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Abstract. The utilization of agriculture solid waste such as palm pressed fibre (PPF) in 

pyrolysis reaction is an alternative way in converting the solid waste into bio-oil. In this 

research, thermal and catalytic pyrolysis of PPF was conducted using a tubular fixed bed 

reactor. A series of CuO/ZrO2 catalysts were prepared using the aqueous sol-gel technique. 

The catalysts were calcined at 400, 600 and 800 oC for 17 hours. The thermal and catalytic 

pyrolysis of PPF were carried out at 500 oC pyrolysis temperature for 5 minutes holding time 

using PPF particle size of 250-500 µm. The pyrolysis results showed that 44.35% bio-oil was 

obtained under thermal condition and their yields reduced to 41.07%, 35.45% and 38.18% 

respectively when CuO/ZrO2 catalysts calcined at 400, 600 and 800 oC were incorporated in 

PPF pyrolysis. The bio-oil was analyzed by using fourier transform infrared (FTIR) 

spectroscopy for the determination of functional groups. It was found that bio-oil from thermal 
and catalytic conditions possessed oxygenated functional groups such as aldehyde, ketone and 

carboxylic acid. In addition, the bio oil from catalytic conditions CuO/ZrO2 catalysts calcined 

at 400 and 600 oC showed the presence of saturated hydrocarbon. 

1. Introduction 

In Malaysia, palm oil industry is one of the main contributor to the economy over the years. The 
production of crude palm oil produced abundant amount of biomass solid waste such as empty fruit 

bunch, palm-pressed fibre (PPF) and frond. Palm-pressed fibre is a mixture of several solid waste 

such as palm mesocarp fibre, kernel shell and crushed kernel [1]. PPF is a potential biomass source 
which can be useful in thermochemical processing technology. Biomass thermochemical processing 

technology such as pyrolysis and torrefaction are preferred for the production of either biochar or 

torrefied biomass, bio-oil and gas. Torrefaction of biomass were reported which indicated the 
prominency of torrefaction process for the production of torrefied biomass with improved calorific 

value [2-5]. Pyrolysis is a thermochemical processing that allows process manipulation to produce 

desired products such as bio-oil or bio-char [6]. A number of research has been focused on the 

thermal pyrolysis of biomass in terms of the evaluation of product distribution yields quantitatively 
and optimization on the process parameters (7-13).  

________________________ 
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Catalytic pyrolysis is considered to be the most attractive way to assist either liquid yield or to 

promote several deoxygenation reactions of biomass during pyrolysis process [14-15]. It was reported 

that catalytic pyrolysis of EFB with alumina showed a slightly higher bio-oil yield compared to under 
non-catalytic condition [16]. 

Transition metal oxide catalysts are viewed as prominent candidate to increase the biomass 

pyrolysis oil yield as well as reducing the oxygenated compounds such as carboxylic acids content in 

the bio-oil.  This is because transition metal would affect the mode of oxygen rejection by producing 
more carbon dioxides and more water making that way more hydrogen available for incorporation in 

hydrocarbon [17]. Zirconia is a well-known metastable support with acidic catalytic active sites [18]. 

Catalytic pyrolysis of biomass with ZrO2-TiO2 have been reported that showed good performance 
towards producing selective products and higher organic liquid yields [19]. ZrO2-TiO2 catalyst was 

also reported to have positive effect in reducing the phenols, acid and sugar content in bio-oil from the 

pyrolysis of poplar wood [20]. It is obvious ZrO2 requires the presence of another metal oxide or 
dopant to assist the catalytic action. Copper oxide is a transition metal oxide catalyst active towards 

oxidation reaction [21]. The utilization of copper alumina (Cu/Al2O3) in catalytic pyrolysis of tomato 

waste produced higher yield of 26.68% at 5 wt% catalyst loading [22]. The Cu/Al2O3 catalyst was 

also being tested in the catalytic pyrolysis of paper in a thermogravimetric analyzer. It was reported 
that at 30 wt% catalyst loading, the devolatilization temperature of paper has occurred at a much 

lower temperature [23]. These studies indicate that copper oxide catalyst as dopant in zirconia could 

be a promising catalyst system which has good effect in biomass pyrolysis. Most of the studies above 
reported about the effect of catalysts at different catalyst loading. There is scarce information that 

reports the effect of CuO/ZrO2 catalyst at different calcination temperature in biomass pyrolysis. 

