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Canola-based polyurethane/natural fiber reinforced composites



Summary

The utilization of renewable sources contributes to a strong economy, providing energy independence and more environmentally friendly processes. Modification of the chemical structure of canola oil leads to derivatives which can compete with petroleum-based plastics. This research group has previously worked in the epoxidized canola oil (ECO), from which polyols can be produced. These bio-based polyols can be used in the production of polyurethanes, which are applied to coatings, rigid urethane foams, casting resins for electrical insulation, and in the fabrication of reinforced composites. Polyurethanes are polymers made from the reaction of polyols and isocyanates. While, research has been focused in the development of bio-based polyols, the isocyanate component is usually a petroleum-based material. Natural fibers when applied to composites are usually chemically treated due to their capacity to absorb water. However if these natural fibers are used with bio-based polyols, which also absorb water, mechanical performance can be improved. Therefore, the overall objective of this research is the production of a canola-based nonisocyanate/polyurethane natural fiber reinforced composite. The proposed product will be “bio-based material” from three different aspects: 1) canola-based polyol; 2) nonisocyanate polyurethane, and 3) incorporation of natural fibers.








Budget Narrative 



Canola-based polyurethane/natural fiber reinforced composites

(2 year-project)





Total Requested: $53,205.10

Year 1: $25,641.00

Year 2:$27,564.10







YEAR 1:$25,641.00



Section B: Other Personnel ($15,300)

The project requires an M.S. student who will contribute substantially to the work listed under objective 1, while completing other requirements of the ABEN M.S. program.  The requested amount is $15,000/yr plus $300/yr (2%) for fringe benefits, which is within the ABEN department guidelines for graduate research assistantships.  



Section D1. Domestic Travel ($1,000)

A travel is budgeted at $1,000 to present results at a National Research Conference (ASABE and/or SAMPE)



Section F1.  Materials and Supplies ($3,200)

The requested amount will be used to acquire required reactants and laboratory glassware during the synthesis of the polyols.



Section F2. Publication Costs ($500)

Results generated for this research will be published in refereed journals. This amount will be used to cover the publication fees.



Indirect costs. ($5641)

Facilities and Administrative/Indirect Costs are allowed at 28.205% of total direct costs, in this case: $20,000  0.28205= $5641 



































YEAR 2: $27,564.10





Section B: Other Personnel ($15,300)

The project requires an M.S. student who will contribute substantially to the work listed under objective 1, while completing other requirements of the ABEN M.S. program.  The requested amount is $15,000/yr plus $300/yr (2%) for fringe benefits, which is within the ABEN department guidelines for graduate research assistantships.  



Section D1. Domestic Travel ($1,000)

A travel is budgeted at $1,000 to present results at a National Research Conference (ASABE and/or SAMPE)



Section F1.  Materials and Supplies ($4,700)

An amount of $ 2,300 will be used to acquire required reactants and laboratory glassware during the synthesis of the polyurethanes at the pilot plant/ABEN. While an amount of $2400, will be used to acquire materials required in the production and characterization of natural fiber reinforced composites at the Mechanical Engineering lab.



Section F2. Publication Costs ($500)

Results generated for this research will be published in refereed journals. This amount will be used to cover the publication fees.



Indirect costs. ($5641)

Facilities and Administrative/Indirect Costs are allowed at 28.205% of total direct costs, in this case: $21,500  0.28205= $6064.10






Canola-based polyurethane/natural fiber reinforced composites



Principal Investigator: Dennis P. Wiesenborn, Professor 

Department of Agricultural and Biosystems Engineering

North Dakota State University, Dept. 7620 

Fargo, ND 58108-6050

Ph. 701.231.7277, d.wiesenborn@ndsu.edu



Chad A. Ulven, Assistant Professor

Department of Mechanical Engineering and Applied Mechanics 

North Dakota State University 

Ph. 701.231.5641, chad.ulven@ndsu.edu



Judith D. Espinoza-Perez, Postdoctoral Scientist

Department of Agricultural and Biosystems Engineering

North Dakota State University

Fargo, ND 58108

Ph. 701.231.8927, judith.espinozaperez@ndsu.edu



Project Duration: 2 years



Amount Requested from NCCRP:  $53,205.10

Year 1: $25,641.00 Year 2: $27,564.10

































Introduction 

The utilization of renewable sources contributes to a strong economy, providing energy independence and more environmentally friendly processes. Modification of the chemical structure of canola oil leads to derivatives which can compete with petroleum-based plastics. This research group has previously worked in the production of epoxidized canola oil (ECO). 

