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HIGHLIGHTS

- Posidonia oceanica thermal decomposition is studied.

- Combustion, pyrolysis and gasification at diffgrexperimental conditions are performed.

- The combined effect of the presence of oxyganwaiter vapor and dolomite in the decomposition
bed is analysed.

- Conditions where maximum rati#O is observed are optimized.

ABSTRACT

In the present work, a very detailed study of #fenrming of syngas produced in the decomposition
of Posidonia oceanica is done. The effect of the presence of differenbamts of dolomite is
analysed. Also pyrolysis is studied, in nitrogem@$phere, and gasification in the presence of air,
oxygen and different amounts of steam. A detailedussion on formation and destruction of tars is
done. Furthermore, the effect of the heating rathé decomposition and the residence time of the
evolved gases are discussed. Syngas with ratio®from 0.3 to ca. 3 can be obtained from this
interesting material. Marine species (microalgae)usually studied with the aim of cultivate them
for gas or oil production, but in this paper wewdigtention to the possibility of using a natural
resource with a very small impact in the ecosystem.
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1. Introduction

Thermochemical conversion pathways of biomass Her groduction of primary energy by
direct combustion, as well as other thermal praegskave a remarkable drawback among others:
tar formation.

A gas obtained by these means from biomass witlmsfiéture containing about 10 g / m3 tar
contains between 3% and 10% of the total energyhef biomass [1]. Furthermore, tars are
problematic because they condense on equipmentodenate temperatures causing blocking of
fillers and plugs of valves and tubes. In addititars are corrosive, carcinogenic and produce
catalytic deactivation.

Primary treatments can be performed involving tpénaization of the gasifier design and
operating conditions (biomass feed point, tempeeatlistribution of the gas channel, particle size
distribution...) to obtain a syngas with less concaidn of tars. Nevertheless, these treatments are
limited due to the operating temperature and thkrteal conditions of the processes, in such a way



that these treatments may be not sufficient to kentars, especially if the gas is going to be used
chemical synthesis or extraction of biofuels fangsport [2].

The definition of the terntar is not consistent if we look at the literature, buteems that
includes heavy aromatics and excludes benzendn[8jeneral, tars are compounds included in one
of the following groups:

- Heterocyclic compounds, tars containing heteroajaeis/ soluble in
water such pyridine, quinoline, isoquinoline, dibephenol.

- Light aromatics, hydrocarbon having a single rirspluble and
condensable such toluene, ethylbenzene, pheneblcrglenes and styrene.

- Light polyaromatic compounds with 2 or 3 rings @hhicondense at
high temperatures and relatively high concentratiosuch indene, naphthalene,
methylnaphthalene, biphenyl, acetonaphtalene,dhmrphenanthrene and anthracene.

- Heavy aromatic hydrocarbons with more than 3 rihg$ condense at
high temperatures and low concentrations as isdke of fluoranthene, pyrene, chrysene,
perylene and coronene.

The three main substances in waste biomass (cguteemicellulose and lignin), are formed
by polysaccharides and decompose forming tars f®etmechanisms published in the literature to
result in these polyaromatic hydrocarbons: i) lngati combination of aromatic rings; ii) by HACA
(Ho-abstraction-GHz2-addition) sequence in which aromatic rings breakdoforms hydrogen
radicals to which follows the addition of ethyleloegproduce the spread aromatic ring cyclization [4]
and iii) formation of cyclopentanediene phenol preors as an intermediate of the reaction and
subsequent cyclization and combination via radicals

During pyrolytic decomposition of cellulose occuegominantly furan aldehydes and small
molecules. Recombination of these species throogipetitive reactions results in levoglucosane as
the main primary tar, and also to furfural, glydd&hyde and hydroxyacetone. Hemicelluloses give
rise to the formation of xylans, xilopirosanes,taoe, methanol and furfural. Lignin results in the
formation of guaiacols, catechols and phenols amally predominantly oxygenates.

