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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 

Electropolishing is a surface finishing process of metals and alloys that enhances brilliant surface finishes with low surface 
roughness values. The most widely used electrolytes for the electropolishing of stainless steel are varying concentrations of 
phosphoric and sulphuric acid, and occasionally additives such as chromic acid. The objective of this study was to assess the 
performance of three commonly used industrial electrolytes in terms of the surface gloss of electro polished stainless steel AISI 
316L. Each electrolyte had varying sulphuric-phosphoric acid combinations with or without chromic acid. The following 
electropolishing conditions were assessed: current density, bath temperature, electropolishing time, electrode position, and initial 
surface texture. The results revealed that adding chromic acid to the electrolyte did not significantly enhance gloss ranges. Current 
density and electropolishing time were the most significant parameters of surface gloss. 
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1. Introduction 

Electropolishing is an electrochemical surface finishing process for metals and alloys that enhances brilliant surface 
finishes with low surface roughness (Ra < 0.2 µm), without residual surface tension, and improves corrosion resistance 
[1-4]. Moreover, as electropolishing has its greatest impact primarily on surface texture peaks, it achieves high degrees 
of surface gloss. The material to be polished is connected to the anode in the electrolytic cell, with a uniform separation 
between electrodes, using two plates of the same material as cathodes (see Fig. 1a). When an electrical current is 
applied a polarized layer is formed on the metal surface that generates the diffusion of metal ions (see Fig. 1a). 

The microscopic high points or “peaks” and the micro-depressions or “valleys” receive greater current density and 
dissolve faster than other surface areas, and levels the peaks and valleys by polarizing the anode in the viscose 
electrolytic surface layer containing the loose metal debris. The electrical conductivity of the anodic layer is less than 
in the remaining electrolyte, and the layer is thicker in the micro-valleys than on the micro-peaks. This reduces current 
resistance in the micro-peaks and dissolves them faster than in other areas of the anode surface.  

The electrolytes used for the electropolishing of steel stainless consist of varying phosphoric and sulphuric acid 
concentrations according to type of material to be electropolished [5]. Occasionally, additives are used to improve 
process properties such as glycerol [1,2], or chromic acid for brilliant surfaces [6], but with the drawback of being 
highly toxic and dangerous to handle. The optimization of electropolishing conditions is a critical aspect involving a 
host of factors that influence process performance [7,8].  

The aim of this study was to assess the influence on surface gloss [9,10] of three industrial electrolytes (Table 1) 
widely used for the electropolishing of AISI 316L. This stainless steels is one of the most frequently used for the 
manufacture of deposits, containers and instruments for the food industries [5,7,8], and biomedical applications [11].  
Table 1 shows two electrolytes with varying phosphoric (45% and 63%) and sulphuric acid (15% and 35%) 
concentrations, and a third electrolyte with chromic acid (3%) that were assessed to determine their impact on 
electropolishing performance in terms of improving surface gloss. The electrolyte concentrations interaction with 
process control conditions were analysed i.e., influence of current density (J), bath temperature (T), electropolishing 
time (t), electrode position (P), and initial surface roughness ( ).  

Table 1. Electrolyte concentrations. 

Electrolyte H2 SO4 [%] H3 PO4 [%] Cr2 O3 [%] H2 O  [%]

