
Rev. Eletr. Gest., Educ. Tec. Ambient. 
Santa Maria v.23, e29, p. 01-13, 2019

DOI:10.5902/2236117037685 - ISSN 2236-1170

Tecnologia ambiental Submissão: 09/04/2019    Aprovação: 19/07/2019    Publicação: 29/08/2019

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.

Artigo Original

Gasification system coupled to fixed bed column aiming adsorption of H
2
S from 

biomass

Sibéria Caroline Gomes de MoraesI; Adalberto Freire do Nascimento JúniorII; 
Shirlene Tamires Oliveira dos SantosIII; Ana Maria Ribeiro Bastos da SilvaIV; 

Sérgio Peres Ramos da SilvaV; Valdinete Lins da SilvaVI; Celmy Mª B. de Menezes BarbosaVII

Abstract 

An overview of the characterization of biomass sugarcane bagasse, peanut shell and black grape peel for application 
of biofuels, based on laboratory tests. Initially a general explanation of the development of gasification for the 
production of synthetic natural gas from alternative sources, such as biomass, which can be converted from solid 
to gaseous fuel, passing through a process of purification through adsorption in a fixed bed system. The adsorbent 
was evaluated through BET, BJH, pH, humidity and ignition loss analyzes. The results of the combined gasification 
capacity of the adsorption column for the cleaning of the produced fuel gas and adsorption of the H2S were analyzed. 
The biomass results were discussed in terms of the energy potential as fuel based on the principal component analysis 
(PCA).
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1 Introduction

Due to environmental issues, regulatory restrictions on 
greenhouse gas pollution have increased, leading to an impro-
vement in the quality of fuels worldwide, large investments in 
synthetic liquid fuel technology have attracted the attention of 
companies in the energy sector [1]. Mainly in the conversion of 
synthetic natural gas (SNG), obtained from natural gas (NG), 
known as GTL (gas to liquid) technology. However, it is very 
likely that natural gas reserves are increasingly limited [2], 
therefore, other technologies for the production of SNG from 
alternative sources, such as biomass (liquid biomass, BTL), 
reaching high levels of purity and high energy efficiency [3] 
appear as an option for fuel gas. Biomass is an abundant and 
renewable energy, it is the fourth largest source of energy in 
the world, its conversion is rich in synthesis gas, becoming 
a precursor of great interest in relation to other sources [4]. 
Compared with fossil fuels do not emit greenhouse gases [5]. 
According to Bocci et al. [6] the efficiency of the biomass 
energy conversion process will depend on several factors, 
among them, its physicochemical composition. 

To determine the potential of a biomass as a fuel and to 
be able to evaluate how best to use it in a more advanced 
thermodynamic project, it is necessary to first know its fun-
damental physicochemical characteristics, since it is these 
properties that determine both the choice of the process [7; 
8]. The main properties of interest for the study of biomass 
conversion processes are: calorific value; moisture content; 
chemical composition (immediate and elementary); granulo-
metry; bulk density and chemical composition of the fibers 
(lignin, cellulose and hemicellulose) and thermal analysis.

Therefore, due to this renewable resource, the production 
of synthesis gas (SG) for GTL technology is being studied, 
giving rise to new types of plants for fuel generation. The SG 
is also important in industrial processes involving combustion, 
providing faster and cleaner burning in relation to solid fuels, 
the same is produced from gasification processes, in which the 
organic matter (biomass) is transformed into gas by burning, 
in a condition of air shortage in relation to the stoichiometric 
firing. Gasification involves a large number of parallel reac-
tions, most of which are endothermic and must be maintained 
by the partial combustion of the generated gas or by external 
heat supply. The gasification process is divided into: drying, 
pyrolysis, oxidation and reduction [9].

The SG from the gasifier needs to be purified when fuel is 
produced, usually this requires desulphurisation (often down 
to ppb level) due to sulfur compounds [10]. Purification of 
the biomass gasification gas before the catalytic unit step is a 
promising method for obtaining clean fuels and has become 
a challenge for the non-deactivation of the Fischer-Tropsch 
catalyst since the biomass gasification gas contains remarkable 
amounts of H2S (in the range of 100 to 500 ppm) depending on 
the feedstock [11]. Therefore, the need for purification of the 
synthesis gas and removal of the most recalcitrant contaminant, 
the sulfur, in the form of H2S, requires alternatives of cleaning 
technologies, among them, the adsorption, an effective process 
for the removal of polluting constituents. 

The adsorption is a mass transfer operation, which studies 
the ability of certain solids to concentrate certain substances in 
liquid or gaseous fluids, allowing separation of the components 

of these fluids [12]. One of the frequently studied adsorbent 
materials is ash, residues from the burning of sugarcane bagasse, 
a complex material of heterogeneous chemical composition 
and morphology [13]. 

