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Therefore, a post processing is required to improve the surface roughness of the FDM
printed part. In this study, an acetone vapor post process employed to improve the
surface roughness of the part but the scope of the study will focus on the effect of
mechanical properties of the printed part. Mechanical anisotropy behaviour of the
specimen investigated via tensile test, flexure test and surface finish. The results of an
implementation of acetone vapor as post processing of FDM printed part are
compared to the original printed part in term of its mechanical properties.
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1. Introduction

Fused deposition modeling (FDM) is the most diffused rapid prototyping techniques which are
low maintenance cost and quick production of complex parts. There are many choices of materials
can be used for FDM process. One of the materials is acrylonitrile butadiene styrene (ABS) which the
composition of the material was provided by the company that produced the material. However, the
fluctuations of temperature during production lead to delamination and high surface roughness of
the printed part [1- 7]. The printed part that suffers from poor roughness restricting its application in
some areas requiring high surface integrity. Therefore, it is required a post-processing stage for the
printed part in order to improve the surface finish, thus will affect the mechanical properties of the
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part. The mechanical properties for finished printed part are important in order ensure the part
produced with a good quality and can undergo any stress or deflection at a certain range of conditions
and also to avoid malfunction of RP when using on long period of time [8 - 12]. There are many post-
processing solutions can be applied for improving the mechanical properties of the printed part.
Therefore, it can differentiate the mechanical properties of the original part of the part that undergo
post-processing process.

To improve the mechanical properties of a printed FDM part, it is necessary to perform the work
study needed precisely and accurately so that an improvement of mechanical properties for an FDM
printed part can be obtained. The purposes of this research writing are to study the effect of acetone
vapor on mechanical properties of FDM printed part, conduct a test in order to differentiate the
mechanical properties of the original printed part with the acetone vapor part and also improve the
mechanical properties of the printed part [13 - 16].

2. Research Methodology
2.1 Specimen Preparation

In this research, two sample tensile specimens and two sample flexure specimens have been built
for original and four different vaporing times using ABS material. ABS has high mechanical strength,
is low cost and is convenient for fabrication and AM. The mechanical properties of the ABS are given
in Table 1. The substrates were built by adding ABS layers that were 0.20 mm thick. The specimens
were fabricated using a UP Plus 2 3D Printer machine. The 3D specimens were modeled in Solidworks
2016. The outputs exported as STL files that were imported by the FDM software.

Table 1

Mechanical properties of ABS

Tensile strength 37 MPa
Tensile modulus 2.320 MPa
Tensile elongation 3 per cent
Flexural strength 53 MPa
Flexural modulus 2.250 MPa
I1ZOD Impact, notched 106 J/m

Thus, the process proceeded with the printing of the specimens with some parameter setting.
2.2 Tensile Test

Tensile strength test was conducted using Instron Universal Testing Machine equipped with a 50-
kN load cell. Tensile strength tests were performed according to ASTM D638 (plastics: determination
of tensile properties) with 5 mm/min crosshead speed. Figure 1 shows the shape and dimensions of
the test specimens [7]. The specimen was gripped with Wedge Action Grips. An extensometer was
used to determine the elongation and tensile modulus of the part.
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Fig. 1. Test specimens, all dimensions are in mm
tensile test specimen

2.3 Flexure Test

The flexural strength at yield was determined according to the ASTM D790 (plastics:
determination of flexural properties) standard for the specimen shown in Figure 2. The specimen is
held by two supports and loaded in the middle with a force until the test specimen fractures by using
Static 3 Point Flexure Fixture. The distance between the supports is 60 mm. The loading nose is a
spherical tool with a 5 mm radius. The tests were performed at room temperature with a constant
crosshead speed of 2 mm/min and measured at 5% deformation or strain of the outer surface.

-

Fig. 2. Three-point flexure test specimen
2.4 Surface Finish Appearance
The surface finish appearance checked was conducted using a measuring microscope. The
specimen used for the surface finish check was the same specimen for the tensile test or flexure test
as the process just need the prepared surface of the material without considering it shapes. The
important was the surface of material specimen that had undergone the vaporing process as the
vaporing process would affect the structure of the specimen’s surfaces.

3. Result and Discussion

The objective of this study is to analyze the effects of acetone vapor on the mechanical properties
of parts produced by the FDM process.
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3.1 Tensile Test

A tensile test was conducted to measure the tensile strength of the specimens. Each specimen
was gripped at both ends before pulled until it breaks or meets the failure. The results showed the
maximum load applied and ultimate tensile strength of the material for each specimen so that it can
be compared.

