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CIUDEN s rig consists of an atmospheric 3 MWth BFB gasifier based on the design biomass (wood pellets). Following chapters describe the main

design parameters and the rig sub-units.

Biomass feeding subunit: based on the design, the system is prepared to feed a wide range of
biomass from low to high density.

Inert & additive feeding subunit: the installation has a sand feeding system capable to feed
continuously the necessary inert to obtain a proper heat transfer in the bed.

Start-up subunit: the start-up system is an internal refractory lined combustion chamber that uses
natural gas as fuel. The hot flue gases generated during the combustion process are sent to the gasifier
in order to achieve the necessary temperature to start-up the unit (approximately 400 °C).

Ash removal system: The unit has two independent ash removal systems in order to collect the bottom
residues and fly-ashes generated.

Flare and stack: Due to the fact that the syngas obtained is not used in other point of the installation,
CIUDEN ‘s rig incorporate a flare in order to finish the combustion of the product obtained.

Capabilities of the rig for data acquisition: The unit is fully instrumented with advanced PLC control,
temperature, pressure and pressure drop measurement. Apart from that, a tuneable diode laser
(hereinafter, TDL) is responsible of the supervision of oxygen content of the gas and the gas content
analysis is performed with an on-line gas chromatograph (H2, CO2, CO, 02 and CH4):

Figure 1 Gasifier general view

Results
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Figure 3 Gasification scheme
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Abstract

Monitoring char temperature in fluidized bed combustors (FBC) is a key aspect to
study the oxy-conversion of such paricles, where high concentration of oxygen is
employed. This technigue is one of the most promising alternatives for reducing flue-gas
recirculation and greenhouse emission during coal combustion [1]. It is difficult to follow
the temperature of single pariicles using thermocouples because the particles may
shrink and fragment during the conversion in FBC [2]. Pyrometry with optical probes is a
hetter option than the use of thermocouples but still has limitations when applied to FBC
like the limited capability to capture the passage of fuel particles through the field of
vision (FOV) and that the temperature measured results from an average of different
hodies (fuel particle and sand) present in the FOV [3]. This inconvenience is overcome
when using a digital camera as capture device, because the radiation from the target
pariicle is separated from those from the adjacent regions, improving the accuracy of
the measured temperature.

In this work, pyrometry with a digital camera is applied to measure the
temperature during combustion of single char particle (10 mm) . The calculated surface
temperature using one (P1C) and two (P2C) spectral bands are compared with the
measurements from themmocouples, and their accuracy is evaluated.

It is shown that the use of both the red and the green bands sequentially (F1C R-
) provides more accurate results than P2C when: (i) the green band does not work
(weak radiationflow temperature) and (ii) the red band is saturated (radiation flux fhigh
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Introduction

* Monitoring char temperature in Fluidized Bed Combustor (FBC) is a key aspect to develop oxy-combustion technology
+ Tracking char temperature by thermocouple or pyrometry with optical probe in FBC is limited
+ If the bed is visible from outside, pyrometry with digital camera could improved other methods
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According to Eurostat 2012, Mediterranean countries present high rates of municipal
solid waste (MSW) landfilling in Eurcpe, ranging from 28% in the case of France to the
50% of Malta. Spain is in an intermediate place with a rate of 63%. These values would
aven increase congidering the residues of recycling and incineration that also ends up
in the landfills.

The clmate conditions and the feeding habits in these countriezs make the MSW
composition very similar. A typical bin in a Mediterransan country contains a 40-50% of
organic matter, food scraps mainly. After composting and, in each case, incineration,
the organic matter content i siill predominant. Because of that, the production of
biogas in the Mediterranean landfills is so high that biogas i recovered and used to
produce electricity. However, the recovery iz not very efficient and a 30-50% of the
biogas iz unrecovered and emitted to the atmosphere as C0O,; and CH,. Moreover, the
electricity production alzo produces CO, emisgions. Even 20, in these countries
landfilling seems to have a public acceptance in comparizon to MSW incineration or, in
any case, people avoid the odor and the noize associated to landfills but not the GHG
emizsions that could be higher than those of the MSW incineration.

