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1. Introduction
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without reducing compe
industrial energy use was
energy demand. The iror

Biogas reforming
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The blast furnace
for ironmaking a
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coal and coke are
oxides[2,3]. Asan
of carbon dioxide
industrial activitie
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Byrolysis of fast growing aquatie biortass - Lemna minor (commonly known as duckw
With the ensphasis on production, charactarization and catalytic application of bio-¢h
reported in this paper. The yield of blo-char was determined as a function of L. 1
pyralysis temperature and sweep gas flow rate. It was found that the pore developn
during L. minor pyrolysis was nat significant and the changes in the reaction condit
(remperature and sweep gas flow rare) did not alter markedly the rextural characreri
and BET surface area of the bio-char produced. Thermogravimerric/differential thern
ravimetic (TG/DTG) analyses of L minor and different bio-char samples in inert (el
and oxidative (als) media showed substandial differences in their TG/DTG pattem
comparisen of seanning electron mierogeaphs (SEM) f L. minor, bie char and ash indic
that the basic structural features of L mirar remained intact and were nat affecte
thermalysis. The inorganic ash content of L. minor derived bio-char s significanty hiy

than that of typical terrestrial (plant] biomass, The energy dispersive spectroscopic {
analysis of L. minor ash showed that it mostly consisted of silica, and small quantire
Na, K and Ga eompaunds. The erearment af bio -char with GO, at 800 °C increased irs
surface area. Tt was found that CO,-treared bio-char exhibited appreciable inirial cata
activity in biogas reforming.
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use in Sweden [1]. Further
large quantities of fossil ¢
result in significant CO; er

from the iron and steel inc

or 33% of the total industt 4, Hucdiction

undesirable effects on the arable land for food praduct
From this point of view, the utilization of aquatic biomass

great concern that the stee
order to meet future climz

Though the best perfol
efficient with regard to
opportunities to improve
authors claim that a pro
least the iron and steel ing
material flows, for intern.
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Due to ever growing concerns aver depleting fossil fuel
resources and their negative ecological impact, the develop
ment of environmentally benign and efficient processes for
converting biomass energy to clean transportation fuels,
chemicals and other value-added materials has received
a worldwide attention. The advaniages of using biomass are
three-fold: it is a distributed, abundant and earbon-neutral
resource. However, the use of terrestrial biomass for energy
and fuels production s frequently queried by the relatively
low solar energy conversion efficiency of planis and potential
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thermochemical conversion processes (eg. liquefact
gasification or pyrolysis) is more advantageous since it ¢
not compete with agriculture for land usage [1-4]. In term
solar energy utilization efficiency, some types of aqu
biomass are an order of magnitude more efficient t
comman crops and mast terresirial biomass.

Lemna minar (commenly known as duckweed) is one of
fastest growing aquatic plants and presents the advan
of more facile (e.g, compared o microalgae) harves
(for simplification, hereafter, L. minor will be referred 4
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Blast furnace (3F) is a large -scale reactor for producing hot metal where coke and coal
April 011 consumed s reducing agent and fuel, respectively, As a result, 8 large aTOUNT of 605
Hbersted into the stnosphere. The blast fumace gas (BTG} and coke oven gas (0OG) from
the ironmaking process can be used for H, production in association with
and storage (GCS), thereby reducing GO, em|

rbon caprure
ions. In this study thermodynamic analyses

2011 are per ity of i production fram BTG and GOG. Thraugh the
water (WGSR) of 37, almost all GO contained in BFG can be converted for
Repword Hy production if the stearm/CO ($/C) ratio is o Jess than unity and the temperatire is at

Blist furnace gas {BFG) and coke

200 °C, regardless of whether CO; is captured oz not. The masimute

) production Fom

oven gas (COG) WGSR is around 021 Nem® (Nem* BFG) . Regarding H, production fram GGG, 4 twe stage

Hydrogen production reaction of partial axidation (POX) followed by WGSR is carried out. It is found the

Partial axidation proper conditions for syngas formation from the POX of COG is at the oxygenifuel (O/F)

Water gas shifc reaction radoof0s mperatie - 1000 » madmum syngs yeld i

€0; reduction 283 mal {mol hydroesrbons)~". When WGSR is subsequently applied, the maximum iy
Irenmaking process production from the two-stage reaction can reach 0,83 Nm? (Nm® COG)