Secondary treatment consists in the use of casafgsidic, basic, redox) at high temperature
producing gas cleaning by removing tars, partickesS, HCI, and alkali compounds. Secondary
treatment can be physical (filters with hot dry gasvet absorption allowing steam reforming and
partial oxidation) and catalytic. The most studprdcesses are partial oxidation, steam reforming,
absorption, adsorption and catalytic ceramic filbra

Catalytic reforming or steam reforming can be penied with natural catalysts (dolomite,
olivine, calcite, magnesite, zeolites) or on mé@sed catalysts (Ni, Ru). Often in the reaction bed
conditions occur reactions that deactivate the hoattalyst [5]. Therefore dolomite is usually used
when mixing biomass with catalysts.



For a complete reforming it is usual to use a dealctor configuration, with a primary
catalyst dolomite bed where tar levels are reduoedcceptable levels, and if necessary, a second
catalyst in introduced to treat the effluent streasually Ni catalysts [6]. Adding olivine and £
improves the action of the catalyst Ni [5].

Toluene is the species used as laboratory scaleslnfod studying mechanisms of the
reactions and catalytic reforming. The most widedgd model is known as the Component Model
presented in different papers [7-9]. Blanco et[&D] characterize tar from the pyrolysis and
gasification of refuse derived fuels, and has alsen used to characterize the possible
decomposition reactions of both primary and secontias [11, 12]. The reactions involved in the
toluene reforming process are then:

Steam reforming: @Hs+ 7 HO — 11 + 7 CO
Steam reforming: s+ 14 HO —- 7CCx + 18 B
Steam dealkylation: s+ H20 — CsHe+ 2He+ CO
Steam dealkylation: s+ 2 HO — CeHet 3HACO2

Hydrocracking: @Hs+ 10 Bb— 7 CH,
Hydrodealkylation: @Hs+ Ho— CeHet+ CH,

Dry reforming: GHs+7 CQ— 14CO +4 H
Dry reforming: GHs+ 11CO— 18 CO + 4 HO
Thermal Cracking: n &s— m GHy + p
Carbonation: @Hs— 7C + 4H

1.1. Tar crackingthrough catalytic reactions

Dolomite is a calcium magnesium compound whoseadvehemical formula CaMg (C2
with a content of 20% of MgO, ~ 30% CaO and ~ 45%wmeight of CQ, with a small amount of
mineral impurities.

The dolomites in their original form are not sulealas catalysts, therefore must undergo a
calcination process during which the carbonateeisothposed into CaO and MgO thus eliminating
CQOz. The total calcination of dolomite occurs at tempees between 800 and 900 ° C. These
temperatures restrict the use of dolomite as csttalyalcined dolomite also loses its status as a
catalyst for conversion of tars under conditionsvimch the partial pressure of G@ greater than
the equilibrium decomposition pressure of dolomites feature should be considered in pressurized
gasification processes.

At high partial pressure of GOthe calcination of dolomite takes place in twepst
CaMg (CQ)2 1 780- 800 ° C> CaCQ+ MgO + CQ



1 880- 900 ° C> 2CCx+ MgO + CaO
At low partial pressure of C£<200 Torr) calcination occurs in one step:
CaMg (CQ)2 1700°C > MgO + CaO +2C®

In literature we can found that the primary tarevarted to gases increases markedly with
temperature. Various research groups have condusteshsive studies examining the loss of
effectiveness of calcined dolomite in the conversbtar and other non-metallic oxides catalysts.

In general, studies have shown that dolomite igféective catalyst for reforming tar [13].
The high molecular weight hydrocarbons are effitjereformed to moderately high temperatures (>
800 °C) in gasification processes using mixturestem and oxygen as gasifying agent, however
the outlet concentration of methane is not visdffgcted and benzene and naphthalene often fail to
be completely renovated.