Optimal parameters of the epoxidation process such as temperature and amount of reactants were defined and a conversion of 98% canola-unsaturation to epoxy groups was achieved. The applied epoxidation process at the pilot plant/NDSU facilities can provide batch production of 1.6 lb with an excellent, reproducible quality. The produced canola resin was applied in the fabrication of E-glass reinforced composites in blends of 30% to 40% with synthetic resin in the presence of an anhydride curing agent. The mechanical performance of these canola-based composites showed a lower strength and comparable toughness when compared with a 100% petroleum-based composite. Additional work is currently being carried out at the pilot plant to improve the adhesion of the fiber-matrix interface, which is a key point to improve the strength of the canola-based composites. Recently, an evaluation of different amine curing agents in canola-based neat resins was completed. The results showed comparable mechanical performance to the canola-based composite with the anhydride curing agent. However from an economics point of view, energy savings can be accomplished as amines initiate hardening at room temperature.  Thus composite panels can be initially cured at room temperature and later be processed at high temperatures for a shorter period of time. 



Canola-based composite panels were successfully prepared for exterior shielding for a tractor built by the Bison Pullers team. This NDSU student organization builds a new quarter-scale tractor each year which is entered into a national competition. The incorporation of the canola-resin provided an advantage to the team because of the bio-based nature of the material and because of the reduction in weight due to the use of E-glass fiber composites. Due to this type of application, current work is also being performed to scale up the process to 5 lb of the canola resin, as epoxidized canola oil is not commercially available. Working with the epoxidation of canola oil has also allowed us to collaborate with other research groups at NDSU such the Center for Nanoscale Science and Engineering. Recently, this collaboration has lead to a proposal to the North Dakota Renewable Energy Program to support a pending project with the North Dakota Soybean Council and Tecton Products.  Tecton is a Fargo-based company that manufactures high-performance “pultruded” building materials.



The successful results of this research on the production of the canola-epoxy based resin provide a solid base that shows canola oil can clearly compete with other vegetable oils in the production of polymers building blocks for production of plastics. After an evaluation of the current state of the art in the development of plastics from vegetable oils, there is also a great opportunity in the production of polyols from vegetable oils applied to polyurethanes. Lead companies in the production of petroleum-based polymer such Dow Chemicals, or lead companies in transformation of agricultural commodities such Cargill have a high interest to increase the green content in their products.  A specific area of interest is the development of green polyurethanes.  Polyurethanes are polymers made from the reaction of polyols and isocyanates. Polyurethanes are chemically versatile because their components can be modified to produce elastomers or rigid foams. Polyurethanes have a wide application in the fabrication of components for the transportation and furniture industry, or as coatings, adhesives, and sealants. They can be applied in the preparation of composite materials. The annual demand for polyols in Unites States in 2008 was 3.4 billion pounds. 



Vegetable oils are already used to some extent in the production of polyols. Synthesis, characterization, and application of vegetable-oils polyols in polyurethanes has been widely reported in the literature. While, the polyol component of the polyurethane in these reports was produced from a bio-based source, the added isocyanate component was petroleum-based derived. Isocyanates are toxic, so recently more attention has been paid to the synthesis of fatty acid-based diisocyantes and nonisocyantes polyurethanes, but literature is limited. Although chemical routes to produce the polyols and greener polyruethanes has been reported, there is a gap between the synthesis and the application of these materials. Usually, synthesis of these reported bio-based polyurethane components is in grams-scale, which limits their application.	



Outstanding impact in the consumption of renewable sources can be achieved if these bio-based polyurethanes are mixed with natural fibers to produce reinforced composite materials. These types of reinforced composite materials can be specifically used as a replacement of mass transit flooring. The typical material used in mass transit flooring is made from a steel frame supporting thick plywood floor board. These plywood boards require periodical chemical treatments to prevent decay and finally total replacement. Therefore the use of a bio-based composite material to replace the plywood boards will have an environmental and economical benefit, as cost of maintenance will be reduced. In 2008, demand for reinforced composite materials in United States was 4.4 billion pounds. Substitution of synthetic fibers such as E-glass by natural fiber such as flax, hemp, and kenaf fibers has different benefits. First of all, the final product will provide environmental benefits such as lower pollutant and green house emissions. In terms of cost, natural fibers are preferred due to the low cost and low density.  In terms of affinity, one of the typical major limitations of natural fibers--when used in composites--is that the fibers are hydrophilic (absorb water), and the polymer is hydrophobic (repels water). In the case of the bio-based polyurethanes described previously, they are hydrophilic. Therefore, canola-based polyurethane will be much more compatible with natural fibers. At the same time, the presence of water in the fiber will promote the reaction with the bio-based polymer promoting a higher crosslinked network.				



