Project Description

Section 1

(@) ldentify the national targeted expertise shortagesa(TESA) addressed by the application;

The national need area addressed by this applicetitAgricultural Systems and Natural

Resource Engineering — Specifically in Wood anceFibngineering”.

(b) Identify the award Category(ies) — Master’s, Doetipand/or IRTA — and the discipline
addressed by the application;

The degree level targeted is the Doctoral leveeCld. The major academic discipline
addressed by this application is “ConservationRadewable Natural Resources (includes any
aspect of Forestry, Air Quality, Sustainable Agltere)”, Code C.

(c) Demonstrate the likelihood that the proposed progia graduate study will result in the
development of outstanding graduates to meet thesfmeeds of a globally interconnected,
technologically advanced, rapidly diversifying atswhsumer-driven food and agricultural
industry;

Wood and Fiber Engineering will be a critical resbaarea to support the inevitable need of the
United States to develop sustainable and envirotatigtenign resources for society, to
decrease the dependence on nonrenewable, fossihdito improve the economics of the
forestry/wood-based industryurther, the domestic wood and wood-fiber industaee under
extreme pressure from overseas competitors; neduysts must be developed to re-invigorate

the US industries. This can only happen with egogllesearch leaders in the field.

This area of expertise is especially important ndue to the increased interest in developing
alternate solutions for the replacement of fosslenals with renewable resources. The latest
and best estimates indicate that the total worldesierve is approximately 600 million metric

tons (4 trillion barrels). Less than ¥z of this megeis recoverable. The latest estimate is thaff as



November 2005 one-half of the world’s total reserwdll have been extracted and combusted or
applied towards industrial uses. There has beencaeasing pressure for the U.S. to decrease its
foreign-dependence on petroleum-based fuels andupts. It has been proposed that natural,
renewable materials from plants can serve as amalive feedstock to supply products and fuel
for society. Forest based materials will be indégn supplying alternative chemical, fiber, and
fuel sources for these future needs. The reasothierstatement can be found throughout the
USDA documentation related to the Forest Industiythe future. At the bottom of this,
however, lies the marvelous structure of trees Wwiae examples of nature working across a
length scale of I8 and with a complex composition of highly structlireiomolecules and
chemicals that are potential precursors of newtfanalities and materials (see Figure 1). It is
our expectation that new forest based materiald Wdurish into a future globally-
interconnected, advanced technology.

Cellulose nancfiber bundles

Figure 1: Wood: a highly structured material andragle of nature
working across different length scales.

The objective of this proposal is to develop anireg program to produce outstanding graduates
to meet the future needs of a globally intercoregcttechnologically advanced, rapidly

diversifying and consumer driven wood and wood Odieer industry.

This issue of using plant materials in new waysxisemely important for the US, which has
extensive agricultural and forest products indastriThe future economic health of the US
could be greatly enhanced by extending plant-basseérials for new, high-value, high-volume

products that can be effectively recycled. Thaugides involved in these technologies will



demand research leaders with adequate skills to carrymdutevelop new frontiers of research.
It is a matter of national strategic importance to maintaong programs of education and
research to support domestic industries. The proposemiMsatixperience will take advantage of
our academic department’s excellent positioning as orfeeafttongest programs in the US in

the area of fiber processing technologies, including pglgapermaking and recycling.
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Figure 2. Scanning electron micrographs of lignitypropylene fibers. The fiber to the left is priorthermal treatment,
inset shows the “stringy” polypropylene phase dispé throughout the lignin phase. The fiber torigbt is after thermal
treatment. It has been fractured to show the exiftiite porous structure and the hollow core nabfitbe fiber (“Novel
Hollow Core Fibers Prepared from Lignin PolypromdeBlends” J. F. Kadla, R. A. Venditti and R. Olb@rt, Journal of
Applied Polymer Scienc&5(6), pp. 1353-1355, 2002.)

Unlike petroleum-based synthetic plastics, advan
wood and fiber based materials are renewable amde
produced in a sustainable manner. Great exampile;‘\
wood and fiber-based materials that are un| NI
development within our program include carbon fbg
from wood, cellulose and lignin, Figure 2. These rfibg
are targeted as replacement of plastics and fiaesdior
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Another example of a promising replacement of sstithpolymers with wood-based chemicals
is that of hemicelluloses, a by-product of the wgudping, to produce super absorbents for

products such as diapers and other personal cadeigis. The development of enhanced fiber



strength by incorporation of novel biopolymers frustured materials has opened opportunities
for optimal utilization of fiber resources (lightenaterials with improved elastic moduli).
Composites based on cellulose nanocrystals arebeisg developed and tested by researchers
in our program. On the other end of the spectruisworth mentioning the housing sector that
embraced advanced wood and fiber composites toupeodnproved building materials that
make structures more energy efficient, have a lowaimtenance cost, are more structurally
sound and at the same time are environmentallygheand sustainable. Advanced dry wall,
engineered wood based composite beams, and cofibextefomposites for exterior building
siding are examples of these. The “American Home, irtiative implemented in our
department, encompasses these and other multidisciplefforts which are expected to make

an important contribution in this area.

The types of products required are highly engineered a&nstcience behind them involves
aspects of biology, chemistry, physics, and engineering exanple, the properties of an
advanced product from fibers/wood originating from treeglants can depend on many factors:

biological factors influencing the plant/tree

chemistry of the fiber/wood

chemical, mechanical and thermal processing of fiberdwoo

structure and morphology of the fiber/wood

bulk visco-elastic and mechanical properties of fibeovo

surface chemical properties of fiber or wood

surface interactions with the fiber/wood and other of tmegosite components

thermal and moisture history

mechanical stress history

Clearly the intelligent design and understanding of ads@icomposites involving fibers and
lignocellulosic materials demands from any doctoral mesea a multi-disciplinary approach in
the areas mentioned above. Much of the background involves amal wood-based fibers that
are unique to woody materials, and therefore should alsddggahto the knowledge of a
doctoral level researcher. This field is internationad, asuccessful researcher should have a
international perspective of their research. Also needad international business
understanding. Currently, the paper industry, wood ingastd any emerging industry that



utilizes fiber and wood in new products does not have accegaduate students with the set of
international, and multidisciplinary training as propbsere. These graduates will be able to
invent new products develop more efficient processes dimat@mpete internationally to the
economic benefit of the fiber and wood industries.

