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Abstract 
 
Additive manufacturing (AM) technologies have brought a significant 
change in manufacturing trends at global scale by introducing low cost and 

customized products with shorter manufacturing time. Fused Deposition 

Modeling (FDM) is most competent and adaptable technique of AM due to 
easy operation, office printing environment, user friendly and economical 

manufacturing using wide range of raw materials. However, the major 

limitation of this technique is significant amount of surface roughness visible 
on parts as one layer is stacked over another. Consequently, chemical 

finishing technique has been universally used due to higher effectiveness and 

lesser damage to parts. This study aims to highlight the major parameters of 

chemical finishing process and findings of optimization studies performed 
for surface improvement. Then scientometric analysis has been performed to 

analyze the research trends and scope of investigations performed in recent 

past. 
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1 Introduction 
 

3D printing or additive manufacturing (AM) is used to manufacture the 

parts with the addition of subsequent layers of raw material. The other 

conventional type is called subtractive manufacturing where material is 
removed from the original part to give it a specific shape. To print three 

dimensional objects, 3D printers are used which takes input from CAD 

(Computer Aided Design) model. There are enormous types of methods as 

well as materials available to make final products using AM [1]. Three basic 
components used in additive manufacturing i.e. 3D Printing Software, raw 

materials and printing process. The most significant part of 3D printing is 

software on which the whole process relies. It is automated software that 
maintains each and every process from initial stage of manufacturing to last 

step of production. The versions of this software system vary for different 

purposes. The selection of material for printing process is based on the 

mechanical properties of the part that is manufactured. The reason of 
considering the properties of parts is that one wrong choice can put adverse 

effect on the strength of parts and break it just in one-time use. Printing 

Process is a physical process based on the layering technique in which 
material is added layer by layer to make the perfect shape of the product as 

per CAD data [2].  

Additive manufacturing is a computerized process in which material 
layers are formed under proper control of computer to produce specific 

objects. These produced objects are in different shapes and in varying 

geometry. These days additive manufacturing is considered as a great 

opportunity for several industries in near future. Rather than 3D printing, 
Additive manufacturing is more suitable term to be used because all its types 

contain processes those are additive [3]. Even 3D printing is used as a name 

of process where any printer is used to create the products. The classification 
of AM processes is shown in Figure 1.    

 
Figure 1: Classification of AM processes 
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2 Fused Deposition Modeling (FDM) Process 
   

It is a type of additive manufacturing where material extrusion takes 

place in robotic nozzle head and thermoplastic materials of wide range are 

used. In this process of manufacturing, layer by layer. Material used in this 
deposition is having low melting point and it is available in form of thin 

feedstock filament. First of all, thermoplastic filament spool is placed inside 

the printer [4]. After loading it, specific temperature is supplied to nozzle 
where the filament melts inside the extrusion head as shown in Figure 2. The 

extrusion head is connected with a system having 3-axis with the help of 

which head moves in three directions. The melted material is poured in the 

strands of the head to deposit it on specific locations layer by layer. 
Afterwards, the material is allowed to cool down and become solid. 

Sometimes fans are also used to fasten the cooling process. In next step, one 

layer of parts is filled with material to finish the building of platform. After 
completion of it platform is moved downside and next layer is deposited. The 

whole process is performed again and again till the completion of design [5].  

Notable organizations, for example, BMW, Hyundai, and Nestle are 
known for utilizing FDM in their production units. This is an economical 

method to make prototypes rapidly for research and development purposes.  

Furthermore, there are some incredible people and organizations who are 

utilizing FDM to make 3D printed prosthetics and tissues [6, 7]. 
 

 
Figure 2: Schematic of Fused Deposition Modeling process 

 

 

 

 
 

https://www.3dhubs.com/3d-printing/processes/fdm/
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3 Post Processing of FDM Parts 
 

The surface finish of FDM components is unacceptable as per industrial 

and customer requirements. The poor surface quality arises due to layer-by-

layer fabrication process [8]. The presence of peaks and valleys on the 
surface caused rejection at later stages of prototyping. Hence, parts must be 

cleaned and finished after fabrication which is called post-processing [9]. 