Based on the provided information, the overall objective of this research is the production of a canola-based nonisocyanate/polyurethane natural fiber reinforced composite. The proposed product will be “bio-based material” from three different aspects: 1) canola-based polyol; 2) nonisocyanate polyurethane, and 3) incorporation of natural fibers.



Objectives

1. Production of  canola-based polymers: a) cyclic polycarbonates; b) polyol



2. Production and characterization of canola-based polyurethanes a) nonisocyantes; b) fatty acid diisocyantes. 



3. Production and characterization of natural fiber reinforced composites.





Rationale and Significance 

Canola-based polyols can be produced through different chemical routes, included epoxidation. The canola-based polyol will be applied in the production of polyurethanes, which represent a  high-demand sector of the plastics market. To achieve the production and application of bio-based polyurethane reducing the use of isocyantes will definitely create a high-added value product. Canola-based polyurethane will be much more compatible with natural fibers increasing performance, and reduce cost in chemical treatments usually applied to fiber to increase affinity with the polymer.



Approach

 (
Year 1
Objective 1
.
 
Production and characterization of canola-based polyols.
Pilot plant/NDSU 
 Production
a
. 
Carbonated epoxidized canola oil
b
. 
Ozonolyzed
/Hydrogenated canola oil
Characterization
Conversion to carboxylic groups (
a
) and hydroxyl/acid groups (
b
) will be followed by titration and FTIR spectroscopy. 
Thermal behavior 
of the polymers will be analyzed by Differential scanning calorimetry (DSC). 
Viscosity of the polymer will be measured using 
a  rotational
   viscometer. 
) 



Production of polyols from vegetable oils can be achieved through different chemical routes, hydroxylation, hydroformylation, ozonolysis, carbonation. Some of these routes use canola oil or epoxidized canola oil as a raw material. Based on the literature review, two methods are proposed to pursue. The challenge is get the optimal parameter of the methods and produce 1 lb batch with same quality than lab-bench scale reported synthesis.



a) Carbonated epoxidized canola oil. The first method is the carbonation of epoxidized vegetable oil. Even though this method required of the epoxidation processing, carbonation is accomplished using CO2, which is a cheap and abundant source of carbon. An additional advantage of this route is that carbonated products can be reacted with amines to produce a nonisocyanate polyurethane. The carbonation process is carried out at atmospheric or higher pressure at different temperatures in the presence of a catalyst. These parameters will be included as variables of the process to optimize the conversion to cyclic carbonate groups. 

b) The second proposed route is ozonolysis, in this case the reaction is carried out using ozone in the presence of ethyl acetate as a catalyst. Canola oil: ozone ratio, concentration of ozone solution, feed flow rate of ozone stream, reaction time will be evaluated to optimize the production of hydroxyl groups Ozonolysis reaction is carried out at room temperature by hydrogenation in presence of a catalyst at 70C. 



Chemical and physical characterization of both polymers is listed below:

· Qualitative conversion will be analyzed by FTIR spectroscopy. 

· Quantitatively conversion is estimated for polymer (a) from initial and final conversion of epoxy groups assuming no side reactions by titration, and for polymer (b) from hydroxyl/acid titration.

· Differential scanning calorimetry (DSC) will be used to evaluate the thermal behavior of the polymers.

· Viscosity will be measured in a Haake rotational viscometer using a cone/plate system at 25C and 5C above melting point if final polymer is semi solid at room temperature. Together with the presence of the functional groups of the resin, viscosity is an excellent parameter to compare the bio-resin performance with petroleum-based resins.



 (
Year 2
Objective 2
.
 Production and characterization of canola-based polyurethanes
Production
 (Pilot plant/NDSU)
a. Polyurethane from the reaction of c
arbonated epoxidized canola oil
 + amine 
b. 
Polyurethane from the reaction of c
anola-based polyol + fatty acid-
based diisocyan
a
te
c. 
Curing of b
lends of 100%, 30%, 20%, 10
%  bio
-based
 content
 polyurethanes 
 with 
petroleum based polyurethane.
Characterization
 (Mechanical
 Engineering Dept
)
Thermal (DSC), dynamical (DMA), and flexural (
Instron
)
 properties in all treatments
 for pure polymers
 
and cured systems
 will be analyzed
. 
 
)



a) The produced carbonated epoxidized soybean oil will be mixed with an amine to produce the urethane functional groups and finally the polyurethane. This reaction is carried out at room temperature in the presence of a catalyst Reported times of reaction for samples of 5 g requires 12 h. This step will require the analysis of the molar ratio cyclic carbonate/ amine groups, catalyst concentration, stirring speed and type of mixing. Cycle temperatures of curing and times will be defined based on DSC analysis of the polymer as described in objective 1.

b) The polyol will react with a fatty acid diisocyanate commercially available. Polyol and diisocyanate will be mixed for 5 min, placed under vacuum to remove air, and cured in a range of temperatures from 70 C to 110 C. Cycle temperatures of curing and times will be defined based on DSC analysis of the polymer as described in objective 1. This step will also include analysis of three different levels of molar ratio hydroxyl groups/ diisocyanate groups.

