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that such toxic jatrop as férﬂlizer However, they can be a
good candidate as bion al water has an excellent extracting
capability which i .t : Ivents. These properties make
supercritical water a vegy pgomising reactio ium for the conversion of biomass to
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CHAPTER 1

INTRODUCTION
1.1 Background

Biomass is an organic substance Frt could be considered as natural source of
energy. It refers to plant materials, animal \f seforestry, agricultural, and urban wastes.
Examples of agricultural residues and aggp-inwiastes are as follows:

—_— K -

Rice husk and StraueffSarfice ihill$ and rice fields

—
d aﬂd %lcdlypms forests and plantations
by |

&l

. traction plants” \
JJ-.‘,J'--V f" L
« Cassava Rhizome from Tépioca sra'r'ii«ﬁémnes
LT 7 N,

« Corncobs from'corn ' £)

IS =1

’l“J - - ;“:-—J .
« Coconut shells ar}d empty bunches from coconut nil and milk factories

B o

Figure 1.1 Rice — Sugar cane — Corn



and ﬁru;uliural residues for generating renewable

energy. Biomass can bgftragsfgrmed- mmfcncrgy because in the photosynthesis process
g Ee o ;4 ;
plants use CO; and water {6 ¢ nvcr;ﬁu ar c?ergy into sugar and flour, and stock them in

FYP

various parts of the trec. Biomass umlm (s 10 use cach or several of the above-

mentioned biomass to produce sieam and th@_energy or electricity.
= Lt Y-

Biomass resqufies siand Ifs utilization helps reduce the
* T

expensive fuel import:-its benefit also includes the emvironment conservation matter.
J

With the appropriate tEéhnﬂiogy, the biomass energy ggﬁr:raliun will not cause pollution
and Green House Effect duete theyCQyrecyclingprocess ofithe plant rotation. We also
aim to develop the biomidss projectso the extent thal communities become economically

stronger.on participation,

Cotton is a natural fiber harvested from the cotton plant. Cotton is one of the
oldest fibers under human cultivation, with traces of cotton over 7,000 years old
recovered from archaeological sites. Cotton is also one of the most used natural fibers in
existence today, with consumers from all classes and nations wearing and using cotton in

a variety of applications. There are many parts of Thailand that grows cotton as follows:



Table 1.1 Cultivated place of cotton in Thailand (www.doae.go.th)

Central Saraburi, Lopburi

East Chantaburi, Srakaew

North-east | Nakhonratchasima, Ubonratchathani, Chaiyaphum, Udonthani, Loei,
MNongbualamphu

North Chiangmai, Lampang, Phrae, Nan, Uttaradit, Phayao, Phitsanulok,
Sukhothai, Tak, Kampha:inﬁhct, Uthaithani, Phetchabun, Nakhonsawan
| . j.

West Kanchanaburi, Ramhabﬁd;‘m; haburi
Z

Figure 1.3 Cotion

o T

Thailandogxports. textile products which produce| from cotton. Then, cotton is the
raw material thatlis significant for textile industry of Thailand. There are plenty waste of

cotton fromGFProcess ofitextileproductiont

Cellulose is one of many polymers found in nature. Wood, paper, and cotton are
contained cellulose. Cotton can be a good candidate as biomass feedstock. Because cotton

contains cellulose more than 90% that it may give high yield of gas product.

Jatropha is resistant to drought and pests, and produces seeds containing up to
40% oil. When the seeds are crushed and processed, the resulting oil can be used in a

standard diesel engine, while the residue can also be processed into biomass to power
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electricity plants. Jatropha is one of the best candidates for biodiesel production.
Jatropha residue is expected to be produced by a large amount from Jatropha oil

extraction process for biodiesel production. Anyway, jatropha residue cannot be produce

food for feeding animal because it has a toxic. Then, it can be use for biomass feedstock.

rgl.du.latmpha seed
v o \Y r’

Y idd
The available energs duc.tt@n pméesses tmm biomass can be divided into two
general categories: thermo-che \ aﬂd Hﬂpglca‘ processes. Combustion, pyrolysis,

-.:-’..'-"J" d
fermo-chemical processes. Direct bio-

liquefaction and gasification ﬁ::_zhc fi

=

photolysis, indirect hm phofd‘yﬂs, blei’égﬂﬂ‘ waterfgas shift reaction, photo-

fermentation and dark

the five bioi

One method fnflhydrngcn production is the sf:;:.}am reforming of biomass. The
major problem in{gasification by steampefarming is theformation of tars and char as the
biomass does net react™directly with Steam at atmiospheré pressure. Thermo-chemical
gasification, of biomass, is. likely.ta be a cost-éffective processtg produce fuel gas.
Gasification’ of hiéinass' in sUperetitical ‘water Kave many a&ﬁrﬁ&ges such as high
gasification efficiency, high molar fraction of hydrogen, and no need of a drying process

for wet biomass as compared to other biomass conversion methods.

Supercritical water has some very usual properties, which are different from those
of liquid or gas. Many organic compounds cannot be dissolved in normal water. But
supercritical water behaves like an organic solvent. Organic materials can be dissolved in

it. Supercritical water in particular has the ability to dissolve materials not normally
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soluble in liquid water or steam. These properties make supercritical water a very

promising reaction medium for the conversion of biomass to value-added products.

Under supercritical conditions, for example, water at temperatures above 374 °C
and pressures above 22.1 MPa behaves like a powerful solvent and has tunable properties
depending on temperature and pressure. Under such harsh conditions, biomass gets
rapidly decomposed by hydrolysis and

cleavage products of biomass dissolve in the
supercritical water there by minimizi - and coke formation. From the previous

studies, supercritical water

technology in the ﬁ;tmyod »

synthesis gas or synthesis

" biomass seems to be a promising
y rich gases such as hydrogen,
 methane from the wet biomass.
A schematic representatio , : lets of CWG of biomass is shown in figure
1.5

ATRL0IAARIANHAREL . s

There are many parameters on biomass gasification. However, reactivity of cotton
and jatropha residue has not been elucidated. This research is to investigate on the effect
of concentration, temperature, particles size and residence time on gasification yield for
cotton and jatropha residue. In this study we employ supercritical water gasification

considering its advantage of producing tar free gas.



1.2 Objectives of the research

The objective of this research is to produce a fuel gas from biomass, which are
cotton and jatropha seed residues by gasification in supercritical water. Investigation on
effect of concentration, temperature, particles size and residence time upon gasification
yield has been conducted experimentally. Analyses of gas compesitions and amount of

carbon in liquid product obtained from gasification were also carried out.

1.3 Scope of this research

1.3.1 Design conditig

LOnCce

3 E ass gasification.

1.3.2

1.3.3 Investigate opfimusit einpetatilre of gasification which could give gas
product with optir _ |

1.3.4 Study on theeffect of particle dstoek on biomass gasification.

1.3.5 Dete ;h_—— would give maximum

gasiﬁca' yield

1.3.6 Analyze gas and liquid products obtained from gasification of each

AHBMININEYINT
RINNIUUNIININY



1.4 Expected benefit

The benefit to be expected from this research will be a knowledge of biomass
gasification using supercritical water to treat a renewable and non-pollutant source.
Understanding in hydrogen production by this way can be considered as a fundamental
for utilization of a highly efficient clean and sustainable biomass resource to produce a
fuel gas.

