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Abstract 

The deposition mechanism in cold spray (CS) relies on high-v

elocity impact, where intense plastic deformation fractures an

d removes the native oxide film, exposing nascent metallic su

rfaces that subsequently bond. However, the extent of plastic 

and shear deformation is highly non-uniform, producing regio

ns near the interface where adhesion is hindered. To address 

the challenges associated with such non-uniform bonding, this

 presentation introduces advanced mechanical approaches, incl

uding the exploration of bonding conditions through single-p

article impact experiments and the nano- to micro-scale mech

anical evaluation of adhesion strength. 

In situ microparticle impact experiments, combined with site-s

pecific micromechanical testing, reveal the detailed micromech

anics of the bonding process. Our findings demonstrate a pro

nounced gradient of bond strength across the interface, with 



 
 

 

 

 

the maximum occurring near the periphery. This gradient is li

nked to localized surface opening during the early stages of i

mpact. Transmission electron microscopy (TEM) observations f

urther show that stronger bonding correlates with the transfo

rmation of the native oxide structure from continuous layers i

nto fragmented debris. 

Metallurgical bonding is thus found to require both sufficient 

surface exposure through lateral expansion and high local con

tact pressures to achieve atomic proximity. We present a pred

ictive framework in which bond strength is proportional to th

e effective pressure and degree of surface exposure, validated

 by finite element simulations demonstrating that increasing i

mpact velocity enhances bond strength. This research provides

 critical insights for optimizing cold spray processes. 

 