 (
Year 2
Objective 3.
 Production and characterization of natural fiber reinforced composites. 
Mechanical Engineering Dept NDSU
Production
 
Fabrication of  composite by reaction injection molding (RIM)
Variable
s
: 
Types of fiber: Flax/Hemp/Kenaf
Density of composite 
Comparison with control (
P
lywood)
Characterization
Flexural 
properties
)



Natural fibers such as flax, hemp and kenaf already available at the mechanical engineering lab will be used to compare the mechanical performance of the reinforced composites containing the canola-based polyurethanes. The effect of the density of the composite in the mechanical properties will be evaluated by manipulation of both fiber volume fraction and foam void content. Different fiber volume fractions will be generated by using different molding heights, while the foam void will be generated by using different concentrations of polymer. The polyurethane will be poured in a stainless steel mold 30×30cm with a single layer of the random fiber mat. The mold is placed in a Carver® platen press for curing at 60C, or defined temperature for curing in Objective 2 by DSC analysis, for 1 h under 700kPa. After curing, samples will be cut into specified dimension based on ASTM standard methods for flexural properties. Results of this test will be compared with the mechanical performance of a plywood as control sample.



Outreach/Extension Audiences

Bio-based materials developed at NDSU have the opportunity to be presented to different audiences, such the ND BioOpportunities Initiative which mission is to promote development of

Renewable energy and biobased products in North Dakota. Several tours are provided in both Pilot plant and Mechanical Engineering lab to academic, industry and the community. This research will also be presented to the Northern Canola Growers Association which has supported this research line in previous years. The generated information will be published in refereed journals focused in engineering and applied polymer/composite. Preliminary and final results for each objective will be presented at national scientific conference such as ASABE and SAMPE, which have sections focused on processing and application of agricultural commodities.
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2005 Aug-present Assistant Professor, Mechanical Engineering and Applied Mechanics, North

Dakota State University, Fargo, ND

2002 Jan-2005 July Graduate Research Assistant / Fellow, Materials Engineering, University of

Alabama at Birmingham, Birmingham, AL

2002 May-Aug Graduate Research Assistant / Fellow, United States Army Research Laboratory,

Aberdeen, MD
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RESEARCH INTERESTS:

Biobased Composites Development, Environmentally Friendly Composites Manufacturing, Affordable

Manufacturing of Thermoplastic and Thermoset Fiber Reinforced Composites, Composite Process

Design and Modeling, Fire Exposure of Polymer Matrix Composites, Nondestructive Evaluation, Low
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1. Subcontract from SpaceAge Synthetics from Federal Department of Defense (DoD) Appropriated

Funding through the U.S. Navy. PI: Chad A. Ulven. Co-PI: Alan Kallmeyer, Ghodrat Karami, Fardad
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􀂃 ME 331, Introduction to Materials Science and Engineering and Laboratory, 4 credit undergraduate
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2. Gintert, L., Ulven, C.A., Coulter, L. (2010) Environmental Degradation of Polymer Matrix Composites.

In: Hihara, L., Adler, R., eds. Environmental Degradation of Advanced and Traditional Engineering

Materials, Taylor & Francis Group LLC, Boca Raton, FL. under review.

3. Foulk, J.A., Akin, D., Dodd, R., Ulven, C.A. (2010) Production of Flax Fibers for Biocomposites. In:

Kalia, S., Kaith, B.S., Kaur, I., eds. Natural Fiber Polymer Composites, Part – I, Natural Fibers:

Structure, Properties and Applications, Springer-Verlag, Berlin, Germany. under review.

4. Zhong, W.H., Ulven, C.A., Magiure, R.G., Sangari, S.S., Park, C., Fuqua, M.A. (2008) Polymer

Nanocomposites and Functionalities. In: Nalwa, H.S. ed. Encyclopedia of Nanoscience and

Nanotechnology, American Scientific Publishers, Valencia, CA. in-press.



PUBLICATIONS IN REFEREED JOURNALS (Since 2008)

1. Chevali, V., Fuqua, M.A., Huo, S., Ulven, C.A. (2010) Utilization of Agricultural By-products as Fillers

and Reinforcements in ABS, SAE International Journal of Materials and Manufacturing, Vol. 3, No. 1,

pp. 221-229.

