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Section 1:

Low-temp. catalytic gasification of
cellulosic biomass [ref. P]

Overview:
__________________________________________________________________
Due to the massive anthropogenic addition of CO2, NOx`s and SOx`s to the atmosphere,
global warming , at present, occurs at a faster rate than at any other point in the past millennium.
These additions, mostly, are made in the name of energy production, consumption by
combustion of fossil fuels [ref. P.1]. The myriad and severity of ill-effects shall not be discussed here; suffice
to say, for our future well-being, the energy sources that succeed petroleum must be "clean for the
environment, renewable and sustainable, efficient", economical, convenient and no more dangerous than
petrol [ref. P.2, .3, .4]
H2, in itself, for fuel cells and internal combustion engines, syngas for clean(er) liquid fuels
such as Fischer-Tropsch liquids, methanol and dimethyl ether, are the most promising potential
successors. These potential fuels yield significantly lesser pollutants and greenhouse gases as
by-products/exhaust/waste [ref. P.5, .6]
• The complication: Production of large amounts of tar, even at temperatures as high
as 800 - 1000 OC. A "nickel"-based catalyst efficiently converts the tar in a secondary reactor

(700 - 800 OC), removing ~98% of it from the product gas [ref. P.17]. The nickel-based catalyst
is also efficient at tar removal in the primary reactor (> 750 OC) [ref. P.17, .18], though the
catalyst (and other standard catalysts) abruptly and utterly deactivates due to the deposition of
carbon on its surface [ref. P.20]. Thus, a catalyst is needed such as that which can perform and
resolve the tar formation in the primary reactor at as low as 500 - 600 OC during the cellulose
gasification.
The experimental trials focus on the evaluation of a range of catalysts in the production of
H2 and syngas (CO + H2) by the gasification of biomass; lower temperatures and less extreme
reaction conditions being the crux of the matter.

Experimental intro and reaction setup:
__________________________________________________________________
"... the use of biomass to produce syngas is the most promising option to share renewable energy sources"
[ref. P].
The basic chemistry at the heart of this whole affair is the reforming and partial oxidation
of hydrocarbons [ref. P.7, .8, .9].
Extensive research during the past two decades has proven the reaction setup of fluidisedor fixed-bed reactors using air, steam and oxygen to be most advantageous; and so, for this
experiment, the gasification of cellulose powder was conducted in a continuous feeding,
fluidised-bed reactor [ref. P.21]. The feeding rate was ~ 85 mg/min (C: 3148 µmol/min, H:
5245 µmol/min, O: 2622 µmol/min). Following calculations made for 25-minute reactions.

• Carbon conversion (C-conv) was calculated as follows,

.
• The quantity of char formed =

• The quantity of tar formed =
100 - C-conv % - char %

Results and discussion:
__________________________________________________________________
In order for efficient and economical production of hydrogen and syngas, total
biomass-to-gas conversion is needed, along with high selectivity of useful gases at low
temperatures. A Rh-CeO2 catalyst was developed and fared well but suffered from the common
problem of limited catalyst life during biomass gasification [ref. P.21, .22, .23]. This occurs due
to the sintering of the CeO2 during the reaction, and so the catalyst has been altered to CeO2-M
(where M is SiO2, Al2O3, ZrO2) to increase the surface area and prevent sintering.
Figure 1 {shown below}

presents the variation of the formation rate of gases with time.

Figure 1a, depicting Rh-CeO2(35%)-SiO2 shows the rates to be steady and stable, the rates are
also second-highest, after those of Rh-CeO2 (Figure 1d). The former catalyst system is still the
best since, as mentioned previously, the latter catalyst is prone to deactivation but not the former.
Other catalyst systems do not match the formation rates of aforementioned.
• A bonus: The product gas contains 50% N2 (from the air that was used as the gasifying
agent and N2 that was used for cellulose transportation). This diluted gas may be used for ammonia
production [ref. P].

As Table 1 also attests, the Rh-CeO2(35%)-SiO2 catalyst system wins in terms of stability
and formation rate; it provides high quantities of H2 and CO, and it surface area remains fairly
undiminished. It may not provide the highest C-conv., nor the largest quantity of syngas
constituents but it is not far off, and all this, such high performance in nearly all aspects and at
reduced temperatures proves its overall merit.

At 500 oC, in th un-catalysed system, C-conv. is 23% and H2 production is almost negligible
[ref. P], and the major products are tar + char; raising the temp. to 900oC raises the C-conv. to
92% and raises the CO production as well but not H2 production (ratio). Other catalysts raise the

C-conv. ratios as well but are produce tar + char waste.

Figure 2 and Table 2 depict temperature dependance.

