Qe

P 1
=] =

021
-

Hy B

ICEER2021 - 8" International Conference on Energy and Environment Research:
“Developing the World in 2021 with Clean and Safe Energy”

13-18 September 2021

EFFECT OF CATALYST ON THE PRODUCER GAS COMPOSITION FROM
CO-GASIFICATION OF GLYCEROL/FAT MIXTURES

A. Cruz!, E. Ramalho?, A. Ribeiro! and R. Pildo?!
1 CIETI — Instituto Superior de Engenharia do Porto (ISEP), R. Dr. Antonio Bernardino de Almeida
431, 4249-015 Porto, Portugal, 1140580@isep.ipp.pt; err@isep.ipp.pt; rm@isep.ipp.pt

ABSTRACT

In this work, steam reforming of crude glycerol and animal fat mixtures was studied. The
tests were carried out at temperatures of 700 °C and 750 °C in a fixed bed reactor using
activated alumina or dolomite particles, to evaluate the catalytic capacity of these minerals
in the removal of tar from the producer gas. The gas produced was quantified and analyzed
by gas chromatography, and it was concluded that its composition is greatly influenced by
the bed material used. The results obtained showed that dolomite is more effective in
reducing the tar content, evidencing its ability to catalyze the tar reform reactions and
promoting the water-gas shift reaction. Consequently, using dolomite as a catalyst, a
producer gas with 47-48 vol% in Hz and 27-30 vol% in CO2 was obtained, while using a
bed of alumina particles, a gas with a high CO content (45-48 vol%) and lower Hz content
(34-37 vol%) was produced.
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1. INTRODUCTION

In the global energy and environmental landscape, there has been an increase in the dynamics
inherent in the move to renewable energy sources. The possibility of valuing waste is presented as
a fundamental strategy in the context of environmental and economic sustainability, contributing to
the model of transition to a circular economy and intensifying the use of renewable energy sources.
In Portugal, there are by-products and industrial wastes for which it is urgent to find alternatives that
aim at their recovery. In this context, the present study intends to evaluate the technical feasibility of
the gasification process of two industrial by-products/wastes: crude glycerol from the biodiesel
industry and animal fat from the leather industry. In this work the results of the effect of the use of
dolomite as a catalyst in the composition of the produced gas are presented.

Despite the advances achieved in recent years in the design of more efficient gasifiers, the cleaning
process of the gas produced is still a limitation on the use of biomass for electricity generation. The
presence of tars (condensable organic compounds) in the producer gas can cause clogging and
corrosion and reduce the overall efficiency of the process. For this reason, interest in the catalysis of
biomass gasification has grown in recent decades. Dolomite is a biomass gasification catalyst that
has been studied by several researchers (Sutton 2001, Tan et al. 2019, Islam, 2020,
Shanmuganandam et al. 2020).

Delgado et al. (1997) investigated the use of Norte dolomite for the steam reforming of biomass tars.
They reported that the tar conversion increased with increasing temperature and complete
elimination was observed at 840 °C. They observed that an increase in the gas/catalyst contact time
and in particle size results in an increase in the destruction of the tar present in the gas and in more
Hz and CO2 produced.

Perez et al. (1997) investigated the biomass gasification in a bubbling fluidized bed gasifier using
steam-oxygen mixtures as gasification agent and calcined dolomite located downstream from the
gasifier. They have reported an increase in the Hz content, a decrease in the CO content and a tar
conversion of 90-95 vol% with space times of 0.06-0.15 Kg calcined dolomite /(hm?3).
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Gil et al. (1999) investigated the performance improvement of a fluidized-bed biomass gasifier, by
in-bed use of calcined dolomite. They reported that 15-30 wt% of (calcined) dolomite in the bed
improves quite a lot the quality of the producer gas, presenting a tar content below 1 g/m?® and an
increase in the Hz, CO and CH4 contents.
Andrés et al. (2011) studied the catalytic gasification of sewage sludge in a fluidized bed reactor
using air and air-steam mixtures as the gasification agent. The aim of the study was to study the
influence of three catalysts: dolomite, olivine and alumina in the composition of the producer gas and
in the production of tars during the gasification process. The results showed that dolomite has the
greatest activity in the elimination of tar, followed by alumina and olivine, and it was found that the
concentration of tar decreased by 75% using dolomite against 65% using alumina. The study also
indicates that at 800 °C dolomite allows to obtain a higher amount of hydrogen (17%) when compared
to alumina (15%) and that the highest H2/CO ratio was obtained using dolomite.
Pinto el al. (2020) studied the gasification of lignin-rich solids in a bubbling fluidized bed gasification
reactor where 33% by mass of minerals such as limestone, dolomite or olivine were added to the
silica sand bed. In the study, the effect of the presence of these minerals on the synthesis gas
composition was analyzed. They concluded that the highest concentrations of H2 and CO: and the
lowest CO levels were obtained in the presence of dolomite. They also concluded that dolomite
seems to be the most suitable catalyst to promote the destruction of tars.
Gasification is a thermochemical process involving an oxidant agent and consisting of a partial
oxidation that allows the conversion of carbonaceous raw material into a gaseous fuel. The reaction
mechanism of the gasification process is complex, and reactions 1 to 10 are some of the main
reactions involved in the process (Basu 2018, Leal et al. 2016, Meng et al. 2012):

Water-gas shift reaction:

CO+ H,0 =CO, +H, AHZ8K = —41.2 kJ/mol
(1)
Boudouard reaction:
C+CO, < 2CO AHZ8K = 117258 k] /mol @)
Steam char reaction:
C+H,0 =CO+H, AHZ°8K = 4131 kJ/mol 3)
Methane steam reforming:
CH, + H,0 = CO + 3H, AHZ%8K = 1206 k] /mol @
CH, + 2H,0 = CO, + 4H, AHZ?8K = 1165 k] /mol 5)
Methane dry reforming:
CH, + CO, = 2CO + 2H, AHZ8K = 4247 k] /mol ©)
Tar reactions: AHZ°8K = 4200 — 300] kJ/mol
Thermal cracking:
pC,H, - qC,H, +rH, )
Tar steam reforming:
X
CaHy + nH,0 > (n+ E) H, + nCO ©
Tar dry reforming:
X

Tar carbon formation:

X
ChHy = 2 H; +nC (20)
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2. MATERIALS AND METHODS

The co-gasification of crude glycerol/fat mixtures was studied in a down flow fixed bed reactor using
steam as the gasification agent. Tests were performed with a fixed bed composed of catalyst particles
of dolomite (2 to 5 mm of diameter) or alumina (6 mm of diameter). The results obtained with dolomite
were compared with the ones obtained using alumina particles. The experimental tests were
performed at 700 °C and 750°C using a mixture composed by 59% of glycerol, 3% of fat and 38% of
water, having a C/H20 mass ratio of 0.72. Details on the experimental installation and test procedure
can be found in Almeida et al. (2020).

Dolomite (MgCO3CaCOsg) is one of the most common materials used as a catalyst in biomass
gasification (Hervya, 2019). Dolomite is used with the main objective of reducing the tar content in
the producer gas and its main operating problem is its fragility when calcined. The calcination of
dolomite above 750 °C gives rise to the formation of MgO (21.3%) and CaO (30.4%) due to the loss
of COo..

After the gasification tests, the bed of alumina particles was calcinated at 900°C during 30 min and
the dolomite bed was calcinated at 550°C during 2 h, to remove the deposited carbonaceous residue.
The lower calcination temperature, in the case of dolomite, was selected to prevent the CO2 mass
loss with the consequent material fragilization.

3. RESULTS AND DISCUSSION

In Fig. 1 the results obtained for the average gas and liquid phase yields are presented for the two
particle bed materials studied. These indicators represent the fraction of the feed that was converted
to the gaseous phase and the one that remained in the condensed phase. The gaseous phase, called
producer gas, is essentially composed of Hz, CO, CH4 and CO2 and the liquid phase consisting of
the condensable fraction of the gas produced in the gasification process, is composed mainly by
water and tars (aromatic hydrocarbons).
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Fig. 1 — Gas and liquid phase yields.

The results obtained clearly show that when is used a bed of dolomite particles the gas phase yield
is greater than that obtained when using alumina particles. They also show that the increase in
temperature favors the production of the gas phase and the decrease of liquid phase production, for
both materials studied. The determination of phase yields is affected by a large experimental error
(standard deviation indicated as vertical bars in Fig. 1) however they are indicators of the behavior
of the co-gasification process under the studied conditions.

The effect of temperature and bed material on the producer gas composition was studied. Fig. 2
shows the obtained results for CO, CO2, Hz2 and CHa.
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Fig. 2 — Producer gas composition.

With the increase in temperature, using a bed of alumina particles, there was a tendency to decrease
the CO content in the producer gas from about 48 to 45 vol% while, when using dolomite as a catalytic
bed, substantially lower values of CO concentration were registered (13 vol%).

Regarding the concentration of Hz in the producer gas, it was found that, with the increase in
temperature and using alumina, the average Hz concentration increases from 34 to 37 vol% and that
the use of dolomite as a catalyst promoted an increase in Hz concentration values in the range of 48-
47 vol%.

Concerning the concentration of CO: in the producer gas, there was also a large difference in results
between the two bed materials tested. Using alumina, the recorded CO2 concentrations were in the
range of 5-6 vol% and when dolomite was used a substantial increase in this concentration was
observed. In this case, with the increase in temperature, there was a slight decrease from 30 to 27
vol% of the mean CO2 concentration.

For the temperatures tested, no significant differences were observed in the concentration of CH4
between the tests with dolomite and with alumina. The average values ranged from 10 to 12 vol%.
The results show that the composition of the producer gas is strongly dependent on the material of
the particle bed. Using dolomite as a catalyst, a producer gas rich in H> and CO2 was obtained, as
indicated in several studies (Andrés et al 2011, Delgado et al. 1997, Pinto et al. 2020, Vassilatos et
al. 1992). When using a bed of alumina particles, it was observed that CO was the predominant
component followed by Ha, as reported by Andrés et al. (2011b).

This behavior is indicative that dolomite appears to be a suitable material to promote the destruction
of tars by its action as a catalyst for tar reform reactions (8, 9), resulting in the promotion of the water
gas shift reaction (1) as well. As a result of the higher level of H> and lower level in CO in producer



gas, a large increase in the average value of the H2/CO ratio was observed in the presence of
dolomite (Fig. 3).
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Fig. 3 — Effect of bed material on H2/CO ratio

4. CONCLUSION

The catalytic co-gasification of glycerol/fat mixtures was studied using steam as a gasification agent.
The results showed that dolomite is more effective than alumina in reducing the tar content of the
producer gas. In the tested range temperatures, it was also found that the use of dolomite promotes
the production of a producer gas rich in Hz (47-48 vol%) and CO:2 (27-30 vol%) and with a mass ratio
of H2/CO between 3.5 to 4, which gives the gas more suitable properties for its use in combustion
engines and in chemical synthesis for biofuels production, than the gas produced using alumina.
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