[2DMSUMMIT2025 November 17-20, 2025 - Abu Dhabi (UAE)

Barriers & Opportunities for Graphene and Graphene-Like Materials in
Smart and Innovative Infrastructure
Ahmed Al-Ostaz, Hunain Alkhateb, and Sasan Nouranian

Center for Graphene Research and Innovation, University of Mississippi, Oxford, Mississippi, USA
alostaz@olemiss.edu

Abstract

Graphene and its derivatives (graphene oxide, reduced graphene oxide, nanoplatelets) offer dramatic
property enhancements — mechanical strength, barrier performance, conductivity, and surface
chemistry — that make them attractive additives for long-lived, resilient infrastructure.

For asphalt, low-load additions of graphene-based materials can increase stiffness, rutting resistance,
fatigue life, moisture tolerance, and resistance to UV aging, potentially lowering life-cycle maintenance
costs. Early field trials and lab studies indicate measurable durability gains but highlight cost, scale-up,
and mixing/dispersion challenges.

In concrete systems, graphene derivatives can accelerate hydration, reduce microcracking, improve
shrinkage resistance, and strengthen barrier properties against chloride ingress and steel
reinforcement corrosion. These improvements enable either higher-performance mixes or cement-
reduction strategies that lower embodied CO,. Yet, uniform dispersion, compatibility with admixtures,
and techno-economic feasibility at construction scale remain open questions.

Graphene-enabled membranes and composites hold transformative potential for water filtration and
desalination: atomically thin layers and functionalized GO laminates can deliver high permeance with
selective ion/contaminant rejection, and hybrid membranes show improved fouling resistance. Key
barriers are manufacturing of large-area, defect-free membranes, long-term aqueous stability, fouling
control, and integration into existing module architectures at scale.

Cross-cutting opportunities emerge at the interface of materials science, manufacturing, and field
engineering: (1) targeted functionalization and standardized nanoparticle specs to ensure reproducible
performance; (2) scalable dispersion and mixing processes compatible with hot-mix asphalt and
concrete batching lines; (3) life-cycle and techno-economic assessments to quantify carbon and cost
benefits; and (4) pilot demonstration projects with public agencies and industry partners to validate
long-term field performance and regulatory acceptance. However, non-technical barriers — supply
chain maturity, regulatory standards, worker safety/handling protocols, and warranty/liability
frameworks — are equally decisive for industry adoption.

The Center for Graphene Research and Innovation (CGRI) at the University of Mississippi is actively
building an industry-university consortium to address these translational gaps by combining materials
characterization, pilot-scale processing, and field demonstration partnerships. CGRI’s agenda
explicitly targets scalable fabrication, performance testing in civil materials, and connecting industry
stakeholders to regional manufacturing capacity — positioning the center as a hub to move graphene
technologies from lab-scale promise to infrastructure deployment.

Takeaways for industry: prioritize pilot projects that couple rigorous life-cycle analysis with practical
batching and application trials; invest in standardized material specifications and supplier
qualification; and pursue public-private partnerships to derisk field demonstrations that can unlock the
large, durable cost and sustainability benefits graphene can offer for infrastructure systems.
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