Figure 3 below shows the graph of maximum load versus specimens. Based on the graph, the
highest value for maximum load that to be compared with the original part was the specimen of
sample 1 for 45 minutes vapored part with the value of 657.8956 N.
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Fig. 3. Graph of maximum load versus specimens for tensile test

Meanwhile, the lowest value for maximum load was the specimen of sample 2 for 30 minutes
vapored part valued 579.2352 N. There were two samples for each part. Therefore, the mean or
average of the value for those two samples was required for further analysis. The highest average
value for maximum load was 45 minutes vapored part with the value of 650.3140 N. Specimen of 15
minutes vapored part was the second highest value of average maximum load with 626.0480 N and
followed by specimen of 30 minutes vapored part that valued 609.9648 N. The lowest was specimen
of 1 hour vapored part with value of 608.8999N. All the specimens value were acceptable for further
analysis as the increasing and decreasing percentage was below than 10 percent.

Figure 4 below shows the value of tensile strength for each specimen. The highest tensile strength
that to be compared with the original part was the specimen of sample 1 for 45 minutes vapored
part at 27.412 MPa. Next, the specimen of sample 2 for 15 minutes vapored part gave the second
highest value with 27.232 MPa and followed by sample 2 for 45 minutes vapored part with 26.772
MPa. The fourth highest value of tensile strength was a specimen of sample 1 for 30 minutes vapored
part with 26.696 MPa and continued with a specimen of sample 2 for 1 hour vapored part valued
25.594 MPa. Meanwhile, the specimen of sample 2 for 30 minutes vapored part gave the lowest
tensile strength that valued 24.135 MPa followed by a specimen of sample 1 for 1 hour vapored part
as second lowest with the value of 24.883 MPa and sample 1 for 15 minutes vapored part valued
24.934 MPa as third lowest of tensile strength.
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Graph of Tensile Strength versus Specimens
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Fig. 4. Graph of tensile strength versus specimens

Figure 5 below shows the graph of average tensile strength versus the type of part. As the test
conducted for each type of part was performed with two samples, the average of the values was
required for further analysis and to compare with the original part value. Based on the graph, the 45
minutes vapored part gave the highest value of tensile strength with the value of 27.092 MPa. Next,
the 15 minutes vapored part gave the second highest tensile strength valued 26.083 MPa followed
by 30 minutes vapored part with 25.415 MPa. Meanwhile, the 1 hour vapored part resulted as the
lowest tensile strength with a value of 25.238 MPa.

Graph of Average Tensile Strength versus Type
of Part
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Fig. 5. Graph of average tensile strength versus type of part

Therefore, based on the results, the original part gave the average tensile strength of 25.661 MPa.
As compared with the original part, the 45 minutes vapored part gave the higher value with 27.092
MPa. Besides that, the value of 15 minutes vapored part also gave the higher value than the original
part and as the second highest compared to 45 minutes vapored part with the value of 26.083 MPa.
Thus, it shows that the implementation of acetone vapor with the duration of 45 minutes and 15
minutes had improved the tensile strength of the material.
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3.2 Flexure Test

Flexure test is frequently applied to a brittle specimen. The test was conducted by bending the
specimen to fracture with three point loading technique. At the point of loading, the top surfaces of
the specimens were placed in a state of compression, while the bottom surfaces were in tension
state. The stress at fracture for flexure test is known as flexural strength or modulus of rupture which
considered as the important mechanical parameter for brittle material.

Figure 6 below shows the graph of the maximum load against ten specimens. The maximum load
means that the force that used to bend the specimens during the testing to meet the 5 percent of
strain. The highest value for maximum load that to be compared with the original part was the
specimen of sample 1 for 45 minutes vapored part with the value of 92.62290 N. Meanwhile, the
lowest value for maximum load was the specimen of sample 2 for 1 hour vapored part valued
85.07919 N. Based on the average values of each part, the results gave the specimen of 45 minutes
vapored part as the highest maximum load valued 90.80477 N to be compared with original part. The
results followed by 30 minutes vapored part with 89.51199 N, 15 minutes vapored part valued
89.40279 N and the lowest was 1 hour vapored part with 86.67410 N.

Graph of Maximum Load versus Specimens for
Flexural Test
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Fig. 6. Graph of maximum load versus specimens for flexure test

Graph in Figure 7 below shows the flexural strength for each specimen. The uppermost flexural
strength to be compared with the original part was sample 1 for 45 minutes vapored part valued
52.10038 MPa followed by sample 1 for 30 minutes vapored part with 50.84479 MPa, sample 2 for
15 minutes vapored part gave the value of 50.62673 MPa. Then, sample 2 for 45 minutes vapored
part resulted as the fourth uppermost value of flexural strength valued 50.05499 MPa, continued
with sample 1 for 15 minutes vapored part valued 49.95141 MPa and 49.85620 MPa for sample 2 of
30 minutes vapored part. Meanwhile, both specimens for 1 hour vapored part gave the lowermost
values of flexural strength with sample 2 valued 47.85704 MPa as the lowest and sample 1 valued
49.65131 MPa as second lowest.