N .,
AULINENINYINS
ARIANTAUNM TN



CHAPTER II

LITERATURE REVIEW

2.1 Hydrothermal gasificati

;{l organic wastes

— ‘. —
Schmieder et-al™ ‘if'/”, [ vrich fuel gas from wet biomass
and organic wastes. It cafl he'c /f: \\1\\'\\ r hydrothermal conditions. They
take carbohydrates, arg \

mnde! compound for proteins)

and real biomass in v n jactc } id intwo batch autoclaves. The model
compounds glucose fof cellu ategh .-- I vanillin for lignin and glycine for
proteins were used as aguic mass (wood as saw dust, straw) and

wastes (sewage sludge and Hgii d.in batch experiments by the addition

of a certain amo T}r___— ————— J first autoclaves designed for

temperature of up E‘?ﬂﬁ °C and pressures of 1000 bar with an inner volume of 100

o BT YTy v e

heating of th&water filled autoclave to the des:red tcmpemture The second autoclave

G AR BB v e

volume of 1000 mL. Mixing is achieved by a tumbling device. The educts were
heated together with water to the desired temperature. The flow reactor was fabricated
from Inconel 625 with a tube length of 55 mm, an outer diameter of 14.4 mm and an
inner diameter of 8 mm. The reactant solution is fed into the reactor by a Bischoff

2250 HPLC pump. The feed is quickly heated to 600 °C with an electrical heater



which is coiled around the entrance part of the reactor and maintained at this
temperature by two additional heaters downstream of this entrance heater. That mean
the reaction zone of the reactor has a length of 80 mm and diameter of 7.8 mm is
placed at the entrance and the exit of the reactor. In this way, backmixing is

suppressed and a fast heating of the feed flow at the reactor entrance and a fast

bar all compounds are g d uon KOH or K;CO;. The main

gas product is Hs entrations of CO, CHy and C;—C4

hydrocarbons are lo 3 and <1 vol%, respectively). They

N\
L\

used sawdust and stg . shows temperature influence on

gasification. Total orgar o des 7 tion “efficiency was increased when
increased temperature. At lot te ure, soot and tar are formed. The experiments

with glucose show

nuxide concentration in the

- x

product gas decreases. A s J
i

where potassium carbe naie was added mstead of KOH. It can be concluded that the

addition ofﬂa%ls’,}r%@j %ﬁ B Raalyf, jigrease the rate of the water

gas shift rcacunn as following: ¢

ARIANN 3TN UANAINYA Y

CO + H,0 e —— CO; +H;

he experiments with vanillin

From this research, residence times and temperatures effect on gasification
yield. At lower feed concentrations less than 0.2 M, residence times of about 30

seconds are required. At higher feed concentrations more than 0.6 M and constant
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potassium concentrations soot and tar formation appears. In addition of potassium
decreases the carbon monoxide concentration and increases carbon dioxide and
hydrogen in gas product. The addition of potassium carbonate or potassium hydroxide

and temperatures more than 550 — 600 °C all of biomass is gasified completely.

2.2 Liquefaction of woody bi supercritical water

Qian et al. (2007)ifluefied woody biomass in supercritical water at 280-420
°C in an autoclave alyst. The main product of
liquefaction is heavy @il. 380 °C gives maximum yield. They
analyzed the heavy oil§ at e by Fourier transform infrared
spectroscopy (FTIR) and -,.- raphylmass spectrometry (GC/MS). The
results indicate that the f:a = 7 nplex compound contain with hydrocarbon,

aldehyde, ketone, liydro: ' api€s of silver birch were ground

and screened, only*the par 2 . E‘ s were used in their studied.
)

Al ed out in a 500 ml stainless-steel autoclave with magnetic

stirrer. The WW ﬁ el €leiical fumace. In liquefaction

process, a certam amount of raw miaterial powder and distilled water were fed into the
st Wi ) o bl o ki YA it ke et i vy

hydrogen, the autoclave was charged with hydrogen at 8MPa then sealed and heated

The reaction was

to the designed reaction temperature. The temperature was kept constant during the

desired reaction time.



To investigate the effect of reaction temperature on the yield of the heavy oil,
experimental were carried out with different temperatures. The yield of heavy oil
strongly depends on the reaction temperature in the range of 280 — 420 °C. It can be
seen that the heavy oil yield increases with increasing reaction temperature and then it

is a rapid decrease with increasing reaction temperature. This is due to the

competition of two reactions invelve yiquﬂfaﬂim which are hydrolysis and

o

repolymerization. At the inifial stagg hi@compomd and depolymerized to
small compounds a( ! \ rcarrangc through condensation,
cyclization and pol ] u T . unds. The highest heavy oil yield

e O ‘\ 80 °C in their studied. When

\.
\

of 53.3% was obtai

reaction temperature perature, the yield of heavy oil

decreases.
From this research, the expériments ’ d gn direct liquefaction of silver
birch in the liquidiyvater with B fiuence effoct an yield of

I
heavy oil from liquefaction. The yield of heavy o1 maximum in the range of
[ 4

o ) 53 P ot i o i

biomass are dépendent on the dirgct liquefactign conditions.
ARIANN TN UA1INYAY

2.3 Guiﬁutmn of biomass in supercritical water

Yoshida et al. (2004) gasified lignin, cellulose and their mixture in
supercritical water at 673 K and 25 MPa with nickel as a catalyst. Efficiency of

gasification is low, increases with the amount of the catalyst when lignin is contain in
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the feedstock. The tarry product from reaction between cellulose and lignin
deactivated the nickel catalyst. Appropriate amount of catalyst gives high gasification
efficiency when cellulose and lignin were mixed for the feedstock. They used sawdust

and rice straw for the real biomass feedstock. These real biomass were gasified in the

V///

Lﬁ biomass effect on gasification

same condition.

From this
efficiency. When lignina
help this problem, adé

gas product. Nicke] gitalyst ds tarry produgt from gasification.

D’Jesus et al 2006) inyestigaled with influence of pressure, temperature,
residence time and alka : asification of corn starch, clover grass and
corn silage in supgrcritical water. Gasification yiel ) not changed by pressure.
Increasing the --.,’.‘“« pvérsion of biomass. Longer
residence time, ywd of gamf' cation was increased until a maximum was reached.

e o B e i s

Potassium u?illuenced the gasification yield of.corn starch, but,did not influence the

ASIASNABL BN Y

From this research, study influence of pressure, temperature, residence time
and alkali addition on the gasification. Increasing in residence time improves the yield

of gasification. If the residence time is longer than 9 min, gasification yield does not
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increase. Potassium addition, influence on gasification of model biomass but no effect

in gasification yield of the potassium-containing natural products.

2.3.1 The effect of the nature of hiomass

Yanik et al. (2007} | ’”&){ﬁcdﬂuﬂkﬂ, including lignocellulosic

material and the tannery wa -; 5, In supercritiCal water. Gasification was produced in

a batch autoclave at 500*C.+Gas /comy and water soluble compounds from

g \\ between 4.05 and 4.65 mol Hy/
ed. é’ flowed that the yields and gas

gasification were anal§Ze
kg. biomass have L
composition depend cellulose and lignin in
lignocellulosic material: =d on gasification products.

From this rése i f eight different types of real

A
biomass. Six of ‘ ers are leather wastes. The

yield of gasification and composition of gas product depend on the gasification

conditions ﬂ %1&} %ﬁ&ﬂ%ﬁﬁq 11 high amount of cellulose

plus hemicelﬂm
9 RIAINTUURIINYIA Y

2.3.2 A parametric study on biomass gasification

Lu et al. (2006) produced hydrogen from biomass gasification in supercritical
water. Hydrogen production by biomass gasification in supercritical water is a

promising technology for utilizing high moisture content biomass, but reactor
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plugging is a critical problem when feedstocks with high biomass content are gasified.
The obijective of this paper is to prevent the plugging problem by studying the effects
of the various parameters on biomass gasification in supercritical water. These
parameters include pressure, temperature, residence time, reactor geometrical
configuration, reactor types, heating, rate, reactor wall properties, biomass types,

< l on concentration. Biomass model

arc used in this work. All the

biomass particle size,
compounds (glucose,
biomasses have been e product gas is composed of
hydrogen, carbon digxid anoxide and a small amount of ethane
and ethylene. The d of biomass gasification in
supercritical water is ers and the ways of reducing

reactor plugging are obfs

From this rese are’ many : n biomass gasification. The
effect of pressure doe: { tion too much. Gas product

yield of each pressme \raluns does not 1ncrmsc much from 17 to 30 MPa. Especially,

cote A 164 A Py e

that the parameters, such as carben gasificatiop.efficiency and gasification efficiency,
- JAASAAIAURTINYNY

The effect of temperature has significant influence on biomass gasification.
Gas product yield was improved when temperature was increased. The reason might
be high temperature promotes the free-radical reactions, which are necessary for gas

formations.
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The effect of residence time has influence on biomass gasification. The carbon
gasification efficiency increase with increasing residence time and the unconverted
TOC in liquid product decreases. It can believe that longer residence time is need to

biomass gasification.

