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ABSTRACT

In this work, the thermodynamic equilibrium invollen the
steam reforming of phenol to produce hydrogen hasnb
examined. The mole fraction of the hydrogen depemdseveral
process variables, such as system pressure, temmgerand ratio
of reactants. The first step to understanding tieces of the
aforementioned variables is a complete thermodynamalysis.
In this study, a thermodynamic equilibrium analybss been
performed for the steam reforming process of phenar the
following variable ranges: pressure latm, tempeealid0-1200
°C and phenol concentration in the feed ratio 2%-2DBe non-
stoichiometric formulation has been used. The dmuiim
concentrations of different compounds were caledlaby the
method of direct minimization of the Gibbs free ®ye The
results show that the phenol conversion and thedggh mole
fraction increased at lower phenol concentratiothifeed. The
best condition for coke production was at 10%
concentration which produced less coke.

KEY WORDS: phenol steam reforming, hydrogen production,
thermodynamic analysis.

pheno

1.0 INTRODUCTION

Due to the environmental concerns, production afrbgen via
the steam reforming of bio-oil components is coesed as one of
best ways for providing hydrogen future. The steaforming of
bio-oil is considered as an interesting route fordrbgen
production with low CO2 emission [1]. Among the 1uiib one of
the most promising is bio-oil, which production hgsown
sharply in recent years. In bio-oil, around 38% [&}.of the bio-
oil coverts to the phenolic compounds. The steaformeéng of
phenol can reduce G@hich is the main greenhouse gases [3-5].
The reaction product of biomass pyrolysis typicatntains a
high molecular weight of hydrocarbon, phenolic comnpds,
acid, and water. Phenol was further recognized has rhain
component of tar formed following wood-biomass fieation by
steam in a fluidized bed reactor in the low tempeerange
(600—700°C) [5-7]. Phenol also can be obtained from indasktri
wastewater and is considered as toxic waste forynaauatic
organisms. Due to its high solubility in water,can directly
convert to highly valuable gas hydrogen via steeforming. The
steam reforming of phenol, Reaction (1) and watas ghift
reaction, Reaction (2), are two major side reastthat contribute
to the deposition of carbon on the catalyst surfatese lead to
deactivation of the catalysts and subsequently gadgthe
catalyst bed [8]:

CoHsOH + 5H,0 — 6CO + 8H, 1)
€O + H,0 — CO, + H, @)

Significant research has been reported for hydrqmeduction
by carbon dioxide reforming and partial oxidatiof].[ The
sustainable production of hydrogen can be accohmaidy the
conversion of biomass through steam reforming (8B3ification
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combined with pyrolysis, partial oxidation (POX)xidative
steam reforming (OSR), and autothermal reformin@RA from
renewable carboxylates, such as glycerol, bio-ethdo-oil and
carbohydrates [10].

In this study, the possibility of water-rich phaséorming of bio-
oil is discovered through thermodynamic analysiswidle range
of the previous researches discovered thermodynanatysis of
ethanol and methane as a form of renewable enaxpuption
[11-14], dimethyl ether [11, 15] and methanol [1Zhese
researches focus on converting carbonated compounds
hydrogen. However, little effort has been expenfdegractically
understanding the efficient thermodynamic analg§ishenol.

The aim of this work is thermodynamic analysis @éasn
reforming of oxygenated hydrocarbons of phenol Hgdrogen
production via thermodynamic design of Aspen V8ofvgare.
The resulting molar fractions are explored as action of
parametric variables such as pressure, phenol ntaten and
temperature. The production mole fractions foohthe variables
were plotted.