The aim of thiz proposal is to calculate GHG emissions associated to M3W landfill in a
Mediterranean country to assess the climate impact in the atmosphere according to
IPCC methodology. For that, the time-integration is essential since the behavior of the
landfill changes continuously and the biogas production is different every year.

Results show a climate impact up to 5 kg CO; eq per MJ and year in terms of time-
integrated CO; concentration in the atmosphere.

Keywords: ime-integrated GHG emiszions, MSW landfilling, Mediterransan country.
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v Continuous operation of the landfill involves a chemicals from waste.” MSW landfilling represents the reference system and
it P— the detailed knowledge of the landfill behavior is essential to compare both
stabilization of the time mtEgratEd GHG scenarios. What is more environmental friendly the MSW landfill disposal or

emissions. their energy valorization?
www.bioenergygroup.es
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Behavior of gas and solid flow in a circulating fluidized bed (CFB) has been studied and
compared with a theoretical model. A lab-scale cold CFB unit consisted of a riser (0.15
m ID and 5.5 m high), a cyclone, a downcomer (0.1 m ID and 3.70 m high) and a square
cross section loop seal (0.125 x 0.250 m) was used to carmy out the experiments. The
apparatus is made of methacrylate to provide a good view of the inside and to make
easier the observation of the hydrodynamic performance. In order to measure the
pressure drop and to determine the hydrodynamic behavior, 25 pressure taps were
placed all along the unit and solid circulating rate G, flow was calculated by using the
ascending time method in the downcomer. Three different mass inventories M (21, 24
and 27 kg) and three fluidizing gas velocities in the rser L (2, 2.5 and 2 m/s) were
studied using spherical glass microsphere (150 — 250 pm, bulk density 1500 kg/m?® and
real density 2500 kg/m?) like bed material. A theoretical model based on a previously
developed model [1] was used to compare the results with the measurements. Pressure
profiles obtained with the model for different conditions are presented, showing a good
agreement with experimental data, especially at intermediate fluidizing gas velocity in
the riser. The most influencing parameters of the model are identified and some
moedifications are suggested to improve the model capability.

Keywords: Circulating fluidized bed, Gas-solid flow, hydrodynamic

References:

1. Gomez-Barea A, Leckner B. Modeling of biomass gasification in fluidized bed.
Progr. En. Comb. Sc. 2010;36(4):444-509_
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Introduction

Understanding the fluid dynamics of fluidized bed is essential for the performance optimization of existing CFB units as well
as for designing new and more efficient CFB reactors and boilers. Results for experiments carried out in a cold CFB unit (0.15
m ID) are presented. The results are compared with theoretical predictions from the model, enabling to understand the
effects of the main governing parameters (mass inventory, gas velocity and solid particle size) and thus to scale up the results
to other conditions. Guidelines for improving the theoretical model are identified.

Methodology
EXPERIMENTAL
o Determination of experimental pressure profiles and solids CONDITIONS
circulating rate flow G, for different mass inventories and Riser 0.15m ID, 5.5 m high
gas \l/ellocities in the riser U, for a given material with fixed COLD Cyclone 0.208 m ID
particle size. UNIT Downcomer 0.1 m ID, 3.7 m high
* 21 pressure taps are placed all along the cold unit. Loop seal 0.125 x 0.250 m
* G, lis estimated using the ascending time method in the|  |Bed material (glass beads) |150 - 250 pm, p = 2500 kg/m?
downcomer. Mass inventory (kg) 21 24 27
o C.omparing th.e obtained experimental results with a| |Riser velocity, U, (m/s) 2 2.5 3
simple theoretical model. Loop seal velocity, Uy, (m/s) 05
+ The theoretical model proposed is based on mass and
pressure balances of different zones. s
+ Bottom and loop seal zones are considered like _
bubbling beds. L _:ﬁ ’/K —+— EXPERIMENTAL
. = 5
{n' T - @ THEORETICAL
35 | B . F
A fo
o 30 | ——THEORETICAL T = .
E .| 21k + L [z o
5% W 24kg s H ™ 24kg,U.=2,5m/s
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: I B | |
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Conclusions BlE L
. . . 2] 47 0
v Theoretical model explains the measurements specially m 0 60