In the present paper, it is done a very detailadysof the effect of the reaction atmosphere
and the heating rate in the decomposition of a besieedstock, considering a variety of factors tha
can influence on the gas composition, i.e., prese@fcatalysts at different loads, effect of hunyidi
and presence of different oxygen atmospheres. ailddtdiscussion on formation and destruction of
tars is done. Furthermore, the paper deals withdimmomposition of a biomass not previously
studied in literature such is the case of the Bigmdonia oceanica. The possible uses of the syngas
produced in the different conditions are also dised. Marine species (algae and microalgae) are
usually studied with the aim of cultivate them @@s or oil production, but in this paper we draw
attention to the possibility of using a naturalow@e with a very small impact in the ecosystem.

This research is a continuation of work presentadiez [14], where the decomposition of
different biomass feedstock (esparto grass, stnaste from urban and agricultural pruning, marine
segrass and waste from pruning forest) was donedéfermine the effect that the presence of
dolomite catalyst has on the effluent gas reformihdias been selected specie of reference:
Posidonia oceanica. The reasons for the choice are varied but thet nmfisiential are having a
behavior and composition slightly different fromhet species and that there is no study in the
literature of thermal degradation of this speckasidonea oceanica is a marine seagrass (usually
considered as an algae) endemic of the Mediterraceast of the province of Alicante. The wastes
of the Posidonia oceanica deposited on the beaches of Alicante province adedufor during the
year 2009 a total of 600,000 tons (Source: Proglrn€ouncil of Alicante), so it is a natural resarc
as a source of biomass.

2. Materials and methods

An scheme of the equipment used to carry out teegmt work can be found in our previous
work [14, 15]. It was exclusively developed to aataly control the ratio of oxygen in combustion
processes. It consisted of a moving tubular reastttr the samples carefully placed along the tube,
which is introduced at a very much controlled spee@ furnace while a constant flow of gas is



passing through. In all runs the temperature ofahen was 850 °C. Gas samples were collected
using Tedlar bags and then analyzed by gas chrgmagtio with flame ionization detector (GC-FID)
and with thermal conductivity detector (GC-TCD).

Elemental analysis of thRosidonia oceanica marine seagrass [14] indicated the presence of
0.71 % of Nitrogen, 34.85 % C, 4.54 % H, 0.62 %nd &9.28 % O, with a net calorific value of
14,61 MJ/kg. The runs are performed by mixing treonhite with the biomass prior to its
decomposition in the bed.

2.1. Description of runs

Runs where performed at two different input spetedthe furnace (Vslow=0.5 mm/s and
Vhigh=1.9 mm/s). Blank runs were performed, intradg a thermocouple in the oven to measure
the heating rate at the different input speeds. ims performed at the lower speed heated at
approximately 9 K/s (540 K/min), and the fasteruhproduced a 17 K/s (1020 K/min) heating of the
thermocouple.

A total of 58 runs where performed in five diffetesequences:

1) Fourteen combustion runs at sub-stoichiometmounts of air and in the presence of
different amounts of dolomite (varying ratio D/B#dmite/biomass). These runs
performed in oxidative atmosphere were performeslich a way that the oxygen ratig (
defined in the next equation) is maintained &i0.25 in both cases:

— (nbz)actual — m,;, 23
(M)soc M (%c L%H %S %oj -
L (12 4 32 32

where: %0, %H, %S, %C = weight percentage of oxydmsarogen, sulphur and carbon in the
biomass sample, &+ air flow rate (kg/s), mmpie Weight of the biomass (kg), L= length of tube
occupied by the biomass (nv) linear velocity of introduction of the tube (m/s)

A value of A lower than one involves combustion in sub-stoiofetric conditions while
values ofA higher than unity represent excess air. In thes pperformedy=0.5 and 1.9 mm/s. In
order to maintain the ratid@ =0.25, the corresponding value ofjnwas used. In this sense, the
residence time of the volatiles evolved is highetha lower feeding rate, what can influence in the
gas evolution.

