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The sustainability of recycling plastic waste and the
feasibility of using recycled polymeric material feedstock in
3D printing have been focused recently [3,5,6]. Using pure
recycled polymeric materials in 3D printing is an efficient
way to reduce plastic waste. However, their usage in
various applications has been restricted due to pure
recycled polymeric materials providing low strength and
stiffness, and the properties may be lower after several
recycling times. In order to solve this problem, bio-
composite (polymers matrix with natural fiber) has been
explored [7,8,9]. Although polymer recycling can be
achieved in additive manufacturing, the fabrication of the
recycled plastic materials feedstock is still very challenging.
In this article, the challenges and opportunities of recycled
plastic material in 3D printing are reviewed.

Challenges of Recycled Plastic Materials in 3D printing

Recently, some researchers have been focusing on the
fabrication of plastic or composite filaments from recycled
materials for fused filament fabrication (FFF). However, the
usage of recycled materials in 3D printing faces some
challenges, leading to the presence of defects in the final 3D
printed parts. There are two main challenges when using
recycled materials in 3D printing. The first challenge arises
from the possibility of contaminants and impurities from
previous usage that remained in the recycled materials [10].
These contaminants can restrict proper bonding between
layers during the 3D printing process, resulting in poor
interlayer adhesion (Figure 1). Consequently, the overall
strength and mechanical properties of the 3D-printed part
are reduced. Furthermore, contaminants or impurities can
interfere with the 3D printing process, causing clogging or
inconsistent material flow through the printing nozzle.
Consequently, this can lead to various print defects,
incomplete layers, or failed prints. Notably, the presence of
impurities in recycled materials can create surface defects
on the 3D printed part, such as roughness, bumps, or
irregularities, which negatively affect the surface quality and
functionality of the final product.
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Figure 1: Proposed illustration of two scenarios

3D printed parts (a) good interlayer and.i

and (b) poor interlayer a, tralayer bonds caused by the
presence of cont; nts in the recycled materials.

The second ¢
when using
common

is the warping defect that occurs
materials in 3D printing. Warping is a
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s. It happens due to the deformation or
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ing the printing process [11]. According to the
an et al. (2023), poor interlayer bonding is a
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e mechanical strength and dimensional stability of
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he part easier to warp [11]. Furthermore, the
materials often have different thermal properties in
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Figure 2: lllustration of 3D printed parts with the warp and
curl defects.

Opportunities of Recycled Plastic Materials in 3D
printing

Recycling plastic materials is a great choice for 3D printing.
Nowadays, many researchers focus on utilizing recyclable

lastics into 3D printable materials, which is an excellent
roach to reduce the amount of plastic waste in landfills
and waterways. Recycling plastic materials offers some
efits over virgin plastic, such as reducing the
nmentalimpact caused by plastic waste disposal. It is
ore sustainable as the process of recycling plastic

es less greenhouse gase uses less energy
d to producing virgin plastic.

o Olympic 2020 is a great example of how
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hem in 3D printing for applica global
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Organizers to collect an estimated 45 tonnes of plastic
waste from communities and recover it from the ocean.
They then recycled this waste into recycled plastic resin and
used it to fabricate podiums through 3D printing [13].

Recent researches have found that Styrofoam can be
recycled and formulated into various types of 3D printable
filaments, including plastic blends and composite materials
These studies provide a good example of how
can be transformed into 3D printing
ility. Additionally, polypropylene, a
in food containers, can be
plastic resin. When
stick waste, it can
shield frames

combined with fiber
be used to print applica
[11]. As technology advances,
recyclable materials into 3D-printe

There is almost every type of plastic an be
recycled and turned into 3D printable mat
plastic waste is readily abundant. If re
materials can be 3D printed into products, this
opportunity for promoting recycling, making it a
step towards sustainability.

References:
[1] F.A.C. Sanchez, H. Boudaoud, S. Hoppe, and M. Camargo, “Polymer recycling i
open-source additive manufacturing context: Mechanical issues,” Additive Manufacturi
vol. 17, pp.87-105, 2017, doi: https:lidoi.org! 10. 1016/j.addma.2017.05.013.

{2] S. Saleh Alghamdi, S. John, N. Roy Choudhury, and N.K. Dutta, “Additive manufacturing
of polymer materials: Progress, promise and challenges,” Polymers, vol. 13, no. 5, pp. 753-
792, 2021, doi: https://doi.org/ 10.3390/polym 130507 53.

