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Abstract:
Slow pyrolysis process generates biochar as its main product. The operating parameters of the pyrolysis process play important roles in determining the characters and behaviors of biochar produced. In this study, the impact of residence time for the slow pyroysis of oil palm empty fruit bunches (EFB) on biochar yield and its characteristics were investigated. The characterization of raw empty fruit bunches was performed through proximate analysis, ultimate analysis and thermogravimetric analysis. The pyrolysis experiments were conducted using lab-scale pyrolysis system at various residence times ranging from 0.5 hour to 4.0 hour with fixed temperature and heating rate; 550°C and 5°C/min respectively. Proximate analysis and ultimate analysis were done on the biochar obtained for every different residence hours. Scanning Electron Microscopy was performed on selected biochar to observe the effects of residence time on biochar structure. It was found that 1.0 hour residence time of slow pyrolysis of EFB produces the highest percentage of biochar yield, 25.47 wt.% with the highest fixed carbon content, 72.94 mf wt.%. SEM images of EFB biochar showed that the porosity of EFB biochar appears more pronounced and the structural breakage could not be observed clearly as residence time increases. 
1. Introduction:

Biomass is one of renewable energy resources and generally refers to organic matter from plants. It could be considered as a great resource since it is easily generated, either through natural processes or as residues of human activity [1] and it can be utilized continuously. Through thermochemical conversion process such as pyrolysis process, biomass can be converted into various useful products. The conditions and compositions of the products yield is depending on the initial biomass used (chemical composition, ash composition and size), pre-treatment (drying, washing or crushing) and the conditions of the system such as the temperature, heating rate, residence hour and others [2, 3] 

Slow pyrolysis process is one type of pyrolysis process and it favors biochar as its main product. Generally, for this type pyrolysis, the biomass which is in several centimeters of dimension is heated below 700°C under limited supply of oxygen and at slower heating rates (~5°C/min to 30°C/min) [4, 5]. 

2. Concept and methodology:

In this study, we investigated the influence of residence time on the yield and characteristic of biochar prepared via slow pyrolysis of oil palm empty fruit bunches (EFB). 

The works started with the sample collection. Then, they were dried and manually chopped into smaller size. The proximate and ultimate analysis were performed to evaluate the characteristics of the EFB samples. Thermogravimetric analysis (TGA) was performed to study the thermal behavior of oil palm biomass for pyrolysis process. After that, the pyrolyis experiments were conducted using lab-scale pyrolysis system. According to the result reported  by Khor and co-workers (2008), the temperature and heating rate were fixed at 550°C and 5°C/min respectively [6]. The experiments were performed with different residence time; 0.5 hour, 1.0 hour, 1.5 hour, 2.0 hour, 3.0 hour and 4.0 hour. The percentage yield of biochar produced from every experiment was calculated. The characteristics of biochar produced was analyzed via proximate and ultimate analysis. Scanning Electron Microscopy (SEM) was performed to observe the effects of residence time on biochar structure.
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Fig.1: Lab-scale pyrolysis system setup			Fig 2: Properties of raw Empty Fruit Bunches
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Percentage of carbon, hydrogen, nitrogen and sultur content were determined using CHINS analyzer (Perkin Elmer 2400).

The result of proximate and elemental analysis is listed in Table 1 below.

Table 1: Characteristics of raw feedstock (EFB).

Analysis Result
Proximate Analysis (mf wt %)
Moisture content 133
Volatile matter 77.46
Ash content. 5.29
Fized carbon® 17.25

Ultimate Analysis (nf wt %)
Carbon 47.14

Hydrogen 6.03

Nitrogen <0.1

Sulfor 0.84

Oxygen® 45.99

Empirical Formula CH 520 7580m

Note: *is calculated by difference.
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