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INTRODUCTION
Background of the Study


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


Pili nut, a product of a Pili tree, is a versatile nut used for a variety of products such as pili nut brittle, pili cake, roasted pili and many other Filipino delicacies. The nut kernel, the most important part of Pili, can also be roasted and eaten as a substitute for almonds. (dela Rosa, 2004)


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 for the manufacature as plaster and varnishes.

Besides these uses, the Pili nut has a shell, which is considered as waste. As such it is usually thrown aside, producing additional waste. This waste can be recycled to produce an adhesive.

Statement of the Problem


This research will investigate the potential of an adhesive from pili nut shell extract. It will determine if the experimental product is comparable to the control in terms of cost, effectiveness, and biodegradability.

Significance of the Study


Pili nut shell is usually thrown away. However, it can be used to develop a cheaper biodegradable alternative to synthetic adhesives and reduce waste simultaneously.
Scope and Limitations of the Study

Only pili nut shells and pulp shall be used in the experiment. The shell and pulp extracts shall be obtained through Soxhlet extraction using Hexane (C6H14) as the solvent. After which, the resulting extracts shall be separated from the solvent through distillation, separately. The obtained pili nut shell extract and pulp extract shall then be tested in 30%, 50% and 70% concentrations.


The strength of the experimental adhesive will be tested by hanging in the wooden blocks bound by the adhesive to a spring balance to know how much load it takes to unbind the blocks. The wooden blocks have specific masses which will be used the way weights are used in a platform balance. A pail will be hanged beneath the second block and stones or any material that will contribute to the weight of the second block shall be placed in the pail until the adhesive exceeds its maximum weight capacity. The spring balance shall be hanged on a metal hook in a place where no or minimal external factors, like strong wind, could affect the set-up. 

All replicates shall use the same materials, namely, metal hooks, nylon strings and blocks of the same weight and material. 
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 used chiefly in cooking, for which it makes an excellent fuel (Gonzales and Bunoan 1947; Lanuza 1969-70; as 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)


The pili tree together with its pulp contain sap and resins which exhibit adhesive properties. But it has not yet been tested experimentally.

Adhesives

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 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.

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 the substrate, and another through chemical mechanisms.

Generally, adhesives are classified as organic or chemical. Organic adhesives are made from plant extracts which are obtained by using different extraction techniques.

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 extracts. 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)

The cited literature above shows that the pili nut shell has potentials to become an 

organic adhesive. Related literature about the adhesives gives facts about adhesives’ properties and characteristics which should also be found in the developed product for this research. The extraction method, which is Soxhlet extraction, is a standard extraction method that our project will adopt.

MATERIALS AND METHODS
Figure 1. Flowchart of Methodology












METHODOLOGY

Two kilograms of Pili nut were obtained from Pili road in University of the Philippines in Los Baños, Laguna. The nut pulp was then obtained through peeling and the shell and pulp were crushed separately using the mill. 30 grams each of pili nut shells and the pulp were then placed in separate containers for Soxhlet extraction. Hexane was used 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. The mixture shall be boiled until hexane evaporates, condenses and collects in a receiver, leaving the extract on a separate container. After several hours of distillation, (2-4 hours) the shell or pulp extract was obtained. After obtaining the resin, it was mixed with ethanol. This final mixture served as the alternative adhesive. The Pili nut shell shall then be mixed with the pulp extract in concentrations(by volume): 30%, 50% and 70% 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. Five replicates of each treatment shall be made in order to be more precise in the research.
Figure 2. Set-up for obtaining Maximum Load Capactiy 
               of Block with Experimental/Control Adhesive
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LIST OF EXPENSES
Particulars                                                                               Amount

             Hexane   





          Php 0.00

*  Used Hexane was available at the Philippine Science High School – Main Campus (P.S.H.S.) STR unit. It was recycled for use 

              Pili Nut                                                                                Php 0.00
*  Pili Nut was obtained from a friend who lives in Laguna.
             Ethanol





           Php 0.00

* 60 milliliters of Ethanol was acquired from the P.S.H.S. Biology Unit.
                                                                                                        ___________


Total






          Php 0.00
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ABSTRACT

The Feasibility of Pili Nut (Canarium ovatum) Shell and Pulp

Extract as an Alternative Adhesive


Majority of pollution present in the atmosphere today are produced by chemical factories and plants that produce chemical based products such as adhesives. Most of these synthetic adhesives, when produced, have by-products that harm the environment. 
Pili Nut industries also add up to the mass of pollution due to the fact that they don’t process the Pili Shell. Though Pili Nut is abundant in the Philippines, its shell has not been used wisely and instead, thrown away. 