for intermediate gas velocity (2.5 m/s)

v" The model must be modified by re-considering

submodels to predict: ACKNOWLEDGEMENTS

+ pressure drop in the downcomer
= dust loading effect in the cyclone pressure drop
+ turbulent behavior in the bottom zone
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The chemical industry sector iz energy-intensive and cumrently heavily dependent on fossil
feedstock. The most relevant opfion to reduce fossil feedstock dependence and greenhouse gas
(GHG) emissions is to increazingly switch to renewable feedstock. One promising route to convert
lignocellulosic biomass, such as forest residues, fo value-added chemicals and materials is
thermochemical gasification. Thiz work presents the process design and process modeling resulis
of a biomass-based olefing production process. The value chain investigated iz thermochemical
gasification of lignocellulosic biomass, gas cleaning and conditioning, followed by dimethyl ether
(DME) synthesis, conversion to olefing, and upgrading. The DME-to-olefins (DTO) concept iz very
similar to the methanol-to-olefins (MTO) concept. Chang and Silvestri ™ found the only difference
between the two concepis to be the methanol dehydration, without effect on the hydrocarbon
digtribufion. Accordingly, the difference basically lies within the choice of intermediate chemical
and associated syngas conditioning and synthesis. Mass and energy balances for the biomass-
based olefing process were cbtained using process simulation models. The modeling results were
validated by comparing with information reported in the literature. The results from this study is to
e used as inpuft for a process integration study, conducted as a case study, involving an naphtha
steam cracker plant at the core of a chemical clugter in Sweden that supplies neighboring sites
with light clefins.

Keywords: Biomass gasification, DME synthesis, Olefing production, Process modeling

References:

1. Chang CD, Sivestiri AJ. The conversion of methanol and other O-compounds to hydrocarbons over
zeolite catalysts. J Catal 1877,47(2):248-59.
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Chemical Process Cluster In this Study ...

A chemical process cluster on the West coast of Sweden The process design and process modeling of a
is used as a case study to investigate different options to biomass-based  olefins  production  process  via
switch to renewable feedstock. thermochemical gasification and using dimethyl ether
(DME) as an intermediate chemical are studied. Mass and
energy balances were obtained using process simulation

flem—— ] e .
Oxygen 5 O models in Aspen Plus.
Air ASU plant PVC plant
- ﬂ£
Amines &

The process is sized to meet the propylene demand of
I urtrctams the oxo synthesis plant.
Import

N g™ plant
terminal
o - . ] Syngas Production:
=== rolyethylene
Naturalgas | { = olant
id .
s 1} S Entrained flow
/ & : gasifier Gas Guard  Shift co2
Naphtha Torrefaction quen: sacto removal Compr.

Ethane Oxa Biomass

synthesis
plant

Cracker
plant

[Ethylene ——
SHyarogen
il .

Propane
Butane

Fuelgas CO2

Biomass-Based Value Chain

The production of light olefins (ethylene and
propylene) via thermochemical gasification of
lignocellulosic  biomass is one interesting
opportunity.

| Cleaning &
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Preliminary results indicate:

approx. 0.15 kg of light olefins per kg dry biomass
approxX. 0.22 kg of light olefins per kg syngas

approx. 0.43 kg of light olefins (C2 and C3) per kg DME

Light olefins can be converted from syngas e.g., via the
methanol-to-olefins (MTO) and dimethyl ether (DME)-to-
olefins (DTO) concepts. Chang and Silvestri [1found the
only difference between the two concepts to be the
methanol dehydration, without effect on the hydrocarbon
distribution. Accordingly, the difference basically lies
within the choice of intermediate chemical and associated
syngas conditioning and synthesis.