According to Oliveira [14], ash is a complex biogenic 
organic-inorganic solid product generated by anthropogenic 
(technological) or natural processes, its use as adsorbent is 
also directed to remove raw material or petrochemicals from 
wastewater; to remove odor emitting toxic substances from 
residual aqueous solutions; to remove certain dyes in water 
from textile factories, and in the disposal of heavy metals 
from industrial effluents. 

Ashes from biomasses have considerable ion exchange 
capacity because they contain oxygen containing functional 
groups, such as silanol, hydroxyl, carboxylic, phenolic and 
others that can adsorb the metals. On the other hand, alkaline 
and alkaline earth oxides, hydroxides and carbonates are 
predominant among ash components and this explains their 
alkalinity and has excellent ability to capture sulfur and other 
compounds [15]. 

Hachimi et al. [16] studied that in the biomass burning 
processes, gasification, in which there is production of H2S, a 
compound that attacks the active sites of the catalysts, required 
that the synthesis gas needed to reach ppb levels to produce 
fuel. It can be achieved by the reaction of sulphidation with 
a metal oxide (MOx): MyOx + xH2S  MySx + xH2O; after 
this reaction, the sulfur material can be regenerated under an 
oxidizing atmosphere and by thermal decomposition of the 
sulfates: MySx + (3/2)xO2 MyOx + xSO2. As an example 
of the work of Hachimi et al. [16], they studied the copper 
oxides and the mixed copper oxides, where they presented the 
best results for the desulphurisation process.

Chytil et al. [17] evaluated the removal of H2S, produced 
from biomass gasification, and verified in its adsorption sys-
tems the advantages and disadvantages, where it was observed 
that adsorbents based on manganese, copper and zinc oxide 
presented good yield of their capacity of adsorption, being its 
advantage; however, as a disadvantage, these oxides have a 
long period of adsorption time tend to deactivate by sintering 
(a process that creates a change in the microscopic structure 
of the base element).

2 Materials and methods

The methodology for the development of this rese-
arch was divided in three stages: collection, treatment 
and physical-chemical characterization of the biomass 
for the production of the combustible gas and analysis 
of the adsorbent.

2.1 Material collection

For the accomplishment of this work, the bark of the 
black grapes skin (BGS) was used, its origin was of the 
Municipality of Petrolina-PE, the peanut shells (PS) from 
the municipality of Santa Maria da Boa Vista-PE and su-
garcane bagasse (SCB) from a commercial establishment 
in Pernambuco (CEASA-PE). The ash from sugarcane 
bagasse was collected from the J.B Plant, located in the 
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city of Vitoria de Santo Antão-PE. All collected in the 
period from June 1 to June 30, 2016.

2.2 Treatment of the material

After collection, peanut shell (PS), black grapes skin 
(BGS) and sugarcane bagasse (SCB) samples were charac-
terized for the laboratory tests, being developed in the 
Laboratory of Fuel of the University of Pernambuco. In 
the characterization laboratory, each biomass underwent 
a previous treatment, which consisted of the spraying, 
homogenization and drying stages, in accordance with 
ABNT NBR 6.923 / 1981: Charcoal - Sampling and sample 
preparation.

In the preparation of the adsorbent, this step was de-
veloped in the Laboratory of Environmental and Quality 
Engineering (LEQE) at UFPE.

• Pure ash: The ash was worked in its in natura form 
in the amount of 20g, the only preparations in this stage 
were the use of a sieve with MESH 65 to leave the same 
homogeneous and remove possible contaminations such 
as sand and small pieces of wood, of this the ash was 
washed with 50 mL of water, dried in an oven at 273 K, 
cooled and stored.

2.3 Analyzes made on materials

(a) Biomass: sugarcane bagasse, black grapes skin 
and peanut shells.

The fundamental characteristics that were determined 
for the biomass are written as follows. Each laboratory 
test was repeated 3 times, to obtain a better result and 
decrease of analytical error [18].

2.1.1 Particle size analysis

An analysis to determine the particle size characteristics 
of the biomass types used was carried out using standard 
sieves. This characterisation method consists on the me-
chanical separation of different fractions of the material 
by using a set of sieves with determined mesh size, placed 
gradually on top of one-another, with the larger sieve ope-
ning being placed on top, in accordance to the ABN NBR 
NM 248/2003 Norm: Aggregates – determination of particle 
size composition. Particles with a bigger characteristic 
grain size than the corresponding mesh were retained 
in the respective sieve. In the same way, particles with a 
characteristic dimension smaller than the mesh size pass 
through the corresponding sieve. (10.00 ± 0.01) g of the bio-
mass types were sieved in a mechanic sieve shaker, with the 
following mesh sizes being observed: sugarcane bagasse, 
MESH 28-35; grape skin and peanut shell, MESH 20-28.

The mass of the different grain size fractions were then 
calculated having individually determined the mass con-
tained in each mesh and dividing the result by the initial 
value sieved, estimated according to Equation 1 described 
by Lora et al. [19]: 

Where  is the standard mesh size of the respective sie-
ve particles pass through and  the mesh size of the sieve 
particles were retained. 