The Wood and Paper Science Department at NCSU is verylsuibaipain doctoral students in
this fascinating area and expand further the know-howptiie and skills to make an important
impact in our society. The students to be trained as résEalows in this program will obtain
valuable research skills and tools, a strong fundamentgractical knowledge base, research
management and leadership abilities, an internationgpeetive, and a set of research ethics to
be research leaders in the broad area of Wood and FibereErngm These Fellows are
targeted for industrial research positions but will alspiepared for academic positions. The
program will have courses that will address both the iaiplinary nature and the unique

specific, focused information involved in Wood and FiBagineering.

(d) Substantiate clearly the quality of the instituteograduate teaching and research
program(s) in the food and agricultural scienceshe discipline(s) for which Fellows are
being recruited,;

The Department of Wood and Paper Science (WPS) offers ardlodégree and a Master of
Science degree in Wood and Paper Science. A distance nfastefds also available. The
graduate faculty consists of eight full professors, s@gsociate professors and two assistant
professors. There are only four Universities in the UrBades that offer these degrees in paper
science. The WPS research program secures on average ar aframntracts and grants per
year of about $2,000,000.

WPS offers a comprehensive set of graduate level colnaegrepare a graduate student for the
multi-disciplinary nature of research in wood and paeénce. Thus, courses are offered that
have strong fundamental components in chemistry, cheamchinechanical engineering,
biology, physics and material science. In the area of woddiber engineering, our department

is exceptionally qualified in both teaching and reseafgraduate course offerings are available



in the following areas: wood chemistry, biopolymer chemjsiulping chemistry, interfacial
phenomena in dispersed systems, process analysis, palyemistry, paper physics, secondary
fiber studies, wood physics, wood anatomy, wood biology, woechamics and engineering,
wood machining, wood manufacturing processes, wooddaadestry economics and marketing
(please see list in section 1c). Further, our graduate tgpphdgram boasts the first and largest
distance advanced degree program in paper science in tlie Vdur distance offerings include
wood chemistry, paper physics, process engineering, surfidaso#toid science and paper

recycling.

Our faculty and graduate students in the paper scieraeaae the largest body of its kind. Al
of the faculty have successfully incorporated in theirex@ra majority of academic experience
combined with a significant industrial experience. Dethinformation about the faculty appears

at http://www.cfr.ncsu.edu/wpsmhe result has been a successful research program with hig

quality contracts/grants and publications. Further, tbelfiais significantly involved in
activities that continue to strengthen their research ibakeding editing journals and books,
presiding over international conferences, participatingontinuing education, and consulting.

In the year 1998, the paper industry CEOs ranked the WP StDepd at NC State #1 amongst
its peer institutions. The department was also recentigwexd by the Pulp and Paper Education
Research Alliance with respect to its peer institutiomslired in the science of forest products
and paper science (U. Maine, U. Auburn, Georgia Tech., U. Washjrigtami at Ohio U., and

U. Minnesota). In an overall capabilities analysis in tha afdorestry, forest products
recycling, forest industry environmental issues, foresistigf energy issues, forest industry cost
reductions, and new forest based materials, the Wood and $apece Department in
conjunction with the Forestry Department at NCSU rankstlifi publications (approximately
160 per year) and first in total grants and contracts (®8l@n dollars per year). With respect
to “New Forest Based Materials”, NCSU ranked first in nunadbgublications (20 per year) and
third in grants and contracts ($300,000/yr). With respetdorest Products Recycling”, NCSU
ranked 2nd in number of publications (14 per year) and thigrants and contracts

($500,000/yr). This data reflects that the WPS program &deeten the area of paper science.



(e) Discuss the quality of the institution’s graduatedents, the strength of its curriculum and
instructional approaches, the availability of resela opportunities, and utilization of

strategies for developing the critical thinking aoebblem-solving skills of students;

Quiality of Graduate Students

Some characteristics of the graduate students in the WR&mdept are shown in Table 1. The
statistics indicate that we have a significant fraction @inen and under-represented minority
students in the program. The student job placement (plaxtentd a permanent job at the most
4 months after graduation) and graduation rate has beenca®5%, reflective of the quality and
value of our students. The graduating grade point avefage students is 3.4 and the students
entering GRE scores are indicative of high performanceurse work. An essay is required
from the applicants describing their objectives and egieas of and motivation for attending
graduate school.

Table 1. WPS Graduate Students Characteristics (8tlents Graduating 2001-2005)

# of Students Graduating: 42 (8/year) Caucasian 35%

PhD degrees 51% Asian 52%

M. S. degrees 40% Hispanic 3%

M. S. of WPS degrees 9% African American 10%

Females 23% Native American 0%

Entering GRE Test Scores: Graduation Rate 95%

(530/800, 740/800, 690/800) Graduation Rate African American 100%

(Verbal,Quantitative,Analytical) Graduation Rate Hispanic 100%
Graduation Rate Female 100%

Average GPA at Graduation 3.4 Job Placement Rate 95%

Avalilability of Research Training Opportunities

There is a wide range of research opportunities in therttie@at. Table 2 lists major contracts
and grants received by the paper science faculty recerdlyle P reflects the fact that there is
considerable funding and activities within the depantnie a variety of areas. Further, there is
evidence that the department has succeeded in obtainimgdtatnal competitive grants as well
as industrial support. Also see http://www.cfr.ncsu.eds/\figr more details about current
research projects.