Gopgright & 2011, Hydrogen Energy Pubiicarions, LLC. Published by Zlsevier Ixd. All rights

reserved

1. Intoduction pollution. At thesame time, the consumptions afcoal and coke

In recent years, on account of global warming
& huge smount of greenhouse gas emissi

carbon cioxide formation has been considered as a visal
countermeasuse io lessen the greenhouse effect in the atmo-
sphere. Itis known that blast furnaces (BFs) are & remarkable

gases, y
carbon dioxide. In fact, according to seatistics [5], the stee!
industry aceounts for 5—7% of tozal anthropogenic CO; emis-
sions in which around. 70% of €O, emissians come from iron
production in BFs. Therefore, if a substantial cut of GO; emis-
sions from Bis is implemented, it will give & significant

sourceof ar in sbating atmos;
a i i & dditi ke, coal pulverized coal are transportad inte BFs for
hasalsob i med in BFs for supplying h producing hot metal, the reduction processes of iron oxides

through pulverized coal injection (PCI) [2-5]. However, coal
combustion will cause a number of serious problems of air

* Comesporing author. Tel: +886 6 2605031

E.mal address: welhsinehen@gmal
036031995 o matter Gopyright
doi 101018/ fjydene 3011 05,043

: fax 886 6 2602205

can be divided ino two difforent ways; one is
reduction (IR) [7.8] and the other the direct recuction (DK) [9}

01, Hydzogen Energy Publicatians, LLC. Published by Tlsevier Led. All rights reserved
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ars and coal

ation was studied (o evaluate the catalytic effects of cu
sctivity (th » and CO), and ratio selectivity (the ratio
mmiospheric rhmhm\ bed. The kinetics snudy presented the possibility of CH, reforming and
7O ratio, greater than 5. The r Hy/CO ratio in CH, reforming and
ce the consumption of CHy needed to adjust the H/CO ratio during
reforming. Coal ashes failed t be good candidates of catalysts on
¥ surface area available for catalytic
reactions ented very promising catalytic performance on CHy reforming and partial
oxidation becX In this study, no other constituents in coal fly ash or
e correlaied with the enhanced methane-conversion efficiency. It
seems that the speci onfrolling methane-conversion efficiency.

g reforming and partial o;

jane (CHy) conversion, sum s
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L. Introduction

ation of coal cannot also be directly used in methanol

P O S S ——— e g i . is or F—T synthesis because the Hy/CO ratio is close to
It is well-known that many chemical products 1 oxidatio o bé ™ lled
Wy S through syngas (H; and CO). The produc X R R R S
Mixtures of carbon and Ni/Al, 05 as catalysts for the microwave-assisted CO, A3 Dry reft f cok d carb d f great importance in the chemical industry because it is ¢ ‘jf:ii'f,ﬁ\ﬁﬂ. :[[:L_Jf_(;j':;.?(i,:o\lt?h gf.},;ﬁ:t
reforming of CHa ry reforming of coke oven gases over activated carbon to produce syngas for matetial for methenol syatbess, Plscher—Thopetk (F=T) o3 ke el Rl
methanol synthesis thesis, and dimethy ether (DME),* Natural gas is an impog 4 partial oxidation requires pure O and thus increases

B. Fidalgo, A. Arenillas, | A. Menéndez * estment and operation costs of CHy partial oxidation.

M. Bermiidez, B. Fidalgo, A. Arenillas, |A. Menéndez resource for syngas production. With an insufficient suj
e X i 71 TR O i - ) : P How can we get a desired s t the demand of the
e st oo o e the rising price of petroleum, great importance has been a A
2 modem chemical indusiry? Combined methane reforming and
1o the research and development of natural gas reforming e
ARTICLE INFO ABSTRACT 5 n g : b r coal gasification is expected to easily produce

ARTiCLE INFO ABsTRACT gasification is also o promising resource for syngas production 8 Y i

— - = - : B p 3 desired Hy/CO ratio of 1.5~2 by changing feed composition

- - A oy The dryrefeming of okt e e (COG)ove a actvted carbom e s Gyt has e stuied in because the carbon n coal can react with HxO to produce CO With ]' H,0 and (_(‘) b I - 1
o et 1 Ocetet 208 o e use o and ethane can be rol ed 0
prosraiidarartt and H,. Therefore, natural gas reforming and coal gasification ik fon uiw o1 2161 Y50 MUSIADE A B8 JORNTIAC 10

produ reactions shown
in eqs 1 and 2. These two reaclions are
reforming, With a supply of lower stoichi
of oxygen, methane can be partially oxidized to produce He
and CO according to the followi ction, which is shown in
of syngas usually depends upan the HIC matio of raw mater eq 3. Carbon monoxide can further react with an excessive
and the reaction routes of the syngas production. The desired supply of H;0 to produce more Ha. This reaction is called the

— Ped 19 Sicm refonning. Hy/CO ratios for methanol synthesis and F~T synthesis of water—gas shift reaction, as shown in eq 4. Carbon deposit is
21 @, - . e PP ;
sisting mainky of hydrogen and carbon which i the ideal proport is mainly produced by H:O ref