2.2.2 Moisture content on dry basis

In order to determine the moisture content, the ABNT 
NBR 14.929/2003: Wood – Determining Wood Chip Mois-
ture Content – oven drying method. Samples containing 
(3.00 ± 0.01) g of the raw materials studied were condi-
tioned in a recipient of mass known, weighed and taken 
to be dried in the oven at (105 ± 2) oC. Throughout the 
drying process, the samples were weighed every 2 hours, 
until having presented a variation lower or equal to 0.5% 
of the last mass measured, which would be considered 
as the dry mass. After each set period of time in the 
oven, the samples were kept in a desiccator containing 
active silica, as a way of ensuring adequate cooling. The 
dry basis moisture content was subsequently calculated 
according to Equation 2.

With A being the initial mass of the sample, B the 
mass of the system formed by the recipient and by the 
dry sample, and C the mass of the empty recipient and 
dried in the oven at (105 ± 2) oC.

2.2.3 Calorific Value 

The calorific value was determined according to the 
same ABN NBR 6.992/81 norm: Charcoal – Determining 
Calorific Value – Test method using a bomb calorimeter. 
The trials were carried out using a Digital Calorimeter 
consisting of an adiabatic oxygen bomb, a distilled water 
unit and a decomposition vessel.  

With this method, the condensed and previously wei-
ghed biomass (0.3g - 0.5g approximately) was conditioned 
inside the crucible (combustion chamber), subsequently 
being placed inside the decomposition vessel. When cor-
rectly sealed, the vessel was placed inside the adiabatic 
oxygen bomb.

Throughout the trial, the adiabatic bomb was filled 
with a known mass of distilled water from the water 
unit, with oxygen being subsequently injected inside the 
decomposition vessel at a pressure of 30 bar. When the 
temperature controlled jacket matched the temperature 
of the decomposition vessel to the distilled water tem-
perature, the combustion of biomass in the combustion 
chamber took place. Due to the energy released during 
the combustion process, the temperature of the water 
inside the adiabatic bomb was increased to its maximum, 
and registered accordingly.

Dc = [
(Xp2 + Xr2) ∗ (Xp + Xr)

4 ]
1 3⁄

 (1)

% W = [A − (B − C)]
B − C ∗ 100 (2)

Bulk Density (BD) =  (mb − mv
Vi ) (3)
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After having carried out the trial, the decomposition 
vessel was removed from the equipment and the pressure 
released so that the lid could be removed. The heat of 
combustion, or the higher calorific value of the sample, 

was calculated according to Equation 4: 
With Tf and Ti being the initial and final tempera-

tures registered, and Cp the calorific capacity of water 
at a constant pressure.

For the lower calorific value, an analysis of the water 
of combustion present in the decomposition vessel was 
carried out after the process, according to the procedure 
indicated by the manufacturer. For this procedure, the 
decomposition vessel was rinsed with 50 mL of distil-
led water and the mixture collected with the use of an 
Erlenmeyer. An orange-coloured methyl indicator was 
then added to the mixture. The mixture was subsequently 
titrated with a solution of sodium hydroxide at 0.1N fac-
tored until the change in colour, with a 20 mL solution 
of 0.05N sodium carbonate being added afterwards. The 
quantities of NaOH and HCl used were then noted and 
multiplied by their respective factors. These data were 
inserted in the in Calorimeter software, which automa-
tically calculated the LCV. 

2.2.4 Immediate chemical composition and thermal 
analysis

The contents of volatile matter, fixed carbon and ashes 
of biomass were obtained according to the ABNT NBR 
8.112/86 norms: Charcoal – Immediate Analysis – Test 
Method using a thermogravimetric scale. For obtaining 
the data for volatile matter and fixed carbon, a constant 
heat rate of 10ºC.min-1 was imposed, from a room 
temperature to a temperature of 900oC, using nitrogen 
as carrier gas, creating a non-reactive atmosphere in 
the oven. After reaching 900oC, oxygen gas began being 
injected in the oven, provoking a reaction between the 
matter’s fixed carbon and O2 from the environment, 
forming carbon dioxide, with only ashes remaining in 
the composition.

2.2.5 Elementary Chemical Composition

The elementary analysis was carried out using a Vario 
Macro Equipment, according to the ASTM D5373/2008 
norms: Standard Test Methods for Instrumental De-
termination of Carbon, Hydrogen, and Nitrogen in 
Laboratory Samples of Coal and the ASTM D4208/2007 
norm: Standard Test Method for Total Chlorine in Coal 
by the Oxygen Bomb Combustion/Ion Selective Elec-
trode Method. 