Table 2. Selected Recent Contracts and Grants bii¢ Wood and Paper Science Faculty

Project Faculty Sponsor
Boundary Lubrication and Molecular Assembly| O.J. Rojas National Textile
in Fiber Processing, Center

Structure-Property Relations in Amphoteric M. Hubbe (PI), O. J. Rojas USDA
Polymers and D. S. Argyropoulos

Biodegradable Nanorods for High-Performance O.J. Rojas NCSU
Multifunctional Nanocomposites

Starch Microcellular Foam For Paper, Paint and R. A. Venditti and J. J. Pawlak USDA
Plastics

Property of Genetically Engineered Wood from| P. Peralta, B. Kasal,B. Li, . | USDA
Aspen with Down-Regulated Lignin Enzymes | Peszlen

Wood and Fiber Quality of Juvenile Pine: H. M. Chang, R. Sederoff, B.| USDA
Characterization and Utilization Goldfarb, J. O'Malley,B. Li

Black Liquor Gasification in a Pulp Mill J. Jamezid A. Kirkmann DOE

Pulping, Bleaching, & Papermaking Using Flax| H. Jameel and M. Byrd Prairie Pulp and
& Wheat/Oat Straw Paper

Fiber Fractionation for Tissue Grades M. Byrd, RnWitti, H. P&G

Jameel, J. Pawlak

Strategies for Developing Graduate Students
The activities and strategies for developing graduatkests are described below. Important
outcome traits developed in the students are emphasizadids.i Section 3 contains a

description of the curricula (may be modified as needed)wiil be taken by the Fellows.

Our standard curriculum for a PhD. Candidate has been dedime formalized over the years.
PhD. Candidates must carry out an original research projdalefend their thesis at a final oral
examination. The student must also submit and defend duiter@nalysis and proposal of the
research to be undertaken, termed a first proposition. Teigfioposition, along with the entire
research program, has been set-up to allow the studentgtotrarirom a receiver of knowledge

to a researcher that can filter, analyze, and create knowlieglge critical thinker.



Students in the paper program must take 72 hours incld@imgre hours (wood chemistry,
surface and colloids, process engineering and paper physitosurs of minor electives, 2 hours
of seminar and 49 hours of research and electives. Theugoourses improve the student’s
problem solving skillsThe core courses provide the student with the key sciendarhentals

to be successful researchers in paper science or argdrétdtl dealing with natural polymers.
The minor electives allow students to explore differextiaterdisciplinary areas such as non-
wovens or material science in order to enrich their expdsuidferent research areas. This

encouragemter-disciplinary approachem researchers, a skill demanded by this field.

In addition, the student must also pass qualifying examimabn the core courses. This is to
confirm that the student hasraastery of the basic science and engineering fuedéais

required as a base to perform original research.

Fellows will take the CNR Graduate Research, WPS810G whisldess graduate students
with skills and knowledge to initiate, conduct, and repotaesh projects successfully. This
full course developthe leadership and management skiésessary for their future (see section
4).

Further, the student must write and defend an original @s@aoposal unrelated to his doctoral
research project (termed a second proposition). Thigsalsseful to develop anter-

disciplinary approactas a researcher. In combination with the first propositfos provides to
the student a chance to devefpposal-writing skills an important skill for any researcher. The

second proposition also is another exercise that devetibgsl thinking.

The student has several opportunities to develop phesentation skillsincluding the public
defense of the first and second propositions, the final defand two required departmental
seminar presentations. Our department has a tradition tor@ge students to present at local,
national and international conferences. These actiatiesmportant to develop in a researcher

the ability to effectively convey important informatiandthers.



In total, the above activities comprise a rich set of eepeds to develop in the PhD candidate
theindependent thought, problem solving skills, aritloai thinking to be successful in

research.

() Present evidence that the overall academic prograeognizes and addresses current trends
and future needs, and prepares students for sultdesseers in the food and agricultural

sciences professional and scientific workplaces

As stated above, the United States is now actively pursiieqatives to petroleum-based
products. WPS is recognizing this future trend and appiegittis change as an opportunity to
further expand its research base and to provide stron@ figsearch funding. In fact, WPS has
added several graduate courses within the last fives yeaddress this issue, focusing on the
chemistry/physics/engineering of new products from bitenels and their characterization. We
are in the process of changing our name to the Forest Bigaia Science and Engineering. In
fact, we have obtained a permission to plan a Forest BiaalatBesearch Center, initially
recognized by the University of North Carolina system. Owrfaeulty hires have skill sets
outside and within the traditional paper science areasidimg) biomedical, genomics, surface
science, and polymer science. Our recognition of theseeftremds have been reflected in our
grant-writing, which includes about 20 proposals per yeaew forest material products and

their impact on recycling and the environment.

The excellent job placement of our recent PhD graduatestethat the students are valued by

employers and are well-prepared for successful careerle Jab

Table 3. Job Placement of PhD Graduates (21 gradtiag 2001-2005).
Jobs in Pulp and Paper Related Industry 52%

Jobs in Wood Products Industry 12%
Jobs in University Faculty/Post-Doc. 12%
Jobs in Environmental Technology 3%
Jobs with the US Dept. of Agriculture 5%
Jobs in Computer Science/Business 6%
Jobs in Education other than University 5%
Unplaced 5%
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(g) Discuss current or planned programs at the instituitdesigned to encourage outstanding
graduate students, especially from underrepresegtedps, to pursue and complete
graduate studies in food and agricultural sciences.

We have a robust recruiting plan for outstanding graduatkests detailed in sections 2 (a-c).
Please refer to these sections. We show in sections 2(a-e)eliave a good plan for recruiting,
that the college has invested in a diversity director whioregruit underrepresented groups, and
that we have additional NCSU Fellowships that can beduribed to recruit underrepresented
groups. In section 2(e) and 4 we describe already estathlograms at NCSU to
mentor/support students from underrepresented growgzhool (MANRRS) and to develop
skills needed to be successful in a research career (@eadasearch Certificate).

Section 2
€)) Plans for the recruitment of outstanding Fellowspecially from underrepresented
groups, including a brief justification for centeg recruitment efforts on any particular

group(s);

Our current core recruiting efforts for graduate sttslerclude the following from our
department: visits of faculty to other universities andersn postings of opportunities through
the internet, mailings to other institutions, and directtacts between our faculty members and

other faculty members in similar institutions.

Orlando Rojas is the NCSU mentor of the NCSU chapter of thealdic Society of Professional
Engineers that currently has 50 undergraduate membeus campus, all of whom are potential
candidates for graduate studies. Likewise, Dr. Vendititbtored a large number of
undergraduate students who have presented their workiousaenues. Another example of
the department’s world-class undergraduate researneftiastis that the department has hosted
several undergraduate students from an NSF-sponsoreddiRbExperience for

Undergraduates (REU)” program; a majority of these stiscane women from minority groups.
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We expect all of these interactions with undergraduatestsdo be fruitful areas to attract a

diverse group of Fellowship candidates.

