Mathematical Problems in EngineeringVolume 2013 (2013), Article ID 150687, 3 pageshttp://dx.doi.org/10.1155/2013/150687
Research Article
Study the Migration Process of Chemical Substances through the Packaging/Food Interface during Microwave Treatment
Fang Duan,1,2 Ming-qing Chen,1,2 Yong Zhu,3 Hui Zhang,4 and Jing Zhang4
1School of Chemistry and Materials Engineering, Jiangnan University, Wuxi 214122, China2The Key Laboratory of Food Colloids and Biotechnology, School of Chemical and Material Engineering, Ministry of Education, Jiangnan University, Wuxi 214122, China3Packaging Engineering Institute, Jinan University, Zhuhai 519070, China4Jiangyin Propack Packing Co., Ltd., Jiangyin 214433, China
Received 5 May 2013; Accepted 17 May 2013
Academic Editor: Jun Wang 
Copyright © 2013 Fang Duan et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Abstract. 
The diffusion of chemical substances from packaging into food endangers people’s health. The migration amount of the chemical substances increases with the time and temperature, but the diffusion process for different kinds of packaging materials differs much. Most recently, the research community showed a renewed interest on the diffusion process of chemical substances through packaging/food interface during microwave treatment. In this study, the diffusion coefficient model is suggested and then the migration process is studied based on Fick’s diffusion law. The results are finally compared with the experimental data, showing good agreement.


1. Introduction
Mathematical modeling is widely applied for studying the complex migration process of chemical substances from packaging into food [1–3]. The experiment methods as well as the modeling tools are studied thoroughly [4]. However, few works were reported on modeling the diffusion process during microwave treatment [5–7] though food is often microwave-heated directly inside the polymer package, which may accelerate the migration process. It is desirable to derive a mathematical model for the migration process of chemical substances from packaging into food during microwave treatment.
2. Mathematical Modeling
To derive the mathematical model, some assumptions are suggested:  (1) the contaminant is well distributed in the packaging, while there isno contamination in the food initially; (2) the contaminant transfers through food/packaging interface with no block; (3) the migration process is unidirectional from packaging into food; and (4) the partition factor of the contaminant is taken as 1 at the interface of packaging and food.
By applying Fick’s second law of diffusion [8], the diffusion of chemical substances can be described as
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The initial condition and boundary conditions are given separately in (2) and (3)~(4):
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 defines the thickness of polymer.
Apply the variable separation approach (VSA), and set
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					From (6), we can get
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Substituting (2)~(4) into (7) leads to
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					from which the migration amount of chemical substances can be calculated by
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And as suggested in [9], the relationship between the temperature and time during microwave treatment can be approximately modeled by a linear equation,  
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  The relationship between the absorbed power and the temperature variation can be written as
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Substituting (10) into (11) leads to
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   By introducing the Arrhenius’ law, the diffusion coefficient is related to the temperature as in [10]
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Substituting (12) into (13) and replacing 
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Here, 
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 is the contact area between polymer packaging and food. 
	
		
			

				𝐸
			

		
	
 defines the activation energy of polymer, and 
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 defines the molar constant of chemical substance.
3. Results and Discussion
The suggested model previously mentioned provides us with a new mathematical method for studying the diffusion process of chemical substances from packaging into food. To check the accuracy of the proposed method, the migration experiment of antioxidant 1076 from HDPE film into the fatty food stimulants (olive oil) through single contact is conducted and compared with the theoretical prediction. The contact area between polymer packaging and food (
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 is 10−4 cm2/s. And the microwave input power is 200 W. It can be seen clearly from Figure 1 that the migration amount increases sharply with the growth of treatment time, and similar conclusion is suggested by the proposed model. Moreover, good agreement can be seen between the experiment data and the model results.



















	
		
	


	
		
		
		
	


	
		
	


	
		
		
		
	


	
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
	


	
		
	
	
		
		
	
	
		
	


	
		
	
	
		
	
	
		
		
	
	
		
		
		
		
	

Figure 1: Comparison of the experiment data and model results for migration of antioxidant 1076 from HDPE film into olive oil with microwave input power of 200 W.


4. Conclusions
   The diffusion process of chemical substances from packaging into food during microwave treatment was studied. A mathematical model was suggested and compared with the experiment results, showing good agreement. The results show that the migration process was accelerated during microwave treatment and the strong dependence nature of migration amount on input power and treatment time was revealed. The proposed mathematical model provides the research community with a useful tool for predicting the migration process. It should be pointed out that the suggested temperature-dependent model is valid only for single-layer packaging and the migration process is unidirectional from packaging into food.
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