2.2.6 Chemical Composition of Fibres

The composition of cell walls can vary significantly 

from one biomass species to another. Therefore, an analy-
sis that can provide the exact chemical composition of 
the raw materials used in the gasification experiments 
is considered necessary. This analysis is known as Van 
Söest and Robertson Analysis [20], and is divided into 
three steps:

Neutral Detergent Fibre (NDF): provides the quantity 
of fibres in the biomass type (cellulose, hemicellulose 
and lignin, altogether), as well as the percentage of 
insoluble ash;

Acid Detergent Fibre (ADF): measures the amount of 
cellulose and lignin, altogether;

Klason Lignin: establishes the amount of lignin in 
the sample. 

2.2.7 Analysis of Neutral Detergent Fibre

The NDF method is used for measuring the percen-
tage of cellular components and cell walls. The analysis 
is capable of removing all cellular components in the dry 
sample, leaving only the components from the cell walls, 
i.e. cellulose, hemicellulose, lignin and insoluble ash.

The solution used in this methodology was prepared 
with 30g of sodium lauryl sulfate, 18.61g of ethylene 
diamine tetra acetate (EDTA) disodium, 4.61g of diso-
dium phosphate, 6.81g of sodium borate and 10mL of 
triethylene glycol, per litre of distilled water. The pH of 
the NDF solution had to be kept between 6.9 and 7.1. 
If necessary, the pH could have been corrected with a 
solution of 10% HCl or 10% NaOH.

The analysis for the NDF followed the subsequent 
procedure: one gram of previously milled and dried 
sample and ground through a 1-mm sieve was placed 
in a 600 mL glass beaker. Subsequently, 100 mL of the 
neutral detergent solution, together with antifoam drops 
(amyl alcohol), were added to the beaker containing the 
sample. The sample was then digested by refluxing for 1 
hour from boiling point, in order to dissolve all cellular 
constituents. 

After digestion, the boiled solution was filtered with 
vacuum in the crucible with a previously weighed porous 
plate and previously collected fibres. The residues from 
the beaker were removed by adding hot water (minimum 
of 80oC); with the rinsing with hot water being repeated 
threefold. When all residues were transferred from the 
beaker to the porous crucible, the sample was boiled 
and then rinsed twice with acetone. The crucible with 
porous plate was subsequently taken to the oven, where it 
remained being heated for 4 to 6 hours, at a temperature 
of 105oC. The cellular content was therefore calculated 
from Equation 5:

With A being the mass of the crucible with porous 
plates with digested fibres (after being dried in the oven), 
B the mass of the empty crucible and C the initial mass 
of the sample. Since all the material to be weighed re-
mained in the oven before being measured, the result 

HCV =
mwater. cp. (Tf − Ti)

msample
 (4)

% NDF =  (A − B
C ) ∗ 100 

(5)
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was given on a dry basis. 

2.2.8 Analysis of Acid Detergent Fibre

The analysis of ADF removes the lignocellulose and 
silica (insoluble ash) from the raw material. The difference 
between the masses obtained in the analysis of neutral 
detergent fibre and acid detergent fibre therefore provides 
an estimation of the amount of hemicellulose on the cell 
walls. Besides, the analysis of ADF is an initial step for 
determining lignin content on the cell walls.

The solution used in the analysis methodology consis-
ted of 30mL of sulfuric acid for every 500mL of distilled 
water, with sample being simmered in this solution for 
one hour. After being cooled, 1L of distilled water was 
added. Subsequently, 20g of Cetyltrimethylammonium 
bromide (CTAB) was added for every 1000 mL of H2SO4 / 
distilled water solution, being stirred until its complete 
dissolution.

The experimental procedure is similar to the analysis 
of neutral detergent fibre. The lignocellulose content is 
calculated by subtracting the mass of the crucible with 
porous plates with the digested fibres inside (after being 
dried in the oven) from the mass of the empty crucible, 
with the result being divided by the initial sample mass. 
As all the material to be weighed remained inside the 
oven before being measured, the result was given on a 
dry basis.

2.2.9 Klason Lignin Analysis

The methodology for determining the amount of 
Klason lignin uses the fibre resulting from the analysis 
of acid detergent as raw material. The experimental 
procedure is based on the fact that cellulose is dissolved 
by sulfuric acid at 72%, leaving only lignin and insoluble 
ash as residues.

300 mg of extractive-free material previously dried 
was initially added to a mortar and pestle set, with the 
subsequent addition of 3 mL of sulfuric acid at 72%. 
Afterwards, the mixture of fibres/acid was ground for 1 
hour, at room temperature (25oC). The material was then 
transferred to a glass beaker, diluted in 84 mL of distilled 
water and boiled by refluxing for 4 hours. 

After reflux, the mixture of fibres/solution with sulfu-
ric acid in a glass crucible with porous plates previously 
weighed was filtered with vacuum, with the residual 
material (Klason lignin) being rinsed with hot water. The 
crucible remained in the oven at 105oC for 4 to 6 hours. 
The Klason lignin content is therefore determined by 
dividing the mass of lignin obtained by the initial mass 
of fibres, with the result being given in percentage, ac-
cording to Equation 6.