The line graph shows in Figure 8 below shows average flexural strength versus type of part. As
the test conducted for each type of part was implemented with two samples, so that the average of
the values was required for further analysis and to compare with the original part value. As referred
to the graph, the 45 minutes vapored part gave the highest value of flexural strength valued 51.07768
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MPa. Then, the 30 minutes vapored part gave the second highest flexural strength with 50.35049
MPa and continued with 15 minutes vapored part that gave the value of 50.28907 MPa. Meanwhile
the 1 hour vapored part resulted as the lowest flexural strength with value of 48.75418 MPa.

Graph of Flexure Strength versus Specimens
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Fig. 7. Graph of flexural strength versus specimens
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Fig. 8. Graph of average flexural strength versus type of part

So that, as resulted in the graph, the average flexural strength of the original part was 52.96213
MPa. All the parts gave the lower flexural strength of the material as compared to the original part.
The 45 minutes vapored part gave the highest value among the other three type of parts with value
of 51.07768 MPa. Thus, the 30 minutes vapored part ranged as second highest valued 50.35049 MPa
followed by 15 minutes vapored part with 50.28907 MPa while the lowest value was 1 hour vapored
part gave the value of 48.75418 MPa. Therefore, the implementation of acetone vapor had decreased
the flexural strength of the material instead of improving.
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3.3 Surface Finish Appearance

The surface finish was checked to see the appearance of the material structures after undergo
the vaporing process. Theoretically, the part on the material surface would melt as exposed to
acetone vapor in order to produce a smooth and shiny surfaces. Therefore, the melted part was
effected the structure arrangement of the material on the surface. The surface finish checked was
performed to differentiate the image of structure for the original part compared to the acetone
vapored parts.

Based on Figure 9, its show the surface finish appearance of the original part and acetone vapored
parts. Figure 8 shows the surface finish appearance of the original part with the smallest size of the
structure among others. As the parts had undergone vaporing process with acetone, the structure of
the material had also changed. Therefore, Figure 10 below shows that the sizes of surface finish
appearance of the material become bigger than the original part’s structure. In addition, the size of
the structure become larger with the increasing of vapored time as shown in Figure 11, Figure 12 and
Figure 13. The increasing size of the structure varies with the increasing time of vapor as the acetone
vapor reacted with the parts by melted the material. So that, it had effected the structure of the
material.
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Fig. 9. Surface finish appearance of the
specimens; original part
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Fig. 10. Surface finish appearance of the
specimens; 15 minutes vapored part
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Fig. 11. Surface finish appearance of the
specimens; 30 minutes vapored part
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Fig. 12. Surface finish appearance of the
specimens; 45 minutes vapored part

Fig. 13. Surface finish appearance of the
specimens; 1 hour vapored part

As the final of all the analysis that had been done, the effect acetone vapor on mechanical
properties of FDM. ABS printed part were identified. The mechanical properties that involved were
tensile strength and flexural strength with surface finish of the material.

The tensile strength of the material was improved by undergo the acetone vaporing process in
the duration 45 and 15 minutes of time compared to the original part. This showed that the vaporing

process had improved the tensile strength of the material but in the range of time that had been
identified.
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Meanwhile, the flexural strength of the material was decreased as part undergo vaporing process.
All the set of duration vaporing times resulted to lower the flexural strength. As the results, the effect
of the acetone vapor had decrease the flexural strength of the material. The material could undergo
the vaporing process but at the best time that had been identified in order to prevent the decreasing
of flexural strength. The best set of time to maintain the flexural strength was 45 minutes as the
results showed that it was the best time that gave the highest value of flexural strength among
others. Reducing of flexural strength of the material as it undergoes vaporing process was because
of the increasing of brittleness for the material, made it easily to fracture.

Besides that, for the surface finish appearance, the results showed that the reaction of acetone
vapor had enlarged the size of the structure for the material. The increasing of vaporing time had
increased the enlargement of the structure size. The longer the duration of vaporing process time,
the larger the structure size would be.

Each duration of vaporing process was tested with two sample of specimens that had gave a
slightly different values. Therefore, the average value was required. The different values could be
caused by the technique of printing or vaporing the parts. However, the differences could be
acceptable as the increasing or decreasing values was not more than 10 percent.