2. Fuqua, M.A., Huo, S., Chevali, V., Ulven, C.A. (2010) Development of Flax Fiber/Soy-Based

Polyurethane Composites for Mass Transit Flooring Application, SAE International Journal of

Materials and Manufacturing, Vol. 3, No. 1, pp. 230-236.

3. Manamperi, W.A., Ulven, C.A., Chang, K.C., Pryor, S.W. (2010) Plastics from an Improved Canola

Protein Isolate: Preparation and Properties, Journal of the American Oil Chemists’ Society, Vol. 8, No.

8, pp. 909-915.

4. Espinoza Perez, J.D., Ulven, C.A., Wiesenborn, D.P. (2010) Epoxy Resins from Vegetable Oils

Applied to Composites, Transactions of the ASABE, Vol. 53, No. 4, pp. 1167-1174.

5. Foulk, J.A., Fuqua, M.A., Ulven, C.A., Alcock, M.M. (2010) Flax Fibre Quality and Influence on

Interfacial Properties of Composites, International Journal of Sustainable Engineering, Vol. 3, No. 1,

pp. 17-24.

6. Espinoza Perez, J.D., Haagenson, D.M., Pryor, S.W., Wiesenborn, D.P., Ulven, C.A. (2009)

Production and Characterization of Epoxidized Canola Oil, Transactions of the ASABE, Vol. 52, No.

4, pp. 1289-1297.

7. Mekic, S., Ulven, C.A., Akhatov, I.S., Jerke, E., Kerr-Anderson, E. (2009) Evaluation of In-Plane and

Transverse Permeability of Flax Fiber Preforms for Biocomposite Materials, Journal of Biobased

Materials and Bioenergy, Vol. 3, No. 2, pp. 156-164.

8. Sui, G., Fuqua, M.A., Ulven, C.A., Zhong, W.H. (2009) A Plant Fiber Reinforced Polymer Composite

Prepared by a Twin-Screw Extruder, Bioresource Technology, Vol. 100, No. 3, pp. 1246-1251.

9. Mekic, S., Akhatov, I., Ulven, C.A. (2009) Analysis of a Radial Infusion Model for In-Plane

Permeability Measurements of Fiber Reinforcement in Composite Materials, Polymer Composites,

Vol. 30, No. 12, pp. 1788-1799.

10. La Scala, J.J., Orlicki, J.A., Jain, R., Ulven, C.A., Palmese, G.R., Vaidya, U.K., Sands, J.M. (2008)

Emission Modeling of Styrene from Vinyl Ester Resins with Low Hazardous Air Pollutant Contents.

Clean Technologies and Environmental Policy Journal, Vol. 11, No. 3, pp. 283-292

11. Abolfathi, N., Naik, A., Karami, G., Ulven, C.A. (2008) A Micromechanical Characterization of Angular

Bidirectional Fibrous Composites, Computational Materials Science, Vol. 43, No. 4, pp. 1193-1206.

12. Fuqua, M.A., Ulven, C.A. (2008) Characterization of Polypropylene/Corn Fiber Composites with

Polypropylene Grafted Maleic Anhydride, Journal of Biobased Materials and Bioenergy, Vol. 2, No. 3,

pp. 258-263.

13. Sui, G., Jana, S., Zhong, W.H., Fuqua, M.A., Ulven, C.A. (2008) Dielectric Properties and

Conductivities of Carbon Nanofiber Composites Fabricated by a Twin-screw Extruder, Acta

Materialia, Vol. 56, No. 10, pp. 2381-2388.

14. Mekic, S., Akhatov, I., Ulven, C.A. (2008) A Radial Infusion Model for Transverse Permeability

Measurements of Fiber Reinforcement in Composite Materials, Polymer Composites, Vol. 30, No. 7,

pp. 907-917.

15. Ren, X., Wang, X.Q., Sui, G., Zhong, W.H., Fuqua, M.A., Ulven, C.A. (2008) Effects of Carbon

Nanofibers on Crystalline Structures and Properties of Ultrahigh Molecular Weight Polyethylene

Blend Fabricated using Twin-Screw Extrusion. Journal of Applied Polymer Science, Vol. 107, No. 5,

pp. 2837-2845.

16. Ulven, C.A., Vaidya, U.K. (2008) Impact Response of Fire Damaged Polymer-Based Composite

Materials. Composites: Part B, Vol. 39, No. 1, pp. 92-107.