For determining Cellulose and Hemicellulose, the 
calculation procedure is described by Equations 7 and 

8 below:
% Hemicellulose=[A-B]
% Cellulose=[B-Z-C]
With:  A = NDF; B = ADF; Z = lignin e C = ash content

(b) Statistical Analysis

The basic descriptive and multivariate analysis of the 
principal components (PCA) was carried out using the 
StatisticaStatSoft® version 7 Software.

(c) Ash from sugarcane bagasse

The ashes present a variety of characteristics that can 
be provoked by many factors, among them, pressure and 
temperature, since they are natural industrial residues and 
obtained from the burning of the bagasse of sugarcane.

2.2.10 BET method, isotherms and BJH

This method makes it possible to determine the tex-
tural characteristics of an adsorbent material, such as 
pore diameter and surface area. The determination of 
these characteristics is very important in the characte-
rization of an adsorbent, since they are very related to 
the mass transfer processes. The general objective is to 
measure the amount of a gas adsorbed on the surface as 
a function of the pressure of this gas. The determination 
of the ash surface area was determined by the adsorption 
of N2 at 77 +/- 5K in a BELSORPT-MINI equipment. To 
remove the moisture from the sample surface a 333K 
pre-treatment under vacuum (DEGASS) was performed 
for 3 hours and, using the N2 method and using the Bru-
nauer-Emmett-Teller Equation (BET), the values were 
obtained. The pore size distribution was estimated by 
applying the Barrett-Joyner-Halenda method (BJH) and 
using the desorption data of the isothermal curve and 
analyzing the adsorption isotherms [21].

2.2.11 pH

The analysis was performed by placing 2 g of the 
sample in contact with deionized water in a 250 mL 
erlenmeyer flask, stirred for 24 h on a magnetic stirrer 
at 120 rpm, after filtration, the pH of the solutions was 
measured with a pH meter [22; 23].

2.2.12 Moisture

The determination was carried out with 0.2 g of the 
sample, the moisture content was calculated according 
to the loss of mass of the sample subjected to a heating 
at 378 K, for 24 hours in a furnace and expressed in 
percentage [23].

2.2.13 Loss of ignition

The fire loss or ignition loss, which means different 
amounts of carbon (carbon) is expressed as a percentage 
by weight of dry mass. The process occurred when 2 g of 

% Lignin =  ( masslignin
massbiomass) ∗ 100 (6)

(7)
(8)
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the sample reached a constant mass of 0.5%, after drying 
in an oven at 100°C for 1 hour, corresponding to the dry 
mass; after that step the sample was brought to muffle at 
550 +/- 25°C for 1 hour, corresponding to the inflamed dry 
mass. The calculation follows Equation 9 and expressed 
in percentage according to the author TC WI [24]:

Being: Mv = loss by ignition; ma = mass of the empty 
crucible (g); mb = mass of the crucible containing the dry 
mass (g); mc = mass of the crucible contains the inflamed 
dry mass (g). 

(d) Gasification and Fixed Bed Column (reactive 
tests)

For the gasification tests, a laboratory mini-gasifier, 
an equipment that operated in batch mode, was used. The 
equipment consists of a horizontally arranged furnace 
(main piping), connected to a set of secondary piping and 
valves. The oven, constructed of seamless Schedule 80 steel 
(to avoid stress concentrating areas), is 760 mm long; 50.8 
mm outside diameter; and, 38.1 mm internal diameter. 
Welded throughout the furnace, there are 3 branches of 
Schedule 40 steel, 300 mm in length; 19.05 mm outside 
diameter; and 12.7 mm internal diameter. The branches 
are separated by 150 mm center to center. A K-type ther-
mocouple is connected to the free end of each branch so 
that the tip of its stem is located exactly in the center of 

the main tubing in addition to the pressure gauge. The 
temperatures in the furnace and the internal pressure of 
the gasifier were acquired by two dataloggers myPCLab, 
manufactured by NOVUS Electronic Products, which are 
connected to a computer via USB cables. 

Coupled to the gasifier was a fixed bed adsorption 
column, with the following specifications: outer diameter 
3.15 cm and internal diameter 2.86 cm, total height of 
glass column 18 cm, column height above throttling 12 
cm and column height below the bottleneck 6 cm. The 
materials added in the fixed bed column for sustainabi-
lity and non-dragging of the adsorbent when the gas is 
traversing the column were glass wool (1 cm high) and 
glass beads (1 cm high). In the development of the work 
the internal pressure of the cylinder was 1500 to 2000 psi, 
the working pressure was 10 psi (~ 0.7 bar), the upflow 
measured in the bolhometer was 25 mL.min-1 and the 
ambient temperature of 25 °C ± 5 °C. 

e) Gas Chromatography

To determine the H2S study, a quantitative analysis 
was performed by a Thermo Scientific brand gas chro-
matograph. The chromatogram of the synthetic H2S 
standard served as a basis for analyzing this gas when it 
was produced from biomass gasification, in Table 01 the 
methodology developed at the University of Pernambuco, 
at the Laboratory of Fuels and Energy, is described. The 
H2S standard had an initial concentration of 500 ppm and 
a volume of 1m3, the chromatogram was performed by 
calculating the factor that is quantified by the chroma-
tographer by area and concentration [25]. 