Higher concentration of biomass feedstock required higher temperature, high
ow ' and high concentration of biomass
ng concentration of biomass
feedstock does not lmp g

The biomass could provide the increased

yield of hydrogen. ass gasification. The carbon

gasification efficienc ted biomass gasification at a

condition of smaller partic

2.3.3 Decompositioy

Y N X

Minowa et ag(i?%) studied the cnmpos:tmn of cellulose and glucose in hot-

s 48 B PR e oo

woody bmmass that was reactéd in hot-compressed water, under catalyst-free
B0 AU UBAIVYAN L - 0
Decomposition of cellulose started at around 200 °C. The amount of decomposed
cellulose increased with reaction temperature until 240 °C. In water soluble product,
the sugars were obtained between 200 — 220 °C. The result suggests that the first
reaction step might be hydrolysis:

Cellulose = (Hydrolysis) = Sugar
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= (Secondary decomposition)
-> non-sugar products (1
The cellulose decomposed quickly from 240 to 270 °C, and the formation of

oil, char and gases stared. The results suggest that water soluble products and oil are

intermediates for char formation:

Water soluble products = 0 -“ il + char + gases (2)

0il > (decomposed) S EEghscs é 3)

Combining Eqs. (1) and (3 eget

Cellulose > sugar - #6n_sfi gy products = % + char + gases )
A simplified gfcagfic s !, is proposeditin which char-like residue are

: NG ¥ :
produced from cellulg ouigh waler soluble preduets and oil, as intermediates.

d

T ]
AULINENTNEINS
ARIANTAUNNINGAE



CHAPTER III

FUNDAMENTAL THEORY

3.1 Biomass

‘source, refers to living and recently dead

biological material that can be-used as fuelGrfor industrial production. For commonly,
biomass refers to plant matft ed!n ricity or produce for example trash

such as dead trees and. branchcs  yar | clippings andswood chips biofuel, and it also

includes plant or ani ors, chemicals or heat. Biomass

may also include biodggrads bumt as fuel. It excludes organic

material which has been sfangfogmed by geological processes into substances such as coal
or petroleum
Biomass can be gro it pumefgus types of plants, including miscanthus,

urm, sugarcane, and a variety of tree
species, ranging from cucnl;g:ﬁkﬂ s 40" 1 oil). The particular plant used is

usually not impo ani-o the end nes k ‘- t the processing of the raw
V.o

L.
material. Production v Omas -"f' interest in sustainable fuel

sources is growing. Alt uugh fossil fuels have their origin in ancient biomass, they are

not considered ﬁejj % use they contain carbon
that has been '@ﬁﬁ rﬂﬁ ﬁmﬂ ﬁ‘:tr combustion therefore
TN TIngNa
W

Bmmass is part of the carbon cycle. Carbon from the atmosphere is converted into
biological matter by photosynthesis. On death or combustion the carbon goes back into
the atmosphere as carbon dioxide (CO;). This happens over a relatively short timescale
and plant matter used as a fuel can be constantly replaced by planting for new growth.

Therefore a reasonably stable level of atmospheric carbon results from its use as a fuel. It
is accepted that the amount of carbon stored in dry wood is approximately 50% by weight.
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Though biomass is a renewable fuel, its use can still contribute to global warming.
This happens when the natural carbon equilibrium is disturbed; for example by
deforestation or urbanization of green sites. When biomass is used as a fuel, as a
replacement for fossil fuels, it still puts the same amount of CO; into the atmosphere.
However, when biomass is used for energy production it is widely considered carbon
neutral, or a net reducer of greenhouse gases because of the offset of methane that would
have otherwise entered the atmosphere. The carbon in biomass material, which makes up

approximately fifty percent of its. dry=ma ent, is already part of the atmospheric

carbon cycle. Biomass absorbs CO; sphere during its growing lifetime,

ture of CO; and methane (CHy),

after which its carbon re\w 7 :
depending on the ultim% he biomass material. CHy converts to CO; in the

atmosphere, completing t N\ .

Energy produce s dis production of an equivalent
amount of energy from f : #8ithe fossil cdtt on in storage. It also shifts the
composition of the recycled ated with the disposal of the biomass
residues from a mixture of (O, and st exclusively CO;. In the absence of
energy production applications, - due carbon would be recycled to the

to ten percent CHy. Con 0 power ﬂ.m converts virtually all of the

carbon in the biomass to Q()A Because CHy is L’a much stronger greenhouse gas than CO,,

shifting CH,4 eﬂsﬁﬁ W%ﬁgﬂuﬂﬁﬂdﬁs to energy significantly

reduces the greefithouse warming potennal of the mcyciad ca.ﬂmn associated with other

f““"“’ﬁT‘W‘fﬁﬂm‘lﬂﬂ’l NYIAY

Thc existing commercial biomass power generating industry in the United States,
which consists of approximately 1,700 MW (megawatts) of operating capacity actively
supplying power to the grid, produces about 0.5 percent of the U.S. electricity supply.
This level of biomass power generation avoids approximately 11 million tons per year of
CO; emissions from fossil fuel combustion. It also avoids approximately two million tons
per year of CHy emissions from the biomass residues that, in the absence of energy
production, would otherwise be disposed of by burial (in landfills, in disposal piles, or by
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the plowing under of agricultural residues), by spreading, and by open burning. The
avoided CH4 emissions associated with biomass energy production have a greenhouse
warming potential that is more than 20 times greater than that of the avoided fossil-fuel
CO; emissions. Biomass power production is at least five times more effective in
reducing greenhouse gas emissions than any other greenhouse-gas-neutral power-
production technology, such as other renewable and nuclear.

ip is the largest biomass power plant in
cane fiber (bagasse) and recycled

Currently, the New Hope
North America. The 140 MW

urban wood as fuel to generate-enoug e milling and refining operations
as well as to supply renewable®le€iricity for nearly 60,000 homes. The facility reduces
dependence on oil by more i one n barrels per year, and by recycling sugar cane

and wood waste, preser¥cs lafidiillSpace in urban communities in Florida.

ot &s great as stated in the example

above. Many times, especi “Etifope Where - ge agricultural developments are not
usual, the cost for transporting the biomas Vercomies its actual value and therefore the
gaﬂ'lermg ground has to be limited in small area. This fact leads to only small

sleam power process jua with an ' e’dipﬁu Such small power plants can

be found in Europe.

AU INENINYN

Despite Harvesting, biomass crups may se:qucstcr car n So for axmplc soil

o, b, N e WA 1
croplani 1 inches the carbon in its

increased root biomass. But the perennial grass may need to be allowed to grow for

several years before increases are measurable.

3.2 Cellulose

Cellulose is an organic compound with the formula (CsH0Os),, a polysaccharide

consisting of a linear chain of several hundred to over ten thousand p(1—4) linked D-
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glucose units. Cellulose is the structural component of the primary cell wall of green
plants, many forms of algae and the oomycetes. Some species of bacteria secrete 1t to
form biofilms. Cellulose is the most common organic compound on Earth. About 33
percent of all plant matter is cellulose (the cellulose content of cotton is 90 percent and
that of wood is 50 percent).