Therefore, the objective of this study is to report the pyrolysis of PPF under thermal and catalytic 

condition with CuO/ZrO2 catalyst at different calcination temperature towards the distribution of bio-
oil, bio-char and gas yields. The identification of functional groups exist in bio-oil from CuO/ZrO2 

catalyzed reaction were investigated with fourier transform infra-red (FTIR) spectroscopy. 

2. Materials and methods 
2.1 Biomass preparation 

The palm pressed fibres (PPF) were obtained from palm oil mill North Star Palm Oil Mills which is 

located in Kuala Ketil, Kedah, Malaysia.  The PPF sample was air-dried for 24 hours. Then, the 
sample was placed in the oven at 40 

o
C for 24 hours for homogeneous mild drying. Then, the sample 

was crusher using a lab-scale crusher and sieved using Retsch sieve shaker to several particle sizes [2-

5]. 

2.2 Catalyst preparation 
10.0 g zirconium oxy chloride octahydrate (ZrOCl2.8H2O) is weighed and dissolved in distilled water 

for 30 minutes. Then, copper nitrate 2.5 hydrate of corresponding stoichiometric ratio is weighed and 

dissolved in distilled water for 30 minutes. The solutions containing copper nitrate and zirconium 
oxychloride are mixed and stirred for another 30 minutes and given moderate heat treatment in the 

oven at 70 
o
C for 24 hours to obtain solid phase. Further calcination at temperature of 400 

o
C, 600 

o
C 

and 800 
o
C was carried out in the furnace yielded black powder metal oxide catalysts. 

2.3 Catalytic and thermal pyrolysis experiments 

The PPF pyrolysis catalytic and thermal experiments were conducted using a fixed bed reactor 

system. The major components of the reactor system include a reactor tube, furnace, gas cylinder 

(N2), condenser and thermocouple to monitor reaction temperature and a cooling circulation unit. The 
reactor system is connected to a computer for the data login system using a programmable controller.  
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For each thermal pyrolysis, 5.0 g of PPF weighed and placed inside the reactor tube. For catalytic 

pyrolysis run, 0.5g CuO/ZrO2 catalyst was weighed and mixed with PPF and fed into the reactor tube. 

The furnace temperature and its holding time were set at 500 °C for 5 minutes using a programmable 

controller. The reactor tube containing the biomass was located in the furnace.  The nitrogen gas was 
purged to the system at flowrate of 100 ml/min for 10 minutes before furnace ignition. The furnace 

temperature increased from room temperature to the desired temperature once it is ignited at a 

ramprate of 50°C/min. The products were obtained after the holding process which took about 30 
minutes [16]. 

2.4 Relevant calculations 

The products such as bio-char, bio-oil and gas yields obtained in the pyrolysis re 

action were calculated on weight basis according to Equation 1, Equation 2 and Equation 3. 
 

                      
                    

                    
                                                                  

                     
                   

                    
                                                                        

 

                                                                                          

2.5 FTIR Analysis 

The fresh bio-oil obtained 30 minutes after thermal and catalytic pyrolysis experiments were analysed 

by Perkin Elmer 65 Fourier Transform Infrared (FTIR) to identify the presence of functional groups. 
In each analysis, 4 scan was performed on each bio-oil sample from wavenumber 4000-650 cm

-1
. 

3 Results and discussion 

3.1 Catalytic and thermal pyrolysis of PPF 
The product distribution such as the bio-oil, bio-char and gas yields from thermal and catalytic PPF 

pyrolysis with CuO/ZrO2 are shown in Figure 1.  

 
 

 
Figure 1. The production of bio-oil, bio-char and gas under 

thermal and catalytic PPF pyrolysis with CuO/ZrO2 catalysts 

calcined at 400, 600 and 800 
o
C. 
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The bio-oil yields were 44.35 wt%, 41.07 wt%, 35.45 wt% and 38.18 wt% respectively for the 

thermal and catalytic PPF pyrolysis by CuO/ZrO2 catalysts calcined at 400, 600 and 800 °C. This 

indicated that the bio-oil yield showed reduction with the utilization of CuO/ZrO2 catalysts regardless 
of calcination temperature. The results are in good agreement with reported studies by [19]. The 

reduction of bio-oil yield occur when the cracking and polymerization of volatiles occur into char and 

gas. Meanwhile, the bio-char yield was in the range of 31.78-39.28 wt % for thermal and catalytic 
pyrolysis. This indicated that the presence of catalyst has no significant effect towards the bio-char 

yield. The catalytic pyrolysis of biomass can be generally divided into two main processes. The first 

process is the devolatilization of biomass particles into organic volatiles which are commonly 

oxygenated compounds. The second process is the catalytic cracking and reformation of the volatiles 
into desirable hydrocarbon and aromatics components [24].  