17. Sui, G., Zhong, W.H., Fuqua, M.A., Ulven, C.A. (2007) Crystalline Structure and Properties of Carbon

Nanofiber Composites Prepared by Melt Extrusion. Macromolecular Chemistry and Physics, Vol. 208,

No. 17, pp. 1928-1936.
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Judith Dolores Espinoza Pérez

Postdoctoral Researcher at Agricultural & Biosystems Engineering Department

North Dakota State University



		Contact Information



		Phone: (701)-231-8927 /  (701)-412-4904

Email: judith.espinozaperez@ndsu.edu





		Education



		· Ph.D. Agricultural and Biosystems Engineering 

      Agricultural and Biosystems Engineering Department. North Dakota State University. 

Project: Technical and Economic Feasibility of Canola-based Epoxy Resins for Application in Composites. Fall 2009



		· M.S. Biochemical Engineering

      UNIDA. Instituto Tecnológico de Veracruz.. Thesis:   Determination of the mass transfer properties of the caffeine extraction assisted by microwaves. Dec-2004



		· B.S. Chemical Engineering

Facultad de Ciencias Químicas. Universidad Autónoma de Coahuila. Thesis: Characterization of velocity fields by a low resolution camera. Oct-2000





		Previous Research



		· Coyotefoods Biopolymer and Biotechnology Co. Research and Development Center. Developed Activities: Research on biochemical engineering, biochemistry and biopolymer sciences. 2005-2006 



		· Metal Mechanical Department. Chemistry Analysis Lab.Instituto Tecnológico de Saltillo.  Research project: Elemental chemical determination by atomic absorption. 2000-2001



		· Plastic Processing Department. Centro de Investigación en Química Aplicada. Research Project: Study of PVC plastisols. 1998.







		Memberships in Honorary and Academic Societies





· American Society of Agricultural and Biological Engineers (ASABE)

· American Oil Chemists' Society (AOCS)



		Publications in Refereed Scientific Journals





· JC Contreras Esquivel,  CE Voget, CE Vita, JD Espinoza Perez, CMGC Renard. 2006. Enzymatic extraction of lemon pectin by endo-polygalacturonase from Aspergillus niger. Food Science and Biotechnology, 15 (2): 163-16 Epoxidized high-oleic vegetable oils applied to composites. 2010. J.D. Espinoza-Pérez, C.A. Ulven, and D.P. Wiesenborn. Transactions of the ASABE, 53(4).

· Screening of industrial enzymes for deproteinization of shrimp head for chitin recovery. 2010 (4). A.U. Valdez-Peña, J.D. Espinoza-Pérez, G. C. Sandoval-Fabian, N. Balagurusamy, A. Hernández-Rivera, I. M. De-la-Garza-Rodríguez, and J. C. Contreras-Esquivel. Food Science and Biotechnology, 19 (2): 553-557. 

· Pectin from passion fruit fiber and its modification by pectin methylesterase. 2010 (3) J. C. Contreras-Esquivel, C. N. Aguilar, J. C. Montañés-Sáenz, A. Brandelli, J.D. Espinoza-Pérez, and C. M.G.C. Renard. Journal of Food Science and Nutrition, 15 (1): 57-66. 

· Production and characterization of epoxidized canola oil. 2009. J.D. Espinoza-Pérez, D.M. Haagenson. S.W. Pryor, C.A. Ulven, and D.P. Wiesenborn. Transactions of the ASABE, 52 (4): 1289-1297.

· Enzymatic extraction of lemon pectin by endo-polygalacturonase from Aspergillus niger. 2006. J.C. Contreras-Esquivel, C.E. Voget, C.E. Vita, J.D. Espinoza-Pérez, and C. M.G.C.  Renard. Food Science and Biotechnology, 15 (2): 163-167.



· Mathematical modeling of caffeine kinetics during solid-liquid extraction of coffee beans.  2007 J.D. Espinoza-Pérez,  A. Vargas, V.J. Robles-Olvera, G.C. Rodríguez-Jímenes, and M.A. García-Alvarado. Journal of Food Engineering, 81 (1): 72-78.



		Other Publications





· Contreras-Esquivel JC, Espinoza Perez JD,  Montañés-Saenz JC, Charles-Rodríguez AV, Renovato-Nuñez. Aguilar CN, Rodriguez-Herrera R, Wicker L. 2006. Extraction and characterization of pectin extraction from novel sources. In: Advanced in Biopolymers Molecules, Clusters, Networks, and Interactions. ACS Symposium Series 935. Ed. Fishman M. L., P.X. Qi and L. Wicker. American Chemical Society, Washington, DC.ISBN 0-8412-3959-2.

· Memories. 3 Mexican Symposium.  Biopolymers Advances and Perspectives 2007. Eds. Contreras-Esquivel JC, Espinoza Pérez JD,  Montañés-Sáenz JC. Coyotefoods Biopolymer and Biotechnology Co. Research and Development Center. Saltillo, Coahuila, Mexico.

