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Project Overview
Center for Sustainable Lightweight Advanced Materials (C-SLAM) was established at Tuskegee University (TU) with the
funding from NSF for a period of five years starting October 2018. Collaborators from Within the USA include Auburn
University (AU), Cornell University (CU) and several industry and national laboratories. International collaboration is built
upon the existing relationships with researchers from Brazil and India. The research focus areas of the proposed center
include three synergistic subprojects:
I). Nanobiomaterials Extraction,
II). Biopolymers Design and Synthesis, and
III). Advanced Green Composites.
Activities in Subproject I include synthesis of a variety of nanomaterials from waste resources like rice husk, bone ash, fish
scales, etc., extraction of cellulose in various forms and lignin from plants, and production of nanofibers. Activities in
Subproject II include synthesis of biopolymers from lignocellulosic biomass, development of resins with excellent thermal
and mechanical properties from agricultural and food processing wastes. Subproject III activities will focus on development
of advanced green composites through the use of plant fibers, liquid crystalline and bacterial cellulose fibers. In addition,
durability and toughening characteristics of advanced composites will be enhanced through development of autonomously
self-healing polymers and composites, toughened fibers and resins. Partnership from within the USA and abroad, personnel
from industry and national laboratories will ensure addressing basic science questions while solving global problems.
The Vision of the CREST center is to accelerate research in multiscale advanced lightweight materials, development and
commercialization through collaborative research with applications in critical industries in the State of Alabama, the nation
and beyond, and training of the next generation of STEM graduates.
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Nanobiomaterials Extraction

Nanoscale Hydroxyapatite Synthesis: The microwave synthesis technique was used to 
produce nHA nanoparticles in 15 min from waste egg shells and sea shells 

Nanobiomaterial Synthesis,  Scaffold Fabrication and  Biological Studies
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Figure 5. SEM micrographs showing cell interactions on 
1) ESnHA 2) LNn HA, 3) QSNn HA based scaffold surfaces over 
various time frames (a)12 Hours, (b)1 Day, (c)3 Days, (d)5 Days.

Fig 4: 3D Printing of a Scaffold

 nHA particles were successfully synthesized using microwave heating from waste eggshell and seashells.

 nHA infused Polycaprolactone polymer Scaffolds were 3D printed and osteoblast cell studies indicated that
the cell proliferate over various time frames

CONCLUSIONS

https://www.sciencedirect.com/science/article/pii/S2238785420318160
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Biopolymers Design and Synthesis
Transformation of Bio-oil into High Value/Performance Products

Carbon Lignin based Fibers

 Biomass (pine wood: Loblolly Pine) is converted to vapors, aerosols and chars in the absence of oxygen at elevated 
temperatures (400 – 600ᵒC). Vapors and aerosols are then rapidly condensed, and bio-oil is produced.

 Bio-oils are organic, highly oxygenated liquids, with a complex chemical structure  CH1.4O0.6 (42wt% oxygen).
 Utilize lignin to create a nanosized carbon fiber -Activate the carbon fiber to create a high capacitance material



52021 Virtual HBCU-UP/CREST PI-PD Meeting

Advanced Green Composites
Self-Healing ‘Green’ Thermoset Zein Resin using Multi-geometrical Starch-
based/Poly(D,L-lactic-co-glycolic acid) Microcapsules

WMS = Waxy Maize Starch
OWMS = Oxidized Waxy Maize Starch
PLGA = Poly(D,L-lactic-co-glycolic acid)
PVA = Poly(vinyl alcohol)

SEM Images of (a-d) WMS/PLGA MCs and (e-h) 
OWMS/PLGA Microcapsules (MC)

a) Procedure for Self-healing Test(b) 
Typical Load-Extension Plots of Virgin and 
Healed Pure Zein Resin & Zein Resin 
Containing 15 wt% WMS/PLGA and 15 
wt% OWMS/PLGA MC (c) Self-healing 
Efficiency of Zein Resins Containing 
Different Loadings of WMS/PLGA or 
OWMS/PLGA MCs

Multi-geometrical Shaped Microcapsules Containing Healant (WMS or OWMS) are Prepared 
Using a Combination of Co-axial Technique + w-o-w Method and Multi-geometrical Shaped 
Microcapsules Result in Enhanced Self-healing Efficiency than Spherical Microcapsules

CONCLUSIONS