H; and CO according to the followin

are two primary resources for the production of syngas and may
become the new source of the modemn chemical mdustries in
the future mstead of petroleum

Ihe downstreamn synthesis of different chemical products
requires syngas with different Hy/CO ratios. The HyCO ratio

alled methane

o3ty

Higfn = s

4 2 hgn mper
symabess. the RWGS reaction

different chernical products are usually 1.5 2.2 Presently, syny one :r 1 Irllpr“”m‘:q(mmim:;mu reforming .m:]l partial
asification. wsible carbor osi ction is show
Kish s . ] e X  prop ' sforming of methane, However, g.x; ation. The possible carbon deposit reaction is shown in
.‘..:,‘.“(“",4 o Ef» o e Fght it chma s 'i‘.i‘li.."“..ﬁ,‘.:.ﬁf.’.’..?.’: "Ii’[l o by As o e syngas produced from Hy0 methane reforming has a HyCO %17
et o s & WAy S PO Sy ratio between 3 and 4 higher than what is needed for the a "
s gasification  cling” of €O, ons cas ‘ = CH, +H,0=CO +3H, +205.9klimol (15}

ative pr.
1110 bkogas redermieg 4 downstream synthesis processes and thus recuites further

ot o e
ting o, ot ey V300, EIALTTTERCD o o s wm of g bt Reteebn oot prodocion adjustment fo be used in methanol synthesis and F-T synthesis CH, +CO,=2C0 +2H, +247.1 Klmol 2
> -4 s (-3-58), kg with o ydeocbcns S gl ncresing 1) Syngas produced from CO» methane reforming and stesm
‘ N, in small proportions. Most of this gas is used as flael in the wve of this wrk i to divestigate the dry ref i =

O emissoens. Moreover, i« produces  syngis with a low o of My 0
cati of 1), which is sultable fo the sythesis of igher
yelrocarbons and axygenated derivatives [3-7]

O 4200 Bl 4370l a
ok e i procses o he el pos. b vy e 3 2 tymas whth i of T s 5 kihmol
|l e g o e s e e 2 T i crapamicos slak] b ikimaind. Bl phig CH, +50,=C0 + 2H 9 klfmol [£3)
iy bepharoied sy ere s mo Coummertd ey ——

that ue (o carbon

\t unergolng Geati

0. Sevecal metals based on illerent
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% “ ity
1 1 1’]\ 1' ] & Eﬁ Y ‘ C O 2 Eni assignes each year the Eni Award fo promole a beiter use of energy sources, promole research on the environment and help the new generations of
n ITRH (205)

researchers fo emerge. With this purpose, the Scientific Secretariat in the last months spent a great effort to find worldwide researches of great interest and able
b AR fo enter in the criteria of the Eni Award.

l A /— » A v RS
73y ‘ ‘l 4 We have cge to know of the researches undertaken by yourself which perfectly fit the criteria of the Eni Award.
me across your scientific activilies by the article CO2 reforming of CH4 in coke oven gas to syngas over coal char catalyst which shows your
Fitt¥
ITAA RN R m

ress a very interesting topic: | am therefore writing to you to ask whether you would eventually take into consideration the possibility of proposing
your candidature fo this year's edition of the Eni Award

ZhiE Accordingly you may present another research resuli accomplished during these past years.

iz

ﬁ I‘i *u ﬁIJ I‘i . &t ﬁ = 11— In this year's edition the Eni Award assigns four main international prizes for outstanding achievements in scientific works in the field of Energy and Environment:
FN ’ 515

- The New Frontiers of Hydrocarbons (Downsiream) Prize worth 200.000 Euros;
- The New Frontiers of Hydrocarbons (Upstream) Prize worth 200.000 Euros;

QA ~ B /\ - The Renewable and Non Conventional Energy Prize worth 200.000 Euros;
- The Protection of the Environment Prize wol X uros;
IA\Y) D 7]\ The Protection of the E t Prize worth 200.000 E
This year's candidature is aimost all online-based and is therefore much easier and faster to apply: | am attaching you the .doc version of the forms and a small

E A d l % A pdf called FAQ (Frequently Asked Questions) in which you will find answers to some of the most common questions and doubts. It will give you an idea of how the
n I Wa. r u whole on-line process is going to work.

Should you decide to propose your Candidaiure please do not hesitate o contact me: the staff of the Scientific Secrefariat will remain at your enfire disposal for

i§ }E & .1$ ‘% » any furiner clarification or assistance in the eventuality. ¥
l ) O =

Woreover please note that, if you prefer, you can fill the forms and send them to my email to check out if they are properly compiled before the final subm\'@ T
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