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ABSTRACT

The effect of different pellet sizes of nickel (Ni) and lanthanum (La) promoted Al,O5 support
on the catalytic performance for selective hydrogen production from polyethylene tere-
phthalate (PET) plastic waste via steam reforming process has been investigated. The
catalysts were prepared by impregnation method and were characterized using XRD, BET,
TPD-CO,, TPR, SEM, EDX, TEM and TGA. The results showed that Ni—La-co-impregnated
Al,O5 catalyst has excellent activity for the production of hydrogen. Feed conversion of
88.53% was achieved over 10% Ni/Al,O5 catalyst which increased to 95.83% in the case of
10% Ni-5% La/Al,0O5 catalysts with a H, selectivity of 70.44%. The catalyst performance in
term of gas production and feed conversion was further investigated under various oper-
ating parameters, e.g., feed flow-rate, and catalyst pellet size. It was found that at 0.4 ml/
min feed flow rate, highest feed conversion and H, selectivity were achieved. The Ni
particles, which are the noble-based active species are highly effective, thus offered good
hydrogen production in the phenol-PET steam reforming process. Incorporation of La as a
promoter in Ni/AL,O; catalyst has significantly increased the catalyst reusability with
prolonged stability. The Ni—La/Al,05 catalyst with larger size showed remarkable activity
due to the presence of significant temperature gradients inside the pellet compared to
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smaller size. Additionally, the catalyst showed only slight decrease in H, selectivity and
feed conversion even after 24 h, although production of carbon nanotubes was evidenced

on its surface.

© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

Due to the fast decline in fossil fuel reserves and associated
environmental problems, there is a critical need for devel-
oping alternative sustainable energy resources [1,2]. As a
promising candidate, hydrogen as a clean fuel option has
received keen attention [3,4]. This clean energy carrier has
found diverse applications especially in fuel cell devices. Due
to the intrinsic problems of the fossil fuels, the global demand
for renewable energy resources including hydrogen has been
on the increase profoundly. In recent time, the hydrogen
production on industrial scale is via steam reforming of nat-
ural gas [5,6], With the great prospects the hydrogen holds as a
clean renewable fuel, research efforts are being focused to-
wards its production from other alternatives involving con-
version of waste materials such plastics into fuel. Via this
approach, the environmental problems posed by plastic waste
could be resolved with added advantage [7].

Amongdifferent types of plastic, polyethylene (PE) is widely
used for numerous purposes, including packing and packaging
materials with almost 63 wt% of the total generated plastic
waste [8]. Polyethylene terephthalate (PET) is one of the main
source of packing materials such as bottles for mineral water
and soft drinks all around the world. One of the chemical
methods used to recycle PET, is solvolysis, such as methoa-
nolysis and glycolysis [9]. With the great advantage that a
portion of PET can be recycled straight to virgin PET [10], or to
raw constituents [11] via chemical alteration techniques (such
as glycolysis and hydrolysis), yet the main problem of recycling
PET is that a considerably big amount returns to waste dumps.
Consequently, any novel implementation or artificial use of
waste PET would be a momentous relief to the surroundings
[12] and this is one of the main emphasis of the current study.
Therefore, generation of hydrogen from plastics is indeed a
promising technology environmentally and economically [13].

Among the catalysts, alumina (Al,03) is the most
commonly employed support in various thermal processes
because of its chemical and mechanical stability, low cost and
high surface area for metal dispersion. Although comparative
studies [14] have shown better performance on basic supports,
such as MgO and La,0s5. The La,03 and ZrO, as support ma-
terials have displayed a great vital catalyst-support interac-
tion [15,16]. Bimetallic catalysts such as nickel and cobalt on
Al,03, ZrO, and La,03 have been used for steam reforming [17]
which are able to suppress the formation of coke. In addition
to Al,03, La,05 has displayed prolong ability as reported by
many researchers [18—20]. Lanthanum oxide could consider-
ably improve chemical activities of highly distributed metal
catalysts [21] due to its production of medium and strongbasic
sites, which could favor OH surface mobility and steam

adsorption and then favor steam reforming [22]. In previous
studies, lanthanum has been used as a promoter [23,24] or/
and as a support [25,26]. Recently, it has been reported that
lanthanum effectively enhanced the physicochemical prop-
erties and catalytic performance of Ni—Al,05 aerogel catalyst
compared to other second metals [27]. Therefore, a systematic
investigation on finding optimum lanthanum addition to Ni—
Al,03 catalyst for hydrogen production by steam reforming of
phenol-PET would be worthwhile. Ni is one of the most used
metal in steam reforming processes due to its superb ability in
facilitating cleavage of C—C, C—H, C—0O bonds and dehydro-
genation reactions [33].

On the other hand, the efficient use of heterogeneous
catalyst surface to enhance reactions is limited by the rates of
mass transfer inside the pellet pores [28]. This limitation af-
fects reaction rates, due to differences between reactant and
product phases (liquid or gas) compared with catalyst phase
(solid), leading to slow reaction rates on the surface of catalyst
and high product concentrations inside the porous pellets [29].
Consequently, to estimate the mass transfer limitations in
different processes, significant studies have been carried out
base on difference in pellet size [30,31]. However, a study of
similar problem with regard to the influence of different pellet
size of Ni—La/Al,03, to the best of our knowledge, has not been
carried so far. Therefore, it is of great importance to apply
different pellet size of Ni/La co-modified Al,0; composite for
hydrogen production from PET plastic waste.

Steam reforming of phenol-PET solution for hydrogen
production using Ni/Al,0; and NiPd/Al,05;—La,0; catalyst
have been discussed in our previous studies [32,33]. Whereas,
the present research aimed to explore catalytic PET conver-
sion via steam reforming over different pellet sizes of Ni/La-
based Al,O3 catalysts for selective hydrogen production in a
fixed bed reactor. This provides further insight into ways of
renewable and clean fuels production from waste feedstock.
The catalysts were characterized using BET, XRD, SEM, TEM,
EDX, TPD-CO,, TPR and TGA. The effects of different operating
parameters such as feed flow rate and pellet size of the cata-
lyst on H, selectivity and conversion were critically discussed.
The stability analysis of different pellet sizes of the Ni—La
promoted Al,O5 catalyst was deliberated in order to reveal the
function of the metals and support on catalyst activity.

Experimental
Catalyst preparation

Impregnation method was used for preparing Ni supported on
v-Al,O3. In order to prepare the catalyst, 10 wt % of active metal
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