% Mv =  (mb − mc
mb − ma) ∗ 100 (9)

Figure 01 — Shows the gasification process coupled to adsorption

Procedure:
Step 1 - The three dried and crushed biomasses were weighed and the amount of each was: 8.39 g of the black grape skin; 8.09 
g of peanut shells; and 8.21 g of the sugarcane bagasse. The biomasses, one at a time, were carbonated and the produced gas 
collected and injected into the gaseous chromatograph to determine the percentage of H

2
S produced. Each experiment was 

performed in triplicate to calculate the arithmetic mean;
Step 2 - The gasifier was coupled in the adsorption column so that the gas produced was injected directly into the column for 
subsequent collection and reading in the chromatograph to know the concentration of H

2
S, noting that the same quantities 

of the three biomasses of the 1st stage were reweighed and, the adsorbent that was worked in this stage was the pure ash, 
because it is in natura and because it is a direct residue of a plant.
Note: The biomass gasification time was 3 minutes; the contact time between the gas produced and the adsorbent was 5 minu-
tes; the working temperature range of the gasifier was between 700 °C and 715 °C and the working pressure was 3.5 kgf.cm-2.
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Table 01— Chromatographic Analysis of H
2
S

Parameters Valores

Analysis time 3 minutes

Oven Temperature Isothermal module - 120ºC

Gas flow rate 1 ml for 35 mL

Injection mode Split/Splitless

Column
RT-q bond plot; 30m x 0,32mm x 
1,0 µm; FPD flame photometer 
with filter for sulfur

Column Flow 2,5 mL.min-1 (constant)

Detector

Base of the temperature 200ºC; 
Temperature FPD 150ºC; Flow 
do H

2
 90 ml.min-1; Airflow 115 

mL.min-1; Makup (N
2
) 30 mL.min-1; 

Electronic attenuation 100 times 
signal.

Source: UPE - Fuel Lab, 2015

3 Results and discussion

The results are presented for the analyses run thre-
efold, as exhibited in Table 02, referring to the biomass 
type Sugarcane Bagasse (SCB), Peanut Shell (PS) and Black  
Grapes Skin (BGS) dried and milled; in these results for 
a better understanding, a principal component analysis 
will be performed. As for the pure ash adsorbent, Table 
03 presents the results of the BET analysis. 

Gaseous adsorption is related to the pore surface 
area and BET analysis according to Pécora et al. [26] is 
the best evidence to determine adsorption performance, 
mesoporous and macroporous materials have a higher 
adsorption capacity when the adsorbate is a gas, because 
they have a high internal surface area. Characteristics of 
mesoporous materials conform to the shape of the Type 
IV isotherm according to IUPAC. The pH is related to 
the ions present on the surface of the material and the 
moisture is very related to the capacity of the adsorbent 
to retain water in its structure, as the loss of ignition its 

Properties

Biomass Types

Sugarcane Bagasse (SCB) Peanut Shell (PS) Black Grapes Skin (BGS)

Average
Standard 
Deviation

Average
Standard 
Deviation

Average
Standard 
Deviation

(%) Moisture 12.80 0.43 9.12 1.16 82.83 1.26

(%) Particle size analysis 53.50 3.90 52.83 1.37 51.70 1.41

Bulk Density (kg.m-3) 267.00 2.65 356.67 15.01 823.00 4.00

Higher Calorific Value (kj.kg-1) 14,617.67 245.16 19,155.67 153.08 18,496.00 102.50

Lower Calorific Value (kj.kg-1) 14,403.67 235.03 18,943.33 169.06 18,288.00 106.78

(%) Volatiles (*) 67.59 1.61 95.41 1.93 94.35 0.63

(%) Fixed  Carbon (*) 1.52 0.35 0.40 0.13 0.74 0.12

(%) Ashes (*) 30.89 1.57 4.09 2.12 3.74 1.47

%C (**) 38.66 0.96 43.89 2.20 48.93 0.56

%N (**) 1.11 0.02 1.63 0.11 1.50 0.08

%H (**) 4.77 0.17 6.36 0.31 5.57 0.05

%S (**) 0.82 0.07 0.95 0.03 0.74 0.03

%O (**) 52.25 1.67 47.31 2.58 42.60 0.44

(%) Lignin (¤) 22.81 1.12 35.02 3.06 31.85 0.83

(%) Hemicellulose (¤) 21.40 0.99 7.97 1.99 22.83 0.51

(%) Cellulose (¤) 43.37 2.91 35.21 3.33 43.58 2.23

Table 02— Analyses of the characterisation of biomass types Sugarcane Bagasse (SCB), Peanut Shell (PS) and Black 
Grapes Skin (BGS

