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Abstract  This study comprise a comparative 

analysis of the effects of polyethylene glycol (PEG) 
and other additives used in copper electrodeposition 
processes over 316 L stainless steel permanent cath-
odes.  Both cyclic voltammetry and potentiostatic 
pulse techniques showed analogous results with re-
gard to the increase in the use of the real organic ad-
ditive and the persistence of a more constant rough-
ness level at higher electrodeposition times when 
PEG baths are used instead of baths containing glue.  
The mechanism taking place in the presence of PEG 
corresponds to two-dimensional nucleation together 
with three-dimensional diffusion grain growth.  Fur-
thermore, the contribution of the hydrogen evolution 
reaction (HER) was observed at t > 15 seconds when 
additives of PEG + thiourea were used, while the 
same contribution was observed from the beginning 
of the reaction in the case of solutions without PEG.  
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I. INTRODUCTION 
Several different additive formulations have been tested 
for use in industrial copper electrocrystallization pro-
cesses, replacing copper mother cathodes with perma-
nent stainless steel cathodes.  

In this study, based on previously analyzed results 
by using this polymer on different substrates, such as 
silicon (Muñoz et al., 2006), polyethylene glycol (PEG) 
was chosen as an additive to improve the quality of the 
resulting electrodeposits.  Various studies (Hill and 
Rogers, 1978; Healy et al., 1992; Stoychev and 
Tsvetanov, 1996; Stoychev, 1998) have reported the ac-
tion of PEG on copper reduction and deposition; these 
studies prove that the chloride ion greatly influences the 
formation of bonds between the copper-polymer com-
plex and the cathode surface and also that the polymer 
inhibits copper deposition in the absence of Cl- 
(Bražinskienė et al., 2005; Tan et al., 2007). 

When the PEG polymer chain is on the surface of 
the metal, the electron clouds present make the PEG 
adopt a structural form with its hydrophobic part orien-
tated towards the liquid bulk, thus increasing the 
overpotential for the hydrogen evolution reaction 
(HER); this improves efficiency, and contributes to nu-
cleation and growth processes.  Furthermore, Kondo et 
al. (2003) observed that these high molecular weight 

molecules are usually adsorbed on the edges, thus con-
trolling dendrite formation. 

An optimization criterion for the different organic 
additives was defined for this comparative study.  This 
criterion was related to the additive quantity used in the 
electrolytic bath that was determined using cyclic volt-
ammetry (CV) and potentiostatic nucleation pulse (PP) 
techniques, both individually and with mixtures of the 
additives. Finally, the results were submitted to deposit 
morphology analysis using Atomic Force Microscopy 
(AFM). 

II. MATERIALS AND METHODS 
The electrolytic solutions were prepared using the fol-
lowing analytical grade reagents: 

H2SO4 (160 g l-1) and CuSO4 × 5H2O (40 g l-1 cop-
per) (Aldrich), PEG (PEG 3000, Merck), thiourea 
(Fluka >99% purity) bone glue, and Avitone (Avitone-
A, DuPont U.S.A).  

The deposit tests were carried out using two differ-
ent cell types: 
• A Jar test cell: a three-electrode electrolytic cell (80 
ml) with controlled temperature inert gas injection (ar-
gon) and a working electrode area of 0.196 cm2, which 
is used for electrochemical analysis. 
• A bench scale cell: a 250 ml parallel plate cell with a 
16 cm2 electrode area; the current density applied was 
300 Am-2, this cell was used for AFM analysis. 

In both cases and before each test, the steel cathodes 
underwent a polishing and cleaning process.  All exper-
iments were carried out in a thermostated mode (60ºC), 
without stirring.  

A Potenciostat/Galvanostat, (EG&G Princeton Ap-
plied Research 273-A) was used for the cyclic voltam-
metry and i/t transient measurements, with an 
Hg/HgSO4 reference electrode saturated with K2SO4 
(ESHg) and a copper wire counter electrode. 

Sodium Chloride was added in all tests to reproduce 
more realistic conditions for the processes. 

The AFM images and average porosities were ob-
tained using a Digital Instrument Nanoscope IIIa series, 
used in tapping mode at a scan rate of 0.02 µm s-1. 

Calculations 
An efficiency factor was defined (Eq. 1) for the evalua-
tion of the optimal additive concentrations in a range of 
interest to industry.  This factor (% Ef-CV) corresponds 
to the ratio between the oxidation charge (QA) and the 