This process is also important to remove support structure and clean the 

surface [10]. There are several methods to do post processing after the 
completion of FDM process. The most commonly used techniques are as 

follows [11]: 

 Painting 

 Sanding  

 Vapour smoothing  

 Abrasive flow machining 

 Chemical Dipping  

 Laser Polishing  

 Electroplating  

 Ball burnishing 

 Barrel tumbling 

Apart of afore mentioned processes, the chemical finishing and vapour 
finishing are most commonly used due to numerous advantages.  

 

4 Chemical Finishing 
 

In chemical finishing process, solvents are used which dissolve or melt 

the upper layers. The semi-liquid layers are caused to flow like a thick fluid 
which are slowly cooled after exposure of specific duration. As the hot 

polymer is cooled, it settles as smooth surface [12, 13][19]. This helps to 

improve the surface finish of FDM parts specifically made of ABS material. 
Chohan et al. [3] tried acetone on 3D printed objects with ABS material for 

finishing. The method was done on replicas of hip implant master pattern that 

were prepared through fused deposition modelling (FDM). In this authors 

found that when ABS replicas were placed under the exposure of acetone for 
fixed period, results were better and high surface smoothing was achieved 

but some limit distortion was also seen on the surface. The use of acetone for 

higher time results in weight reduction and distortion of geometry was found 
in hip replicas. So for this, some limit of acetone exposure has been given for 

the good surface finish of hip replicas and use of acetone in biomedical 

implants has been suggested for the better surface finishing. Singh et al. [4] 
has found that Fused deposition modelling (FDM) is commercially 

acceptable for producing parts with different materials (thermoplastic, wax, 

etc.), which can be formed into desired shape and can be used as consumable  
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pattern in investment casting (IC) process. The IC process has been 

established for production of intricate parts with high accuracy and finish. By 

combining both these novel processes, the researchers are serving the field of 
medicine to satisfy the needs of society. The vapour smoothing is one of the 

recently developed surface finishing techniques, which has potential to draw 

remarkable results to improve the quality of FDM replicas and support the IC 

process to enhance the properties of casted parts. So, in this study an attempt 
has been made to develop a biomedical implant by combining these three 

processes. Also the effects of controlling parameters of combined processes 

on the hardness and microstructure of the casted implants have been 
investigated. 

Neff et al. [9] described that Additive manufacturing (AM) is a perfect 

way to produce parts and prototypes with complicated structures and 
geometry. It is studied that AM is also able to manufacture functional parts. 

As compared to the old traditional methods of manufacturing, it is less 

efficient in its certain properties such as roughness of surface. Main 

technique used to finish the surface of thermoplastic parts is solvent vapor 
polishing where chemicals are used in vaporized form but the final results are 

not effective. In this paper, mainly any change in the surface roughness is 

evaluated that put certain effects on mechanical properties. Afterwards, 
specimens of varying thickness have been used with acetone vapor-polishing 

method. At the end, it is concluded that vapor polishing put extreme impact 

on the surface quality of parts.  

 

 
Figure 3: Material reflowing during chemical finishing process 

 

 
 

 



                                                                                                                  
 

 

 
 

 

 
6193 Gagandeep Singh Mavi et.al 

 

Nguyen and Lee [11] developed a novel technique used as post-

processing of FDM parts to get improved surface quality by reducing 

roughness and it also examined high-temperature application of smoothing 
methods. Chohan and Singh [13] have taken a review on different pre-

processing as well as post-processing methods those can be used to improve 

the surface features of fused deposition modeling (FDM). The FDM surface 
finishing technique used in this paper is ABS (acrylonitrile butadiene 

styrene). FDM is considered as a simple manufacturing technique that can 

easily fulfill the need of products those are very cost-effective as well as very 
less time consuming. But there are a number of barriers in this methods to 

make it effective method. One of these barriers is poor quality of surface 

finish and second is dimensional accuracy. This research study has analyzed 

that how vapor smoothing technique implants the casting parts at very less 
cost and in short time. An advanced data is collected regarding FDM parts to 

examine further advanced technique of improving vapor smoothing. Authors 

used an effective technique for chemical vapour finishing for surface 
improvement of acrylonitrile butadiene styrene parts. In this technique, hot 

vapors are used to melt down upper surface which reduces the height of peak 

as shown in Figure 3. The major impact of finishing time and finishing 

cycles was reported which enhanced the surface quality as more exposure 
duration increased the flow-ability of polymer material. 

