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ABSTRACT: Presently, mold material for metal injection molding (MIM) process is metal and 
are made through machining. However, machining could be time consuming, costly and skill 
intensive process to accurately process the mold. Moreover, for the demands when MIM part 
requirements are in low volume and features are customized, the machined mold is rendered 
useless once the part demands have been met. 3D printing could be a quick process to make molds 
from polymers for the customized and low volume MIM cycles. While this 3D printed mold may 
not be sustainable for mass production, yet they could potentially be viable for small MIM cycles 
like prototype manufacturing. The present study investigates the performance of polymer molds 
made form fused deposition modeling (FDM) process for their potential use as direct Rapid 
Tooling (RT) in MIM process. It was concluded that 3D printed polymer molds could be 
successfully applied in MIM process for prototype manufacturing and low volume demands of 
end-use parts.
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INTRODUCTION
Mold making is among the main bottleneck process in the whole metal injection molding (MIM) 
technique. Machining for mold making is time consuming, cost and skill intensive. The design of 
mold keeps on changing during design validation, form and fit analysis, prototype testing and 
other upstream processes, before design finalization and permanent mold making, till it is 
finalized. Therefore, for each modification in the design, a new mold needs to be fabricated. This 
contributes substantially to the cost and overall manufacturing lead time. On the other hand,
additive manufacturing (AM) is less labor intensive and rapid process. Mold making through AM 
is termed as rapid tooling (RT) (Boparai et. al 2016). Prototype molds could easily be made 
through RT in less time and skill. The major advantage of RT is that the implementation of 
improved design is far quick and economical. Polymer made RT molds could potentially be used 
for a small number of MIM cycles for prototype manufacturing of parts. These prototype parts 
could be subjected to functional testing, performance studies and form and fit analysis. As 
feedback of these testing and analyses, the design of mold could be improved accordingly and 
implemented. This cycles continues till the design is finalized and thus machined metal mold could 
be made. Therefore, polymer RT finds its potential scope in the design validation and analyses 
steps, before permanent hard tooling.

In some applications the design is known, yet the MIM part demands are customized and in low 
volume. For example, in bio-medical applications, each patient has a characteristic and typical size 
of implants and the same mold could not be used for making of implants for all patients (Noble et. 
al. 2014). Similarly, for repair and maintenance applications, the malfunctioned part is required. 
Therefore, the mold for such demand is highly customized and is expected to undergo a few MIM 
cycles. If used, metal mold would become useless as soon as the part demand is met. Therefore, 
molds made through polymer RT could potentially be used for small MIM cycles. Advantages of 

ENHANCED POLYMER RAPID TOOLING FOR METAL INJECTION 
MOULDING PROCESS

KHURRAM ALTAF, A. MAJDI A. RANI, FAIZ AHMAD, JUNAID AHMAD
Department of Mechanical Engineering, Universiti Teknologi PETRONAS

32610 Bandar Seri Iskandar, Perak, Malaysia

656

Proc. Of the 3rd Intl. Conf. on Progress in Additive Manufacturing (Pro-AM 2018) 
Edited by Chee Kai Chua, Wai Yee Yeong, Ming Jen Tan, Erjia Liu and Shu Beng Tor
Copyright © 2018 by Nanyang Technological University
Published by Nanyang Technological University 
ISSN: 2424-8967 :: https://doi.org/10.25341/D4J014



these molds are, but not limited to, quick fabrication, economical and less labor intensive (Boparai 
et. al 2016). 
 
From the recent studies, it is inferred that injection molding could be possible with 3D printed 
polymer molds. Kovacs et. al. (2015) compared heat dissipation during MIM using polymer 
molds, made from Fused Deposition Modelling (FDM) and Polyjet. It was observed that heat 
dissipation in Polyjet made polymer molds was superior to FDM made mold inserts. However, 
Polyjet technique has narrow material range and the common materials are unable to sustain the 
hard conditions of temperature and pressure in MIM. Harris et. al. (2004) reported the successful 
use of SLA molds for polymer injection molding and studied the crystallinity and shrinkage of 
polymer molded parts. Since the heat dissipation of polymer molds is low compared to metal 
molds therefore, some studies have reported the heat transfer behavior of the polymer mold due to 
injection molding, yet the studies related to MIM were almost ignored (Ferreira and Mateus 2003). 
Dunne et. al. (2004) reported use of RT made master patterns in silicone molding for making of 
PIM molds. Rahmati and Dickens (2007) successfully conducted polymer injection molding using 
epoxy filled, 3D printed SLA mold. The pressure and temperature analyses proved that the mold is 
able to bear aggressive molding conditions.  
 
Some researchers have reported the possible enhancement of FDM filaments for potential use in 
RT applications. The conventional polymer FDM filament has been infused with ceramic, metal 
and superior polymer particles (Novakova et. al. 2012 and Onagoruwa et. al. 2001). Saude et. al. 
(2013) studied effects of infusion of copper in ABS on the mechanical properties of FDM 
filament, whereas Masood et. al. (2004) studied properties of iron-nylon composite for potential 
use in RT. Mostafa et al. (2009) studied flow behavior of ABS-iron composite FDM filament 
during mold printing. 
 
