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Abstract: 

 
Steel, a iron (Fe) alloy, has continued to be dominant structural and construction component for 

>100 years owing to its superior material and physicochemical properties. However, corrosion – 

unwanted metal oxidation – still leads to structural weaking and material failure. Coatings remain 

the mainstay in inhibiting corrosion with 3 main types: physical, sacrificial, and inhibitive. Novel 

coating methods and materials are still being sought. Indeed, ‘corrosion’ accounts for billions of 

dollars in spending globally per year. Zinc (Zn) continues to be a cornerstone coating material 

owing to its lower oxidation potential compared to Fe, making it act as a sacrificial anode, and 

good abrasion resistance. Nanofunctionalized coatings have also been able to enhance 

anticorrosion performance. Herein, water-in-oil nanoemulsions have been explored as confined 

nanoreactors for electrochemical functionalization of steel surfaces. Zn-containing nanoemulsions 

were stabilized by alkylphosphonium ionic liquids (ILs) with Zn electrodeposition investigation 

probed at ultramicroelectrodes (UMEs) using single-entity electrochemistry (SEE). The emulsions 

were prepared from aqueous ZnCl2/LiCl aqueous droplets dispersed in α,α,α-trifluorotoluene 

(TFT)  containing  IL  salts  composed  of  trihexyltetradecylphosphonium  (P66614
+)  paired  with 



different anions, including Br−, NTf2
−, and TB−. CTAB was used in some cases to examine its 

influence on emulsion behaviour. Dynamic light scattering (DLS) measurements showed 

noticeable changes in droplet size and stability when the IL-type, water-in-oil ratio, salt 

concentration, and pH were changed. The P66614Br system formed smaller, more stable droplets 

than NTf2
−and TB− making it the focus moving forward. Electrochemical experiments were then 

carried out at carbon fiber, platinum, and stainless-steel inlaid disc UMEs 7, 25, and 25 μm in 

diameter, respectively. In SEE experiments, stochastic droplet impacts generate transient current 

signals in the current-time (i-t) response. The shape and frequency of these events depend on both 

the emulsion composition and the electrode material. To better examine the contribution of 

hydrogen evolution during Zn electrodeposition, additional experiments were performed using 

MgCl2-containing droplets as a control. SEM analysis showed differences in the deposited 

structures resulting from emulsion conditions and the substrate used. Overall, the results show that 

nanoemulsion composition and droplet behaviour can strongly influence confined Zn 

electrodeposition. This work also provides further insight into the relationships among emulsion 

stability, stochastic electrochemical signals, and metal-deposition processes relevant to Zn-based 

corrosion protection systems. 
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