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ABSTRACT 

 
 The catalytic co-pyrolysis of palm empty fruit bunch (EFB), a waste from 
palm oil industry, with glycerol, by-product from biodiesel production to produce 
chemical compounds was investigated using the hybrid catalysts from kaolin and 
activated carbon prepared by hydrothermal treatment. The catalysts were analyzed 
using SEM and BET. The catalytic co-pyrolysis was carried out with ratios of 1:1, at 
500°C for 60 min, nitrogen gas flowrate as 100 mL/min with 3 g of catalyst. The results 
indicated that the products consist of oil, char, and gas as 39.30, 16.37, and 44.33 wt.%, 
respectively. It was found that the bio-oil containing the interesting chemical 
compounds such as acetic acid, hydroxyacetone, pyridine, furfural, 2-cyclopenten-1-
one and phenol. The yield of total of chemical compounds are 48.98% which indicated 
that the hybrid catalysts promote the yield of interesting chemical compounds higher 
than the commercial HZSM-5 catalyst.  
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INTRODUCTION 

 
Lignocellulosic biomass is mainly consisted of cellulose, hemicellulose, and 

lignin. It has been the most sustainable and renewable source of organic hydrocarbon 
alternative to petroleum for fuels and chemicals productions with carbon neutrality or 
net-zero carbon dioxide emissions. Palm empty fruit bunch (EFB) is the main residue 
from palm oil production (32% of products) but only 46% can be used. It consists of 
cellulose, hemicellulose, and lignin. In the last few years, several research studies have 
been reported in literatures about catalytic pyrolysis of lignocellulosic biomass by using 
zeolite type catalysts and activated carbon. 

Biodiesel is one of the important biofuels in Thailand. That is an alternative and 
renewable fuel to petrodiesel. The major by-product of biodiesel production is crude 
glycerol (50-60% purity), at least 10% by mass of the total amount of products from the 
transesterification process. Glycerol may be the sources of several chemical reactions, 
such as oxidation, chlorination, or dehydration, leading to produce new chemical 
substances, which can be used in the various of industries. The conversion of glycerol 
using catalytic pyrolysis is an interesting option to produce bio-based low molecular 
weight aromatics hydrocarbons, which are substrates for the synthesis of a wide range 
of polymers. Several research studies have been reported about catalytic pyrolysis of 
crude glycerol for the synthesis of bio-based BTX (bio-BTX) used zeolite as catalysts 
and the metal modified catalysts (Wang, Xiao et al. 2016; He, Muizebelt et al. 2018). 

In this study, it is interesting to work on the co-pyrolysis of EFB and glycerol in 
fixed-bed reactor was investigated using the hybrid catalyst from activated carbon and 
kaolin by hydrothermal treatment compared to HZSM-5 catalyst. 
 

MATERIALS AND METHODS 
 
Materials 

Palm empty fruit bunch (EFB) was obtained from palm oil industry in southern 
of Thailand. Kaolin was obtained from Uttaradit province, Thailand. Glycerol 
(Analytical grade, KemAus). NaOH pellets (Analytical grade, KemAus). 
 
Biomass preparation  

EFB was milled using a pulverizing mill and sieved to obtain particle sizes of 3 
mm. Then, the feed material� was� dried� in� an� oven� at� 100˚C� for� 24� h. Dried EFB 
consisted of hemicellulose, cellulose, and lignin of 21.50, 13.00 and 14.50 wt.%, 
respectively. The moisture content is 8.2 wt.%. 

 
Hybrid catalysts preparation and characterization 

Kaolin was selected to be the souece of silica alumina and was calcined in a 
muffle�furnace�at�650˚C�for�2�h�to�get�metakaolin. Metakaolin 5�g was separately mixed 
with activated carbon activated by the steam activation of biochar 5 g at the ratio of 
activated carbon to metakaolin as 1: 1. NaOH solutions 3.0 M 250 ml. The samples 
were initially gently stirred for 12 h at room temperature for homogenization. The 
reaction mixtures were prepared separately with gentle stirring and heat at�100�˚C�for�
20 h at autogenous pressure. The synthesized products were washed with distilled water 
three� times�and�then�dried�at�80� ˚C� for�24�h. Surface area, pore volume, and average 
pore size of the hybrid catalyst from hydrothermal reaction were determined with a�
Micromeritic ASAP2020 model. The samples were degassed at 80°C for more than 10 
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h prior to analyses. The morphology of the hybrid catalyst from hydrothermal reaction 
was characterized by a scanning electron microscope (SEM) at 20 kV, using a JEOL 
JSM-IT300 model. 