Kuo and Mao [14] used an acetone-vapor polishing method to smooth 

ABS parts. Acetone chemical is used to dissolve the upper surface of ABS 
parts and reduce its roughness. This system has high polishing efficiency, 

flexibility, dimensional accuracy and low costs that make it more demanding 

as compared to conventional techniques [15]. 
Kannan and Senthilkumaran [16] used electroplating technique for 

surface finishing and strength enhancement of Acrylonitrile butadiene 

styrene during FDM process. After applying electroplating all the parts of 

samples are interacted with acetic acid tests to reduce the surface roughness 
that makes it clear that it is adhesive with specific chemical. The thickness of 

selected samples of electroplating was 60, 70 and 80 micron. Arun et al. [17] 

had made an endeavor through their work to create copper coatings with 
upgraded erosion and hardness properties on ABS plastics arranged by FDM-

RP process. The expansion of consumption opposition of copper 

electrodeposited coatings in ocean water medium guaranteed that these 
covered plastics can discover an alternative for metal parts utilized in car 

segments. McCullough and Yadavalli [18] used poly acrylonitrile butadiene 

styrene (ABS) for an acetone-based sealing method to reduce the roughness 

of surface and reduce the porosity of parts. Rao et al. [12] studied that FDM 
is one of the most successful and popular process. The specific 

characteristics of this process such as speed, cost effectiveness and clearance 

make it an important method even its biggest disadvantage is low surface 
quality.  



                                                                                                                  
 

 

 
 

 
Study of Surface Improvement Strategies used for Fused Deposition Modeling 

Components of ABS Material 6194 

 
To improve quality of surface, a lot of research has been already done by 

other researchers with changing parameters. The main aim of this paper is to 

explain the chemical treatment used for finishing of surface of products. The 
experiments are performed under different conditions based on the properties 

of different chemicals. The most common properties considered by 

researchers are exploration time, concentration, roughness and temperature. 

Daneshmand and Aghanajafi [20] found that electroplating of FDM parts 
with a coating of chromium was much similar to metal model and give more 

benefits in terms of time and cost. 

Galantucci et al. [21] performed immersion of parts in dimethylketone–
water solution to give more smooth finished surface of ABS parts. This 

method is also known as chemical dipping. Daneshmand et al. [22] studied 

computerized numerical control (CNC) milling of FDM parts that was used 
to fabricate metal components. Espalin et. al. [23] found the positive impact 

of surface tension forces which causes the smooth surface as molten polymer 

layers try to attain minimum surface area. 

 

5 Scientometric Analysis 
   

The scientometric analysis has been performed to study the recent trends 
of research publications in post-processing of FDM parts. The keyword 

analysis has been performed to identify relationship between different 

domains of additive manufacturing process. It can be noted from Figure 4 
that there is strong relationship between post-processing, surface roughness 

and FDM technologies.  

 

 
Figure 4: Keyword analysis chart 
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The keyword analysis chart also indicates that limited research has been 

performed on the environmental impact and sustainability of AM materials. 

The weak links between post processing and these aforementioned keywords 
have been visualized which indicates that effect of chemical vapours has not 

been studied on environment. Moreover, little studies are found in which heat 

transfer and computational efficiency of post-processing operation has been 
investigated.  

 

 
Figure 5: Year wise research trends 

 
The year wise research trends show that most of the studies have been 

performed in FDM and other additive manufacturing processes on ABS 

material in 2020 as shown in Figure 5. The studies on post-processing and 
surface roughness were reported in year 2015-2018 in majority while heat 

transfer and computational analysis was performed in year 2010. This 

indicates that studies related to heat flow and fluid dynamics during chemical 

finishing process are unexplored. Future studies must concentrate on heat  
transfer, finite element analysis and mathematical modelling of chemical 

finishing process.  
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6 Conclusions 
 

The role and dominance of additive manufacturing technologies are 
increasing at fast pace due to unique advantages over conventional 

subtractive techniques. Moreover, the ease of fabrication, flexibility of 

materials, lower cost and product customization are major advantages of 
these advanced manufacturing techniques. FDM has emerged to be an 

efficient material extrusion method which used pure and composite 

thermoplastic materials for layer-by-layer fabrication of parts from 3d CAD 
data. The present study highlights the post-processing techniques adopted to 

overcome the limitations of FDM technology. Chemical finishing and vapour 

smoothing is considered as most efficient and effective finishing method 

adopted for ABS parts. The material is melted by the effect of chemicals 
such as acetone and finally semi-molten polymers fluid is cooled which 

settles as smooth surface. The critical findings of recent studies have been 

discussed and scientometric analysis has been performed to identify critical 
research areas. 