(*) = Immediate Chemical Composition
(**) = Elementary Chemical Composition
(¤) = Chemical Composition of the Fibres
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Figure 02 — Graph containing the scores of the respective biomass types (SCB), (PS) and (BGS) on the first and second 
principal components (PC1 and PC2)

Parameters Pure ash

Specific area (g.m2) 89

Pore diameter (Ả) 45

Total pore volume (g.cm3) 0,08

Pore characteristic (IUPAC) Mesoporous

Isotherm Type IV

pH 8,43

Moisture 3,83%

Loss of ignition
BJH (pore diameter range nm)

91,93%
2,16 – 57,28

Table 3 — BET results of the studied adsorbent

value is related to the amount of unburned carbon, the 
adsorption process

3.1 Analysis of the main components in the 
characterization of the three biomasses

From the results of the physicochemical analysis of 
the biomass types in study (SCB, PS and BGS), a matrix 
containing 9 rows and 15 columns was created, making 
up a total of 135 values. Figure 02 represents the graph 
containing the scores for the three biomass types on 
principal component 1 (PC1) in relation to principal com-
ponent 2 (PC2), with 89.72% of the characterisation being 
made, while Figure 03 exhibits the weights in which it is 
possible to observe the correlation between the properties 
of PC1 and PC2.

In the PC1, Figure 2, the samples SCB1, SCB2 and SCB3 
presented higher value because they contain high (%) O, 
(%) ash and (%) fixed carbon. As for fixed carbon, it means 
that the burning of this biomass for the production of the 
fuel gas will be more time consuming, requiring a greater 
amount of absorbed energy; ashes can cause a decrease 
in calorific value [27; 28]. As for oxygen, the result of the 

elemental analysis, its presence for the production of the 
combustible gas in a thermochemical process, such as 
gasification, will require less oxygen for the process, being 
less polluting, but consequently the amount of energy to 
be released will be reduced, thus decreasing the upper 
calorific value. It is the amount of oxygen in the reaction 
that will direct whether the burning is complete or not [29].

The samples PS1, PS2 and PS3 are characterized in 
PC1 (to the right) and in PC2 (above) of Figure 02, values 
higher in the calorific value, lower calorific value, (%) vo-
latile, (%) C, (%) N, (%) lignin, (%) H and (%) S. The results 
of HCV and LCV demonstrate that this biomass has a 
good heat generation and probably a good yield for the 
thermochemical process, because the higher the heat 
power, which is the amount of energy released during heat 
transfer, the better it will be the efficiency of the process 
[29; 30; 31]. The percentages of C, N, H and S, results of 
the elemental analysis indicate that possibly when this 
biomass is burned for the production of combustible gas 
in thermochemical processes, it will be possible to react 
and to produce several compounds favorable or not to its 
production, as for example the H2S, which is an undesi-
rable contaminant [32; 33; 17]. As for lignin, because its 
calorific value is higher in comparison to cellulose and 
hemicellulose, to break this bond will require more energy 
absorbed for the solid-gas conversion process [34].

The samples BGS1, BGS2 and BGS3 stand out in PC1 
(right) and PC2 (low) in Figure 02, the HCV, LCV and vo-
latile parameters were highlighted, these values facilitate 
this biomass to have a good heat generation and a good 
performance of the thermochemical process, because the 
volatiles, the greater its percentage, the easier the burning 
and the more fuel gas generation [34]. 

The percentages of N, C and H in the gas production 
process, probably several reactions will occur which will 
produce favorable compounds or not, for example, the 
H/C and O/C ratios their higher ratio means that the 
energetic value of the gas is reduced. The H/C ratio of 
a biomass can originate from unsaturated structures, 
mainly aromatic rings characteristic of lignin, and the 
O/C ratio may originate from the presence of oxygenated 
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groups, mainly polysaccharides [35]. The high moisture 
content for any thermochemical process is undesirable 
because it decreases its efficiency [5]. The bulk density 
of a biomass is strongly related to moisture, because the 
higher the moisture, the lower the energy density, and this 
increases the transport costs of the biomass, affecting its 
logistics. Therefore, a suitable biomass for the solid-gas 
conversion process must have low moisture content and 
high density value Bocci et al. [6]. However, the composi-
tion of the cellulose, hemicellulose and lignin, all three, 
influence the choice of the solid-gas conversion process, 
however, the cellulose-lignin ratio to convert efficiently 
to gas, requires thermochemical means, since the lignin 
content is strongly connected to its calorific value [29].

3.2 Adsorption coupled gasification step 
(fixed bed column)

In the gasification step coupled to the adsorption column 
two objectives of this work were verified, the production 
of H2S gas from biomass and the adsorbent capacity of 
ash from sugarcane bagasse. The gas produced from the 
gasification was collected after the gasifier and after the 
adsorption column and analyzed on the gas chromatograph, 
the results are shown in Table 04.