Our college also has a diversity director with contactstaias with large populations of
underrepresented groups and will help recruit FelloRaxrt of his job is to attend professional
and college fairs and recruit for our college. The collge has a summer research program for
undergraduate students (focus on under-representedsgtbap has attracted some students to
enroll in graduate school at NCSU.

In addition, the diversity director has establishedgssibnal relationships with other
universities, in particular Historically Black Collegaisd Universities and Tribal Colleges with
science and chemistry programs. For example, he has dedeldprulation agreements with
North Carolina A&T State University, Alabama AgriculturaldaMechanical University, and
Tuskegee University for their undergraduate studergpénd a year or more at NC State,
followed by the student entering NC State’s graduate progifter receiving their degree from
their “home” school. Our college is also developing relatgos with other institutions to share

students in our programs.

The diversity director has also developed relationshigs Miva State University, University of
Georgia, Virginia Tech, Shaw University and Clemson Umsiwgr The diversity director will
make direct contact with people at these schools and theols (with and without large
populations of underrepresented groups), explain thefiteof the NNF Fellowship and send
them emails and mailings to distribute at their schools. IFsclaools that we recruit from, we
will make follow-up calls as needed after the initial cohta

As recruiting incentives, we offer graduate students alrstipends, $18,000, full tuition (both
in-state and out of state), and health insurance. For theRgNdws we will initially send out
emails and mailings announcing the availability of theb®larships to a broad range of schools
throughout the U.S. We will also advertise these opportgniin our website and make it a

point to conduct faculty visits to pertinent schools.
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We also plan to pursue NC State Graduate School SuppldRectaiting Fellowships for our
NNF Fellows. These Fellowships provide NC State graduatgrgms with a resource for
recruiting students who will add to the goal of increasiivgrsity in graduate education at NC
State. Applications from underrepresented groups ssiblaive Americans, African-
Americans, and Hispanic Americans are accepted. Themelsware designed to supplement
TA, RA or Fellowship awards to prospective graduate stisdbereby increasing the total
amount of funding offered for the purpose of recruiting sstadents. Directors of Graduate
Programs (DGP's) or Department Heads may apply for Felipvesvards for up to a maximum
of $4000 per student.

Traditionally, students applying to our program have com schools with wood and paper
programs or from chemistry or chemical engineering pragra The schools that have these
programs are U. Washington, SUNY at Syracuse, U. Wisconsier&&oint, Western
Michigan U., and the Miami of Ohio U (pulp and paper) and MiegTech and Oregon State
(wood). Schools that offer undergraduate certificatesulyr and paper include Georgia Tech,
U. Maine, and Auburn U. These schools will be targeted foritexyefforts. Further, we will
also target chemistry and chemical engineering schodiheiMortheast and Southeast, a major

area for the wood and pulp and paper industry.

Underrepresented groups will be recruited from schoolghich our diversity director has
already established contacts, including North Carolind A&ate University, Alabama
Agricultural and Mechanical University, Tuskegee Univigrdowa State University, University
of Georgia, Virginia Tech, Shaw University and Clemsomnvdrsity. We have already set-up
articulation agreements for student exchanges at sev¥ehase schools and have good contacts

at all of these schools that will prove effective for reangi students.

(b) Strategies and procedures for recruiting and séhgcstudents to participate in NNF,
including selection criteria for choosing Fellowfavare outstanding and deemed likely to
pursue degrees in national need areas and preparedreers as food and agricultural

scientists or professionals;
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Please see item 2(a) for our strategy for recruiting Fsllow

Students applying for the graduate program in Wood and Bajpence are required to fill out an
application form that includes the students academic suynana transcript, GRE scores,
TOEFL scores if an international student, and an essayiloiagovhy the applicant feels that
pursuing an advanced degree in paper science will helpithdrair career aspirations. Three
letters of recommendation are also required. The applica#re reviewed by a graduate
program committee and those students accepted are thedeceddor assistantships by the
entire WPS department faculty. This process is used to detewhich applicants have both the
intellectual promise and the internal motivation and diovsucceed in graduate school in paper

science.

In addition to this, we will ask Fellows applicants to dsctheir interest in the national needs
addressed by this proposal to judge their likelihood oficoimg a career in this area. We will
be looking for evidence in their essays and in their recordatEms that the student enjoys
research, wants to work in the broad area of fiber and woedcsiand has the potential to be a

leading researcher in this area.

(c) Plans and procedures for assessing, monitoringliggi and sustaining Fellows’ continued
commitment and progress toward securing an educatigreparation for a career in the
food and agricultural sciences, including the n&twf career counseling to be provided to

Fellows;

Fellows Graduate Program Formal Guidance

The first semester of the Fellowship, one of the principattbrs (PD) of this proposal will be
assigned to assist the Fellow to register for courses.n@thve first semester, the Fellow will
mainly be occupied with taking four graduate courses. KHewanother important activity will
be for the Fellow to interview all faculty in the departmémtiuding the PD’s of this proposal,

in order to develop an appreciation of all researchitiesvin the department. Further, this will

14



allow the Fellow an opportunity to choose an advisor asdarch topic within the Fellows

program.

Once chosen, the PD and student will assemble a researchtteerfion the Fellow. The
committee will meet at a minimum once early in the semestbrthe Fellow to discuss
academic and research progress. During these meetingsllthe Will present the research
accomplishments and the plan for the upcoming semester. omimittee will also review the
Fellow’s performance in classes. Further, the committéewvivene for the Fellow’s®1
proposition, second proposition, and final defense andesigr of these will provide written
and verbal evaluations and recommendations for improwveai¢he Fellow. The program

director will review these evaluations.