 
Co-pyrolysis of EFB and glycerol 

 30 g of EFB and crude glycerol ratio of 1: 1 were in the semi batch reactor 
(fixed-bed reactor) at set temperature of 500°C for 60 min, a flow of nitrogen gas as 
100 mL/min and 3 g of catalyst (10 wt.% of raw materials) were used. The liquid 
products in the condenser operating at temperature at 5°C. The chemical composition 
of liquid products was characterized using Gas Chromatograph-Mass Spectrometer 
(GC-MS) to identify the chemical compounds of the product.   
 

RESULTS 
 
Hybrid catalysts preparation and characterization 

1. The surface area, total pore volume and average pore size were estimated 
using the multipoint Brunauer–Emmet–Teller (BET) method  

The specific surface area was estimated using the multipoint Brunauer–
Emmet–Teller (BET) method, Table 1 lists the physical properties of the� activated 
carbon (AC) and hybrid catalyst from hydrothermal reaction of activated carbon and 
kaolin.� Found that the surface area of hybrid catalyst is 455.00 m2/g which lower than 
the value of AC as 830.29 m2/g. The other parameters such as total pore volumes and 
average pore size shown a similar pattern. Such results are expected since the zeolite 
particles partly occupy the pores and surface of the activated carbon. The key finding is 
that the hybrid catalyst from hydrothermal reaction inherited the desired, predominantly 

mesoporous character of the zeolite and activated carbon� 
 

Table 1. The surface area, total pore volume and average pore size of hybrid catalysts 
from hydrothermal reaction  

�
Catalysts Surface area 

(m2/g) 
Total pore 

volume 
(cm3/g) 

Average pore 
size ( ) 

AC 830.29 0.4572 22.03 

Hybrid 455.00 0.2369 20.82 
 

2. Scanning Electron Microscope (SEM) 
 The SEM micrographs reveal that activated carbon in Fig. 1(A) has a glassy 

but porous surface with a variety of pore sizes owing to the activation with superheated 
steam at high temperature. The zeolitic products obtained after hydrothermal treatment 
of metakaolin shows the alignment of the surface structure comprising small spherical 
particles and their disrupted clusters in Fig. 1(B). That is the effective distribution of 
the small zeolite particles on the activated carbon career. (Wang, Xie et al. 2018; 
Wongcharee, Aravinthan et al. 2019; Gougazeh and Buhl 2014) 
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Figure 1. SEM micrographs showing the occurrence at 2,000X of (A) activated carbon 
(B) hybrid catalyst from hydrothermal reaction of activated carbon and 
metakaolin 

 
Co-pyrolysis of EFB and glycerol 
 The product yields from co-pyrolysis of EFB and glycerol shown in Table 2. 
The products consist of oil, char, and gas as 39.30, 16.37, and 44.33 wt.%, respectively. 
The bio-oil products components were investigated by GC-MS and found that it 
contained the interesting chemical compounds are acetic acid, hydroxyacetone, 
pyridine, furfural, 2-cyclopenten-1-one and phenol in Fig 2. The yield of total of 
chemical compounds are 48.98% which indicated that the hybrid catalysts promote the 
yield of interesting chemical compounds higher than the commercial HZSM-5 catalyst 
(42.68%). 

 
Table 2. The product yields from co-pyrolysis of EFB and glycerol. 

 
Products Hybrid HZSM-5 

Oil  39.30 39.9 
Char  16.37 16.57 
Gas  44.33 43.53 

 

 
Figure 2. The interesting chemical compounds in oil product from co-pyrolysis of EFB 

and glycerol  
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DISCUSSION 
 

The morphology of the hybrid catalyst from hydrothermal reaction 
align with of the surface structure comprising small spherical zeolite particles. The 
surface area of hybrid catalyst is 455 m2/g decrease comparing the pure activated 
carbon. The chemical components in both catalysts are are acetic acid, hydroxyacetone, 
pyridine, furfural, 2-cyclopenten-1-one and phenol. Using the hybrid catalyst promote 
the higher The total of interesting chemical compounds than the commercial HZSM-5 
catalyst. 
 

 
CONCLUSION 

 
The oil product yield from co-pyrolysis of EFB and glycerol using the hybrid 

catalyst is 39.30 wt%. The total of interesting chemical compounds are acetic acid, 
hydroxyacetone, pyridine, furfural, 2-cyclopenten-1-one and phenol in total of 48.98 % 
area. The hybrid catalysts exhibit chemical compounds yield higher than the 
commercial HZSM-5 catalyst.  
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