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INTRODUCTION
Background of the Study

Most adhesives contain chemicals which can be harmful to the environment. The prices of commercially available synthetic adhesives continuously increase. Furthermore, production of adhesives containing various chemical components continuously adds up to problematic pollution present in the atmosphere. 


Pili nut, a product of a Pili tree, is a versatile nut used for a variety of products. The nut kernel, the most important part of Pili, can be roasted and eaten as a substitute for almonds. (dela Rosa, 2004)


Besides these uses, the Pili has its nut shell, which is locally considered as waste. The Pili nut shell is usually thrown aside, producing additional waste.


The Pili is a shady tree with resinous wood that grows locally. It has potential resins that could be a possible substitute for synthetic adhesives; its sap can be processed into paint, adhesives and printing ink. Resins can also be used as plaster and varnishes. (Amo, 2002)

Statement of the Problem

New organic adhesives made should be comparable to the commercially available adhesives in such a way that it would be safe for humans and it would minimize harmful effects to the environment; cheaper than synthetic adhesives yet efficient; durable and with good strength and stability; and applicable to most surfaces. The processing of synthetic adhesives, use up chemicals in their processing, which bring problems to our environment. An alternate organic adhesive, which is commonly considered as waste, could be used to replace synthetic adhesives.

Significance of the Study

Pili nut shell is usually thrown away due to its hardness. Its shell cannot be eaten. However, it can be used to develop a cheaper alternative to synthetic adhesives and waste produced shall be greatly reduced.

Scope and Limitations of the Study

Only pili nut shells and pulp shall be used in the experiment. The nut extract shall be obtained through solvent extraction. Hexane (C6H14) shall be used as solvent in the Soxhlet apparatus. After which, the resulting solution shall be separated through distillation. The separated extract shall be then mixed with ethanol, which will compose the solvent part of the resulting adhesive solution.


All setups shall use the same materials, namely, metal hooks, nylon strings and blocks of the same weight. Metal hooks shall be used to hang the wooden blocks which will be where the adhesive would be applied to. Nylon strings shall be used to connect the wood blocks to the hooks in order to hang them. 
REVIEW OF RELATED LITERATURE
Pili


The pili (Canarium ovatum) is a dioecious evergreen tree up to 20 meters tall with resinous wood and resistance to wind. It is abundant in Southern Luzon (Bicol Region) and parts of Visayas and Mindanao. The bulk of the raw nuts are supplied from wild stands in the mountains around Sorsogon, Albay and Carmines Sur in the Bicol Region. (Zee, 1998)


The shells are difficult to crack. The nut meats are single kernels and sweet, and the nuts are rich in oil (Nut Factory, 2005). Pili nut kernel is the most important product. When raw, it resembles the flavor of roasted pumpkin seed, and when roasted, its mild, nutty flavor and tender-crispy texture is superior to that of the almond.


The hard, stony shell of the pili seed is chiefly used in cooking, for which it makes an excellent fuel (Gonzales and Bunoan 1947; Lanuza 1969-70; all cited by Coronel, 1996). The use of the pili shell in the manufacture of charcoal has not yet been explored. The same is true of the test air seed coat of the pili kernel, although when its chemical composition is determined, some industrial uses may be found for this part of the fruit. (Coronel 1983; cited by Coronel, 1996)

Adhesives

Adhesives are substances that bind other materials together by surface attachment. Adhesives include gums, cements, pastes and glues. Glues are aqueous adhesives based on protein of animal origin. Some glues, such as soybean flour, are prepared from plant material.

The first adhesives were found to be utilized 6000 years ago. The early civilization used organic materials such as plant resin and animal parts that have adhesive properties.


Adhesives can be classed into 6 categories. These are natural, synthetic, drying, thermoplastic, reactive, and pressure sensitive adhesives. One kind of natural adhesives that this project will develop is the pili nut shell and pulp.


The strength of attachment between an adhesive and is substrate depends on many factors, including the means by which this occur. Adhesion exhibits two kinds of processes. One is through mechanical means, in which adhesives works its way into small pores of thesubstrate, and another through chemical mechanisms.
Extraction

Extraction is the process of isolating a chemical, oil, or compound usually in liquid form, from a certain substance. There are various methods of extraction depending on the substance to be extracted and on the material from which the extract will be obtained (Robertson et al, 1962).