Program Co-Directors — Fellows Bi-monthly ProgresdMeetings

There will be a bi-monthly meeting between the Fellond the program co-directors to discuss
and assess the progress of the student and the appragssaténhe proposed Fellow’s program.
Advisors will be invited. Changes in the Fellows prograinas benefit all concerned will be
proposed and discussed in these meetings. If a changegrotiram is warranted, a program co-
director and the Fellow’s advisor will discuss and, pentlegesearch committee’s acceptance,
will implement the corrective action. The agenda of tleeting will be a brief informal
discussion between the Fellows and the director followedal inore formal presentation by one
of the Fellows covering their recent research progresssthem finally a discussion of the

presentation.

Career Guidance

It will be the main responsibility of the advisor/commétto direct the Fellow in activities that
will allow him to explore career opportunities. These ineluslut are not limited to, visiting and
collaborating with production and research facilitieth® wood and fiber industry, attending
local and national conferences, participating in the matgonal experience, attending the annual
Engineering Job Fair at NCSU, and attending the NCSU trpiesd Pulp and Paper Annual

Foundation meeting.
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Further, it will be required for the Fellow to participatehe Graduate Research Certificate

program that involves exploring career aspects in tegamnd research (see section 4).

Towards the last two years of the Fellow’s doctoral expes, the advisor and committee will
firmly encourage the development of a career plan with atkenng goal (such as teaching,
research, industrial research, product development, maweage and a short term goal (i.e.,
obtaining a starting position such as industrial reseaast;goctoral experience, or faculty

position).

In-situ Reporting to USDA

On a quarterly basis, the program director will provide antep the USDA regarding Fellows
recruiting, progress towards degree, research and exjrreports. Problems identified with
the program or students will be identified in the reportguase of correction outlined and a
time-frame for expected improvements and how these withéasured/reported. The research

advisor will be involved in this activity if corrective amtis are necessary.

(d) Plan for achieving a completion rate of greaterrr@0%.

This will be achieved by choosing good candidates foF#i®wships and by providing timely
and effective monitoring, mentoring and corrective aditas in part c of this section).

Also, the recruitment and acceptance of talented andated students in the national needs
area will assist in achieving 90% completion rate. We lzavextensive advertising plan to
contact potential applicants and feel that our assistanpsickage, research opportunities, good
career opportunities, and quality faculty and faciljitmsmbined with the excellent University
and locale attracts excellent students. We review aiplsafor evidence of intelligence,
motivation, and research potential by considering mactpfa such as undergraduate GPA,
recommendations from teachers, GRE scores and an essapidggbe student’s motivation

for attending graduate school. We pay for a campus visitlfdomestic graduate student

applicants.
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(e) A description of the institution's mentoring antletsupport services and how they promote

multicultural and/or first-generation college studeetention through graduation;

NCSU has programs that not only promote academic excelleatalso provide to the students
an opportunity to interact with other students/represigetafrom other Colleges, like our
College of Agricultural and Life Sciences (CALS). Oneamigation that does this is our NCSU
chapter of Minorities in Agriculture, Natural Resources Rethted Sciences (MANRRS). This
is a national organization dedicated to changing the faagrafulture for our future. The group
attends national conferences where students have artwgpoto present research, attain
employment at job fairs, and compete for awards for paaticig in different contests. The
NCSU chapter meets once a month during the semester iroadditloing community outreach
throughout the school year.

Orlando Rojas is the NCSU mentor of the NCSU chapter of theahlis Society of Professional
Engineers that currently has 50 undergraduate membeus campus.

The NC State Women's Center serves as a point of supparbfioen’s issues and concerns.
Men, as well as women, may utilize the resources and seraitessd the programs, participate
in group activities and meetings, and support the cergfogs. In all of its activities, the
Women's Center strives to promote the awareness of radtatat@and ethnic perspectives both
locally and globally. The offered programs reflect a wialege of viewpoints about women's

concerns and gender equality.

The Department of Multicultural Student Affairs (MSA) easches, designs and implements
unique programs that promote the pursuit of academic syaegdsntion and graduation of
students, with an emphasis on African American, Native Asagrand Hispanic students. Many
of the programs and services expand students' cultuiabhavhile honoring their respective
cultural experiences. Multicultural Student Affairs wonksonjunction with a number of
university departments and colleges to conduct progrdatgdeo recruitment, orientation,
retention and graduation in addition to academic, patsprofessional and cultural

development, which foster skills and strategies for beingessful at N.C. State.
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(H Plans for evaluating project management and effeaiss, and for tracking Fellows'
accomplishments after graduation. A discussionogf Bvaluation findings would be used to
modify and improve future opportunities for NNFIBels. Plans for disseminating project

outcomes and achievements to a wide audience oftate and policy makers.

We will develop a file for each Fellow that will include deatranscripts, major reports, major
presentations, all defense materials including comnriéeews, any publications, and any other

pertinent information needed to review the Fellow’s agaishments at NCSU.

A schedule of the main expectations and performance medsutthe Fellows is the following
(performance measure is for the combined group of FeJlfvesars indicate Fellow’s years, not
project years):
Year 1, Semester 1. Pass courses (performance measureAsj5&hoose a research
advisor/project (performance measure: 100% chose atprigject)
Year 1, Semester 2: Pass courses (performance measureAS)5p@ss 2 qualifying
exams (performance measure: 100% pass)
Year 1 Summer: Defend'Proposition (performance measure: 100% on committee
review sheet response of met or exceeded expectatiofoyrpeesearch
Year 2 : Pass Courses (performance measure: >75% A’s), gas$iffing exams
(performance measure: 100% pass), deféhgr@position(performance measure: 100%
on committee review sheet response of met or exceededaipey perform research
(performance measure: 100% submit peer reviewed artig|@eéorm student
experience abroad (or if"3ear)(100% evaluations from overseas advisor met or
exceeded expectation)
Year 3: Pass any remaining courses(performance measia% A’s), present seminar
(performance measure: >75% A’s), perform research (peafocenmeasure: 100%
submit peer reviewed article #2), complete requirementSfaduate Research
Certificate(performance measure: >75% A'’s), submit ppgewed article

18



Year 4: Complete research (performance measure: 100%tqé®nreviewed article
#3), present seminar (performance measure: >75% A’s), ddfesid (performance

measure: 100% on committee review sheet response of metemded expectation),

The research advisor and research committee will usectiesisle as a guideline for satisfactory
progress through the Fellow’s tenure. The program diregtbreport the performance
measures as the % of Fellows that meet the above obgertittee quarterly progress report to
the USDA. Qualitative interpretations will be includedr@otive actions will be taken as soon
as possible to improve in needed areas. This will be donervgcimg the program director,

advisor, Fellow and committee as needed.