Cellulose is n n plan a 20 diameter and 100 — 40,000

nm long). These formthe structurally strong frame work in the cell walls. Cellulose is

::zﬂmﬁﬂ'ﬁ%fﬁ'iﬁwwﬁ“@” et
ﬂ Wekalad mmum&wm $iJp and cotton. 1t is

mainly used to produce cardboard and paper; to a smaller extent it is converted into a
wide variety of derivative products such as cellophane and rayon. Converting cellulose
from energy crops into biofuels such as cellulosic ethanol is under investigation as an
alternative fuel source. Some animals, particularly ruminants and termites, can digest
cellulose with the help of symbiotic micro-organisms that live in their guts. Cellulose is
not digestible by humans and is often referred to as 'dietary fiber' or 'roughage’, acting as
a hydrophilic bulking agent for feces.
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3.3 Supercritical water

Supercritical water is water at temperature and pressure above a critical point.
Under these conditions water becomes a fluid. In the supercritical area there is one state
of fluid and it has gas-like and liquid-like properties. Through, normal water has three
situations, which are solid, liquid and gas. When water is in critical point, it becomes a
fluid with unique properties that can be used to dissolve organic compounds. From figure

3.2 critical point of water is 22.1 MPa's lfﬁ

"] @w mmstnnl use

-

EA
374

fiu 7 Wﬁ“ﬂﬁ.ﬂ‘fﬂﬁﬁﬂﬁ
Qﬂﬂ%ﬁﬁﬂﬁmmm gcq:la:yﬂaf the dielectric

constant of water. The dielectric constant of supereritical water is in the range of from 2
to 30, which is similar to the range from a nonpolar solvent such as hexane (with a
dielectric constant of about 1.8) to a polar solvent such as a methanol (with a dielectric
constant of 32.6). In other words, with supercritical water it becomes possible to dissolve

organic substances that do not dissolve in water under atmospheric conditions.
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In other case, dielecific gon of supereritical water is lower than normal
water, that make water b€co idnpolat percritical water is a nonpolar
solvent that can be mixed ofgani€ compou e supercritical water has been used in
decomposition of organic waste ;; Coxidation reactions occur at low temperature

(400-650 °C) with regutec

chemistry or as a Cleafi Te :
\

upereritical waier can be classified as green
h' n because of high pressures

and temperatures.

sinennn S UEANEN TN
DR SRR BRAH R B s o

different ;a-ocesscs. Factors that influence the choice of process are the type and quantity
of biomass feedstock. Different routes for biomass conversion into hydrogen rich gas are:
(Saxena et al., 2007)

(i) Thermo-chemical conversion.
(ii) Bio-chemical/biological conversion.
(iii) Mechanical extraction.
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Thermo-chemical conversion processes comprise three different processes as
described below:

(i) Combustion: The burning of biomass in air, i.e., combustion is worldwide
adopted process to obtain a range of outputs like heat, mechanical power or electricity by
converting the chemical energy stored in biomass. Combustion of biomass produces hot
gases in the temperature range of 800-1000 °C. Combustion is feasible only for biomass
having moisture content less than 50%, o f.:mfise the biomass have to be pre-dried

(ii) Gasification: Gasification is rsion of biomass into a combustible gas
mixture by the partial oxidationo S tures, typically in the range of
800-900 °C. The low calorifievalue gas frodt  directly utilized as a fuel for gas
turbines and gas engines. Many Gastitcation methods a "gvailahlc for producing fuel gas.

Based on throughput, coslg€ompie y and effi V-."Essur:s. circulated fluidized bed
gasifiers are suitable fo ' '
(iii) Pyrolysis ass to liquid, solid and gaseous

' “at around 500 °C temperature. In
addition to gaseous prod Frofysts: 5 a liquid product called bio-oil, which is
the basis of several processes for fopment of the various energy fuels and
chemicals. Pyrolysis reaction is an'&s tion as mentioned below:

il ol R g + G

3.5 Biomass Gasiﬁmtig m

el Y )T B g e i b

partial oxidation‘df biomass at high temperatures, typically in the range of 800-900 °C.

ot ., i 008 90 1 1 S

and H,0). In an ideal gasification process biomass is converted completely to CO and H,
although in practice some CO,, water and other hydrocarbons including methane are
formed. Most simple biomass gasifiers produce approximately equal proportions of CO
and hydrogen.

The main reaction steps in biomass gasification are: (Kersten et al., 2003)

- Heating and pyrolysis of the biomass whereby converting biomass into gas, char
and primary tar.
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- Cracking of primary tar to gases and secondary and tertiary tars.

- Cracking of secondary and tertiary tars.

- Heterogeneous gasification reactions of the char formed during pyrolysis and
homogeneous gas phase reactions.

- Combustion of char formed during pyrolysis and oxidation of combustible gases.

In a gasification processes, the solid fuels are completely converted (except the

ashes in the feed) to gaseous products having different compositions. Because of the

H lifc t complete conversion of biomass, the
S cigy is becoming an attractive option.
a Qﬂmgﬂy reactive and can be

en and H; to gaseous fuels.

production of cleaner gaseous fuel

gasification process for converti
The char produced from t
gasified with gasifying

Recently, there is a lot is derived char for steam

gasification to produce gaSeou$ fuel 7.:' i | reaction involved is mentioned below:
C+0; 0771 (1)
2(-2CH,) + 30, 0+ 30 @)
Meng et al. (2006) gasificati p- ions of organic materials are also
mentioned as follows i
C+H0 —» COwHy——= 3)
C+CO: 5 _ghi2 s (4)
(-2CH,) + Hp®¥ (5)

(-2CHy) + COF T (6)
(i) Air gamﬁcatmn ﬁur g,nsrﬁcatmn lS most '.lwd,+.=:11.r used technology as single

product is fﬂl'l'll %m A low heating value
gas is pro-duned c@ntaining up tmmﬂvmg ﬁtmg value of 4-6 MJ/Nm®
- R TANS R g ik ™
tempera

(ii) Oxygen gasification: Yields a better quality gas of heating value of 10-15
MJ/Nm’. In this process relatively a temperature of 1000-1400 °C is achieved. But it
requires an O, supply with simultaneous problem of cost and safety.

(iii) Steam gasification: Biomass steam gasification results in the conversion of
carbonaceous material to permanent gases (H;, CO, CO;, CHy and light hydrocarbons),

char and tar. To avoid corrosion problems, poisoning of catalysts and to improve the
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overall efficiency of the gasification process, tar components needs to be minimized.
(Adhikari et al., 2006)

3.6 The reaction rate constant

In the chemical reactions considered in the following, it takes as the basis of

1€ the 01

reaction. The limiting reactant.is usually CHosCasas basis of calculation. The rate of
s . ; S a .

disappearance of A, — rx, depends on , " mposition. For many reaction it

can be written as the prod

calculation a species A, which is ¢ ts that is disappearing as a result of the

tion r.:qn.smm k and a function of the

concentrations (activities) of 5{- in the reaction. The relation

between reaction rate and cgnAcents uation (3.1)

—ra KA L1 : 0, .- ] (3.1)

kinetic expression or 3 ______ ion, ka, like the reaction rate — ra,
. \ A
is always referred tpa—particular specics in L = —r-E s and normally should be

subscripted with res or reactions in which the

. B
stoichiometric coefficierit is 1 for all species involved in the reaction.

The m@yﬂam AEJ m i:w ﬂsﬂ‘lﬂ; is merely independent of
the con i species invblved in the réaction. The quéntity k is also referred
Ok 0 R IR fok e X e

temperature. In gas-phase reactions, it depends on the catalyst and may be a function of
total pressure. In liquid systems it can also be a function of total pressure, and in addition
can depend on other parameters, such as ionic strength and choice of solvent. Those other
variables normally exhibit much less effect on the specific reaction rate than does
temperature, so for the purposes of material presented here it will be assumed that kr
depends only on temperature. This assumption is valid in most laboratory and industrial

reactions and seems to work quite well.



26

It was the great Swedish chemist Arrhenius who first suggested that the
temperature dependence of specific reaction rate, ka, could be correlated by an equation
of type.

ka (T)=Ae SRy (G2)

T .empirical parameter correlating
thespecﬁcmr;ﬁemtempﬂamm vation energy is determined

lemperatures. After taking
a plot of In ks versus 1/T

swﬁ*ﬁﬁ“é“‘ﬂ“ﬁ?m‘ﬂﬁ"iw’iﬁ‘ﬁr‘“



CHAPTER IV

EXPERIMENTAL

4.1 Feedstock

Cotton and Jatropha residue wére _fgfwiind with a vibration ball mill into cotton

powder and jatropha residue Pﬂ“’dﬁr that' 41 },uﬂ:d in all experiments. Appearance of

cotton powder and jatrophd fesidué powder s;i‘ejjs@j;in figure 4.1. Both of them were
classified and chose paﬂﬂ) aller than 150 timedor using.

