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Abstract. Cashew nut areexcellent products in Southeast Sulawesi. Cashew nut is one part of the cashew 
plant untapped waste.Cashew nut shell potential as a producer of liquidvolatile matter (LVM)and charcoal 
because it contains lignocellulos. LVM is the smoke condensation products obtained from the pyrolysis 
reactor can used foradhesive of briquettes hybridapplication. The aim of this reseach is to produce LVM of 
cashew nut shellby pyrolysisand analyze the content byGas Chromatography(GC).The research procedure 
begin with drying the cashew nut, the sample inserting into the pyrolysis reactor then heating with three 
variations of temperature respectively is 400oC, 500oC and 600oC.Cashew nutshell have been heating by 
pyrolisis processwith high temperatures resulting chorcoal and LVM separately. Volume LVM 
measured,then identify is components using GC. LVM obtained respectively200ml kg-1, 340 ml kg-1, and 
340 ml kg-1.Chromatogramof the GCfrom LVM of cashew nut shell has ammonia, hexane, acetic acid, 
propanone and phenol.Phenol compounds can be used as a adhesive for hybrid briquettes applications. 
 
 
 
 

 
1. Introduction 

 
Indonesia as an agricultural country, especially a lot of waste southeast Sulawesi plantations 

underutilized. Cashew nut are excellent products in Southeast Sulawesi. Cashew nut is one part of the 
cashew plant untapped waste. One way of handling this is to do are-processing to make cashew nut as a 
raw material for making liquid volatile matter(LVM) [1]. LVM from Cashew nut shell is a versatile 
material with many applications in the manufacture of friction dust for brake linings and clutch facing, 
different types of coatings, adhesives, and pesticides among many others [2]. LVM is the result of 
condensation or condensing steam pyrolysis results of materials containing lignocellulose and other 
carbon compounds [3]. In the other side, lignocellulosic biomass basic components are hemicellulose, 
cellulose and lignin so has the potential to be used as raw material for making LVM [4]. 

Pyrolysis is a process that converts biomass directly into solid, liquid, and gaseous products by 
thermal decomposition in the absence of oxygen [5]. Moreover, pyrolysis has been the source of many 
basic organic chemicals such as phenol, acetic acid, and acetone [6]. In this study, the compounds of 
LVM identified using Gas Chromatography (GC). GC is an instrumental chromatography configuration, 
meaning we have electronic detection and peaks on a computer screen [7]. Pyrolisis is commonly applied 
heater  (electric heater or furnace) during heating. Recently. progress in electromagnetic  radiation source 
especially in microwave frequency range. open opportunity to heat material by using this waves  as n 
alternative energy for heating. This method was applied and reported for  synthesizing organic material  
[8-10], ceramics processing [12-16], enhancing mechanical properties of ceramics [17-18]. and chemical 
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reaction [19-20]. The application microwave for pyrolysis has been performing in Halu Oleo University 
and will be reported in separated papers. 

LVM that  produced from the pyrolysis process cashew nut shell can be made in raw materials 
for the application of adhesive for hybrid briquettes, because the compound like phenol content than can 
be used as an adhesive [2]. 

 
2. Material and Method 
2.1 Materials and Tools 

 Materials used for the manufacture of LVM is a cashew nut shell waste. The main equipment 
used to obtain the cashew nut shell LVM is pyrolysis, and LVM produced in identification using Gas 
Chromatography Agilent brands. Preparation of the material in this study is the material dried in the sun 
for 1-2 weeks.  
 
2.2 Sample Preparation 
 Preparation of the material in this study is the material taken from the wild form of coconut shell 
cleaned from coir and cut into small pieces (size 2 - 3 cm) and then dried in the sun for 7-10 days. 
 
