Influence of Process Conditions on Hydrogen
Production from the Thermal Processing of
High Density Polyethylene
Juniza Md Saad, Mohamad Anas Nahil and Paul T. Williams

Introduction

H2

H2

The major increases in utilization of plastic products
due to their diverse use and applications has a significant
impact on the environment.
Research on recycling of plastic waste has received
huge awareness and seen as the solution to the
environmental problem of waste plastics.
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There is current interest in the production of hydrogen
from waste materials and in particular from waste plastic.
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Pyrolysis and gasification of waste plastics is a
promising route to produce high yields of hydrogen.
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Figure 1. Schematic diagram of one-stage
fixed bed reactor
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Figure 2. Schematic diagram of two-stage
fixed bed reactor



Mixture of nitrogen and carbon
dioxide with steam addition



In one-stage fixed bed reactor,
the furnace was heated up to
500 °C



In two-stage fixed bed reactor,
2nd stage furnace was heated
up to 800 °C prior to the 1st
stage furnace where the
temperature was 500 °C

Type of catalyst


Ni-Mg-Al

Results & discussion
Influence of pyrolysis atmosphere

Influence of catalyst

Small amount of hydrogen was
produced during pyrolysis of the HDPE.
Methane was decreased in N2 compared
to CO2 pyrolysis atmosphere.

Addition of catalyst produced a
significant increase in the production
of hydrogen due to the dry
reforming reaction proven by the
large improvement of carbon
monoxide production.

Two stage reactor system shows a large
improvement in hydrogen production
due to the reaction at 800 °C in the 2nd
stage that enhanced the CO2 reaction with
hydrocarbon. The increment of carbon
monoxide in the presence of the CO2
pyrolysis atmosphere, suggesting that in
the CO2 atmosphere dry reforming
reactions occurred between the methane
and other hydrocarbon with CO2 in the
second stage.

Figure 3. Gas yield from pyrolysis and
pyrolysis-gasification of HDPE

Figure 5. DTG-TPO result for reacted
NiMgAl catalyst

In SEM analysis, the filamentous
carbons were observed for the
reacted Ni-Mg-Al catalyst derived
from pyrolysis-gasification without
CO2 addition compared to the
pyrolysis-gasification
with
CO2
addition.

The introduction of steam into the
system increases the amount of hydrogen
due to reverse water gas shift reaction,
steam reforming , also the dry reforming
reaction of hydrocarbons.
More carbon monoxide was produced
when less steam was injected to the
system due to the elimination of carbon
reaction, hence the carbon deposition
was lowered.

The DTG thermograms suggested
that the reacted Ni-Mg-Al catalyst
from
catalytic
dry
pyrolysisgasification has less deposited
carbon than the catalytic pyrolysisgasification with the CO2 addition.

Figure 4. H2, CO and carbon from
pyrolysis-gasification of HDPE

The less deposited carbon in CO2
addition was likely to be due to the
reaction
between
filamentous
carbons and CO2 that significantly
increased the amount of carbon
monoxide production.

Conclusion
 Thermal treatment of HDPE using a two-stage fixed bed reactor massively improved the hydrogen production
compared to the one-stage fixed bed reactor due to the gasification process in the second stage of the reactor.

 The addition of CO2 not only increases the hydrogen production but also reduces carbon deposition.
 The addition of steam results in a marked increase of hydrogen produced from the water gas shift reaction.
 The addition of a nickel based catalyst, Ni-Mg-Al, also enhances the hydrogen production in pyrolysis–
gasification of HDPE with CO2.

 Carbon deposits on the catalysts were of the filamentous type and were minimised in the presence of CO2
addition due to reaction of the carbon to produce carbon monoxide.

Figure 6. SEM result for reacted
NiMgAl catalyst
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