
Oil lubricants play an indispensable role in numerous machines, for they not only improve the durability by 
reducing friction and wear but also increase energy efficiency. While inorganic and metallic nanoparticles 
(NPs) are promising oil lubricant additives for friction and wear reduction, they have a strong tendency to 
undergo aggregation and precipitate in base oils such as polyalphaolefin (PAO). We recently developed 
oil-soluble polymer brush-grafted NPs (hairy NPs) by growing polymer chains from NPs via surface-
initiated polymerization. These hybrid NPs exhibited superior dispersibility and stability in PAO and 
effectively reduced friction and wear when used as oil additives. To study the effects of brush composition 
on hairy NPs’ properties, we synthesized a series of poly(alkyl methacrylate) brush-grafted, 23 nm silica 
NPs with various alkyl pendant groups. We found that hairy NPs with sufficiently long alkyl pendants 
(containing > 8 carbon atoms) exhibited excellent stability in PAO, whereas those with shorter pendants 
could not be dispersed at ambient conditions. High-contact-stress ball-on-flat reciprocating sliding 
tribological tests revealed significant reductions in friction (up to 38%) and wear (up to 90%) for 1.0 wt % 
homogeneous dispersions of hairy NPs in PAO compared with neat PAO. By combining oil-soluble hairy 
silica NPs and an oil miscible ionic liquid (IL) as additives for PAO, we further achieved improved 
lubricating performance. Energy dispersive X-ray spectroscopy indicated that both hairy NPs and the IL 
were involved in the tribochemical reactions, which strengthened the tribofilms and improved the friction 
reduction. These results demonstrate that hairy NPs are promising oil additives for friction and wear 
reduction.  
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Bryan Seymour received his B.S. in Chemistry from Georgia Southern University in Statesboro, GA. During 
his undergraduate career, he participated in undergraduate research with Dr. Ji Wu on synthesis of carbon 
nanotubes and assembly of coin cell lithium ion batteries. In August, 2014, he started his graduate school 
at the University of Tennessee Knoxville (UTK) and subsequently joined Dr. Bin Zhao’s group. His 
research focuses on oil-soluble hairy NPs for use as friction- and wear-reducing oil additives. Bryan is the 
2018 recipient of the Burchfield Burridge Warner Fellowship in Polymer Chemistry and a winner of the 
2018 Board of Visitors poster competition in the Department of Chemistry at UTK. He is interested in 
pursuing an industrial career in polymer chemistry after graduation. 
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