[3] H. Jayawardane, IJ. Davies, J.R. Gamage, M. John, and W.K. Biswas, "Additive
manufacturing of recycled plastics: a 'techno-eco-efficiency assessment,” The International
Journal of Advanced Manufacturing Technology, vol. 126, no. 3-4, pp.1471-1496, 2023.

{4] I. Gibson, D. Rosen, B. Stucker, (2014). Additive manufacturing technologies: 3D
printing, rapid prototyping. and direct digital manufacturing. Germany. Springer New York.
[5] A.K. Cress, J. Huynh, E.H. Anderson, R. O'neill, Y. Schneider, and 0. Keleg, "Effect of
recycling on the mechanical behavior and sfructure of additively manufactured acrylonitrile
butadiene styrene (ABS),"” Journal of Cleaner Production, vol. 279, pp.123689, 2021, dof:
hitps.fidoi.org/ 10.1016/}.jclepro.2020.123689.

[6] S. Budin, N.C. Maideen, M.H. Koay, D. lbrahim, and H. Yusoff, “A comparison study on
mechanical properties of virgin and recycled polylactic acid (PLA),” In Journal of Physics:
Conference Series, vol. 1349, no. 1, pp. 012002, 2019, doi: 10.1088/1742-
6596/1349/1/012002.

[7] M. Kumar, R. Ramakrishnan, and A. Omarbekova, “Experimental characterization of
mechanical properties and microstructure study of polycarbonate (PC) reinforced
acrylonitrile-butadiene-styrene (ABS) composite with varying PC loadings,” AIMS Materials
Science, vol. 8, no. 1, pp. 18-28, 2021.

{8] HR. Mchankumar, M.G.M. Benal, GS. Pradeepkumar, V. Tambrallimath, K. Ramaiah,
T.Y. Khan, J.K. Bhutto, and M.A. Ali, “Effect of short glass fiber addition on flexural and
impact behavior of 3D printed polymer composites. ACS omega, vol. 8, no. 10, 2023,
pp.9212-9220, doi: hitps:l{doi.org/10.1021/acsomega. 2c07227.

[9] 1. Anderson, ‘Mechanical properties of specimens 3D printed with virgin and recycled
polylactic acid,” 3D Printing and Additive Manufacturing, vol. 4, no. 2, pp. 110-115, 2017,
doi: hitps:l/doi.org/ 10.1089%/ 3dp.2016.0054.

{10] K. Mikuia, D. Skrzypczak, G. lzydorczyk, J. Warchot, K. Moustakas, K. Chojnacka, and
A. Witek-Krowiak, “3D printing filament as a second life of waste plastics—a review,”
Environmental Science and Pollution Research, vol. 28, pp.12321-12333, 2021, doi:
hitps./Idoi.orgl 10.1007/s11356-020-10657-8.

[11] Y. A. Tan, M. Y. Chan, 5. C. Koay, and T. K. Ong, “3D polymer composite filament
development from post-consumer polypropylene and disposable chopstick fillers,” In Press,
2023, doi: https:lfdoi.orgl 10.1002/vnl.22026.

{12] N. Krajangsawasdi, L.G. Blok, I. Hamerton, M.L. Longana, B.K. Woods, and D.S.
Ivanov, "Fused deposition modelling of fibre reinforced polymer composites: a parametric
review,” Journal of Composites Science, vol. 5, no. 1, pp. 29-66, 2021, doi:
https.iIdoi.org/ 10.3390/jcs5010029.

[13] "Tokyo Olympics Medal Ceremony Podiums 3D Printed Using Recycled Plastic,”
3Dnatives, 2021. hitps.iiwww. 3dnatives.comien! 3d-printed-podiums-tokyo-olympics-
300720215/.

{14] J. S. Chu, S. C. Koay, M. Y. Chan, H. L. Choo, and T. K. Ong, “Recycled plastic filament
made from post-consumer expanded polystyrene and polypropylene for fused filament
fabrication.” Polymer Engineering and Science, vol. 62, no. 11, pp. 3786-3735, 2022, doi:
ftps.//doi.orgl 10.1002/pen.26144.

J. Ariel Leong, S. C. Koay. M. Y. Chan, H. L. Choo, K. Y. Tshai, and T. K. Ong,

Fibers, wvol. 19, no.13, pp. 1-16, 2021, doi

16
OCTOBER 2024 Issue 41



“Copyright © 2024, by Institute of Materials, Malaysia (IMM). All rights reserved. No partof, this article may be reproduced or

distrWor by any means, or stored in a database retrieval system,without the prior Written permission of IMM.”
2/ A quarterly magazine PP18691/01/2018(034114)/ISSN

Issue 41

ATERIALS
IND o

www.iomm.org.my Institute of Materials, Malaysia

HIGHLIGHIS

What Are The Key Criteria to Have A Safe and Reliable
Installation of Composite Repair System?

