
THE USE OF ELECTROPOLISHING SURFACE TREATMENT ON IN718 
PARTS FABRICATED BY LASER POWDER BED FUSION PROCESS 

 
Li Yang*, Chris O’Neil†, Yan Wu* 

 
*Department of Industrial Engineering, University of Louisville 

†Department of Mechanical Engineering, University of Louisville 
 

Abstract 
In various applications of additively manufactured Ni-based superalloys, high surface 

finish quality is required. In this work, electropolishing surface treatment with anhydrous 
electrolyte solution was employed to improve the surface quality of the IN718 parts fabricated by 
laser powder bed fusion process. Various process parameters including electropolishing voltage, 
temperature, electrolyte spacing and electrolyte flow speed were investigated for their effect on 
the improvement of surface roughness characteristics. In addition, the effect of electrolyte flow 
uniformity on the surface quality deviation was investigated. The results provided additional 
insights to the recently proposed polishing methods proposed by the same group, which clearly 
indicates the potential benefit of introducing highly regulated electrolyte flow in the polishing of 
AM metal parts.  
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Introduction 
Ni-based superalloys are widely used in aerospace applications for components subjected 

to high operation temperatures such as the turbine engines [1-3]. Mainly employed as precipitation 
hardening alloys, the Inconel 718 (IN718) alloy exhibit good high-temperature strength, high 
toughness, high corrosion resistance, high wear resistances, good impact response, and very good 
weldability, which makes it attractive for applications [1-7]. However, due to its exceptional 
mechanical properties, IN718 also exhibits very low machinability, which makes it very 
challenging for the traditional manufacturing processes to create high quality components [2, 4, 8-
10]. In recent years, the use of powder bed fusion additive manufacturing (PBF-AM) for the direct 
fabrication of IN718 parts has been successfully demonstrated [11-14]. As an additive 
manufacturing (AM) technology, PBF-AM possesses promising potentials in the fabrication of 
IN718 structures, such as freeform geometry capabilities, good control of microstructures and 
precipitates, short lead time and less material wastes. However, it is widely recognized that the 
surface quality of the structures fabricated by PBF-AM tend to be rough, which is contributed by 
both the staircase effect typical to AM processes as well as the process characteristics of PBF-AM. 
The surface finish of the PBF-AM is strongly influenced by both the powder feedstock 
characteristics and the process parameters [15-17]. Due to the highly transient melting pool 
dynamics during the melting and solidification, the boundaries of the PBF-AM solid materials 
often exhibit large degree of irregularity, which is further signified by the partial sintering/melting 
of the powder particle on the surfaces [18, 19]. Although in-process parameter optimization could 
partially offset such issues, due to the intrinsic randomness with the powder feedstock 
characteristics, the surface qualities of the PBF-AM processes is likely limited [17, 20]. On the 
other hand, for many aerospace applications high surface quality is required for structural 
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components in order to ensure satisfactory fatigue and corrosion resistance performance, therefore, 
for many IN718 components fabricated by PBF-AM additional post-treatment is needed to 
improve the surface qualities.  

 
Due to the high mechanical properties of IN718, machining based surface treatment is 

difficult, and the good corrosion resistance of IN718 also makes it difficult for well-controlled 
chemical etching based polishing [21, 22]. The use of electropolishing for the surface treatment of 
nickel and IN718 alloys has been previously reported using various recipes [21, 23, 24]. In addition, 
as the surface oxidation mechanism of the IN718 exhibits similar electropolishing effect to the Ti-
alloys, additional literatures can be found with the electropolishing of Ti-alloys and NiTi alloys, 
which provide additional information about recipe options [25-28]. In our previous studies, we 
used a non-aqueous alcoholic solution for the electropolishing of Ti6Al4V fabricated by electron 
beam melting, which was believed to have various advantages over the other electrolyte such as 
low toxicity and lack of oxidation layer formation [29, 30]. In the current study, we investigate the 
use of such electrolyte for the electropolishing of IN718 fabricated via laser melting PBF-AM. 
From previous studies it was shown that various process parameters including the electrode 
spacing, voltage, temperature and polishing time all have significant effects on the surface qualities 
of the polished samples [29, 30]. It was also suggested that the electrolyte flow could potentially 
have significant effect on the polishing effect as well due to its influence on the diffusion efficiency 
of the electrolyte. In this study, the effects of these parameters were investigated for IN718.  

 
Experimentation 

The electropolishing station configuration is shown in Fig.1a. The same configuration was 
also used in previous studies [29, 30]. The glass electropolishing chamber has an inlet and outlet 
on opposite sides and has a maximum volume of roughly 700mL. The electrical voltage for 
polishing is controlled by the Instek PSW 160-14.4 power supply, the electrolyte circulation flow 
is driven by a Masterflex 7523-40 L/S peristaltic pump. A Graham condenser is connected into the 
electrolyte flow circulation as the heat exchanger for the cooling of the electrolyte, and the cooling 
bath is provided by a large water tank with temperature control. From previous experiments it was 
realized that the cooling rate with the use of Graham condenser is limited especially when the flow 
rate is high. Therefore, in the current study over-compensated control scenario was used, which 
involved the use of ice water for more rapid cooling once the electropolishing reaction initiated. 
The sample design is shown in Fig.1b. The thickness of the sample is 1mm, although this 
dimension is considered less relevant to the current study. The samples were fabricated by a 
Concept Laser M1 system. The orientation of the sample during the fabrication is also shown in 
Fig.1b. Therefore, the surfaces used for experimentation are vertical surfaces.  