2) A second series of fourteen runs where performgyrolytic conditions, with nitrogen as
carrier gas, and introducing different amounts @baohite as well. Furthermore different
runs where performed at Vslow and Vhigh.

3) Gasification of the biomass sample in the preseof oxygen saturated with steam
introducing different amounts of dolomite, at Vsloand Vhigh. Ten runs where
performed in this series.



4) Gasification of the marine seagrass in the presef oxygen and different amounts of
steam, maintaining the ratio dolomite/biomass, atow and Vhigh. Ten runs where
performed in this series.

5) Gasification of thePosidonia oceanica in the presence of air and different amounts of
steam, maintaining the ratio dolomite/biomass, sloW and Vhigh. Ten more runs where
done.

The runs were conducted at five different relativenidity values. For this purpose, we have
designed a device through which the gas streamaisched off as a bypass, one stream is bubbled
through a water column saturating the working terajpee, then mixed with the original stream with
a manual valve controlling the amount of saturdli®da. With a humidity and temperature probe mix
of both streams is adjusted to the desired moistutiee stream to be introduced into the reactor. |
this way, we can observe the effects of differentls of moisture produced in the composition and
properties of the syngas.

2.2. Catalyst preparation

Dolomite used is known as dolomite "Malaga" whosmposition approximate weight % is:
30-35% CaO, 20-24% MgO, 45-48% €0

To make a reliable physical characterization anel tduthe heterogeneity of these minerals, it
is essential to make a correct sampling. For thipgse, a 1 kg dolomite sample was picked. After
grinding, dolomite was sieved to a size betweena2® 1.0 mm. These fractions were introduced
into a furnace to be calcined at absent, @@nosphere at 900 ° C for 5 hours. At this tempeeat
takes place also the calcite decarbonation. Oneecticination step is finished, dolomite is
introduced in closed containers to prevent carbonand humidification.

Calcined dolomite was characterized by determinatid particle size distribution and
specific surface. It has been measured the partides distribution in a COULTER LS 230
equipment whose result can be seen in Figure k. ddiia can be used to determine other properties
of the catalyst from the studies by Orio et al][MBere these properties with other techniques whic
are determined by MNadsorption and known Hg porosimetry relate diampteticle @ and Thiele
module, that are the factors conditioning the eifeness factor of the catalyst. The results are
presented in Table 1.

The calcined dolomite (CaO-MgO) is mainly involedhe following reactions:
- Steam reforming of tar.

- Steam gasification of coke deposited on the sarfaf the dolomite and generated in the
thermal cracking of hydrocarbons. This reactioreregates the solid surface.

- Water-gas shift, in the direction of formation of hydrogen and carbdioxide. Gas
concentration very close to equilibrium is reachelich is not achieved with the thermal effect of a
catalytically inert solid such as silica sand.



The variables that affect mainly the conversionasfdolomite are the temperature and time
of gas-solid contact.

3. Results and discussion
3.1. Influenceof catalyst presence and loading

The catalyst effect is analyzed using differenctiea atmospheres: air in substoichiometric
ratio of @ (A = 0.25), nitrogen and a mixture gasg/ ®20 saturated with relative humidity close to
100% and a gasification ratio (GR) close to 1. €zion ratio is defined as:

GR = (Kg @+ Kg H20) / kg biomass (dry ash-free basis)

The experiments were performed with two speedstobduction, 0.5 mm/s (Vslow) and 1.9

mm/s (Vhigh) for all atmospheres, in order to amalthe effect of residence time.

To further control the biomass/air ratio and thathng speed of the samples, oxidizing gas
flows is calculated for gasification experiments @g- stoichiometric air for a value of the
equivalence ratio df=0.25 as we proposed in our previous work [14].

In this way, it can be done a comparative studyntaming the same conditions. Experiments
were carried out with different ratios of dolomitdbiomass (D/B), beginning with a run without
dolomite, and with D/B equal to 0.25, 0.5, 0.7%nH 2 in order to observe the effect of this ratio
the properties of syngas.