Bi-annual telephone conversations with the Fellows lalconducted after graduation and
document the main points of career progress for at leasyéars. It will be the goal of our
program to be able to successfully contact greater %nd the Fellows after graduation. It
will be mandatory for each Fellow to sign an agreement alceapting the Fellowship that they
will commit to updating contact information and providiceyeer progress for at least four years
after graduation. Further, the Fellow’s direct superwigtl be contacted by telephone on an
annual basis to document the employer’s satisfaction irghew’s performance. The
supervisor will be questioned as to how the program coulthpeived. The Fellow’s and
supervisor’s replies to our formalized set of questiotisb@icoded and statistics developed. The
results of our program will be described on our websitetfogrs to benefit from. Further, we
will use the information obtained from graduates as caya@eance tools for new graduate
students and new Fellows, potentially directing cours&\and research topics towards areas of

research identified as important by the Fellows workmigdustry.
(g) Plans for outcomes reporting, including experiehligarning activities, of Fellowship
recipients; and disseminating project outcomes aotp and achievements to funding

agency, a wide audience of educators and policyemsak

Outcomes reporting will involve the program director jpadawg to the USDA a quarterly report

discussing recruiting, progress of Fellows to graduatioluding performance measurables, the
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results of the international experiences, issues thatdrésen, corrective measures taken, and
research achievements. Following the graduation of th@sg the career progress of the

Fellows will be reported to the USDA.

For wide dissemination of the program, a website nestdwiddpartment’s website will be
developed. Actually Fellows will be responsible for théahconstruction of such a website.
The website will contain sections to describe the Felltmesresearch performed by the Fellows,
the international experience reports and presentatiahe é-ellows, and the after graduation
career progress of the Fellows. The website will also dostiatkeof the experiences of the
Fellows when participating in the College Graduate Rekeaectificate, providing a resource

for others on the topics of research ethics, managemergysagéc.
NCSU has free clinics to teach students how to make and maredggites. After the Fellows

graduate, the management of the website will be handlecelproigram director with assistance

from the college webmaster.
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Section 3

Substantiate clearly, with supporting documentatibat:

(1) the facilities and equipment, instructional aredearch support resources and other
attributes (e.g., professional ranking of departtmether funding sources, CSREES program
evaluation) are excellent for providing outstandiegching and research at the forefront of
science and technology related to the chosen diseifor the TESA

(2) Fellowship recipients will be provided with aeula and experiential learning opportunities,
including travel activities, that are germane teithcourse of study to prepare graduates to meet
the national need

(3) the institution is committed to supporting fedlows’ education and research over and
beyond the funds provided by USDA.

(1) Facilities and Equipment

The Department of Wood and Paper Science at NCSU occupiesialip000+ square feet of
laboratory and office space. State-of-the-art instruatemt is available and a brief description
follows (also see http://www.cfr.ncsu.edu/wps/pp/Teckises/processarea.htm).

Our facilities include bench and pilot-scale fiber preoes
units and standard paper and fiber testing laboratofibe
testing laboratories include several mechanical, opdicdl
surface testing equipment. We also have a number of
microscopy and imaging tools including image analysish(bo
microscope and scanner based) for quantifying defect
distribution and size on fibers. Surface analysis teclesigue
available such as roughness, permeability and liquid
penetration, including an ultrasound attenuation macfinis
last instrument is relevant for the quantification of the

Fig 4. Wood and Paper Science adsorption of nano-gram quantities on surfaces.
Department NMR.
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The Hodges Wood Products Laboratory is a 21,000 squaré&folity that contains a wide
range of production woodworking equipment, as well agtgstachines and instrumentation
for investigating the physical and mechanical propertiegood. The Hodges Wood Products
Laboratory contains dry kilns, CNC moulder and routershimg room, hot presses for making
plywood, particleboard and fiberboard, four universal @awetil other testing machines,
conditioning chambers and a wide range of production woddmgpequipment. The Laboratory
serves all activities of the Wood Products Program witleriapartment of Wood and Paper
Science. These activities include undergraduate andageadducation, faculty research,

extension and continuing education, and technical sertacthe wood products industry.

In order to develop fundamental knowledge we also host ap afrresearch instruments:

a Langmuir Blodgett balance, Wilhelmy plate,spinning demsiometer, Atomic Force

Microscope (AFM), Dynamic Contact Angle (DCA) analyzettatis contact angle goniometer,
and fully equipped colloidal chemistry lab. The departhod Wood and Paper Science has
recently acquired a modern Nuclear Magnetic Resonancdr8peter (Bruker Avance 300)
with probes allowing the detection of a variety of nuateluding 1H, 13C, 31P, and 19F
(Figure 4).

Further specialized equipment, such as light reflectonagiyneutron scattering are available at
the Oak Ridge National Laboratory (ORNL). We are a unityepsrtner of ORNL for
collaborative R&D and have access to their distinctivensifie capabilities. Additional
instruments that are maintained in our department and whilcalso be relevant to our project
include:

State-of-the-art chromatographic equipment; namely;hedern GC/MS systems
(Agilent 6890 GC, GCD and a Finigan GC system)

LC/MS system (Waters Integrity system)

Waters HPLC, and size exclusion system equipped with progadte column heater,
with UV & RI detectors

Dionex LC system.

Digital Nikon Optihot polarized microscope,

Digital Instruments AFM,

Perkin-Elmer FTIR spectrometer,

ThermoNicolet Nexus 670 FT-IR/NIR microscope with DRIFE &TR capabilities
Foss NIR with microprobe,

A Fully equipped Instron and composite processing labora

A Rheometrics RSA2 Solids Analyzer,
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TA Instruments Q500, Thermogravimetric Analyzer (TGA )

TA Instruments Q1000, Differential Scanning Calorim¢R$C ) equipped for subzero
and elevated temperature work.