· Memories.2 Mexican Symposium.  Biopolymers Advances and Perspectives 2005. Eds. Contreras-Esquivel JC, Espinoza Pérez JD,  Montañés-Sáenz JC. Coyotefoods Biopolymer and Biotechnology Co. Research and Development Center. Saltillo, Coahuila, Mexico.

		Proceedings of Scientific Meetings:





· ASABE Annual International Meeting June 2009. Reno, Nevada.

	Epoxy resins from high-oleic oils applied to composites. J. D. Espinoza Perez, D. M. Haagenson, R. Brudvik, D. P. Wiesenborn, and C. A. Ulven. 

· ASABE/CSBE North-Central Intersectional Conference. Winnipeg, Canada.

Epoxidation of canola oil utilizing green solvents and recycled catalyst. M. Kumar, J.D. Espinoza Perez, D. Haagenson, and D.P. Wiesenborn. 

· ASABE/CSBE North-Central Intersectional Conference. October 2007. Fargo ND.

	Canola-based epoxy resins applied to composites. Judith Espinoza Perez, Dennis Wiesenborn, Chad Ulven, Cole Gustafson, Kristi Tostenson, Morteza Tatlari. 

· ASABE Annual International Meeting. June 2007. Minneapolis MN. 

1. Preparation and partial characterization of canola-based epoxy resins for bio-based plastic composites. J.D. Espinoza Perez, D.P. Wiesenborn. K. Tostenson. C.A. Ulven, and M Tatlari.

2. Microwave-assisted inactivation of carbohydrates from Aspergillus niger by continuous flow processing.  J. D. Espinoza Perez, J.C. Montanez Saenz, L.M. Ramos Ponce, A.U. Valdez Peña, J.C. Contreras Esquivel.

· 7th APCCS Asian Pacific Chitin and Chitosan Simposium. April 2006 Busan, Korea

1. Huitlacoche (Ustilago Maydis) asa new source of chitin and chitosan. M.L. Flores-López, J.D. Espinoza-Pérez, A.V. Charles-Rodríguez, J.C. Montanez, C. N. Aguilar, R. Rodríguez-Herrera, J.Renovato-Nuñez  and J.C. Contreras-Esquivel

2. In vitro antifungal activity of chitosan oligosaccahrides against plant pathogens isolated from mexican crops. Ocampo-Ramirez, F. Lara, J.D. Espinoza-Pérez, A.V. Charles-Rodríguez, R. Rodríguez-Herrera, C.N. Aguilar, M.L. Flores-Lopez, J.D. Sánchez-Chaparro, J.C. Montanez, J. Rodríguez-Martinez, and J.C. Contreras-Esquivel.

· Second Mexican Simposium: Biopolymers, advances and perspectives. December 2005. Coyotefoods Bipolymer and Biotechnology. Saltillo, Coahuila México

1. Arabinogalactan and its pharmaceutical importance. Review. Contreras-Esquivel JC, Espinoza Perez JD,  Montañés-Saenz JC, Charles-Rodríguez AV, Renovato-Nuñez J, Alvizo-Sosa AV.

2. Revovering of chitin and protein hydrolysates by different bioprocesses. Contreras-Esquivel JC, Espinoza Perez JD,  Charles-Rodríguez AV, Renovato-Nuñez J, Hernández-Rivera A.

3. Mucilage extraction from nopal cactus by different methods and its chemical composition. Review. Contreras-Esquivel JC, Espinoza Perez JD,  Montañés-Saenz JC, Charles-Rodríguez AV, Renovato-Nuñez J, Saucedo-Suarez JA.

· XI National Congress of Biotechnology and Bioengineering October 2005, Merida, Yucatan, Mexico.

1. Application of an electromagnetic field of high frecuency in the caffeine extraction. Espinoza-Perez, Garcia-Alvarado MA, Rodriguez-Jimenes GC, Ortega-Martinez J, Contreras-Esquivel JC.

2. Enzymatic modification of hawtorn pectin by pectinmetylesterase. Contreras-Esquivel JC, Espinoza Perez JD,  Montañés-Saenz JC, Charles-Rodríguez AV, Renovato-Nuñez.

3. Development of a bioprocess of liquefaction from passion fruit pulp by enzymatic method. Contreras-Esquivel JC, Espinoza Perez JD,  Montañés-Saenz JC, Charles-Rodríguez AV, Renovato-Nuñez J, Medina-Morales MA, Zamora-Iruegas CA.

4. Starch elimination from jicama pulp by enzymatic method. Contreras-Esquivel JC, Espinoza -Perez JD,  Montañés-Saenz JC, Charles-Rodríguez AV, Renovato-Nuñez J, Medina-Morales MA, Zamora-Iruegas CA. Peña AU.