Accordingly, to cover the propylene demand at the oxo
synthesis plant (190 ktly) approx. 2500 ktly biomass (50%
moisture) would be required.

Future Study ...

The results from this study is to be used as input for a
process integration study involving the steam cracker
plant at the core of the chemical cluster. The bio-olefins

. route is also going to be compared with alternative switching

“ opportunities within the cluster.

References;  [1] Chang, C. D.: Silvestri, A. J. The conversion of methanol and other O-compounds
to hydrocarbons over zeolite catalysts. J. Catal 1977:47(2)248-59.
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POLLUTANT EMISSIONS DURING PYROLYSIS AND COMBUSTION OF WASTE
PRINTED CIRCUIT BOARDS, BEFORE AMD AFTER METAL REMOVAL
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ABSTRACT

Electronic waste is one of the fastest growing waste streams in the world due to the rapid pace of technology
enhancement and development. The exponential growth of electronic waste contributes to a rapid increase
in the rate of contaminants and waste entering landflls. This fact implies the need for an appropriate
management of waste electrical and electronic equipment (WEEE). Printed circuit boards (PCB) are cne of
the most complex constituents of WEEE, with a mixture of both valuable andf/or hazardous elements.
Thermal treatments represent an interesting albernative to recycle this kind of waste, but particular attention
has to be paid to the potential emissions of toxic by-products. In this study, the emissions from thermal
degradation of printed circuit boards {with and without metals) have been studied using a laboratory scale
reactor, under oxidizing and inert atmosphere at 400 and 850 *C. The study comprises the analysis of gases,
halogens and hydrogen halides, carbon oxides, light hydrocarbons, polycyclic aromatic hydrocarbons (PAHS],
chlorinated phenol, chlorinated benzenes and brominated phenols, among other semivolatile compounds, as
well as polybromao- and polychloro- dibenzo-p-dioxins and furans and dioxin-like polychlorobiphenyls. The
maximurn formation of PAHs was found in pyrolysis at 850 °C, naphthalene being the most abundant. High
levels of 2-, 4-, 2. 4-, 2,6- and 2 4 -bromophenols were found, especially at 400 °C. Emissions of PCDD/Fs and
diosin-like PCBs were very slow and much lower than that of PEDD/Fs, due to the higher bromine content of
the samples. Combustion at 400 °C was the run with the highest PBDD/F formation: the total content of
eleven 23,7 B-substituted congeners (tetra- through heptaBDDYFs) was 7240 and 3250 ng WHO 0
TEQ/ kg =ample, corresponding to the sample with and without metals, respectively.

Keywords: Printed circuit board, WEEE, pyrolysis, combustion, diosin.
Acknowledgements:
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POLLUTANTS DURING THERMAL DEGRADATION OF WASTE PRITED CIRCUIT BOARDS

A. Soler*, N. Ortufio, J.A. Conesa, J. Molté, R. Font

Department of Chemical Engineering, University of Alicante, P.O. 99, E-03080 Alicante, Spain

*e-mail: aurorasoler.guillen@ua.es
N Uiversiad de
== Universidad de Alicante

Waste electrical and electronic equipment (WEEE) is one of the fastest PCB of different mobile phones were separated and crushed to fine
growing waste streams in the world due to the rapid development of dust (sample named “PCB").
technology. PCB comprise approximately 6 wt % of all WEEE. To remove the metallic fraction, part of the sample was treated with a

dilute aqueous solution of HCl and H,0,, followed by washing with

Printed circuit boards (PCB) are particularly problematic to recycle because e e e e it B (Gt e FareRaei)

of the heterogeneous mix of organic material, metals and glass fiber; low

recycling rates are reported of about 15 %. — I | analysis (wt %) FRX analysis (wt %)
—— ¢ [ H | N[s | o cusi|6Br|ca]al
In this study, the emissions from thermal degradation of printed circuit PCB 204 | 19 | 07 | 0.0 | 245|242 105 | 57 | 45 | 33
boards (with and without metals) have been studied . nmi-PCB 364 | 34 | 14 | 00 | 21.7| 05 |153 | 122 | 38 | 15
POL NT EMISSION