2.0 METHODOLOGY

Aspen plus 8.6 software has been used for the sisalyhe R-
Gibbs reactor (Figure 1) with Peng—Robinson prgpenethod
has been chosen for the thermodynamic analysimadPlie the
main component with the maximum composition of mhigture
chosen to simulate the reforming of the phenolrsteaforming.
H,, CO, CQ, and C as well as the residual fuel ang@DHvere
measured as the reforming based products on exgetahresult
for Aspen Plus code requirement of product definiti The
phenol concentration, reaction temperature angthssure as a
part of reactants condition must be stated. Thetipprameter set
in the steam reforming is because the reactor teafye in the
steam reforming for thermodynamic analysis is culgd by
external heat transfer to the reactor and notéhetor itself [16].
The range of 100-120 and 2-20% were varied for temperature
and phenol concentration respectively and the regas shown
by molar fractions of gas products. Coke formatieas defined
as solid carbon formation in the oxygenated feed.

RGIBBS

Figure 1 Schematic representation of the thermodynamicliRsyi
reactor

3.0 RESULTS

3.1 Effect of temperature on phenol conversion

Temperature is the most important influencing faaiche steam
reforming of hydrocarbons. Figure 2 shows the effef
temperature on phenol conversion in various comagan of
phenol in water in the feed stream. The figure shohat the
phenol conversion is increased by temperature ih al
concentration of phenol. This tendency of positeffect of
temperature on phenol steam reforming reactioonsistent with
results obtain for other experimental results t6pg, 17-21]. As
the temperature increased from 100 °C to 700 °€,pghenol
conversion increased from 5% to 100% for all phenol
concentrations except for 18% and 20%. Based oms thi
thermodynamic result, it indicated that the inceea$ phenol
concentration had a negative effect on phenol stegforming
reaction and low concentration was favorable foe henol
steam reforming reaction.
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Figure 2 Effect of temperature on phenol conversiodifferent
concentration of phenol in water

3.2 Effect of temperature on hydrogen molar fractio

Effect of temperature on hydrogen production wasstigated at
2 to 20% concentration of phenol and 1 atm presstiréhe
temperature range of 100 to 1@ Figure 3 shows the effect of
phenol concentration and temperature on hydrogeduation. In
general, the molar fraction of hydrogen decreaseéth wthe
increase of temperature at specified concentratitmwever, the
molar fraction of hydrogen was higher at lower canteation. As
the concentration increased from 2 wt.% to 20 wil&, molar
fraction of hydrogen decreased gradually. It inttidathat low
temperature and low concentration were favouratméydrogen
production, which could enhance the steam-refornaind water-
gas shift reaction better.
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Figure 3 Effect of temperature on hydrogen molar fraction i
different concentration of phenol in water

3.3 Effect of temperature on carbon monoxide molafraction
Figure 4 shows the effect of temperature on canmomoxide
(CO) production at 2 to 20% concentration of phemd 1 atm
pressure at the temperature range of 100 to 1200no@eneral,
the CO molar fraction decreased with increasingtémeperature
from 100 to 1200 oC. As it can be seen, the pheantentration
affects the CO molar fraction at the area of 20856 oC only.
However, the CO contents produced are initially ldwe to the
water gas shift reaction.
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Figure 4 Effect of temperature on carbon monoxide molar
fraction in different concentration of phenol intea

3.4 Effect of temperature on carbon dioxide molafraction
Effect of temperature on G@roduction during all concentration
of phenol and temperature range is shown in Figur&s it can

be seen, at low temperature ranges low amounts @f i€
produced. The COmolar fraction is increased by increasing in
temperature from 100 to 120C due to the reverse water gas
shift reactions. Unlike above mentioned resultse tlow
concentration is not favorable to gproduction.
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Figure 5 Effect of temperature on carbon dioxide molar ticac
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3.0 CONCLUSION

In  conclusion, the temperature and the phenol
concentration are playing a very significant rofe the
activity of phenol steam reforming. It was foundatttihe
phenol steam reforming reaction is favourable wdtv
concentration of phenol in water rather than high
concentrations. At low concentration, higher phewals
converted to product, higher hydrogen and carbon
monoxide and lower carbon dioxide were produced.
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