-

Figure 4.1 Image of biomass powder: (a) Cotton and (b) Jatropha residues



28

4.2 Raw material characterization
4.2.1 Elemental compositions

Table 4.1 and 4.2 are shown the elemental composition of cotton powder and
jatropha residue powder. Element Analyzer (Perkin Elmer PE2400 Seriesll) has been
used for analyzing chemical elements containing in cotton and jatropha seed residues.

Table 4.1-@hemeal elen ysisof cotton powder

Elemental comp - /m ‘i\\\\ %
39.5
\ 5.9
N 0
Others (includéd ¢ 54.6
Table 4.2 Chemi fjatropha residue powder
Elemental mmpﬂsitiu o
= 416
Vo ey ¢
NG 23
Others {im::lﬁ:pg]) "y 493
P

4.2.2 Particle size dlstnhnh?)

Q‘imﬂﬁﬂ‘ml UA1INYA Y

gure 4.2- 4.6 show the particle size distribution of cotton powder and jatropha
residue powder, which are ground into smaller than 150, 90 and 45 pm by vibration ball

mill and measured by Master sizer 2000.
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Figure 4.6 Particle si “jatrof a résidue powder, smaller than 150 pm.

Table 4.3 shows

Table 4.3 range of particle size

Range of sieve size Average particle size of

(pm) jatropha powder (pum)
<45 -
<90 B 51

mmmﬁwmm
ﬁmmmm URIAINYA Y

This method use for determine the amount of hemi-cellulose or cell wall, lignin

and cellulose in the raw materials. The step of USDA method shows in appendix A. Table

4.4 shows the components of the rubber wood powder (dry weight basis) determined by
the USDA’s method.
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Table 4.4 Overall analysis of biomass components

Contents [wt%)] Cotton powder Jatropha powder
Hemi-cellulose - 50
Lignin - 12.3
Cellulose 96.7 37.1
Ash 14

4.3 Biomass gasification —
4.3.1 Tubular t/

Both of bio tgEk$ wete gasified us bular flow reactor at thermal

Heat exchanger

Liquid
Liquid-solicflm _  |52mPling

o iﬂpﬁafjr n:l i Gas meter
o W) Gy T Wﬁ? E.Jamp..ng

Figure 4.7 Experimental apparatus
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yield of hydrogen. The tubular ﬂc:w feactork

1ength of 12 m. Cotton or Jaxropha tesidue pm:.uspensmn was fed into the reactor by

Figure 4.9 Piston pump
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Except otherwise stated, the reactor temperature and pressure were 500°C and 25
MPa, respectively. The reactor was cooled down by the cooler before solid remaining was
separated from suspension by the solid-liquid separator. Meanwhile, the exit gas flow was
separated by the liquid-gas separator. The gas generation rate was measured by the gas
meter (W-NKO0.5A, Shinagawa Co.), shown in figure 4.10. The gas and liquid samples
were analyzed with gas chromatograph (GC-14B, Shimadzu), shown in figure 4.11 and
TOC (TOC-Vepn, Shimadzu), shown in figure 4.12, respectively. In this work, the

reaction temperature was varied from 400 tg 700 °C and residence time in the range 80 —
2225,

Figure 4.11 Gas chromatography
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Figure 4.12 TOC analyzer

it

.

4.4 Collecting gas sample

First, we prepared 0.1 muh’f_}_i}f H}fditéﬂ}!;}lric acid. In this case, Hydrochloric acid
6 mol/L (purchased from Sigmﬁﬁl&fich} waﬁ;]uled to 0.1 mol/L by deionized water (<
1 ps/cm; Organo water deionizer model BBnSA} The lipe of gas sampling port is U-
shape. It is dcsigned:ﬁjrr collecting the gas samples tindéf:]'ﬂ}rdmchlﬂric acid solution as
shown in figure 4.13. The idea is protection gas Icakage Because Hydrocarbon gas can

not dissolve in acid.

Gas sampling

K HCI0A moll.

Figure 4.13 Gas sampling collection apparatus
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4.5 Product analysis

The gasification products from biomass gasification are divided into gas product
and liquid product. The step of product analysis is shown in figure 4.14.

4.5.1 Gas product

_ chromatography (GC). There are two
types of gas sample analysise First, earbonnfilysis was measured using helium as a
carrier gas. Carbon dioxidesand e onoxide-were detected by GC-TCD (GC with a

« ne, ethane and ethylene were detected by GC-
. . N .
FID (GC with a flame loni#® T ,-\ ! \- ogen analysis was measured
using nitrogen as a ce ,g_.-.: a8 | \"?\:\.\w BC-TCD.

‘{&. [1 I‘-.
%,
s ity
IRl
The liquid product was alse &hialy zed 8% a Total Organic Carbon analyzer or TOC
| i
analyzer for measuring the amoun b

]
L

S

4.5.2 Liquid prodsict,

“Content in liquid product (non-purgeable
organic carbon or

e Y e i as dissolved in liquid (inorganic

carbon or IC). y ]
j
‘a Feedstock
AUV 117
i Gasification "
Y WA IR & ¢
Gas product Liquid product
GC TOC analyzer
' l
| NPOC Ic

Figure 4.14 Scheme of step followed in product analysis
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4.6 Experimental condition
4.6.1 The effect of concentration of biomass on gasification
Cotton powder and jatropha residue powder were varies concentrations in a range

of 0.05 — 1.0 wi% for gasification. To check the reaction order in each concentration of
both biomass feedstock and the gas product yield should be same. In this studied assumed

Table * fl cond Fhio gasification
l I ﬁ V&\\\ o Jatropha residue
Concentration (wt % 1, (2% 0.05,0.1,0.2 and 0.3

Temperature (°C) 4 500°C
Water flow rate (mL./min.) 2.0
Residence time (s) 119
Reactor length (m 12
Pressure (MPz ) 7 25

4.6.2 The effect of temperature on bigmass gasification

AULINENITINEINT

In this stulied, first will studled on the eﬂ“ﬁct of temperature on gasification of

ol A T ST e e

with optimal hydrogen yield. The cotton powder and jatropha residue powder were used
in this studied that were classified into smaller than 150 pm. Table 4.6 shows the
conditions for studied on the effect of temperature .
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Table 4.6 Temperature conditions of biomass gasification

Cotton Jatropha residue
Concentration (wt %) 1.0 0.1
Temperature (°C) 400, 500, 600 and 700 400, 500, 600 and 700
Water flow rate (mL./min.) 2.0 2.0
Residence time (s) 222,119, 94 and 80 222,119, 94 and 80
Reactor length (m) 12 12
Pressure (MPa) 25
4.6.3 The effect of ioé-r tion
X e of b sifica
In this studied, \ 1due powder were ground and

classified into smaller tha and smaller than 45 pm. The

idea is, when the cottonspowdegaud jarropha resid ler were crushed in to smaller
size the surface area was jficrgasgd coj ith the bigger size. The smaller size may
give high yield of gas produét. Table 4. WS f onditions of the difference of particle

Table 4.6 congiti ﬁumass gasification
Eﬁ— “otton ') Jatropha residue

Concentration (wt V@ m 0.1
Temperature (°C) » . 600
wmwﬁuwwﬂmwmm
Residence tifile (s 94
wmmmzu UPNINYAY

Particle size (um.) 45,90 and 150 90 and 150

4.6.4 The effect of residence time on biomass gasification

The varies of residence time is depend on temperature and water flow rate. That
mean, residence was changed when temperature or water flow rate was changed. Then

temperature was fixed and varies only on water flow rate. The water flow rate that used in
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this studied is 1.5, 2 and 3 mL/min. They made the residence time changed to 125, 94 and
63 second, respectively. The idea is, studying the effect of residence time on biomass
gasification and longer residence time may give high yield of gas product. Table 4.7

shows conditions of difference residence time of biomass gasification.