3.2 Analysis on bio-oil using FTIR 

The determination of functional groups in bio-oil produced from thermal and catalytic pyrolysis of 
PPF with CuO/ZrO2 catalysts are shown in Figure 2 and peak assignments are simplified in Table 1. 

The presence of C=O are detected in all bio-oils which indicated that the bio-oil (regardless originated 

from thermal or catalytic PPF pyrolysis) consists mainly of oxygenated compounds such as carboxylic 
acids, aldehydes, ketones and ether. The strong and broad bands at approximately 3396-3384 cm

-1
 are 

very characteristic of strongly H- bonded OH of carboxylic acids [25-27]. The presence of 

hydrocarbon at the wavenumber in the range of 2930-2800 cm
-1

 is detected in the bio-oil originated 

from catalytic pyrolysis of PPF with CuO/ZrO2 catalysts calcined at 400 and 600 
o
C. The peak at 

1737-1701 cm
-1

 is assigned to the existence of C=O bond of ketone or aldehyde or carboxylic acids 

[25]. The presence of carboxylate ion (-C-O-O group) is further confirmed by the presence of the 

peaks at wavenumber 1399-1365 cm
-1

 [25]. This range of wavenumber sometimes could be 
misinterpreted as hydrocarbon of –C (CH3)2 origin. However, the -C(CH3)2 must give 2 symmetrical 

doublets at approximately 1380 cm
-1

 [27]. Since the peak appears as singlet and not symmetrical 

doublet, hence it is confirmed that the peak is carboxylate ion. The bands at 1272-1270 cm
-1
 indicates 

the presence of =C-O-C of ether group or oxygenated compound [25].   

 

 

 
Figure 2. FTIR spectra on bio-oil from thermal reaction (a) and 

catalytic reactions between PPF and CuO/ZrO2 catalysts calcined at 

400 
o
C (b), 600 

o
C (c) and 800 

o
C (d). 

 



1st International Conference on Science, Engineering and Technology (ICSET) 2020

IOP Conf. Series: Materials Science and Engineering 932 (2020) 012009

IOP Publishing

doi:10.1088/1757-899X/932/1/012009

5

 
 
 
 
 
 

Table 1. Functional groups identified by FTIR 

Bio-oil 

(Thermal 

pyrolysis) 

Bio-oil 

using catalyst 

calcined at 
400 

o
C 

Bio-oil using 

catalyst 

calcined at 
600 

o
C 

Bio-oil using 

catalyst calcined at 

800 
o
C 

Remarks 

 

Wavenumber 

(cm
-1

) 

Wavenumber 

(cm
-1

) 

Wavenumber 

(cm
-1

) 

Wavenumber 

(cm
-1

) 

3384 3395 3396 3394 Characteristic strongly H-
bonded OH of carboxylic 

acid 

 
Nil 2930-2800 2923-2854 Nil C-H bond of alkane group 

1737 1710 1701 1714 C=O of 

ketone/aldehyde/carboxylic 

acid 
Nil Nil 1488-1464 Nil C-H bond of alkane group  

1365 1399 1392 1372 -C-O-O
-
 group 

(carboxylate ion) 
 

1217 1271 1270 1272 =C-O-C ether or 

oxygenated compound 

 

4. Conclusion 

The thermal and catalytic pyrolysis of PPF with Cu/ZrO2 catalyst at different calcination temperature 

were performed in a fixed bed reactor. The addition of catalyst into pyrolysis process has reduced the 
bio-oil yield. The reduction of bio-oil is associated with the degree of cracking and polymerization 

during pyrolysis reaction. The bio-oil from catalytic pyrolysis of PPF using CuO/ZrO2 calcined at 

400, 600 and 800
 o

C showed the presence of oxygenated compounds. However, the bio-oil from 400 
and 600 

o
C catalyst showed the presence of hydrocarbon compounds. 
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