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Highlights
· A ceramic candle filled with catalyst was inserted in the freeboard of a gasifier
· Two different catalysts (A, B) were tested for tar reforming inside the gasifier
· [bookmark: _GoBack]Catalyst B showed very good performance, reaching 89% of tar conversion
· Catalyst B was more active than catalyst A, even though used at higher GHSV
1. Introduction
Gasification is a very promising conversion process  to produce a fuel gas (syngas) from biomass, usable for direct power production or for the synthesis of high quality bio-fuels  [1]. However, syngas has to be cleaned before its use, in order to remove main pollutants that may compromise its exploitability: particulate and tar [2]. Fluidized bed gasifiers have several advantages, including the presence of a free space above the bed (freeboard) in which devices for in-situ gas conditioning can be integrated. In this work, a segment of a commercial ceramic filter candle is inserted in the freeboard of a bench scale fluidized bed gasifier for particulate removal, and its internal hollow space is filled with catalyst pellets, in order to perform catalytic reforming of tar in the raw gas. Two different commercial catalysts are tested inside the filter candle and their performance is studied and compared.
2. Methods
Experimental tests were carried out in a bench scale biomass gasification system composed of a cylindrical fluidized bed reactor (ID 0.1 m) heated with an external electric furnace. The bed material is composed by olivine sand and the biomass used is ground almond shells. In the upper part of the reactor a ceramic candle is hosted (L 440 mm, 60 mm OD and 40 mm ID). At the outlet of the gasifier the gas composition (H2, CO, CO2, CH4) is analyzed online and its volume flow is measured; tars are sampled according to the standard CEN/TS 15439 and then analyzed with HPLC. Temperatures and pressures are measured in different points of the reactor. More details on the experimental rig can be found in [3].Tests were carried out with the empty ceramic candle and with the candle filled with two types of Ni based commercial catalysts for steam reforming of methane and naphtha, referred to as A and B, respectively. Catalyst A has the shape of perforated pellets with a high void fraction; catalyst B instead, having the shape of small cylinders, could cause excessive pressure drop. For the tests with catalyst B the cavity of the candle was filled only partially, with an annular bed of catalyst pellets, leaving a cylindrical internal hollow space to reduce the whole pressure drop (see Figure 1).
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[bookmark: _Ref534975291]Figure 1. Scheme of gasification reactor and configurations of catalyst filled candle
3. Results and discussion
[bookmark: _Ref534975393]Table 1. Input conditions and test results
	Test
	1
	2
	3

	Filter candle 
	Empty
	Catalyst A
	Catalyst B

	Temperature (°C)
	789
	770
	775

	Gas yield (Nm3 dryN2free/kgbio)
	1.13
	1.45
	1.66

	Water conversion (%)
	24.25
	36.13
	53.65

	[bookmark: _Hlk534992907]Tar (g/Nm3 dryN2free)
	3.28
	2.75
	0.36

	GHSV (h-1)
	-
	4211
	5729

	H2 (%vol dryN2free)
	40.65
	55.34
	54.04

	CH4 (%vol dryN2free)
	9.03
	2.13
	1.20


Results reported in Table 1 show that both catalysts lead to an upgrading of the gas quality compared to that of the raw syngas. However, catalyst B (even though filling only partially the candle cavity, thus confined in a smaller volume) performed much better than catalyst A, with higher gas yield and water conversion. In fact, with catalyst A, tar is only slightly reduced (16%), while catalyst B brought to almost complete tar conversion (89%) with a final concentration in the gas lower than 0.5 g/Nm3 dry and N2 free. 
4. Conclusions
The integration of catalyst pellets in the cavity of a ceramic candle placed in the freeboard of a fluidized bed gasifier can be an effective solution for syngas upgrading. In particular catalyst B showed excellent performance in tar reforming, increasing H2O conversion, gas yield and H2 content. Even though catalyst B was filling only partially the candle cavity (thus under higher GHSV), better results were obtained compared to those exhibited by catalyst A. 
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