Production of syngas constituent rises with temperature for all catalyst systems but
since the goal is to do so at lower temperatures, catalyst system (a) fares best again. The
temperature required for 90% C-conv. with the Rh-CeO2(35%)-SiO2 catalyst system is lowest, as
shown by Table 2

• CeO2 (?? %):

This figure shows the rationale behind the 35% CeO2 by mass in the catalyst system,
it is at this value that tar + char conversion is at its highest. Specifically, CeO2 contributes to the
char conversion, as its quantity produced decreases with increasing % of CeO2 added; the rising
% of tar formation suggests that it is dependant on CeO2 surface area, as higher the CeO2
%-concentration rises, its ratio to the (constant) Rh surface area decreases.

• Steaming:

Addition of calculated quantities of steam does not greatly enhance the C-conv. but
it does boost H2 production, though at the cost of CO production. This is explained by the
water-gas-shift reaction, CO + H2O → CO2 + H2 [ref. P]

• Product distribution ratios:

Here, the relationship between four product gas ratios is shown in differing
conditions over the Rh-CeO2(35%)-SiO2 catalyst. Under certain conditions, H2 yield approaches
unity, implying complete pyrolysis of cellulose and negligible yield of tar + char (since these are
aromatic compounds); thus conversion to H2 may be achieved at lower temperatures. C-conv. is
also high.

Summary:

Cellulose, a model compound of biomass, is the object of gasification in a fluidised bed
reactor at 500 - 700 oC. Of the catalysts tested, including the standard Ni and dolomite, the
Rh-CeO2-SiO2 (35% CeO2 by mass) fared best in terms of conversion of carbon to gas and the
distribution of the product. The concept and execution of employing cellulosic biomass for the
generation of H2+syngas may not be novel but the stumbling block of resolving (the
catalyst-deactivating) tar+char formation and depositon at lower temperatures was not yet
overcome. The aforementioned catalyst, emphatically, renders that possible (consequent
effectively negligible tar+char formation). Controlled addition of steam allowed for complete
conversion of the cellulose at temperatures as relatively low as 600 oC, providing syngas and
upon greater supply, H2 as the major product. Overall, for economic viability, high efficiency is
needed, which cannot be achieved without either high temperatures or preferably, catalysts; of
these catalysts, only one performs (and excels) consistently and reliably.

______________________________________________________________________________

Section 2:

Gasification of biomass in water / gasstabilised plasma for SYNGAS production: Absolute prevention of tar + char + CO

2

[ref. S]

Overview:
__________________________________________________________________
This series of experiments employed the hybrid gas-water equipped PLASGAS reactor.
The plasma was of low density, high temperature and high enthalpy. This high enthalpy was
advantageous in providing high reaction temperatures and consequent high efficiency.
Homogeneous heating of the plasma reactor and thorough mixing of plasma and treated
material allowed for obliteration of the substance under test. In the end, a high percentage of
syngas was obtained, moreover, formation of tar was not detected.
The model biomass in this experiment was wood.

Experimental:
__________________________________________________________________
The high temperatures from the thermal plasma decompose the organic substances to
their constituent atoms and then converted to syngas. The inorganic substances "are melted and
coagulate into a dense, inert, non-leachable vitrified slag that does not require controlled disposal" [ref. T]. The
thermal plasma enables decomposition of biomass by only anaerobic pyrolysis or aerobic
(calculated oxygen quantities - gasification) to yield syngas. The critical suppression of higher
hydrocarbons is brought about by the high temperatures in the plasma reactor. Since all the
energy is supplied by the plasma, there is no combustion to provide energy for decomposition,
hence formation of CO2 is also prevented. Such a reaction system allows for tighter controls of
product composition, reduction of undesirable substances by acting as an energy storage,
converting thesupplied electrical energy to plasma to the syngas.

Orange: CO
Blue: H2
Higher feeding rates result in near complete gasification, lower rates may be explained by
poor mixing due to lesser volume of plasma thus lesser energy transfer.

Summary:
__________________________________________________________________
The gasification of wood as biomass by argon/steam plasma proves the capability of this
method too in producing syngas with negligible waste products or interfering substances. The
flow within the reactor is virtually controlled by the gasification of the biomass and so its rates are
high. The generated syngas is of great calorific value, ~twice the input energy.
______________________________________________________________________________

Section 3:

Syngas "sunny-side up": a more "organic"
way to produce syngas [ref. T]

In an eye-brow raising development, a patented process has been developed to produce
H2 from EGG-SHELLS (indirectly). The process, an improvement upon the water-gas-shift
reaction, CO + H2O → CO2 + H2, seeks to economically remove or separate out the CO2 from
the product mixture.
The egg-shells are firstly treated with an "organic acid" to remove and isolate the
membrance layer, 10% of which is the collagen (worth $991 CDN per gram); then shells are then
ground up. The experiments performed saw upto 78% absorption of equal mass of CO2 by the
ground-up egg-shells, the highest absorption efficiency recorded for CO2.
A drop in the ocean: Though, a hydrogen infrastructure cannot be setup solely by way
of the egg-shells, it is quite exciting and could in future put thousand of tonnes of would-be
egg-shell rubbish to use (455,000 tonnes of egg-shells were produced in 2006 in the US).
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