
t different temperatures.

42,43]. This technique allows quantifying the carbon surface
ompounds existing in the soot samples. It can be noted from
he results obtained that the main carbon surface compound in all
he soot samples studied is graphite (more than 90% in all cases).
hese results agree with the presence of the graphitic outer shell
reviously mentioned. XPS analyses have also shown that most
arbon atoms of the soot are in form of sp2 hybridization, C–C
hains or C–H [44].

.3.4. X-ray diffraction (XRD)
X-ray diffraction is a non-destructive and well-established

echnique with good reproducibility. X-ray scattering techniques
ave been widely used for the study of size and structure of
olecules and clusters [12,41,45–48]. Fig. 10 compares the

iffractograms of the different soot samples generated. Diffrac-
ograms have been collected from 5◦ to 90◦. All the soot samples
resent an overall similar shape of diffractogram. The most
rominent peak is the (0 0 2) Bragg reflex, found at 25◦ on the
θ-scale. The (0 0 2) peak position reflects the distance between
he grapheme sheets. The (1 0 0) reflex is found at about 44◦. Left
side the (0 0 2) reflex, the aliphatic �-sideband is found at about
0◦. This band is attributed to aliphatic side chains [48,49]. The
oot samples share these characteristics with graphite, although
he crystallites in soot are very small, as indicated by broad
ragg reflexes. The (0 0 2) reflex and its �-band side chain have
een fitted with two Gaussian functions in order to determine
he aromaticity of the soot by their relative scattering contribu-
ions, as shown in the literature [48–50]. The aromaticity is used
o describe the ratio of carbon atoms in aliphatic side chains
ersus aromatic rings. The aromaticity (f) can be defined as:

= A(0 0 2) (6)

A(0 0 2) + A�

here A(0 0 2) and A� are the areas under either Gaussian curves.
he results of aromaticity for the different soot samples are
hown in Table 5. It can be observed that soot aromaticity
oot 1150 ◦C 1875 500 0.79
oot 1200 ◦C 1892 500 0.79

ncreases with increasing the formation temperature of the soot.
he aromaticity is directly related to the crystalline carbon con-

ent and to the C/H ratio of the carbonaceous material [50].
he soot samples with higher aromaticity values are the more
rdered soot samples and have the higher C/H ratios. These are
he soot samples formed at higher temperatures. Therefore, the

ore reactive soot samples, that are the soot samples formed at
ower temperatures, are the most disordered soot samples [34].

.3.5. Raman spectroscopy
Raman spectroscopy is an appropriate tool for the investi-

ation of carbon compounds, since their Raman spectra have
een found to respond to changes in the microscopic struc-
ure of the carbon materials [51–55]. An analysis of the spectra
llows the inference of internal physical characteristics of the
amples such as the degree of the structural disorder [52]. The
aman spectra of the soot samples formed are shown in Fig. 11.
he main features of the spectra are seen to be a band peak-

ng about 1350 cm−1, the D peak, and another band centred
bout 1590 cm−1, the G peak. The two bands are broad and their
ntensities are close. Graphite exhibits a single Raman peak at
580 cm−1 (G peak) [51,52]. As the graphite becomes disor-
ered within the carbon layers, the G peak broadens. When the
evel of disorder further increases, a new peak called the D peak
rises. In this case, in the soot samples, the D and G peaks are
Fig. 11. Raman spectra of the soot samples formed.
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Table 6
Results obtained from the Raman spectra of the soot samples formed

Soot samples D peak G peak IG/ID

Position (cm−1) FWHM (cm−1) Position (cm−1) FWHM (cm−1)

Soot 1000 ◦C 1353.5 142.7 1596.1 74.2 1.047
Soot 1050 ◦C 1346.4 141.4 1588.8 79.8 1.024
Soot 1100 ◦C 1352.9 146.9 1593.3 81.6 1.057
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oot 1150 ◦C 1354.6 158.6
oot 1200 ◦C 1354.5 147.4

eaks for the soot samples, the multiple Lorentzian method has
een used to obtain the peak position of D and G bands, the full-
idth at half-maximum (FWHM), and the integrated intensity

atio (IG/ID). These results of fitting are summarized in Table 6.
he positions of the D and G peaks are very close for all the
oot samples. The value of the intensity ratio (IG/ID) is directly
elated to the graphitic order of the sample. The general trend is
hat the higher soot formation temperature, the higher graphitic
rder of the soot. This is in accordance with the results obtained
rom X-ray diffraction and elemental analysis.

. Conclusions

The temperature in the formation of soot from acetylene
yrolysis has a clear influence on the yields to soot and the
omposition of the gases formed, as well as on the properties of
he resultant soot samples. The reactivity behaviour of the soot
amples is also related to their formation temperature, which
s a key factor on their chemical composition, surface area and

orphology, as can be observed in the characterization results
btained from elemental analysis, determination of BET surface
rea, TEM, XPS, XRD and Raman spectroscopy analyses.

The general trend is that the soot samples with higher reac-
ivities towards O2 and NO are the soot samples formed at
ower temperatures. The results obtained in reactivity are in
ccordance with the characterization analyses. XRD and Raman
pectroscopy show that the more ordered soot samples, and thus,
he less reactive, are the soot samples formed at higher temper-
tures. Elemental analysis and surface area values of the soot
amples also support these results.
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