Table 4.7 conditions of difference residence time on biomass gasification

Jatropha residue
Concentration (wt %) 0.1
Temperature (°C) - 600
Water flow rate (mL./min.) s 1.5,2.0 and 3.0
Residence time (s) 125, 94 and 63
Reactor length (m) 12
Pressure (MPa) 25
Particle size (um.) 90

) U
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CHAPTER V

RESULTS AND DISCUSSIONS
Referring to many exper N | ‘reported in other previous works, this
research has set its aim (o st ntration on biomass gasification.

gasification were " -. ed and then reported and discussed in this
chapter. |

In this studied, the ere identified and quantified, were
Hydrogen, carbo with a small amount of
ethylene and cthanem

JANYNINYINT

5.1 The :mﬁp operating parameters on cotton gasification

ARIAINTU NN Y

.1.1 The effect of concentration

The effect of solution concentration on gasification of cotton powder was
examined in the reason of finding suitable value of cotton concentration that gives

high fraction of hydrogen. From literature review, Guo et al., (2005) studied the effect
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of solution concentration on biomass gasification. It found that higher concentration
cannot improve gasification efficiency. Schmieder et al., (1999) said at higher feed
concentrations (constant potassium concentrations) soot and tar formation appears.

Then, we chose to vary the feedstock concentrations in a range of 0.05 — 1.0 wt%. To

study only solution concentratio ve to specify reaction temperature and
pressure. Then we condu ' %«amm at 500 °C and pressure at 25
MPa as shown in table result (m‘n figure 5.1. It is shown that the

al effecton biomass gasification. For the gas
product, the fraction e jogon and carbon dioxide of low concentration feedstock
gasification are high Ahose eoncentratien feedstock gasification. While
the fraction of
concentration feedsto

T

carbon gasification efficiency of low 0 sentration feedstock is not much different

compared with hig

: .ﬁ' might be the temperature is
R |

not high enough™in or-afd biomass gasification is an

endothermic reaction. Then at low temperature, biurgss is gasified with the formation

ke Wﬁ?@ﬁ%{%ﬁqﬂuﬁmﬁﬁm ekt bl

2005). The eﬂ'ect of biomass concentration on.carbon gasification efficiency is shown
in laﬁ.uﬁg aﬁmumw’acq‘m Mﬁﬂ increasing cotton
concentration. That mean, an increasing in concentration of feedstock leads to amount
of carbon in liquid product. We regard the carbon gasification efficiency = (the total

carbon in the product gas)/(the total carbon in the dry feedstock).
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Figure 5.2 Carbon gasification efficiency of each concentration of cotton.

Fraction[vol%]

e
-

11'.7I'I'.1|J ——
Ny —a—CH, |:
. +G-IH. g
- —A—CH,|
70 - —v—CO |4
- ~6-CO
60 - o

S INUNINYINS
o aratantii M

5
P

(=]

.0

0.2

0.8
Concentration [wt%]

1.0

42



43

For liquid product, the color of liquid product became to dark yellow when
concentration of feedstock was increased. That mean, an increasing in concentration

of feedstock leads to amount of carbon in liquid product as shown in figure 5.3.

de.i i

- ey

Figure 5.3 Liquid products of gotton gasT;E!aunn at concentration of (A) 0.1, (B) 0.2,

(CY0.3, (D) 0.5 and (E) 1.0 wi%, 500°C and 25 MPa.
i .

In some casesy plugging existedgin the pre-heater and the entrance area of
reactor. There wa$ amount of black solid(char) and waste liquid was yellow when the
reactor was cleaned by-methanal mixed acetone in the, ration-af J:1. The black solid
and wiste liquid after cleaned are shown in figure 5.4 and 5.5. The reasons might be
the temperature is not high enough in the pre-heater and the entrance area of reactor.
The temperature in that region might be not a range of temperature of supercritical
water. At low temperature, biomass is gasified with the formation of char and tar
which are difficult to decompose. These tar and char deposited on the wall of the line

in pre-heater and the entrance area of reactor. Then, there was the plugging occurs.
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Anyway, the ash from biomass gasification can also lead to reactor plugging. It can
believe that high temperature, high heating rate (for batch reactor) and catalyst are

required for gasification of high concentration feedstock.

AUEINENINEYINS
AIANIUNNIING1AY
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Figure 5.5 Wasie hqf_.ild after cleaned the reactor
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In the case of non-catalyst gasification condition, cellulose was slightly

e L - =
- ."'J'::q‘i_‘

decomposed uvctébﬁ °C to produce .mtcr-seiublg_prcégcts, which are almost sugars;
Vi P
no gas, no oil and no char or tar were produced. Over 300 °C, char and tar production

Ly T

was obtained (Minowa.T., 1998). From,observation, the reaction scheme of this

/Gas products

Raw Material ——— Water soluble product

\ \‘ Char and Tar

Burned particle (Black carbon)

biomass gasification.might be as follows:

Figure 5.6 Model schematic



5.1.2 The effect of temperature

From the previous study, we know that only increasing concentration cannot
improve the fraction of hydrogen. Guo et al., (2005) et al. studied the effect of

temperature on biomass gasification. It found that temperature has significant effect

on gasification. Feedstock of 1.0

\ y/ n was gasified at 25 MPa. The

feedstock were varies temml a,pngcm, 700 °C. The conditions in this

selective formation of hy.

— 156

lower temperature, the'c |
I - VI
color of liquid at l:u‘j;r temp:ra!ure The reasons might be high temperature

s e 5 i G 0 e st o

formations. Hclme the contents of the gases which are hydregen and methane
mcrease%ﬂﬂ )a éﬂ m m’] qt:u %qucﬁ)ﬂ supercritical
water w1th coconut shell activated carbon catalyst. They found that when temperature
is raised from 500 °C to 600 °C, the carbon gasification efficiency increases from 51%
to 98%, and hydrogen increases from 0.46mol to 1.7 mol. In our case, Hydrogen
fraction increase sharply from 500 to 600 °C same as them, the carbon gasification

efficiency improve with increasing temperature.
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Figure 5.8 Carbon gasification efficiency of each temperature of cotton.
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The calculated values of carbon gasification efficiency are shown in figure 5.9
and 5.10. The calculated values were compared with experimental values. For
calculated values, the carbon gasification of lower temperature (380 and 390 °C) is
higher than higher temperature because water flow rate was fixed then residence time
of lower temperature is longer than higher temperature. Hence, the effect of

L 1 %/f residence time. But it could be

confirm that temperature has a significar n biomass gasification in

temperature on gasification is in

hen | temperature was high with

-.‘- y Qk W .

supercritical water. Because residcnte tim, \\ low ¥

fixed water flow rate b arbo tion efficie

\

ncy was improved when

increasing temperature.

7 oo’ m
2
5 G
5 g
2 f o NI
AERNIANNIINGIA Y
8 400 500 600 700 800
Reaction temperature [*C]

Figure 5.9 Comparison of experimental values and calculated values on

Carbon gasification efficiency of cotton gasification.
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Carbon gasification efficyency [-]

Figure 5.10 Comps TiS0n ‘ (F ntal values and calculated values on

Carbon g ha residue gasification.
S
For t@mm of Kinet: mﬁ it has been reported that the

:T:for:l::w 1? m ﬁﬁm} and ﬁgﬂ: :i the first order
wwmmm AN Y 0

£L_k° ["’T )C @

= l-EXP[-koﬂ %}] 3)

The values are shown in table 5.1
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Table 5.1 Parameters of reaction rate

Pre-exponential factor Activation energy
[1/s] [kJ/mol]
Cotton 4.12x10" 33.97
Jatropha residue 9.45x10™ 3221

o

_biomass mﬂ was found to be complied

of equation, it can bee seen

The effect of tem
with the Arrhenius law. Afi

that a plot of In k versus

:\i‘ of k was increased when

jgure 5.11 and 5.12. From this

AN

increasing temperature. T
result, it can believe that th

k.
i i ."‘1\
g T
i
"

on biomass gasification.