Is There A Better Way to Detect Wet or Saturated Insulation?

IM! || Sustainable Additive Manufacturing: Exploring Challenges and
7722411901001 OPPOI‘tUnities °f ReCYCIQd Plastic Matel'id.ls in 3D Printing




TABLE OF CONTENTS

COVER STORY

What are The Key Criteria to Have A Safe and 6
Reliable Installation of Composite Repair System?

IMM COUNCIL MEMBERS 10

TECHNICAL ARTICLE

Is There A Better Way to Detect Wet or Saturated 11
Insulation?

STUDENT EDITORIAL

Sustainable Additive Manufacturing: Exploring 15
Challenges and Opportunities of Recycled Plastic
Materials in 3D Printing

EVENT ARTICLES

Bridging Theory and Practice: IMM's Factory Tour 19
at NOVA FRP Sdn. Bhd.

A One-Day Stainless Steel and High-Nickel Alloy 20
Workshop

New IMM Professional Members 22

IMM Authorized Training Body (ATB) / Authorized 25
Testing Centre (ATC) / Authorized Training Partner
(ATP) for IMM Courses and Certification

IMM Profiles 29
Materials Mind Advertisement Rates 31

INSTITUTE OF MATERIALS, MALAYSIA

i i;i i;i Suite 1006, Level 10, Block A, Kelana Centre Point,

No. 3 Jalan SS 7/19, 47301 Petaling Jaya, Selangor.
Tel: 03-76611591
03-76611592

E secretariat@iomm.org.my

@ www.iomm.org.my
b -

+60 18-911 3480
o &

'i Institute of Materials, Malaysia

Disclaimer: The articles written by various authors and news from
external sources are published in good faith for the benefit of our
readers and'd ssarily reflect the views of IMM. Further, we
give no assurance nty,that the published information is current
or accurate and take no responsibility.for any losses or consequences
arising from its transmittal through the bulletin.

“Copyright © 2024, by Institute of Materials, Malaysia (IMM). All rights reserved, .No part of this article may be reproduced or
distributed dsranymigigns or by any means, or stored in a database retrieval system, without the prior written permission of IMM.”

i ANNOUNCEMENT
NEW FORMAT FOR
MEMBERSHIP EXPIRY DATE

With effective date 01 November 2023, all membership applications will use an expiry date
format such as the following example:

« Initial date register as member: 5 November 2023
o Expiry date: 4 November 2024
The membership expiration date is the day before the initial date of becoming a member

GO TO WWW.IOMM.ORG.MY FOR MORE INFORMATION

Updated 15 July 2024

WONG WING KIONG

GENERAL MANAGER
wkwong imm@gmail.com

ABERAMY DAYALAM

MANAGER
aberamy.imm@gmail.com

ADS & MEMBERSHIP

NURHASANAH SAHRI
OPERATIONS EXECUTIVE
nurhasanahs imm@gmail.com

AINUR AFINI PUAZE

OPERATIONS EXECUTIVE
ainurafini imm@gmail.com

MUHAMMAD SYAFIQ NUR FARAHLINA

INTERN INTERN
syafiqzaini imm@gmail.com zetiaisyha imm@gmail.com farahlina imm@gmail.com

EDITORIAL BOARD MEMBERS

CHIEF EDITOR
ASSOC. PROF. TS. DR. TAY CHIA CHAY

DEPUTY CHIEF EDITOR
DR. HAIRUNNISA RAMLI

MANAGING EDITOR
DR. NURUL FATAHAH ASYQIN ZAINAL

COMMITTEE MEMBER
ASSOC. PROF. DR. LIM TECK HOCK
DR. YOGA SUGAMA SALIM
IR. MOHD. RAZIFF EMBI
MS. SITI NURAMIRAH RABBANI MUHAMMAD ZAKI

OCTOBER 2024 Issue 41



	IMM Magazine Issue 41 - OCT 24 FINAL-WITH COPYRIGHT 2024 15
	IMM Magazine Issue 41 - OCT 24 FINAL-WITH COPYRIGHT 2024 16
	IMM Magazine Issue 41 - OCT 24 FINAL-WITH COPYRIGHT 2024 1
	IMM Magazine Issue 41 - OCT 24 FINAL-WITH COPYRIGHT 2024 2