Pyrolysis and combustion runs were conducted at 600 and 850°C using in a tubular quartz BROMINATED DIOXINS AND FURANS

reactor located inside a horizontal laboratory scale furnace:

EXPERIMENT [ P00 | 600 | P850 I css0

wedirong f—
SAMPLE |PCB nmfPCB | PCB  umfPCB | PCB umf-PCB| PCB amfPCB
T e
: CONGENERS
b e ) 2,3,7,8-TBDF 14 52 6600 4200 28 37| 200 340
‘J 66 110| 10800 3000 58 74| 220 190
47 78| 3200 1200 42 74| 93 150
54 75 16800 4600 60 56| 220 370
94 160| 19400 5800 110 180| 400 1100
quars package hotder [ = 50 mg| 14 10| 1200 1300 14 25 12 25
magret 40 67 970 410| 36 66| 53 66
27 as| 6800 860| 30 47| 33 47
a7 75| 4900 670 42 81| 34 56
GASES, VOLATILE AND SEMIVOLATILE COMPOUNDS 60 100| 10700 2000 62 10| 66 58
EXPERIMENT [ Pen o0 . ) 280 80| 56800 13800 300 460| 1100 2200
SAMPLE |PCD_wnfPCB_PCD_nmfPCD PCD_nmfPCB, PCH_nmf PCB. 190 300| 24500 5200| 180 330] 200 250
COMPOUND. I e 470 780| 81400 24000 480 70| 1300 2450
Gases and volatile compouns &5 130] 7240 3250] 81 140] 150 230
Tnorganic bromine: HOMOLOGUES
Hr 14900 46300 12700 45500[20200  SK100] 11800 59600 Total TBDFs 850 2100 53800  52400| 450 40| 1200 1800
Br 1200 1600 1000  3700f 1100 2800 6700 3800 Totl PeBDFs 110 190( 51500 24100 100 150| 940 2500
g;'““"’“"“ o000 285000 500 295600 Total HxBDFs 54 75| ses00  17900| 60 96| 1100 2300
oy 1350& 5]3‘]&4415@ ;Gﬁﬂﬂﬂ 31900 57500 7400 506200 Total HpBDFs s 180] 19400 3800 110 180) 400 oo
Reo ~CONCO+COY o o o017 uss| o o o1z - Toul TEDDs 1200 1500| 25800 23100 14 5| 12 25
Mo light Iydrocarbons: Totl PeBDDs 40 67| 6700 3000 36 66| 53 66
methane 3570 8540 2910 £310[11000 23300/ 30 30 Total HxBDDs 73 120] 44500 5300 73 130 67 100
cthvlene 1370 2340 930 1540| 3550 6430 - - Total HpBDDs. 60 100| 30800 11000 62 110 66 98
propylens 2070 4310 310 340/ 1140 2030 - - Total PBDFs 1100 2500 184300 100200] 720 1300] 3600 7700
benzene 1060 1910 650 1290(13800 24500 - - Toul PEDDs 1400 2200/ 107800 42400 190 30| 200 250
toluens 1050 1600 - 1070] 3350 7240 - - Totl PBDD Fs 2500 4700[ 252100 142600 910 1630/ 3800 7950
Semivolatile compownds and PAH:
Main 16 prioity PAHs:
naphthalen 19 LER 57| §790 113201 1 3 25000 sample “PCB"
acenaghthylens 3 - 2 2f 2170 240 -
fluorene 2 62 - | 70 waso
phenanthrene ‘ o 21 6 17) 1470 3080 i
Other semivolaties: :
styrene 780 1050 10 90| 1670 2910 - - -
pl’lmul 27740 53650 T3R80 24200{ 2800 6620 - - Tg
benzofuran 1950 2700 680 1350| 23%0 3640 -

Besides CO and CO,, hydrogen bromide is the main gaseous product emitted during the
decomposition of PCB, increasing its formation with increasing temperature.