4. Conclusion

As conclusion, acetone vapor had effected to the mechanical properties of FDM printed part. As
mechanical properties studied, tensile strength had been improved by implementing the acetone
vapor meanwhile not for flexure strength. However, it is still can be considered as the vapored part
flexure strength did not differ much compared to the original part. The best duration of vaporing
time is 45 minutes for both mechanical properties

Acknowledgments
We wish to express our gratitude to Universiti Teknikal Malaysia Melaka (UTeM). This project under
following research grant scheme: RAGS/1/2015/TKO/FTK/03/B00113.

References

[1]  Ahn, Daekeon, Hochan Kim, and Seokhee Lee. "Fabrication direction optimization to minimize post-machining in
layered manufacturing." International Journal of Machine Tools and Manufacture 47, no. 3-4 (2007): 593-606.

[2] Barari, A. "Optimized Vapor Treatment Operation for Fused Deposition Modeling Process to Improve Surface
Quality." Society of Manufacturing Engineering, The Authority on 3D Printing, Scanning and Additive
Manufacturing, JUNE 9-12, 2014, Cobo Center, Detroit, Ml (2014).

[3] Boschetto, Alberto, Luana Bottini, and Francesco Veniali. "Finishing of Fused Deposition Modeling parts by CNC
machining." Robotics and Computer-Integrated Manufacturing 41 (2016): 92-101.

[4]  Galantucci, L. M., F. Lavecchia, and G. Percoco. "Quantitative analysis of a chemical treatment to reduce roughness
of parts fabricated using fused deposition modeling." CIRP annals 59, no. 1 (2010): 247-250.

[5] Kulkarni, Prashant, and Debasish Dutta. "On the integration of layered manufacturing and material removal
processes." J. Manuf. Sci. Eng. 122, no. 1 (1999): 100-108.

[6] Kuo, Chil-Chyuan, and Rui-Cheng Mao. "Development of a precision surface polishing system for parts fabricated
by fused deposition modeling." Materials and Manufacturing Processes 31, no. 8 (2016): 1113-1118.

[71  Durgun, Ismail, and Rukiye Ertan. "Experimental investigation of FDM process for improvement of mechanical
properties and production cost." Rapid Prototyping Journal 20, no. 3 (2014): 228-235.

[8]  Nurul Ain Maidin, Mohd Hidayat Ab Rahman, Mohd Nazri Ahmad, Mohd Hairizal Osman, Mohammad Khalid Wahid,
Mohamed Saiful Firdaus, Halyani,Mohd Yassim, and Muhammad Zayani Afiq Razali. "A Prototype Development of
Anti-Hunchback Device." Journal of Mechanical Engineering S| 5, no. 1 (2018): 192-209.

[9] Hossain, Mohammad Shojib, David Espalin, Jorge Ramos, Mireya Perez, and Ryan Wicker. "Improved mechanical
properties of fused deposition modeling-manufactured parts through build parameter modifications." Journal of
Manufacturing Science and Engineering 136, no. 6 (2014): 061002.

21



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 63, Issue 1 (2019) 12-22

(10]
(11]
(12]
(13]
(14]

(15]

(16]

Lee, C. S., S. G. Kim, H. J. Kim, and Sung-Hoon Ahn. "Measurement of anisotropic compressive strength of rapid
prototyping parts." Journal of materials processing technology 187 (2007): 627-630.

Sood, Anoop Kumar, R. K. Ohdar, and Siba Sankar Mahapatra. "Improving dimensional accuracy of fused deposition
modelling processed part using grey Taguchi method." Materials & Design 30, no. 10 (2009): 4243-4252.

Upcraft, Steve, and Richard Fletcher. "The rapid prototyping technologies." Assembly Automation 23, no. 4 (2003):
318-330.

Galantucci, Luigi Maria, Fulvio Lavecchia, and Gianluca Percoco. "Experimental study aiming to enhance the surface
finish of fused deposition modeled parts." CIRP annals 58, no. 1 (2009): 189-192.

Garg, Ashu, Anirban Bhattacharya, and Ajay Batish. "On surface finish and dimensional accuracy of FDM parts after
cold vapor treatment." Materials and Manufacturing Processes 31, no. 4 (2016): 522-529.

Rohde, S., J. Cantrell, A. Jerez, C. Kroese, D. Damiani, R. Gurnani, L. DiSandro et al. "Experimental Characterization
of the Shear Properties of 3D—Printed ABS and Polycarbonate Parts." Experimental Mechanics 58, no. 6 (2018): 871-
884.

Ahmad, Mohd Nazri, Mohammad Khalid Wahid, Nurul Ain Maidin, Mohd Hidayat Ab Rahman, Mohd Hairizal
Osman, Ridhwan Jumaidin, and Muhammad Afig Abu Hassan. "Flow Analysis of Five-Axis Impeller in Vacuum
Casting by Computer Simulation." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 61, no. 2
(2019): 181-189.

22