3.2. Effect of catalyst in combustion with substoichiometric air
As has been indicated, study of the influence ef dmount of catalyst (dolomite) in the
reformed fuel gas was carried out. The resultsiobthfor the runs performed both at low input
speed (Vslow, 0.5 mm/s) and high (Vhigh, 1.9 mnas) shown in Figure 2. Figure shows the
volume percentages of each compound in the total Blae Figure also presents the ratigGO
calculated by dividing molar % of each compoundt &dorific value of the gas was obtained by the
following expression, reflected in the work of Nega and Silva [17] and deduced from the formula

of Dulong, where the expressions in parenthesessept % by volume in the gas:

NCV,,, = 0126* (CO)+ 0358* (CH,)+ 0108* (H,)+ 059* (C,H,)+ 0637* (C,H,)

Details of all analysis performed in the different runs can be foundppl&mnentary Material
(Table S1 for Vslow, Table S2 for Vhigh).

In view of the results the following conclusions can be extracted:

* Concentration of C@®decreases with increasing ratio D/B for the two speeds while the CO
concentration has variations at both speeds.

e Concentration or Fland methane increases with the ratio D/B.



* In the same way an increase occurs in the ragi€®, this occurs for both sample introduction
speeds.

* The calorific value has certain fluctuations asuaction of D/B but generally increases as this
ratio increases.

* Generally, it is observed a cracking of the higHeuoolar weight substances only at high D/B, for
both speeds.

From the data presented in Tables S1 and S2 ibearoncluded that hydrocarbons concentration
decreases, even disappearing species suthr@ugh G, except benzene. Specifically, tarsGs
onwards, toluene and xylenes) fall appreciablyrtbencentration. Notably reduced tar is remarkable
with increasing ratio D/B for both speeds but ingeatage the decrease is greater at high speéd, tha
is, with shorter residence time.

3.3. Effect of Catalyst on pyrolysis (N, atmosphere)

The influence of the presence of varying amountdaddémite in the pyrolysis in the absence
of oxygen of Posidonia oceanica is discussed in this section. The same flow ratesd in
combustion runs are used for pyrolysis, in ordem@intain similar experimental conditions. Also
the values of the ratios D/B used are the same.r@sdts can be read in Tables S3 and S4 and the
corresponding Figure 3.

The following considerations are drawn:

» With increasing ratio D/B the CQroncentration decreases for both input speedsCte
concentration increases at high speed and decrab$ms speed; nevertheless methane and
ethene increased with both speed.

* For D/B greater than 0.75 the cracking of the foat of 3 and more carbons occur.

* The NCV increases for both speeds but is most proced at high input (i.e., high heating
rates).

* The ratio H/CO ratio increases with increasing D/B, but mavgagable at low input speed.

* The reforming of the gas is very prominent, dis@pig most species with increasing the
ratio D/B. The amount of benzene decreases althibulgies not disappear.

» Tars were also reformed and decrease with inciagbe amount of catalyst.
3.4. Effect of gasification catalyst mixturein the presence of O,/H,O

Gasification in oxygen and water vapor is now bestgdied. Flow rate of the gases are
adjusted to maintain the valueoft 0.25, considering the values of the humidigspnt.

For these conditions is more interesting to fix vakie of GR (kg ©+ H,O vs. kg of biomass
present), which is reflected in the results for heaet of experiments. For simplicity in the
configuration of the equipment, it was decideddgust the moisture to the saturation value for each
working temperature and varying the proportionofgen.



The results obtained can be seen in Tables S5-&6Eigare 4.