The most abundant light hydrocarbons are methane, ethylene, propylene, benzene and
toluene, with higher yields in pyrolytic conditions.

The maximum formation of PAHs was found in pyrolysis at 850°C, naphthalene being the
most abundant.

BROMINATED PHENOLS Maximum total emission in combustion at 600°C for both samples.
i sample "PCR" e sample "nmf PCB" The presence of metals in the “PCB” sample promoted PBDD/F formation in combustion
QE 80 § 0 at 600°C. However, this effect is not abserved for the rest of the runs.
2
ER 2w In all cases, the most abundant congener is 1,2,3,4,6,7,8-HpBDF among furans and also
g E
# B the furans that contribute most to the toxicity of the emissions, while 2,3,7,8-TBDD and

« ﬂ 1,2,3,4,6,7,8-HpBDD among dioxins. However, 2,3,4,7,8-PeBDF and 1,2,3,4,7,8-HxBDF are

1,2,3,7,8-PeBDD are those that enhance toxicity the most.

L

K %%‘b%?&r"/ e **’*Waﬁ%éﬁ!’/
o- o

CONCLUSIONS
Similar yields and profiles for both samples. From the results obtained for both samples under the same experimental conditions, it
Profiles differ between pyrolysis and combustion experiments: can be concluded that, in general terms, the emission trends of the compounds evolved
In pyrolysis, 2-BrPh is higher than 3-+4 BrPh, and 2,6-diBrPh higher than 2,4-diBrPh; depended mainly on cperating conditions (temperature and oxygen ratio), but also on the

this concurs with the formation patterns observed for emissions from the thermal presence of metals in the material.

decomposition of tetrabromobisphencl A, which can lead to the formation of these
compounds by scission of the molecule.

In combustion, however, 3-+4-BrPh predominates over 2-BrPh, at least at 600°C that support for this work was provided by the following projects:

is the temperature where these compounds are observed. - o q
= Ministry of Economy and Competitiveness (Spain): CTQ2013-41006-R

Nevertheless, it is clear that an increase in the temperature promotes the destruction of ) ) .
= Valencian Community Government (Spain): PROMETEQII/2014/007

such pollutants in the presence of oxygen, and the amounts formed are very low.

12
Symposium on Renewable Energy and Products from Biomass and Waste, 12-13 May




Poster Proceedings
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Spain

Tif: #34 365903400 ext. 3003. Fax: +34 365903826.

Themaochemical conversion pathways of biomass for the production of primary energy by
direct combustion, as well as other thermal processes, hawe a remarkable drawback among
others: tar formation. In the present work, a detailed study of the reforming of syngas
produced in the decomposition of Posidonia oceanica is done. The effect of the presence of
different amounts of dolomite is analysed. Gasification of the species is done in the presence of
sub- stoichiometric air. analyzing the produced gases. Also pyrolysis is studied, in nitrogen
atmaosphere, and gasification in the presence of air, oxygen and different amounts of steam. A
discussion on formation and destruction of tars is done. Furthermore, the effect of the heating
rate in the decomposition and the residence time of the evolved gases are discussed.
Syngas with ratio H2/CO from 03 fo ca. 3 can be obtained from fhis interesting
material. It can be concluded that: 1) The presence of increasing percentages of water vapor
in the reaction gases in the presence of dolomite increases the rafie H2/ICO and
decreases the WCW of the gas for all reaction atmospheres and residence fimes; 2) The
highest walues of the ratioc H2/CO and less MCVW are obtained for combustion in sub-
stoichiometric air and low residence fime; 3) The possible use of syngas goes fraom heat
engines use with imternal and external combustion to the processing fiuid for ocbtaining
biofuels, methanol, ammonia, synthetic natural gas and hydrogen; 4) i atmospheres are used
with an amount of oxygen, it would be necessary a posi-treatment aimed fo remove the oxygen
gas. Marine species (microalgae) are usually studied with the aim of cultivate them for gas
or oil production, but in this work we draw attention o the possibility of using a natural resource
with a wery small impact in the ecosystem.