The generation of the H2S gas was produced from gasi-
fication of the biomass that occurred due to the gas-solid 
thermochemical process, from the oxidation-reduction 
reactions in the fixed carbon molecules in which the sulfur 
is chemically bound, as evidenced by elemental analysis, as 
described by Virmond [36], which explains the following: 
the carbon, hydrogen and sulfur contents contribute posi-
tively to both HCV and LCV, since C, H and S are oxidized 
during combustion by exothermic reactions forming the 

gases CO2, H2O, H2S and SO2. 

3.3 Thermal analysis

According to Figures 04, 05 and 06 of the studied bio-
mass the thermal analyzes were based on techniques that 
a physical property of a substance (and / or its products) is 
measured as a function of time or temperature while the 

Figure 03 — Graph with weights of the first and second principal component (PC1 and PC2) in terms of the physico-
chemical properties of the biomass types in study

Data BGS SCB PS

ADSORPTION COLUMN (Adsorbent – pure 
ash)

Mass of adsorbent fixed 
bed (g)

3,3892 3,4165 3,3970

Fixed bed height of 
adsorvente (cm)

2,0 2,0 2,0

GASIFICATION

Mass of biomass used (g) 8,3981 8,2151 8,0937

CONCENTRATION OF H
2
S em mg.L-1 of biomass (GAS-

IFIER OUTPUT)

H
2
S 4,475 12,448 14,433

H
2
S 3,532 12,456 19,961

H
2
S 3,973 13,857 16,551

CONCENTRATION OF H
2
S em mg.L-1 of biomass (AF-

TER THE ADSORPTION COLUMN)

H
2
S ND ND ND

Table 04 — Gasification step data coupled to adsorption

ND: Not detected
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Figure 4 — Thermal analysis of biomass peanut shell

Figure 5 — Thermal analysis of sugarcane bagasse biomass

Figure 6 — Thermal analysis of the biomass black grapes skin
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sample is submitted to controlled temperature program. 
For the three biomasses studied and according to the 

thermogravimetric (TG) analysis, three zones of mass 
loss can be observed: the first, up to 200ºC is due to the 
presence of different compounds (cellulose, hemicellulose 
and lignin), while the second (200 -350 °C) and the third 
(350-500 °C) are due to the conversion process. According 
to the explanation of Camponero and Tenório [37], for the 
behavior of the TG curves for the studied biomass they 
present a behavior of multiple stages of decomposition. 

Due to the complexity of the studied lignocellulo-
sic materials (mixture of cellulose, hemicellulose and 
lignin) one can still consider each fraction as a mixture 
of biopolymers. The analytical strategy is based on the 
fact that the three polymer families that mainly make 
up the biomass have different rates of decomposition 
temperatures. Hemicellulose is less resistant to thermal 
degradation, followed by cellulose and lignin. Hemicellu-
lose and cellulose begin decomposing in the temperature 
range below 330 °C, depending on the nature of the 
heteropolymers present in the biomass and the experi-
mental conditions. However, lignin begins to decompose 
at temperatures above 300 °C, as it needs more energy 
to gasify, according to Seye et al. [38].

In relation to the analysis of Derived Thermogra-
vimetry (DTG) for the three biomasses studied, it has 
been demonstrated that endothermic events occurred. 
In relation to peanut, the race happened at a specific 
temperature, for the bagasse and grape the race happe-
ned in a temperature range decomposition). According 
to Ionashiro and Giolito [39], for the behavior of the 
DTG curves for the studied biomass, the indication of 
weight losses of the samples should be indicated through 
downward shifts in the curves. 

Differential thermal analysis (DTA) refers to the 
temperature gradient that involves heating the sample 
and the reference material in such a way that the sample 
increases linearly with time [39].

4 Conclusion

Based on the results presented, all biomass types 
studied presented very similar values of both HCV and 
LCV, demonstrating a considerable amount of heat 
generation, with a significant efficiency of the thermo-
chemical process. This is due to the fact that the higher 
the HCV, i.e. the heat released during heat transfer, the 
better the efficiency of the process; with the biomass 
type peanut shell obtaining a better overall result. It is 
also possible to observe the presence of N, C, H, S and 
O, that will possibly react in the gasification process, 
producing various compounds favourable or not to the 
production of synthesis gas;

As pure ash, being an industrial waste and having low 
cost also presented an adsorbent to adsorb H2S;

The generation of H2S gas was produced from gasifi-
cation of the biomass that occurred due to the gas-solid 
thermochemical process, from the oxidation-reduction 
reactions on the fixed carbon molecules in which the 

sulfur is chemically bound, as evidenced by elemental 
analysis;

In relation to the generated amounts of H2S of each 
biomass, considered a contaminant, the need to be re-
moved for fuel production;

The thermal analysis was fundamental for the fact 
that the three families of polymers that mainly make 
up the biomass, have different rates of decomposition 
temperatures;

Advantages of fixed bed application: small space; 
Simple operation; ability to accommodate variations in 
feed concentration and easy scaling from laboratory to 
industrial scale.
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