5. Biotransformation of jicama starch. Contreras-Esquivel JC, Espinoza Perez JD,  Montañés-Saenz JC, Rendon-Villalobos R, Bello-Eores LA.

6. Use of macrocystis pyrifera to the obtention of oligosaccharide alginate by autoclave process. Contreras-Esquivel JC, Espinoza Perez JD,  Montañés-Saenz JC, Charles-Rodríguez AV, Renovato-Nuñez J, Medina-Morales MA, Zamora-Iruegas CA.

· II International Symposium of Food Science and Technology. Determination of the mass transfer properties of the microwave assisted extraction of caffeine. Espinoza-Pérez JD, Garcia-Alvarado MA, Rodriguez-Jimenes GC. October 2004, Villahermosa, Tabasco, Mexico. 

· V National Congress of the North in Food Sciences. Assisted infusion of enzymes by vacuum and its application in the recovery of biomaterials.  Contreras-Esquivel JC, Espinoza Perez JD,  Montañés-Saenz JC, Charles-Rodríguez AV, Renovato-Nuñez



		Thesis Co-Advisor





· Determination of the kinetic parameters of the biotransformation of starch from Puchyrhizus erosus L.  2007.

· Predictive model of pectin extraction of Puchyrhizus erosus L.   by a thermochemical process. 2007.

· Development of biotechnology processes and its applications in the transformation of jicama. 2006

· Obtention and characterization of diet fiber from tuna peel (Opunti ficus Indica). 2006

· Extraction and characterization of a polysaccharide arabinogalactan type from nopal flour (Opuntia ficus indica). 2006

· Enzymatic degradation of nopal mucilage (Opuntia ficus indica) and microorganism search involved in its degradation. 2006



		Distinctions





· COECYT 2006 scholarship foreign research stay 

· CONACYT 2002-2003 scholarship Master degree 
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DENNIS PAUL WIESENBORN

Professor of Agricultural & Biosystems Engineering Department 

North Dakota State University (NDSU)



Contact Information



Address:  NDSU Dept. 7620, PO Box 6050, Fargo, ND 58108-6050

Phone: (701)-231-7277	Fax: (701)-231-1008		E-Mail:  D.Wiesenborn@ndsu.edu



Education



Ph.D., 1989, Rice University, Chemical Engineering (Subspecialty -- Biochemical Engineering).

Bachelor of Science, Summa Cum Laude, 1980, Texas A&M University, Chemical Engineering



Previous Employment 



Associate Professor, Agricultural & Biosystems Engineering Department and Cereal & Food Sciences Departments, NDSU, 1995-2002; Assistant Professor, 1989-1995

Graduate Research Assistant, Rice University, Houston, TX, 1984-1988

Science and Math Instructor, Lutheran Training Institute, Liberia, West Africa, 1981-1983

Engineer, Synthetic Fuels Section, Radian Corporation, Austin, TX, 1980-81



Research Interests 



Refining, fractionation and conversion of fats and oils from plants, especially for bio-based polymers and fuel; Effect of ozone and other fumigants on grain handling and storage equipment; Process modeling for biofuels and renewable products; Processing of canola, soybean, flaxseed, crambe, and other oilseed crops.



Teaching Responsibilities



[bookmark: _GoBack]Responsibilities for past four years include ABEN 482/682, Instruments and Measurement, 3 cr, spring, 75% in 2010; ABEN 458/658, Food Process Engineering, 3 cr, fall, even years, 100%; ABEN 263, Biological Materials Processing, 3 sem. cr., spring, beginning 2008, 100% (75% in 2010); ABEN 790 Seminar, 1 cr fall 2010 (100%)



Membership in Professional Societies/Organizations



Southern Regional USDA-CSREES Project S-1007, “The Science and Engineering for a Biobased Industry and Economy,” since 2005, Vice-chair in 2008, Chair in 2009

American Oil Chemists' Society, Associate Editor of J. of the Am. Oil Chemists' Society 2002-2007, Publications Steering Committee 2003-2005

Red River Valley Section of American Society of Agricultural Engineers and active participant in North Central Section of ASABE/CSBE

North Central Regional USDA-CSREES Project NC-136/NC-1023, “Improved Thermal Processes for Foods,” North Dakota representative since 1992 and Chair in 1999

Honors and Awards



Fulbright Senior Scholar Award to University College Cork, Ireland, 1997-98; NDSU University Senate, 1996-97, 1999-2001; NDSU College of Engineering & Architecture Outstanding Researcher Award, 1995; National Science Foundation Graduate Fellow, 1985-88; University Fellowship, Rice University Graduate Council, 1984-85; National Merit Scholarship, 1976-80.