From the results we can conclude:

The concentration of Cfhas variability but generally increased for botpunspeeds. This is
because in the presence of dolomite and wateotlw\ving reaction occurs:

CO (g) + HO (g)> CO2 + H2(g)

Bearing in mind also the following reactions:
C (s) + HO (9)> CO (g) + H(g)

CHa(g) + HO(g) > CO (9) + 3 H(g)

the very high increase in the concentration af fer both input speeds when ratio D/B
increased is warranted.

Moreover, methane concentration reduces and thex btfirocarbons practically disappeared
even for low ratios D/B.

The NCV increases with the ratio D/B for both sgeedd the ratio MCO is tripled or
guadrupled, also growing for both speeds.

Tar formation is lower for low speeds, even withdatomite. With increasing the ratio D/B

tar cracking becomes very important, almost disappg toluene and xylenes at low speed
input.

Operating under these conditions it is alreadyrdieat the combined effect of the presence of

the catalyst and water produced an effective br@akdof tars that is much larger with slightly
longer residence times.

Effect of theratio Dolomite/Biomass combined

In the following Figure 5 it can be seen the effinet the relationship D/B produced in the

reforming of syngas as a function of the ratCO and all atmospheres with both input rates.

In view of the results we can conclude:

* For all reaction atmospheres and both speedsnthease in the ratio D/B improves,
in general, the ratio #ICO observing an increment very pronounced to \sabfe.75
in the ratio and having in all cases a maximum edtua stationary ratio D/B of 1,
from which the growth is very small or even decesas

» Higher ratios H/CO for small D/B are obtained for gasification lwi©/H20. The
presence of water vapor saturating the gas conadousti the factor that causes the

improvement due to reactions which are favored Hwey datalyst in the presence of
H20.



 For low input speed, higher ratio,M 0O are observed, suggesting that increased
residence time improves2KCO under these conditions, however, for interntediaB
(0.5-0.75) the trend is reversed and the ratimgoved at the shorter residence times.

e In sub-stoichiometric air atmosphere, it is obsdraesimilar trend to that discussed
for the Q with respect to the D/B, but there is a clearaidhce between the residence
times, because at Vslow the values ofGO are much higher. The gas obtained under
these conditions could be used to produce eldstrafi combined cycle turbines or
alternative internal combustion engines.

* In the pyrolysis process higher ratios/ €O are obtained with short residence times,
reaching a maximum value of D/B about 1. Pyrolgdi¥slow shows the worst ratios
H2/CO. The use of pyrolysis gas would be obtainimgteicity.

3.6. Influence of moisture content

In view of the results obtained in experiments vatmospheric gH,0, it seems clear that
the presence of water in the reaction gas in tlkesgmce of dolomite produces a reformed gas by
improving their qualities for future use and redhgcthe concentration of tars in the syngas.

To better understand this effect and check thensida of the same in the atmospheres
studied, an analysis of the effect of differentlevof relative humidity is performed.

This series of runs has set the D/B close to unityiew of the above results, since it is the
optimal ratio of catalyst/biomass if we focus orpnaving the ratio fCO and increased NCV.

The relationships H/C and O/C have been of gregioiance to determine experimental
conditions gasification processes, as they areeseptative of the inertia of formation hydrocarbon
volatiles and carbon oxides. But in the case ofréiermed gas, and even in the process of gas phase
recombination occurring at high temperatures, §%dCQ and GHm may come from the
decomposition of biomass and also from gas phasgioas or products derived from the catalytic
action of the dolomite. Therefore, as already iathd, the ratio of gasification is a notable partame
in these runs, as it reflects the relationship betwthe amount of water and &d the amount of
biomass, irrespective of the process which hadtegsin the formation of C&and CO.

The runs in this series were conducted with fidatiee humidity values for each operating
temperature. To this we have designed a devicaighrovhich the gas stream is branched off as a
bypass, as explained before. In this way we caergbsthe effects of different levels of moisture
produced in the composition and properties ofstimgas. Ahead the results are shown.