One of the various methods of extraction is the Solvent extraction. This method uses the Soxhlet apparatus, where a hydrocarbon solvent (e.g. hexane C6H14) is used to dissolve the part of the material to be extracted. The resulting solution shall be a mixture of the hydrocarbon solvent and the extract obtained. (Robertson et al, 1962)


Another method is the Steam distillation. This could be used as a separation process connected to Solvent extraction. It is used to separate natural aromatic compounds and hydrocarbons, that are sensitive to temperature, from the extract. (Wikipedia, 2006)


Hydrocarbons like hexane (69 ºC) have a relatively lower boiling point compared to water (100 ºC) and other natural extracrs. Moreover, addition of water may lower the boiling point of the hexane, allowing hexane to evaporate at lower temperatures and allowing easier extraction of plant extracts. (Wikipedia, 2006)
MATERIALS AND METHODS




Methodology


Two kilograms of Pili nut shells will be obtained from Pili road in Laguna. The nut shells together with the pulp shall be placed in a container that will be exposed to hexane. The Soxhlet apparatus shall be used, with hexane as solvent, to obtain the pili nut shell and pulp extract. The setup shall be left for about 7-8 hours in order to obtain the optimum amount of extract which is usually between 5-20 milliliters. After obtaining the hexane extract, the resulting mixture(hexane and pili extract) shall be separated through distillation process. Themixture shall be boiled until hexane evaporates, condenses and collects in a receiver, leaving the extract on a separate container. After several hours of distillation, (8-12 hours) the extract and hexane shall separate. Once the resin is obtained, it shall be mixed with ethanol. This final mixture shall serve as the alternative adhesive. The Pili nut shell and pulp resin shall be mixed with ethanol in concentrations of volume: 20%, 40%, 60%, 80%, and 100% in order to find the concentration that could serve as the adhesive that could carry the heaviest load which is to be measured using wood blocks. 










Data shall be processed through ANOVA testing.
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Task List

	
	Tasks
	

	A
	Obtain pili
	Paolo

	B
	Obtain hexane
	Marlon

	C
	Obtain ethanol
	Marlon

	D
	Obtain glassware and apparatus
	Homer

	E
	Extraction of resin from pili
	Marlon, Homer

	F
	Distillation of extract and hexane
	Homer, Paolo

	G
	Distilled extract combine with ethanol
	Paolo, Marlon

	H
	Acquire 3 replicates of 5 concentrations
	Paolo, Marlon, Homer

	I
	Testing for adhesiveness of the finished product
	Paolo, Marlon, Homer

	J
	Recording of data
	Paolo, Marlon, Homer
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PROPOSED BUDGET

Particulars                                                                               Amount

         Hexane 2 Liters





          Php 0.00

              Pili Nut                                                                                Php 0.00

          Ethanol 2 Liters





          Php 0.00

                                                                                                        ___________


Total






          Php 0.00

‘’’’’Actual Cost as of August 31, 2006 Hexane = available in Bio Lab





Pili nut = 0 yet





Ethanol  available in Bio Lab



Total                              Php 0.00

Table 1. Maximum load for each block with different concentrations of solution
	Block used
	Concentration used
	Maximum load of block
	Average load for concentration used

	A1
	
	
	

	A2
	
	
	

	A3
	
	
	

	A4
	
	
	

	B1
	
	
	

	B2
	
	
	

	B3
	
	
	

	B4
	
	
	

	C1
	
	
	

	C2
	
	
	

	C3
	
	
	

	C4
	
	
	

	D1
	
	
	

	D2
	
	
	

	D3
	
	
	

	D4
	
	
	


Extract and pulp mixing with ethanol





Collection of pili nut


shells and pulp





Solvent extraction through Soxhlet apparatus and Distillation





Add the weights of the wood blocks that the various concentrations of extract and solvent could carry.





Recording of Maximum Load for each concentration





Trial E





Trial D





Trial C





Trial B





Trial A





Various Concentrations of Extract and Solvent





Block Used for Surface Attachment (Common to all Set-ups)





This is where adhesive shall be placed





5-Kilogram Block





10-Kilogram Block





15-Kilogram Block





The following blocks shall be placed on the block for surface attachment. The sum of their weights will be the maximum load for each concentration. Number of each block may vary. Each block used shall be maxe from same type of wood.





Nylon string





Metal hook