TA Instruments Q 800, Dynamic Mechanical Analyzer (DMA)

TA Instruments Advanced Rheometer AR 2000.

(2) Curricula and Experimental Learning Opportuniti es

The curricula (list of classes) along with other major #etw of the Fellows is listed in Table 4
below. The curricula reflects a multi-disciplinary fledf learning including physics, math and
chemistry as well as some detailed, unique aspects thataheed in wood and fiber science.
Further, the Graduate Research Certificate course m®¥odmal training in research ethics,
methods, and culture. The strategic business practicesctdevelops an understanding in the
student how wood and fiber industry businesses can be eperad managed ethically and
profitably in order to be more competitive globally. Mdaletail and the important outcome traits
developed in the students can be found in section le. T@r@adtional Experience, teaching
assistantship, seminar, and elective courses may occineatiotes depending on the need/fit of

the Fellow.
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Table 4. Course/Activity Sequence for Fellows

Year | Fall Semester Spring Semester Summer

1 Recruiting

2 WPS 565, Biomaterials Physics WPS 721, Wood Chemistry Prepare T Prop.
CHE 461, Polymer Chem/Science | WPS 595W, Wood Mechanics and Physi¢sResearch
MA 540, Adv. Math for Engin. WPS810G, Graduate Research Certificate
MA 576, Experimental Statistics

Pass 2 Qualifying Exams

Choose research advisor

3 WPS 715, Surface/Colloid Science| WPS 760, Process Engineering Defend 29 Prop.
TXT 670, Mech/Rheol Propts Fibers WPS 5951, Biomaterials Charact. Research
Defend ' Proposition Pass 2 Qualifying Exams
Research Prepare %' Proposition

Research

4 WPS 595 Strategic Business Pract| Elective International Exp.
Elective Teaching Assist
Seminar Research
Research

5 Elective Research Research
Seminar Defend Dissertation
Research

6 Research/ Defend Dissertation (if needed)

WPS Technical Offerings Descriptions:

WPS 565 — Biomaterials. Physics Fibers and boretsyark geometry, sheet structure, formation,
thickness and roughness measurements, pore sidbutisns, distribution of constituents and their
determination, effects of sheet composition anacstire on optical properties. In-plane properties o
paper, cyclic loading, failure and fracture mechanPage's equation, structural mechanics of papeth
dimensional stability, theology and moisture effettansport phenomena, absorbency, and swelling.

WPS 715 - Surface and Colloid Chemistry of Papemgpak he fundamental principles of surface and
colloid chemistry important in paper making andrtla@plication to optimizing wet-end processes.
Electrokinetic basis of flocculation, retention asttier wet-end phenomena and the science of wet-end
additives.

WPS 721 — Wood Chemistry. Fundamental chemistrypduydical chemistry of mono-saccharides and
polysaccharides with emphasis on hemicellulosecafidlose. Topics including construction and
configuration, stereochemistry, solution propertraslecular weight determination and reactivityeTh
biosynthetic pathways, structure and reactivitligifin and wood extractives with emphasis on topics
important to pulping and conversion to useful bgearcts
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WPS 760 — Process Engineering Design. and analf/lser processing units; principles of chemical
and energy recovery technologies

WPS 595 — Strategic Business Practices in the Fhragstries.

WPS 595I - Biomaterials Characterization Chemisdnaglytical tools and technigues including thermal
analysis, atomic force microscope, surface analgsid chemical analysis.

WPS595W - Wood Physics. Density, specific gravitg anoisture content variation affecting physical
properties; physics of drying at high and low teraperes; thermal, sound, light and electrical props
of wood.

WPS810G - CNR Graduate Research Certificate. Peswgdaduate students with skills and knowledge to
initiate, conduct, and report research projectsasgfully when they become scientists or reseascher
industry, government, and academia. Includes fajonareas of the research process; Research
Administration and Grant-getting, Personnel Managignand Job Placement, Research Ethics, and
Communication Skills.

Description of an International Experience for Fedws

One of the main benefits of this Fellowship will bee international exchange of research
Fellows to perform strategic research activitieslahoratories overseas. In the process, the
Fellows will be exposed to new cultures and anrim#gonal perspective on their project and
science in general. Based on previous exchangesosmpbing collaborative work, we have
identified three main opportunities for educatioml &cientific exchange with Spain, Finland and
Venezuela (letters of support are included in frisposal; areas of expertise are discussed

below).

The exchange period will vary from 2-6 months, deleg on the activities. The host institution
will arrange local supervision and all laboratoagifities necessary to achieve the tasks of the
scientific mission. Six months prior to the interamal experience, each Fellow will research
the three identified international department/orgation (partner) and make a presentation
about each department’s faculty and equipment ciesbto the program director and to the
research advisor. The Fellow and the advisors twhtdetermine which department and faculty
member could provide resources that would complerte® Fellows graduate research. For
instance, does the international department haey giece of equipment, expertise, or software
to add a new, complementary dimension to the Fela®re research? After identification of

the international department/faculty member, there wilh bequest made to attend there.
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During the visit, the Fellow will have two tasks:

LT A (1) to perform research on their PhD project,
ARG T, 2 Pt
D Ll (i L N N N T T N .-
& TOEeEmL G fth == and (2) to develop an appreciation of the culture
PR a8 L 7
Nl Y & iy o herd W7 of the research department and the wood and
=y AR e e R
o A TN, fiber industry in th try. A tation of
- e AL e iber industry in the country. An expectation o
i, WAly % A o e
& Sh =e~... the visit is to complete a significant scientific
1 = O . _
o - ~ % » study that will contribute to the Fellows’
doctoral dissertation, as a goal, a chapter in their

thesis. The research project should be writteraugh reviewed by faculty advisors at NCSU

and the international faculty member partner prior tactirapletion of the visit.

To succeed at task (2) the Fellow will need toringav the entire faculty in the department and
the graduate students. Also, the Fellow will néedsisit at least 3 other manufacturing or
research centers of pertinence to the area of vmoddiber engineering in the country. Before
the end of the visit, the Fellow will present a dép&ntal seminar at the international

department on their research findings to date.