3.6.1. Effect of relative humidity in gasification O2/H20

In the runs performed, GR relations remain abodibrllow input speeds and decrease to
around 0.9 for top speed. All runs in this seriesevmade in such a way that the value ofAthatio
is maintained between 0.2 and 0.3, with the ailwotopare overall results.



The results are shown in Tables S7-S8 and in FiguFerom the results it can be concluded
that:

* Humidity increase produces a reduction in the comagon of CO, methane and
hydrocarbons &€

* ltis found an increase in the amount of producé€x &d becomes particularly marked the
increase in the concentration of,Hhoth explained by the water-shift reaction CO{ghiO
(g) 2 COe+ H2(Q)

* CO decrease and;Hncrease produced an increase in théCB at both input speeds as

humidity increased.

» Likewise, the decrease in high-energy species agdmydrocarbons and CO produced NCV
decreased with increasing moisture for both inptes.

 The gas reforming is nearly complete for hydrocasbop to G, with the exception of
benzene whose concentration is reduced to lesshdbhut not completely reformed.

* For tars, the reforming is very remarkable withalecof around 50%.
3.6.2. Effect of relative humidity in combustion air

It is also necessary to analyze the effect of ikddtumidity using air as gas and maintaining
the ratio D/B=1. For each input speed, the air fievadjusted sa@ is maintained between 0.2 and
0.3, values that are suitable in the literaturg.[Results are shown in Figure 7, together with the
more detailed Tables S9-S10.

The trend is the one expected, i.e., increasedertrations of C®and H and decreased CO
and hydrocarbons with the consequent reduction@ l[dnd very noticeable increase in ratig GD
for both speeds. Hydrocarbons’ reforming is netal tand tar reforming is close to 40%.

3.6.3. Effect of relative humidity in pyrolysiswith N,

It is interesting to complete the study presentgaimlyzing the influence of moisture when
it is the only supply of oxygen to the reaction asphere. In this case, the D/B is maintained at 1
(previously determined optimal) and the effecttisdged at the two inlet velocity conditions used
throughout the study. In Tables S11 and S12 thdtsesre presented, as well as in Figure 8.

In view of the results it can be seen that:

* By increasing the relative humidity, the concemntrad of CQ and R increase, decreasing the
concentrations of hydrocarbons and CO. This resal&n increase of the ratiooACO and
decreasing NCV.



» The reforming of hydrocarbons occurs even at ldatikee humidities, being more important
for this atmosphere the catalytic effect of dolanrtihat the combined effect exerted by the
water vapor present in the reaction atmosphere.

» Tar reforming occurs to a great extent with incire@snoisture.

» All these effects are observed at the two inpuedpgalthough gas conditions obtained are
better at Vhigh than at Vslow, which can be justfiby the combined effect of increased
heating rate while less residence time in pyrolysibich produces a better effluent gas
reforming.

3.6.4. Steam combined effect

To analyze the effect of the presence of diffe@miounts of water vapor in the reaction
atmosphere in the presence of the catalyst, thePéB is fixed to the optimum value in accordance
with the above results, and the relative humidityaried with two different input speeds, obtaining
the results shown in Figure 9.

Regarding the percentage of water vapor we cagatelthe following conclusions:

* The presence of increasing percentages of watesrviapthe reaction gases in the
presence of dolomite increases the ratwC for all reaction and residence times.
Other authors observed similar trend [19] treatiogls.

* The higher values of JICO are obtained for gasification with sub-stoichairic air
and low residence times, also observed with longgidence times. Partial oxidation
processes by the presence of oxygen, together higtih temperatures that cause an
autothermal reforming and a steam reforming cathsese results.

* Pyrolysis processes show the same trend, with @ifis@nt noticeable difference
between high and low residence time, presentirmgt inlet velocities the maxima in
H2/CO. Autothermal reforming processes at high terupees and steam reforming
are the processes that are reforming the syngas timese conditions.