Polishing chamber Graham condenser

Water tankPeristaltic pump

Power 
supply

Surface to polish

Build direction

Grip end

a. Experimental setup b. Sample design 
Fig.1 Electropolishing experimentation configuration 

2494



From both previous experiments and the preliminary fluid flow simulation it was shown 
that the inlet and outlet configuration of the polishing chamber does not introduce well-regulated 
fluid flow. In order to evaluate the effect of fluid flow, a more regulated laminar flow must be 
introduced. Therefore, a flow-splitter was introduced in the experimental setup. As shown in Fig.2, 
the splitter was placed in the polishing chamber near the flow inlet, and the surface of the splitter 
is aligned with the sample surfaces. In order to verify the effectiveness of the split configuration, 
additional fluid flow simulations were carried out.  

Inlet

Outlet

Cu 
electrode

Sample
Inlet

Outlet

Splitter

a. Original setup b. With splitter 
Fig.2 Flow control regulation 

 
To investigate the effect of each parameter on the surface quality of the IN718 parts, a 52 

full factorial experimental design was developed. As shown in Table 1, five input variables, 
including temperature, electrode spacing, voltage, flow rate and split configuration were 
investigated, with each variables having 2 levels. For the electrolyte, the following recipe was used: 
1L of electrolyte should consist of: 700mL of ethyl alcohol, 300mL of isopropyl alcohol, 60g AlCl3 
and 250g ZnCl2 [31]. 1 sample was polished for each parameter combinations. After polishing, the 
surface roughness of the samples were measured with a Dektak 8 profilometer along the longest 
direction (i.e. build direction as shown in Fig.1b). Three measurements were made for each sample 
with even spacing across the width of the sample approximated by the eyeballing of the operator. 
In addition, the surface roughness of the as-received samples was also characterized. In order to 
verify the effectiveness of the split configuration, additional fluid flow simulations were carried 
out using SolidWorks Flow Simulation with the flow rate setup shown in Table 1. In the fluid flow 
simulations, the viscosity value of the electrolyte was taken as 9.58cP, which was obtained via the 
measurement with the fresh electrolyte solution using viscometer. The effect of temperature on 
viscosity was ignored during the simulation. The measured surface roughness of the as-received 
sample was used to set up surface roughness in the simulations. The electrode spacing was set to 
be 7mm for all the simulations.  

Variables Levels 
Temperature (°C/°F) 26.7/80, 37.8/100 

Electrode spacing (mm) 7.5, 15 
Flow rate (mL/min) 800, 1200 

Voltage  (V) 60, 80 
Split configuration Yes, No 

Table 1 Experimental design table 
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Results and Discussions 
The typical surface profile of the as-received IN718 samples is shown in Fig.3a, while the 

typical surface profiles of the polished samples are shown in Fig.3b-c. The surface roughness of 
the as-received samples is Ra 7.90 ± 0.326 µm. It can be observed visually that the surface polish 
had significant effects, as there exist significantly fewer peaks and valleys on the profiles. The 
surface roughness Ra of each type of sample are listed in Table 2. The differences between the 
non-split configuration and split configuration does not appear to be significant, as the average 
surface roughness of the two groups are 3.05µm and 2.98µm, respectively.  

a. As-received 

b. 60V-80F-15mm-800mL/m-No splitter 

c. 60V-80F-15mm-800mL/m-Splitter 
Fig.3 surface profile of the samples 

# Vol 
(V) 

Temp 
(F) 

S 
(mm) 

FR 
(mL/m) 

Split Ra 
(µm) 

# Vol 
(V) 

Temp 
(F) 

S 
(mm) 

FR 
(mL/m) 

Split Ra 
(µm) 

1 60 80 7 800 N 2.678 17 80 80 7 800 N 2.716 
2 60 80 7 800 Y 2.728 18 80 80 7 800 Y 4.249 
3 60 80 7 1200 N 4.160 19 80 80 7 1200 N 2.682 
4 60 80 7 1200 Y 3.123 20 80 80 7 1200 Y 2.991 
5 60 80 15 800 N 3.015 21 80 80 15 800 N 3.079 
6 60 80 15 800 Y 2.970 22 80 80 15 800 Y 3.762 
7 60 80 15 1200 N 2.863 23 80 80 15 1200 N 3.050 
8 60 80 15 1200 Y 3.578 24 80 80 15 1200 Y 3.140 
9 60 100 7 800 N 1.904 25 80 100 7 800 N 2.080 