This work presents the feasibility of pili shell and pulp as an alternate adhesive. The Pili shell and pulp extract were extracted using Soxhlet extraction with Hexane as solvent, followed by simple distillation. The maximum load for different concentrations of shell and pulp extract were determined. 

The results show that the Pili shell and pulp extract is ineffective as an alternate adhesive. However, this may have been so because of the very little amount of extract obtained. It could have been because the extract was absorbed by the wooden blocks (woods are fibrous).  
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RESULTS AND DISCUSSION

The Feasibility of Pili Nut (Canarium ovatum) Shell and Pulp

Extract as an Alternative Adhesive

Table A. Total Pili Used/Acquired in Experiments
	Pili Shell Mass (g)
	Pili Pulp Mass (g)
	Pili Shell Extract (mL)
	Pili Pulp Extract (mL)

	750
	300
	9
	9


3 different treatments were made:
30% Pili Shell extract                          
=    1.8 mL Pili Shell, 4.2 mL Pili Pulp 
                

50% Pili Shell extract
=
3 mL Pili Shell, 3 mL Pili Pulp


70% Pili Shell extract



=    4.2 mL Pili Shell, 1.8 mL Pili Pulp 
Positive control:

Elmer’s Glue




=    9 mL Glue

A single kind of wood block was used for all treatments and replicates.
All the treatment did not exhibit any adhesive property when tried with a 5 gram wooden block. The extract acquired for experiment were too little in amount such that the wooden blocks just absorbs them instead of sticking to the opposite wooden block. Though the group has extracted for 33 times with a total of 750 grams of Pili Shell and 300 grams of Pili Pulp, the group has only extracted 9 mL of Pili Shell Extract and 9 mL of Pili Pulp Extract totaling to 18 mL of extracts. 

Accordingly, the glue sticks the two wooden blocks and successfully gives us the given data:

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

Replicates
	A

30% pulp to shell extract
	B

50% pulp to shell extract
	C

70% pulp to shell extract
	D

Glue

	1
	n/a
	n/a
	n/a
	54 grams

	2
	n/a
	n/a
	n/a
	63 grams

	3
	n/a
	n/a
	n/a
	56 grams

	4
	n/a
	n/a
	n/a
	56 grams

	5
	n/a
	n/a
	n/a
	58 grams


Aquino, Marlon


Group 4 


January 4, 2006

Isidro, Homer                                      IV-Photon
Rayco, Paolo      
SUMMARY AND CONCLUSION

The Feasibility of Pili Nut (Canarium ovatum) Shell and Pulp

Extract as an Alternative Adhesive


An alternative adhesive was made out of Pili Nut Shell and Pulp extracts. It was tested in different concentrations and compared with the commercially available Elmer’s glue. The resulting extract proved to be slippery on wood and showed little adhesiveness. It is also safe to say that due to the little amount of extract acquired, the fibrous wood blocks absorbed the extract which greatly reduced the effectiveness of the adhesive. Due to this event, the group has failed to test the maximum load of the extracts.
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RECOMMENDATIONS
The Feasibility of Pili Nut (Canarium ovatum) Shell and Pulp

Extract as an Alternative Adhesive


More Pili shell and pulp extract should be obtained to eliminate the possibility of complete absorption of the extract by the wood. A different extraction method that is not time consuming may be used in order to acquire more extract. The extract should be left longer to dry on the objects to be bound in order to maximize its strength as an adhesive. 
Note:

Due to insufficient data gathered, we would be performing some testing during the long vacation. We will then submit the other papers including those required of us to submit and also the papers containing the data we had gathered during the long vacation, on the very first day of classes after the long vacation.
Abstract: background, problem, significance, tapos kung medyo 

hindi maintindihan yung topic ay konting rrl, important methodology, 

results at yung ibig sabihin nun, "the project is still in going" kung di pa tapos

Extract and pulp mixing with ethanol





Collection of pili nut


shells and pulp





Solvent extraction through Soxhlet apparatus and Distillation





The adhesive was placed between two pieces of wood blocks of the same 


material and size. A metal hook, attached to the bottom of the lower wood shall be where a container is placed that contains


the weights that were measured.





Recording of Maximum Load for each concentration








Trial D: positive control





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





Spring balance





3x3x3 cm block








3x3x3 cm block





The following weights shall be placed in the plastic to measure the maximum load that the adhesive can support. The sum of their weights will be the maximum load for each concentration. The duration of the staying of  bound wood shall be measured.





Nylon string





Metal hook





Plastic bag where weights will be placed





Weights of about 5 grams each





Five (5) replicates for each treatment