X -4 -

5; tmaﬂmwmm
6
AR IO N TN

i -8

0.0010 0.0011 0.0012 0.0013 0.0014 0.0015

1T K]

Figure 5.11 Arrhenius plot of reaction rate for cotton gasification
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Ink

Both of h:ummd}:re o nical andmg (vibration ball mill)

before it was gaﬁ mw w j was conducted with
different particle sizes o conditions in this s ed are shown in table

7oy 4 B R4 45 RG] B 100

45 pm. The result i is shown in figure 5.13. Hydrogen fraction was improved when
conducted the biomass gasification of smaller particle size of cotton feedstock. The
trend of hydrogen fraction is same as previous condition that higher hydrogen fraction
is obtained with gasification of high temperature. As expected the ground biomass

feedstock with smaller particle size could provide the increased yield of hydrogen.
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Base on the experimental results, carbon monoxide was decreased while hydrogen
was increased when particle size of biomass feedstock was reduced. From this results
found that the particle size has effected on biomass gasification. The highest hydrogen
fraction from cotton gasification is 40.2 vol% at condition of 45 pm. The carbon

gasification efficiency was improved when conducted biomass gasification at a

condition of smaller particle size ” 5.14. The color of liquid product

of bigger particle size is et ésiz&. That mean the smaller

Fraction[vol%)]

=120 140

’QW’WMT]?MW#@WB’]QH

Figure 5.13 Gas products of each particle size of cotton.
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Carbon gasification efficiency [-]

140 160

Figure 5.14

Itis k*nuwnr_
smaller particle is ,.«j,f_‘ff:'*i : ¢ required. Although, smaller
oduce more hydmm] when it is gasified. It is not

economical, 'FI‘UW ﬂﬁﬁﬂ%ﬁhﬂdd be found with

considering economy and pussthﬂm‘r.

ARIANN TN UANAINYA Y

5 1.4 Effect of residence time on gas product yield

particle size of hiumamfﬁbdstoc P

Cotton powder was conducted under condition of 600 °C, 25 MPa and
different water flow rate as shown in table 4.8. For water flow rate, it makes the

residence time changes when the water flow rate is changed. The water flow rate was
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fixed into 3 values which are 1.5, 2.0 and 3.0 mL/min. Hence, the residence time was
changed to 3 values which are 125, 93 and 63 second, respectively. From previous
studied, it is known that higher temperature obtained the higher hydrogen fraction.
Therefore in this studied, the temperature was fixed and varied in water flow rate for

changed residence time. By varied the watcr flow rate is 1.5, 2.0 and 3.0 mL/min. The

from 63 to 93 s and methane ft: G eases ; residence time increases from

result is shown in figure 5.15. As | 5.15 for cotton gasification, it is

shown that the hydrogen the residence time increases

63 t0 125 5. At the sani€ tigé! (e GArbon monoxide fraction has a sharp to decrease

gasification efficiency. Carl : or efficiency was improved when residence

time was increased as shown m’ﬁﬁé’i s, Its can believe that residence time

In this studied, the resigncc tirrm ' ained thmlighest carbon gasification

- ﬁﬂ‘ﬁ“ﬁﬁﬁ%ﬁ N9
awwmmmumwmaa
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Figure 5.16 Carbon gasification efficiency of cotton with different residence time.
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5.2 The study of operating parameters on jatropha gasification

We conducted jatropha gasification with using the same parameters as cotton

gasification which are jatropha concentration, temperature, particle size and residence

S,

5.2.1 The effect nfﬁ:tm’ .._-—’

time.

carbon dioxide of low con nlﬂﬁ'é_ asification are higher than those of
high concentration feeds ification. W he fraction of carbon monoxide was
increased with incre concentra But the carbon gasification

efficiency does not :;mve with hlgh:r :;x::rn::tmtmtlr feedstock. The effect of

biomass conccﬁlﬂ EJW? wgbqsﬂﬂn in figure 5.18. From

graphs in ﬁgurc%‘.li, the carbon gasification ef’ﬁg:ncy of every egncenh‘atiun looks

ike  Ltas The 1} argabic cirbandTOC) s dndkdafed with ngipasing jatropha
q

concentration. That mean, an increasing in concentration of feedstock leads to amount

of carbon in liquid product.



57

gﬂ: ! m;.‘
' ~a-CH’
= 797 ~¥=COl
§ E[}.‘. O ml -
o . —a—
= 50-
c : ]
% T
® .
w
L N - ' L3
7/ e o i
i W W

SN NYINT =g
RTIRIIM Ingnge

S oo o0s 010 015 020 025 030
Concentration [wt%]

Figure 5.18 Carbon gasification efficiency of each concentration of jatropha residue
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5.2.2 The effect of temperature

In this study, we conducted an experiment by varies temperature in a range of

400 — 700 °C for finding the optimum temperature of gasification which could give
gas product with optimal hydrogen yield. Jatropha residue of 0.1 wt% was gasified at
| w;ﬂ °C. The result is shown in figure

5.19. Temperature has a signi affg:t onﬂs gasification in supercritical

water same as cotton gasificatien. The fraction of hydrogen was increased sharply

25 MPa and the temperature in a &

with increasing temperat) he fraction of methane was

increased when temperat 00 °C., But the fraction of carbon
dioxide was decreased shz from 500 — 600 °C. The
carbon gasification efficiene mperature increased. The carbon

gasification efficiency is she increase in the amount of product

gas can be cxplainos by the - ysice es @ ?percritical water. Under

supercritical conditions the density and ¢ stanLof water decrease which

promotes the radical uctmn (Buhler et al., 2002;

UL ALY

be improved. Thus, the amount of methane increases {Smag et al. 20{]3}

ARIANN I URNINYA Y

obstructs the ionized r;tmn hut



59

o

Fraction[vol%]
©58658833838

B == ‘ﬁ‘{xm\’&& ;

4N 50 um'mmaﬂ

o)
Carbon gasification efficiency [-]
&

®
=

D
(=]

400 50 600 700

Temperature [°C]

Figure 5.20 Carbon gasification efficiency of each temperature of cotton.



5.2.3 Effect of particle size on gas product yield

We know that smaller particle size has more specific area. That could help to
improve the fraction of gas product. Jatropha residue was ground and classified into 2

sizes which are smaller than 150 and 90 um. Jatropha residue was gasified at 600 °C

particle size is higher thanciReoN jgh:/ﬁ size. The higher fraction of
methane is obtained froi
monoxide is obtained wi ] h ‘
show in figure 5.22. The garbbn’ g i \x ey, increase when conducting

smaller particle size. That gieag safle particle s e provide higher gas product.

ININTNYINT |
AUELLL) E=2ss
Ty

ﬂ Fraction[vol%]

22

Figure 5.21 Gas products of each particle size of jatropha residue.
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High energy is grinding to produce smaller particle

size. Although ck produce more hydrogen

when it is gasiﬁe&.gm not ence, an @lmum particle size of biomass
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From the literature review, we know that longer residence time is useful to
produce higher fraction gas product. In this studied, we conducted an experiment
under condition of difference residence time in a value of 63, 93 and 125 second.

Jatropha residue was gasified at 600 oC and 25 MPa. We chose the particle size of
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Jatropha residue which is smaller than 90 pm to use in this study. The result is shown
in figure 5.23. The fraction of hydrogen was increased with increasing residence time.
While the fraction of methane and carbon dioxide were decreased. The carbon
gasification efficiency was increased with increasing residence time. The same result

as cotton gasification, longer residence time provide higher fraction of hydrogen. That

Fraction[vol%)]

- P
Y | i
o —

il L RS

70 80 110" 120 130

AUt mrienns
e SRR IR A e
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Carbon gasification efficiency [-]

120
Figure 5.24 Carbon gasificafion efficieniey of jatropha with different residence time.
5.3 Addition
A hemr-&cl]mose can of suval heteropolymers (matrix

P T T TR g e e

cellulose is cfystalline, strong, and resistant tu hydrolysis, herm-cellulnse has a
s T ) Ve e
or bm Unlike cellulose, hemi-cellulose (also a polysaccharide) consists of shorter
chains - 500-3000 sugar units as opposed to 7,000 - 15,000 glucose molecules per
polymer seen in cellulose. In addition, hemi-cellulose is a branched polymer, while
cellulose is unbranched. Then, it might be reason that jatropha residue, which is

consist more hemi-cellulose (see table 4.4), give higher gas product than cotton.



CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

Cotton and jatropha rﬁlw,ﬁ/ﬂﬁ&d in the tubular flow reactor

5

without catalyst under su e mechanical grinding of raw

material was employed f -edstock before its gasification. In
this work, biomass feedstock d and cl: ed into 3 sizes which were 45, 90
and 150 pm. The partic foiadirion: $::ﬁ@pld significantly affect the
gaseous product yield. It A -
wh 'lc jatropha residue with the
fraction of 61 vol%. Higher

0 of s!rg}aller particle sizes. It was

\&rgy consumption. Though,

rogen when it \Qs gasified, it would not be

e Y ’J"FTETW?WQ?“‘T?‘I"T““S‘“"“ -

and possibility. %

ama\mm URIINYIR

Carbon gasification efficiency was slightly be improved by increasing biomass

smaller particle sizes pgducc more hyc

concentration of feedstock. Then, the optimum concentration was 1.0 wt%. Because
there was plugging occur when conducted with high concentration of biomass
feedstock and using low temperature. At low temperature, biomass was gasified with

the formation of char and tar which were difficult to decompose. It can believe that
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high temperature, high heating rate (for batch reactor) and catalyst are required for

gasification of high concentration feedstock.

With the effect of temperature of biomass gasification, the temperature was

varied in a range of 400 — 700 °C. From previous studied, It is known that low

QA

temperature provided char and ification efficiency is low when

mgnﬂm required more energy, it

700 °C. At 700 °C, the | otion from cotton gasification was 41 vol% and

conducted at lower

is not prudential. From

In k versus 1/T should be strdighi lise. The v 'k was increased when increasing

temperature. From tluq result; i can‘believ > that the m?palure has essential effect

4
The g O e e o i el

of water flow rate! The water flow rate was vaned in a range of 1. 5 2 and 3 mL/min

to o QYRR F R R R .53 i

mpecuvely From this research, longer residence time provided high gas product.

The highest hydrogen fraction is obtained from the residence time of 93 s for cotton
gasification which was 40 vol%. The highest hydrogen fraction from jatropha

gasification was 66 vol% regarding to the residence time of 125 s.
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Recommendations

Systematic investigation on gasification of both biomass materials would be
beneficial to Thailand and Southeastern Asian countries because of their abundance in
this region. Due to the smaller particle size of biomass feedstock was obtained higher

hydrogen fraction. Comparison with 45 and 90 pum, the hydrogen fraction does not

different too much. It is only 2 1% difterence. For economical, particle size of 90
um would be appropriate for ': ign. st temperature of gasification that
could be provided higf ¢ considered in the future work.
Additional of catalyst ig What kind of catalyst is good

for economical gasify.
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APPENDIX A

USDA method

> with distilled water at

20°C. Check | "1 of detergent. Then add

I
/ J
CTAB and stir. :

wﬂaumwamwmm

Acetone

AFNHNTUNNINYIAY

. Saturated potassium permanganate (1 L)

- Distilled water 1 L

- Potassium permanganate 50 g

- Silver sulfate 005 g
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Dissolve potassium permanganate and silver sulfate in distilled water.
Keep out of direct sunlight.

6. Lignin buffer solution : (1 L)

Ferric nitrate nanohydrate 6 4

- Silver nitrate 015 g

Acetic acid

ernitrate in distilled water.

Combine with : ssium acetate. Add tertiary butyl alcohol
o N Y
Combined permangan ,

Com 'i= nd mix saturatee permanganate and lignin buffer
solution in the fatio of 2:1 by A e mixed solution kept

|
about a week in a :eﬁ'lg'.-rntur (pu'p!e)

-"“‘“ﬁ%ﬁ'@’%ﬂﬁﬂ'ﬁﬂﬂ’]ﬂ‘i

awm’ﬁdﬁ%dﬁummmaa
Hydrochloric ﬂ.l:ilﬂ 50 ml

Dissolve oxalic acid dehydrate in ethanol .Add concentrated
hydrochloric acid and distilled water and mix.
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9. Ethanol 80 %

95 ethanol 845 ml
Distilled water 155 ml
Step;
1. Dry sample at less than

e until ove no more color : break

ﬂ‘l{%f’ﬁmmwmmw
QW’WG“&F%‘%W@ %-qa ¢l

ZSmIofmmhnedutnrahd potassium permanganate and Lignin
buffer solution (2:] by volume) to crucibles in the enamel pan containing cold
water. Adjust level (2-3em.) of water in pan. Stir contents to break lump and
draw permanganate solution up on side of crucibles to wet all particles.
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3. Allow crucible to stand at 20-25 °C. for 90-100 min. add more mixed

permanganate solution if necessary. Purple color must be present at all time.
4. Remove crucibles to filtering apparatus. Suck dry. Do not wash. Place in a

clean enamel pan, and fill crucibles no more than half full with

ﬁnﬂ directly to crucible . Care must be
After 5 min, suck-dry.on fifer Qﬂ full with Dermineralizing
solution. Repea , _

Demineralizing solution

taken foaming.

' solution is very brown. Rinse side
pe stream. Treat until fiber

is white. ( 20-30

5. Fill and thoroug ith ethanol. Suck dry and

with acetone. Suck dry.

6. Dry at 100 °C overnight. A . Calculate lignin content as loss weight
from ADF | |
X
7. Ash at 500

(ﬁéulatz residual ash as the

difference h-etweearlg weigh original tare of crucible. Calculate cellulose by

we.mlﬁli&&lﬂ"flﬂﬂ'ﬂ\lﬂ'm‘i
’Qﬁﬂaﬁﬂ‘im UANINYA Y
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P225 GASIFICATION OF COTTON AND JATROPHA
RESIDUE IN SUPERCRITICAL WATER

Thachanan Samanmulya®, Tawatchal Charinpanitkul® and Yukihiko Matsumura®
“ Center of Excellence in Particle Technology, Faculty of Engineering,
C‘HUL!LONGKGRN University, Payathai Patumwan, Bangkok 10330 THAILAND
® Department of Mechanical Sﬁum Engineeving , Hiroshima Universiry,

I-4-1 Kagamivama Higashi - f hi , Hiroshima 739-8327 JAPAN
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1. Results and Discussions
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Effect of biomass loading (0.1-03
wt %) in the reactor on gasification product by
supercntical water was studied at 500°C. 25
MPa. Figure 2 shows that with an merease in
the biomass loading from 0.1 to 0.2 %wi,
relative yield of methane, ethene, ethane and
carbon monoxide concentration was reduced
while that of carbon dioxide and bydrogen was
increased. As the biomass loadmg was further
mﬁmod&unDIMGSﬁmihe
fraction was reduced wiule carbon

ncreased slightly. Based hﬁ!mﬂg
::Hhmpudlhﬂﬁe;lﬁeﬂuunfhw/_‘_{
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Meanwhile, effect of temperaure (500-
600°C) on gasification of cotton and jatropha
residue 15 shown in Figure 3. When temperature
was increased from 500 t6 600°C, the yield of
hydrogen and methane were increased while
the frachon of carbon monoxide and carbon
dioxide were reduced These would be
attnbutable that the selective formation of

hydrogen and methane would be more
enhanced under higher supercritical condinons.

i- -
. 5 !_'_.r‘" = Wit
i — e
l. .- 1 i Tarhon mongssde
v, m. . :m“
! " --"""d_'_.*q'::
E L] - _;- {a)
Toenpecanare ("C)

- =i Eltyhane

- . | —— Effara
i~ I |- @+ Carton mongse
2 2 |- =~ Cartn domcn
i ‘1 / —&— vy

-

T

£ - - (L)

Figure i Gaseous products synthesized from
" of biomass in supercritical warer (25

Jad ‘ar* 4 MPa.): fa/Cotton powder biatropha

_gasified by supercritical water to produce fuel

-"‘x,juwl:u-chcm;dhydtmn methane,
carbon

carbon dioxide and small
athene and ethane. Hydrogen
EJ clearly influenced by operating
R fers. which were biomass loadng,
hmpenm and residence tume. With a high
solid loaduig, hydrogen fraction was decreased.
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