2.3 Pyrolysis process 
 Pyrolysis process is done by using a pyrolysis reactor equipment with the following procedures: 1). 
Coconut shell sample is weighed as much as 1200 grams, 2) . The sample is introduced into a pyrolysis 
reactor tube, 3). Pyrolysis appliance connected to the electric current, 4). The process temperature is set 
by means Termocouple until it reaches a temperature variations 400°C, 500oC, and 600oC .for 1 hour, 5). 
Smoke coming out has been condensed and collected in a bottle, 6). After selesasi process , the reactor is 
cooled, 7). The resulting liquid volatile matter volume was analyzed using  GC . 
 
2.4 Identification of Chemical Components by GC 
 LVM constituent chemical components obtained from the results of pyrolysis GC identified in the 
laboratory of Forensic Makassar . The equipment uses 2 colum, (1). J & W 122-5731 : 1721.65322 with 
colum temperature of 400oC with a diameter of 30 m x 250 μm x 0.1 μm, (2). Frontier Alloy 5Ultra UA - 
5 with a temperature of 450oC with a diameter of 30m x 0.25 μm 250μmx operating conditions at an 
oven temperature of 160oC/min , injection 250oC , helium carrier gas flow rate of 150 ml/min . 
 
3. Results and Discussion 
3.1 Pyrolysis results 
 
 Results cashew nut shell waste pyrolysis produces liquid distillate in the form of smoke and 
charcoal residue. It also obtained the gases which can not be condensed by cooling, so it could not be 
accommodated in the liquid reservoir. Most of these gases are trapped in the container while others apart 
from the reservoir through the conduit of smoke and escape into the atmosphere . 
 The volume of liquid smoke produced is an important parameter to determine the outcome of a 
process. Liquid smoke in this study were generated through a process of condensing the smoke released 
pyrolysis reactor. During the pyrolysis process of evaporation of various kinds of compounds. Volume 
smoke liquid smoke produced from each temperature are presented in Table 1 . 
 

Table 1. Volume of liquid smoke cashew nut shell waste pyrolysis results with electric reactor at 
a temperature of 400oC, 500oC and 600oC 

Temperatures 
(oC) 

Material Weights ( 
kg ) 

Charcoal weights ( 
kg ) 

LVM (ml kg) 
 

    
500 0.5 0.16 200 
600 0.5 0.14 340 
700 0.5 0.11 340 

 
 Based on Table 1 the average volume of liquid smoke produced from each successive 
temperature 200 ml kg-1, 340 ml kg-1, and 340 ml kg-1. In this case the amount of LVM generated in the 
pyrolysis process is very dependent on temperature pyrolysis and condensation systems used. That is 
appropriate condition for the formation of LVM used water as the cooling medium so that the heat 
exchange process can occur relatively quickly. Pyrolysis at temperatures high and too long will lead to 
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the formation of LVM is increases. The quality of LVM is very dependent on the composition of the 
chemical compounds they contain. Criteria for a good quality LVM flavor and aroma as a characteristic 
possessed the smoke is determined by the class of chemical compounds it contains. Chemical compounds 
contained in LVM is very dependent on the pyrolysis conditions and raw materials used. In addition, the 
process of pyrolysis of a material that does not last perfect can cause chemical components generated in 
the LVM less complete. Chemicals component that have been identified in the LVMinclude compounds 
ammonia, hexane, phenol, acetid acid, furan and ketones. 
 
3.2 Chemical Components of Liquid Smoke 
 Liquid smoke generated in the pyrolysis process of waste cashew nut shell first filtered using 
filter paper for further identified. Determination of the compounds contained in liquid smoke is done by 
using GC equipment. Depictions of the chromatogram pattern shaped curve as a function of time. 
Chromatograms in Figures 1 to 3show that the LVM is generated in the pyrolysis process of waste 
cashew nut shell shows the separation of the chemical components through chromatogram peaks 
appearing in GC. Results chromatogram LVM at a temperature of 400oC chromatogram peaks start 
appearing at a retention time from 1.88 to 18.46 minutes (Figure 1)and identified as many as 17 
compounds. Results chromatogram LVM at a temperature of 500oC chromatogram peaks begin to appear 
on the retention time from 1.88 to 16.50 minutes (Figure 2) and identified as many as 10 compounds. 
Results chromatogram LVM at a temperature of 600oC chromatogram peaks begin to appear on the 
retention time from 1.88 to 17.17 minutes (Figure 3) and identified as many as 8 compounds 
 