* Processes with £present the lowest values of the ratiggGD. But in Figure 9 we can
observe that the air and pyrolysis curves haveara fehich indicates that the value of
the ratio H/CO reaches a maximum for increasing vapor conagair values but the
increase is not linear, in such a way that a higlmercentration of vapor does not
produce appreciable improvements in the ratCE. However gasification curves
with oxygen, and for both speeds, have a tendemalyseems to suggest that higher
proportions of steam produced a significant inaeaghe H/CO.

In all sets of runs, through the effect of dolomitatalyst and the humidity, it is observed for
all atmospheres (air, MNnd Q/H20) the reforming of the gas by the destruction pécses G-Ce.
The decrease in the concentration of tars is obddpoth with increasing ratio D/B and the moisture
present in the reaction. Another of the most netadfect is that the presence of water vapor in



increasing proportion improves the catalytic effedt the dolomite more extensively, in all
atmospheres studied.

For practical purposes the two most interestingiabées that determine the possible
subsequent uses of syngas are NCV of the gas andatio H/CO. The NCV is an important
parameter when gas use is geared toward geneeddicigicity in thermal power plants with Rankine
cycle or combined cycle plants (Bryton-Rankine).

The processes to enrich the fuel mixture effluemteg are meaningful if we work with
warped turbines systems with subsequent gas cormbuststeam boiler8But if gas will be used for
direct injection in alternative internal combustiengines it is most interesting to have a poor gas
that will allow us a constant revolution rate ofgee atminimum fuel consumption; in this case,
enrich the mixture increasing its NCV not make mugnse if the end use will be to obtain
electricity. A low calorific value fuelled distribed combustion with swirl for gas turbine
applications has been described in literature [RGhe end use of the syngas is the movement of a
vehicle, the reforming of the gas to increase ti@/Nvould be more justified. If the reforming is
performed to improve the ratio2lCO for further use in chemical synthesis or liglodfuels
(Fischer-Tropsch) it would be interesting to analythe results comparing all experimental
conditions.

5. Conclusions

During the study performed about the thermal deamsiion of Posidonia oceanica in
different conditions, it can be concluded that:

- The presence of increasing percentages of watgwnin the reaction gases in the presence
of dolomite increases the ratia/lB0O and decreases the NCV of the gas for all ractmospheres
and residence times.

- The highest values of the rati/BO and less NCV are obtained for combustion in sub
stoichiometric air and low residence time. Partizidation processes by the presence of oxygen,
together with high temperatures that cause an fznwoial reforming and a steam reforming causes
these results. Pyrolysis has the same trend bighdisant difference is observed between high and
low residence time, being the/ 0O much higher at high input speed.

- The possible use of syngas goes from heat engises with internal and external
combustion (low values of JHCO) to the processing fluid for obtaining biofueisd methanol by
Fischer-Tropsch, either for ammonia, synthetic ratgas and hydrogen ¢, O > 2).

- In the Fischer-Tropsch synthesis the oxygen oison for the catalysts used. For this
reason if atmospheres are used with an amount yjeoxis very likely that small amounts of
unreacted species appear, so it would be necesgast-treatment aimed to remove the oxygen gas.
It seems therefore interesting to use pyrolysitealsnique if the syngas is to be used by this rotite
chemical synthesis.
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mm/s (Vslow) and 1.9 mm/s (Vhigh) varying the humidity.

Figure 7. Gasification of Posidonia oceanica with air in the presence of dolomite at 0.5 mm/s
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Figure 8. Pyrolysis of Posidonia oceanica in nitrogen in the presence of dolomite at 0.5 mm/s
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Table 1. Physico-catalytic properties of prepared dolomite

Particle diameter (mm) 0.18 t0 0.22
Specific surface area () 9.2

BET surface area (thg) 11.0

Area (micropores) (f g) 0.91

Area (17-3000 A pores) (thg) 18-20




ACCEPTED MANUSCRIPT

Volume (pores 17-3000k) (cihg) | 0.073
Average micropore diameter (A)| 141
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