The optimal description of this value depends on the system’s 

characteristics and the type of equipment. As an example, for modulation and 

coding techniques in wireless communications the spectral efficiency is  
a common measure. For electronic components the ratio of joule per bit best 

describes performance. In telecommunication networks and datacenters the 

ratio of watts consumed over the Gbps of data processed is preferred. In [22] 
absolute energy efficiency metric is introduced, named as dBε. The metric is 

computed according to the equation 

 

References 

 
[1]Chohan, Jasgurpreet Singh, Rupinder Singh,  Kamaljit Singh Boparai., 

"Parametric optimization of fused deposition modeling and vapour 

smoothing processes for surface finishing of biomedical implant 

replicas", Measurement, Vol.94,pp. 602-613, 2016.  
[2]Galantucci, Luigi Maria, Fulvio Lavecchia,  Gianluca Percoco., 

"Experimental study aiming to enhance the surface finish of fused 

deposition modeled parts", CIRP annals, Vol.58, no. 1, pp.189-192, 
2009. 

[3]Chohan, Jasgurpreet Singh, Rupinder Singh,  Kamaljit Singh Boparai., 

"Vapor smoothing process for surface finishing of FDM replicas", 
Materials Today  Proceedings , Vol.26 ,pp.173-179,2020. 

[4]Singh, Daljinder, Rupinder Singh,  K. S. Boparai., "Investigations on 

hardness of investment-casted implants fabricated after vapour 

smoothing of FDM replicas", Journal of the Brazilian Society of 
Mechanical Sciences and Engineering, Materials Today  Proceedings, 

Vol.42, no. 4, pp. 1-12,2020. 



                                                                                                                  
 

 

 
 

 

 
6197 Gagandeep Singh Mavi et.al 

 

[5]Castelão, A., B. A. R. Soares, C. M. Machado, M. Leite,  A. J. M. 

Mourão., "Design for AM: Contributions from surface finish, part 

geometry and part positioning", Procedia CIRP, Vol. 84, pp.491-495, 
2019. 

[6]Garg, Ashu, Anirban Bhattacharya,  Ajay Batish., "On surface finish and 

dimensional accuracy of FDM parts after cold vapor treatment", 
Materials and Manufacturing Processes Vol.31, no. 4 ,pp.522-529, 2016. 

[7]N. Mohan et al “A review on composite materials and process parameters 

optimisation for the fused deposition modelling process”, Virtual and 
Physical Prototyping, vol.12,no.1,pp. 47-59,2017. 

[8]Chaudhari, Madhuri, Bhagwan F. Jogi,  R. S. Pawade., "Comparative 

study of part characteristics built using additive manufacturing (fdm)”, 

Procedia Manufacturing ,Vol.20, pp.73-78,2018. 
[9]Neff, Clayton, Matthew Trapuzzano,  Nathan B. Crane., "Impact of vapor 

polishing on surface quality and mechanical properties of extruded 

ABS", Rapid Prototyping Journal, Rapid Prototyping Journal 
Vol.24,no.2, pp.501-508,2018. 

[10]Haleem, Abid, Mohd Javaid,  Anil Saxena., "Additive manufacturing 

applications in cardiology: a review",  The Egyptian Heart Journal, Vol. 

70, no. 4, pp.433-441,2018. 
[11]Nguyen, Trieu Khoa,  Bong-Kee Lee., "Post-processing of FDM parts     

to improve surface and thermal properties", Rapid Prototyping Journal, 

Vol.23,no.3, pp.495-513,2018. 
[12]Rao, Addanki Sambasiva, Medha A. Dharap, Jonnalagedda VL 

Venkatesh, Deepesh Ojha., "Investigation of post processing techniques 

to reduce the surface roughness of fused deposition modeled parts”, 
International Journal of Mechanical Engineering and Technology, Vol.3, 

no. 3, pp.531-544,2012. 