 
 

Figure 1. Chromatogram LVM of cashew nut shell at temperature  400oC 
 

 
 

Figure 2. Chromatogram LVM of cashew nut shell at temperature  500oC 
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Figure 3. Chromatogram LVM of cashew nutshell at temperature  600oC 

  
The compounds are believed to have the name and structure as listed in Table 2  

 
Table 2. Chemical Ingredients LVM of cashew nut shell 

Peak Temperature Retention Name of compound Concentration 
  (oC) Time (min)   (%) 

1 400 1.88 Ammonia 45.42 
2  2.14 2-Propanone, Aceton (Ketone) 0.79 
3  2.65 Acetic Acid 1.32 
4  2.72 Hexane 12.92 
5  2.89 Acetic Acid 17.5 
6  3.5 2-Propanone, Hidroxy Aceton (Ketone) 4.48 
7  8.96 Furfural, 2-Furan Karboxaldehide 1.55 
8  13.12 Phenol 1.68 
9  14.03 1,2-Siklopentanedione 0.83 

10  14.96 3-Methyl Phenol 0.85 
11  15.05 2-Piran 1.71 
12  15.07 3,4-Metoxy benzoik Acid 1.93 
13  15.24 Mequinol 0.93 
14  15.31 2-Metil Amino 1.45 
15  17.01 2-ethoxy Phenol 1.30 
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Table 2. (continued) 

Peak Temperature Retention Name of compound Concentration 
  (oC) Time (min)   (%) 

16  17.2 Siringol 1,16 
17  18.46 Hidroquinon 4.19 
1 500 1.88 Ammonia 35.85 
2  1.92 Hydrazine 10.65 
3  2.15 2-Propanone, Aceton (Ketone) 1.39 
4  2.73 Hexane 18.64 
5  2.79 Acetic Acid 4.17 
6  2.88 Acetic Acid 15.47 

7  3.5 2-Propanone, Hidroxy Aceton (Ketone) 6.81 

8  13.11 Phenol 2.64 
9  14.96 3-Methyl Phenol 4.03 

10  16.5 4-Ethyl Phenol 0.36 
1 600 1.88 Ammonia 36.13 
2  2.72 Hexane 36.03 
3  2.81 Acetic Acid 7.35 
4  2.86 Acetic Acid 7.10 

5  
3.48 2-Propanone, HidroxyAceton (Ketone) 5.29 

6  13.11 Phenol 1.89 
7  14.96 3-Methyl Phenol 3.21 
8   17.,17 2,3-Dihydro-Benzofuran 3.00 

 
 From the results of the above identification is found phenol . Where the phenolic compounds 
can be applied as a adhesive hybridbriquettes. 

 
Table 3. Chemical Phenol LVM of cashew nut shell 

Temperature (oC) Totally of Phenol  (%) 
400 10.11 
500 7.03 
600 5.1 

 
 
4. Conclusion  
 Results pyrolysis of cashew nutshell with temperature variations 400oC, 500oC and 600oC 
gained an average volume of LVM respectively200 ml.kg-1, 340 ml.kg-1 and 340 ml.kg-1. Pyrolysis 
process is very dependent on temperature pyrolysis and condensation systems used. That is appropriate 
condition for the formation of LVM used water as the cooling medium so that the heat exchange process 
can occur relatively quickly. Pyrolysis at temperatures high and too long will lead to the formation of 
LVM is increases. Results of the Chromatogram of the GCfrom LVM of cashew nut shell has ammonia, 
hexane, hydrazine, acetic acid, propanone and phenol. Phenol compounds can be used as a adhesive for 
hybrid briquettes applications.So, based on the table 3, at temperature pyrolysis 400oC compound phenol 
very good for adhesive briquettes hybrid application. 
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