10 60 100 7 800 Y 2.070 26 80 100 7 800 Y 4.673 
11 60 100 7 1200 N 3.003 27 80 100 7 1200 N 4.272 
12 60 100 7 1200 Y 2.810 28 80 100 7 1200 Y 2.808 
13 60 100 15 800 N 3.297 29 80 100 15 800 N 3.812 
14 60 100 15 800 Y 1.808 31 80 100 15 800 Y 2.064 
15 60 100 15 1200 N 3.620 31 80 100 15 1200 N 2.512 
16 60 100 15 1200 Y 3.112 32  100 15 1200 Y 1.791 

Table 2 Surface roughness measurement results 
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Further analysis with the results using ANOVA provided additional insights into the 
significance of each design factors and their interactions. Fig.4 shows the standardized effects of 
design factors on the average surface roughness value of each types of sample. From Fig.4 the 2-
way interaction of voltage and flow rate (AD) and the 3-way interaction of electrode spacing (gap), 
flow rate and split configuration (CDE) both have significant effect on the average surface 
roughness. From the principles of electropolishing the significance of the 3-way interaction (CDE) 
is readily justified. During the electropolishing processes the Ni2+ ions are released from the 
samples under the driving energy of the electrical fields, and consequently transported away from 
the surface via electrolyte circulation. Therefore, the fluid flow characteristics of the electrolyte 
could significantly influence the mass transportation of the Ni2+ ions and consequently the 
polishing efficiency. This is further elaborated by the results from the fluid flow simulation studies. 
As shown in Fig.5, for the no-splitter configurations, the fluid flows of the electrolyte exhibit 
experience significant disruptions at the sample front caused by the sample leading edges, and 
such effect is more pronounced as the flow rate increases. The fluctuation of the fluid flow rates 
across the samples are further elucidated in Fig.6, which shows the average fluid flow velocities 
and their variabilities on the planes parallel to the sample surfaces at varying distances. Without 
the use of the split configuration, the highest average flow rates of the electrolyte occur at about 
1.5mm from the sample surfaces, although the standard deviations also peak at that distance, 
indicating highly non-uniform electrolyte flow rate. With the split configuration, the maximum 
average flow rates occur at slightly higher planes (~2mm) from the sample surfaces. Also the 
variabilities of the average flow rate at difference distances from the sample surfaces as well as 
the flow rate on each investigated planes are significantly smaller compared to the no-split 
configurations.  

 
Fig.4 Significance of design factors on average surface roughness 
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a. 800mL/m flow rate – no split b. 1200mL/m flow rate – no split 

  

c. 800mL/m flow rate – split d. 1200mL/m flow rate –  split 
Fig.5 Fluid flow simulations of test configurations – 7mm electrode spacing (top view) 

 

a. 800mL/min average flow velocity 
b. 800mL/min flow velocity standard 

deviation 

a. 1200mL/min average flow velocity 
b. 1200mL/min flow velocity standard 

deviation 
Fig.6 Flow velocity along the planes at varying distances from the sample surfaces 
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The better-regulated electrolyte flow control with the split configuration also appears to 
have some effects on the uniformity of the surface roughness, although the effect is not as 
significant. Fig.7 shows the standardized effect of design factors on the standard deviation of the 
surface roughness values. The 3-way interaction of voltage, spacing and flow rate, the temperature, 
the 2-way interactions of spacing and split configuration as well as voltage and spacing appear to 
be the most significant factors, although none achieved a significance level that corresponds to a 
p<0.05 of confidence level.  

 
Fig.7 Significance of design factors on surface roughness variabilities 

 
The significance of the interaction between the voltage and the factors for flow control 

(flow rate, split configuration) might be a result of the change of significance of the ion mass 
transportation through the electrolyte due to the reaction rate change. With higher electropolishing 
voltage the ion release rate from the sample might be enhanced, which would facilitate the mass 
transportation limiting electropolishing mechanism that is highly influenced by the electrolyte flow 
[32]. On the other hand, the relatively low significance levels for various factors might be a result 
of the fact that relatively low electropolishing rates were observed in the experiments, which might 
correspond to a more “passive” electropolishing process that is dominated by macromachining 
[33]. This electropolishing mechanism tends to be less sensitive to the electrolyte flow and would 
reduce large features more effectively while lacks the efficiency to reduce micro-protrusions on 
the part surfaces. In addition, the lack of accurate control of temperature (i.e. via the use of ice-
water that establishes an open-loop control) might also have contributed to the low significance of 
temperature factor despite the previous experimental observations with Ti6Al4V [29, 30]. 

 
Conclusions 

In this study, an experimental design was employed to evaluate the significance of various 
process variables (voltage, temperature, electrode spacing, electrolyte flow rate and flow rate 
uniformity) on the surface quality of the IN718 parts fabricated via laser melting PBF-AM process. 
Overall the use of electropolishing was able to achieve average surface roughness of Ra ~3µm that 
is a significant improvement compared to the original surfaces. The voltage used for the 
experiment might not have achieved a significant level to introduce mass transportation limiting 
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polishing mechanism. Therefore, although more regulated electrolyte flow appear to have effects 
on the surface finish quality, such effect is not as significant as originally expected. The use of 
splitter for the control of electrolyte flow appears to be an effective method for such purpose, 
which can be utilized in the future for continuous research of this subject.  
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