Upon return of the Fellow to NCSU, the Fellow willegent 2 seminars, one on their work
during the international experience and one on if2jna report on an overview of wood and

fiber engineering research and manufacturing indbentry visited. The seminar for item 2

(PowerPoint slides) will be posted on the website

Benefits of the experience include:

Cultural appreciation of other country
Development of international contacts
Development of international perspective of wood and dileagineering

Progress on research with unique equipment/capabilibiefoand at NCSU
Communication of findings to the WPS Department.
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(3) Evidence that the Institution is to Committed b Support Students Beyond the NNF-
USDA Support

Other Commitments from the Department

The WPS department has historically provided a teachsigtastship (stipend, tuition,
insurance, fees) for first year graduate students. Tpiscst is intended to provide the student
with the time needed in the first year of studies to compiet€ore courses in our program and
to determine their research interests and prioritize afligtesis topics aligned with specific

advisors. The WPS department

| AT
will offer this one-year j

assistantship to the NNF Fellows
during their fourth year of studies
(instead of their first year). A
letter of commitment from the e .
department head is attached. This § « »

will insure that the Fellow is 2 T ""

- o -
supported for four years, an s a2 @ {

adequate time to complete a Figure 5: Education and research, including expeseabroad,

and extension and outreach, are main componemsrajraduate

doctoral degree. If needed, the
program.

research advisor of the Fellow

will endeavor to continue funding for the fifth year ofdstdrom external grants. The
department will alsprovide airfare for the experience abroad progrésee letter of
commitment). The University suppliesit of state tuition remissidie graduate students, worth
$12,000 per year per student. Our department, faculty affidstacommitted to produce
outstanding graduate and undergraduate students thedughtion, research and extension (see

Figure 5).
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Research Funding Sources

Please refer to Table 2 for information on recent majotraots and grants obtained by paper
science faculty in the WPS Department. Table 2 reflaetgjtantity and breadth of a diverse
group of research activities in which Fellows could paddigitbe involved or interact with.

From funding sources like those listed in Table 2, NNF kallwill receive support for
materials, equipment, travel, etc, through their tenure at Hte.§Our department has
historically supported graduate students by providiipgsts, health insurance, tuition, and lab
fees from research grants after the student’s first yelfaculty are committed to maintaining
funded research programs that provide equipment, matesigdplies, support for travel and

other resources to perform and disseminate research.)

For students from underrepresented groups, the Univaastyavailable NC State Graduate
School Supplemental Recruiting Fellowships of an aduidi®4000 per student. While there is
no guarantee of getting this, we have historically obththes supplement for greater than 90%

of minority applicants.

Instructional and Support Resources
Instructional and support resources are made availagiatmate students in our department
and a select list of these follows:

Computing accessibility provided with 2 computer labsinithe college. All graduate
student offices have PCs also in them.

Free access to most of the modern software packages sucbtrasdftiOffice,
Mathematica, SAS statistical package.

Internet access provided by NCSU.

High ranking library on campus with library exchange paogiand modern electronic
search databases.

Free tutoring in the College of Natural Resources

Free math consulting from the Statistics Department.

Telephone, copying, faxing, etc., are provided by the departiméme students.
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Section 4
Identify any innovative, special features of thegmsed project that will be available especially

to Fellows, or required as a part of their degreegrams.

Graduate Research Certificate

Fellows will be required to obtain a Graduate ResearchfiCate as part of their Fellowship.
The College of Natural Resources Graduate Researchi€zaei{GRC, http://natural-
resources.ncsu.edu/grc/) was developed by the Dean of llege€of Natural Resources to
provide graduate students with skills and knowledge t@miajtconduct, and report research
projects successfully when they become scientists canadssrs in industry, government, and
academia. The GRC provides a comprehensive introductiofont major areas of the research
process, research administration and grant getting, pgbmanagement and job placement,

research ethics, and communication skills, as shown in tigggm outline:

1. Research Administration and Grant- 2. Personnel Management and Job
getting Placement
Pre-Award Leadership workshop

* Budgeting
» Subcontracting
* Cost-sharing
* Cost-Matching
Proposal preparation
Post-Award
* Federal reporting
» Cost-accounting standards
* Regulatory compliance
» Safety
* Animal use and care
* Human subjects
* Intellectual property
Understanding funding opportunities
Technology transfer
Regulatory compliance
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Post doctoral opportunities
Team building
Managing policies and procedures
Preparing for employment
* Resume
* Letters
* Interviews
Personnel supervision
Hiring, evaluation, and termination
Mentoring
Technology and research

(continued)



3. Research Ethics

Authorship and peer review
Professional responsibility, conduct
Scholarly misconduct

Conflict of interest and commitment
Technology and Values

Ethical use of statistics

4. Communication Skills

Technical writing

Presentation skills

Journal reviewing

Poster presentation

Outreach and engagement
Mentoring undergraduate research

Graduate students acquire some of the needed skills andekig@informally during their
studies but the GRC program assures systematic coverageeordy noted experts. The
program will make CNR students leadership-ready as tiiegnae to the research workplace.

The GRC requires completion of a minimum of 3 units in eatcheoft program areas listed
above and a total of 16 units. Units will be given for pasaif@rmal course on research (8
units), for presenting a seminar sponsored by the GRC (1 famiittending a 4-hour formal
workshop sponsored by the GRC (1 unit), or for other actveieeh as presentations made at

national conventions or acceptance of a research aniel@eer-reviewed journal.

Development of Leadership

In addition to the GRC, the International Experience, theagament of the website and other
activities, two other activities are planned to enhancedwelopment of leadership qualities:
being a teaching assistant in an undergraduate WPS ¢oegs@ed for graduate students) and

organizing a poster session for the annual Pulp and Papea/fAéundation meeting.

For the teaching assistant, the responsibilities wilLishelthe management, supervision and
student evaluation of an undergraduate laboratory. Tk@\Fmust utilize organizational,

planning, and communication skills to make the lab suaglessf
For the poster session each year, one Fellow will be asdiigaeask of making a call for

posters, accepting posters, securing judges, writing upo# rfep the website/departmental

newsletters and other event coordination activities.
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