[13]Chohan, Jasgurpreet Singh,  Rupinder Singh., "Pre and post processing 

techniques to improve surface characteristics of FDM parts: a state of art 
review and future applications", Rapid Prototyping Journal, Vol.23,no.3, 

2017. 

[14]Kuo, Chil-Chyuan,  Rui-Cheng Mao., "Development of a precision 
surface polishing system for parts fabricated by fused deposition 

modeling", Materials and Manufacturing Processes , Vol.31, no. 8, 

pp.1113-1118,2016. 
[15]Galeta, Tomislav, Goran Šimunović,  Miroslav Mazurek, "Impact of 

strengthening fluids on roughness of 3D printed models." Metalurgija, 

Vol.54, no. 1,pp.231-234,2015. 

[16]Kannan, S., and D. Senthilkumaran, "Investigating the influence of 
electroplating layer thickness on the tensile strength for fused deposition 

processed ABS thermoplastics", International Journal of Engineering and 

Technology, Vol. 6, no. 2, pp.1047-1052,2014. 
 



                                                                                                                  
 

 

 
 

 
Study of Surface Improvement Strategies used for Fused Deposition Modeling 

Components of ABS Material 6198 

 
[17]Arun, K., K. Aravindh, K. Raja, P. A. Jeeva,  S. Karthikeyan, 

"Metallization of PLA plastics prepared by FDM-RP process and 

evaluation of corrosion and hardness characteristics", Materials Today: 
Proceedings, Vol. 5, no. 5, pp.13107-13110,2018. 

[18]McCullough, Eric J.,  Vamsi K. Yadavalli., "Surface modification of 

fused deposition modeling ABS to enable rapid prototyping of 

biomedical microdevices", Journal of Materials Processing Technology , 
Vol.213, no. 6, pp. 947-954,2013. 

[19]Harun, Nurul Hatiqah, Mohd Shahir Kasim, Raja Izamshah Raja  

Abdullah, Hambali Boejang, Hassan Attan., "Feasible Study on Dental 
Restoration Using Time Compression Technologies." Journal of 

Mechanical Engineering  ,Vol. I 3 ,no.1, pp.89-96, 2017 

[20]Daneshmand, Saeed, and Cyrus Aghanajafi., "Description and modeling     
of the additive manufacturing technology for aerodynamic coefficients  

measurement", Strojniški vestnik-Journal of Mechanical Engineering, 

Vol. 58,  no. 2 , pp. 125-133,2012. 

[21]Galantucci, L. M., F. Lavecchia, G. Percoco., "Quantitative analysis of a 
chemical treatment to reduce roughness of parts fabricated using fused 

deposition modeling." CIRP annals, Vol. 59, no. 1, pp.247-250,2010. 

[22]Daneshmand, S., C. Aghanajafi,  A. Ahmadi Nadooshan., "The effect of 
chromium coating in RP technology for airfoil manufacturing", Sadhana 

Vol.35, no. 5,pp.569-584,2010. 

[23]Espalin, D., F. Medina, K. Arcaute, B. Zinniel, T. Hoppe, R. Wicker., 

"Effects of vapor smoothing on ABS part dimensions”, Proceedings from 
Rapid 2009 Conference & Exposition, Schaumburg, IL. 2009. 

 
Biographies 
 

 
Gagandeep Singh Mavi is currently pusuing Phd in Mechanical Engineering 

at Chandigarh University, Gharuan, Punjab and also working as Assistant 

Professor in the department of Mechanical Engineering in Chandigarh 
University since June 2013.He has completed his Master in CAD/CAM 

Engineering from Thapar university, Patiala, Punjab in the year of 2013 and 

B. Tech in Mechanical Engineering from PTU, Jalandhar, India. He has 3 
publications under his name before this. 

 

 

 



                                                                                                                  
 

 

 
 

 
6199 Gagandeep Singh Mavi et.al 

 
 

 
 
Jasgurpreet Singh Chohan is working as

 
Associate Professor, Department of 

Mechanical Engineering, Chandigarh University, Mohali, India. 

 
 

 
 Satbir Singh Sehgal is working as Professor, Department of Mechanical 

Engineering, Chandigarh University, Mohali, India. 

 

 
 

 
 

 