Keywords: gasification, reforming, Posidonia oceanica.
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GASIFICATION AND PYROLYSIS OF POSIDONIA OCEANICA IN
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Thermochemical conversion pathways of biomass for the production of primary
energy by direct combustion have a remarkable drawback among others: tar
formation.

- Primary treatments can be performed involving the optimization of the gasifier
design and operating conditions to obtain a syngas with less concentration of tars.

- Secondary treatment can be physical and catalytic and it consists in the use of
catalysts at high temperature producing gas cleaning by removing tars, particles,
H,S, HCl, and alkali compounds. Catalytic reforming can be performed with non-
metallic catalysts (dolomite) or metal base catalysts (Ni, Ru).

This work shows the effect of the ion at phere and the heating rate in the
decomposition of a biomass feedstock not previously studied in literature, such as

the alga Posidonia oceanica. The influence of the following parameters is
considered:

- presence of catalysts at different loads
- effect of humidity
- presence of different oxygen atmospheres

Catalyst preparation:

Table 1. Physico-catalytic properties 40

Experimental runs:

Runs were performed at two different input speeds to the furnace (0.5 and

1.9 mm/s) (Figure 1). A total of 58 runs were performed in five different sequences:

= 14 combustion runs at sub-stoichiometric amounts of air, and different amounts
of dolomite.
14 pyrolysis runs, with nitrogen as carrier gas, and different amounts of dolomite.
10 gasification runs in the presence of oxygen saturated with steam, and different
amounts of dolomite.
10 gasification runs in the presence of oxygen and different amounts of steam,
maintaining the ratio dolomite/biomass.
10 gasification runs in the presence of air and different amounts of steam,
maintaining the ratio dolomite/biomass.

Amberlite®

Y‘—"f XAD-2 i !
]
¥ Emitted N Actuator
} —i gases Sample

Tedlark
bag

Figure 1. Moving tubular reactor used in the experimental runs

Dolomite used is known as "Malaga" dolomite
whose composition in weight percetage is:
30-35% Ca0, 20-24% MgO, 45-48% CO,.

1 kg dolomite was calcined into a furnace at

Paricle diameter (mm)
Specific surface area (m"/ g)

BET surface area (m” g)

01810022

10

Avarage « 1924 pm
Medians 110 wm

absent CO, atmosphere at 900 C for 5 hours.
Area (micropores) (m'/ g)

091

Calcined dolomite was characterized by

determination of particle size distribution and Area (17-3000 A pores) (m/ )

specific surface. The results are shown in

Table 1 and Figure 2. Volume (pores 17-3000K) (em” g)

Average micropore diameter (4)

0 200 40 600 800 1000 1200 1400

‘The total pore area (m g)

dismeter (jim)
Figure 2. Particle size distribution of the catalyst prepared

Effect of catalyst (dolomite/biomass ratio, D/B):

s

H

5 iumen, Mifhy orratie W2/

Figure 3. Sub-stoichiometric combustion Figure 4. Pyrolysis in nitrogen

Effect of relative humidity:

% velume, Mikg
% 5§

Figure 7. Gasification with 0,/H,0 Figure 8. Gasification with air

.,l__;:‘—

"

Figure 9. Pyrolysis in nitrogen Figure 10. Effect of relative humidity on H,/CO

During the study performed about the thermal decomposition of Posidonia oceanica in different conditions, it can be concluded that:
Increasing percentages of water vapor in the reaction gases in the presence of dolomite increases the ratio H,/CO and decreases the net calerific value (NCV) of the gas

for all reaction atmospheres and residence times.

The highest values of the ratio H,/CO and less NCV are obtained for combustion in sub-stoichiometric air and low residence time.
The possible use of syngas goes from heat engines use with internal and external combustion to the processing fluid for obtaining biofuels, methanol, ammonia, synthetic

natural gas and hydrogen.

If atmospheres are used with an amount of oxygen, a post-treatment would be necessary to remove the oxygen gas.
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