E1 35 45 0 20

E2 35 45 3 17

E3 15 63 0 20

2. Experimental Set-up 

A total of 768 rectangular 70x30 mm2 and 2 mm thick stainless steel workpieces AISI 316L (ISO 4954, 
X2CrNiMo17133E, C-0.03%, Si-0.50%, Mn-1.38%, Ni-10.08%, Cr-16.93%, Mo-2.05%, N-0.05%, S-0.01%, P-
0.034%, bal. Fe) [12] were electropolished (Fig. 1a). Two initial surface roughness and electrode positions were 
evaluated: texture  (0.5 ≤ Ra ≤ 0.8 µm), and texture  (1 ≤ Ra ≤ 1.3 µm); and electrode position P1 (distance 
between electrodes 150 mm), and electrode position P2 (distance between electrodes 300 mm), respectively. The Fig. 
1b shows the workpieces and sampling areas for the characterization of the surface gloss (area 1, area 2 and area 3 at 
25-40-55 mm respectively) using the Elcometer 6012 glossmeter [9,10]. The 10 mm workpiece length used for 
clamping was not submerged into the electrolytic bath. For the analysis of process control parameters: current density 
J [A/dm2], bath temperature T [ºC], and immersion time t [min], a factorial design with 3 variables at 4 levels: current 
density (10, 29, 48 and 67 A/dm2), bath temperature (35, 45, 55 and 65C), and electropolishing time (3, 14, 25 and 
36 minutes) was performed for both textures and the two previously specified electrode positions. The electropolishing 
process involved 5 stages: (1) ultrasonic degreasing with tensoactive agent diluted in water at a temperature of 50C; 
(2) washing with deionized water, (3) hot air drying of workpieces (4) electropolishing under controlled electrical 
current intensity, bath temperature and immersion time; (5) washing of workpieces to eliminate electrolytic residue; 
and (6) hot air drying of workpieces. 
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Fig. 1. (a) Electropolishing cell; (b) Workpiece and sampling area. 

3. Results 

The results in Fig. 3 for the gloss surface obtained in electrode position P1 and the initial texture  show that E1 
and E2 exhibited a very similar behaviour and obtained the best gloss results. This revealed that adding chromic acid 
(3%) to electrolyte E1 did not significantly improve surface gloss. Electrolyte E3 showed the worst gloss performance 
in most of the test conditions, indicating that concentrations of sulphuric acid and phosphoric acid were decisive for 
gloss performance. The maximum gloss ranges obtained for this combination of position P1 and texture  were 
within the range of 3.5004.500 (GU), with electrolyte E2 achieving the highest gloss ranges, as compared to 
electrolytes E1 and E3. For current density 10 A/dm2, these maximum gloss ranges (3500GU) were obtained with 
the maximum electropolishing time (36 minutes). For current densities above 10 A/dm2, in most cases the maximum 
gloss ranges (3500GU) was obtained with an electropolishing time of 14 minutes, beyond this time no significant 
improvement was observed or the gloss range even worsened. As for electrolytic temperature, this parameter had little 
impact on gloss surface. An interaction was observed between temperature, electropolishing time, and current density. 
Gloss performance was poor at a temperature of 35C for electropolishing times of 3 to 14 minutes, with similar 
results being obtained for the other temperature settings and electropolishing times. At a low current density (10 
A/dm2) the gloss values obtained with electrolyte E2 improved substantially with increased temperature, but this did 
not occur with the other current intensities or electrolytes. Moreover, an important interaction was observed between 
current density and electropolishing time. Current density and electropolishing time were the most significant 
parameters determining surface gloss. With a 3-minute electropolishing time, differences in gloss were determined by 
current density. Substantial increases in gloss were observed with increased current density, with variations ranging 
from 0(GU) for current density of 10 A/dm2, to 2500(GU) for density of 67 A/dm2. Similar differences were 
observed for 14-minute electropolishing times, ranging from 5001500(GU) at low current density (10 A/dm2), to 
35004500(GU) at high density (67 A/dm2). As for electropolishing time, a quasi-lineal increase in surface gloss 
was observed with an increase in electropolishing time at low current density (10 A/dm2). For the other current 
densities, the highest increase in gloss was found at 3 to 14 minutes, with high gloss speeds. Beyond a 14-minute 
electropolishing time, the gloss stabilized or even worsened in some cases. This implies that maximum gloss ranges 
can be achieved with only 14 minutes of electropolishing, which substantially reduces production costs. The 
maximum gloss was obtained at 4500 (GU) with a current density of 67 (A/dm2), a 14-minute electropolishing time 
and a temperature of 55C. These gloss ranges can be obtained in all of the current density ranges and electrolytes E1 
and E2, except for J=10 A/dm2. The results in Fig. 4 show the gloss for electrode position P1 and initial roughness 

. In this case, electrolytes E1 and E3 exhibited a similar behaviour to the previous case, except for the different 
behaviour in electrolyte E2. As shown in Fig. 4, electrolyte E2 substantially improved the gloss with maximum gloss  
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