There have been many studies in the investigation of polymer injection molding by employing 
FDM 3D printed molds. It was found that FDM molds could fairly be used in plastic injection 
molding. Some studies provide performance comparison of polymer molds made with FDM, SLA, 
Polyjet and other RP techniques. The performance analysis of RP made polymer molds for their 
direct use in metal injection molding is mostly unfound in the published literature. Qayyum et. al. 
(2017) compared performance of MIM conducted through 3D printed PLA and ABS mold inserts. 
The MIM feedstock used in the study was pure copper powder in poly-ethylene binder. K. Altaf et. 
al. (2016) investigated the potential of 3D printed ABS mold for MIM of copper based feedstock. 
In the current study, the authors have investigated the potential of ABS and nylon made 3D printed 
polymer mold inserts for their possible application in MIM of stainless steel feedstock. The study 
also draws conclusions based on comparison of the performance of ABS and nylon made 3D 
printed polymer molds for MIM of steel feedstock. 
 
METHODOLOGY 
The mold assembly comprised of mold insert which is housed in the mold block. The mold insert 
and mold block were fabricated separately and assembled. The mold block material was ABS and 
the mold inserts were made of ABS and Nylon (Figure 1). 
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Figure 1: (a) CAD Model of mold assembly                 (b) 3D Printed mold assembly 
 
The mold assembly was in two sections; the upper section includes the ABS block with an 
aluminum plate for easy flow of feedstock within the mold cavity. The lower section of mold 
block had a cavity which housed the mold insert. This configuration of mold assembly has the 
advantage that if the mold insert is deformed after successive MIM cycles, the mold insert can be 
replaced while keeping the same mold block. Since enhanced mold inserts were investigated 
therefore, the enhanced mold inserts were replaced in the same mold block. 
 
In the preliminary MIM cycles, it was noticed that the feedstock underwent adhesion with the 
surface of mold cavity, thereby causing difficulties in the MIM part ejection. To rectify this issue, 
ABS mold insert was enhanced to facilitate part release from the mold cavity. Two techniques of 
enhancement were incorporated that is, surface enhancement and design enhancement. The surface 
enhancement method was to coat the insert with copper through electro-less plating to generate a 
metal layer between feedstock and the mold cavity wall. The metal layer serves as barrier to 
prevent adhesion of feedstock and improve part release from the mold cavity. The enhancement 
was also made in design of mold insert by making it split in two halves. After MIM, the mold 
insert can be opened up to release the MIM part. 
 
The MIM feedstock was stainless steel powder combined with polypropylene as binder. The 
stainless steel powder was first mixed with the stearic acid in tubular mixer to coat the metal 
powder with the acid. The coated metal powder was then mixed with the paraf -

-

using this feedstock and performance of mold was analyzed for the mentioned feedstock. 
 
Surface enhancement 
The surface of ABS mold insert was coated with copper to create a metallic barrier between the 
feedstock and the mold wall (Figure 2). The aim was to investigate the effect of metal coating on 
the MIM part release from the polymer mold. The surface was enhanced by coating it copper 
through polymer grafting process, in which copper ions were immobilized on pre-grafted organic 
functional groups (Garcia et. al. 2010).  
 
 
 
 
 
 
 

Figure 2: Mold assembly with Copper plated ABS mold insert 
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Design enhancement 
In preliminary MIM cycles it was observed that the MIM part is adhering with the mold cavity. 
Some external force is required to eject the MIM part out of the mold insert, which resulted in part 
breakage and failure. Therefore, a modification was needed in the design of mold insert, by 
splitting it in two discrete sections. These sections were 3D printed and assembled into the mold 
block (Figure 3).  After MIM process, the mold insert was taken out from the mold block and 
opened up on packing line, thereby releasing MIM part with less ejection force. Contrary to 
directly pushing the MIM part, in this configuration, mold insert can be opened to free the MIM 
part. 
 
 
 
 
 
 
 
Figure 3: (a) Mold assembly ABS split insert                              (b) Nylon split insert 
 
RESULTS AND DISCUSSION 
From the current study, it was observed that 3D printed polymer molds could be applied for MIM 
process. The mold assembly satisfactorily endured the heat and pressure of the MIM feedstock. 
The distortion in the mold structure was quite less even after many MIM cycles. However, the heat 
dissipation of polymer mold was low compared to the metal mold, therefore the MIM part needs to 
be kept inside the mold for a longer time to let it cool down before ejection. The enhancement 
techniques in the design and the surface facilitated MIM part release. The finished MIM part after 
sintered process exhibited mechanical and geometry properties similar to the metal molded MIM 
part. 
 
The surface enhancement for the polymer inserts, that was the metal coating of the mold insert 
aided in the part release behavior and was better as compared to the non-plated polymer insert 
(Figure 4). The downside of this enhancement was that the part release is not as easy as was with 
the split mold insert. There were some issues of filling and part failure during ejection for the 
plated mold inserts. 
 
 
 
 
 
 
 
Figure 4: (a) Copper plated insert                                            (b) Ejected MIM part 
 
The design enhancement of mold insert allowed the MIM part to be released with less force 
compared to full insert. Therefore, the chances of part failure decrease considerably. ABS and 
nylon mold inserts were made as split and performance of both of them were investigated. Both of 
these mold inserts displayed good performance, however, part rejection rate of nylon insert MIM 
parts was less compared to ABS made parts. A downside of this design configuration is that the 
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mold packing line appears at the bottom side of the MIM part, nevertheless, this could be removed 
with slight post- processing. Nylon and ABS inserts and MIM parts are shown in Figures 5 and 6. 
 
 
 
 
 
 
Figure 5: (a) Nylon mold insert after MIM                                (b) Ejected MIM part 
 
 
 
 
 
 
 
Figure 6: (a) ABS mold insert after MIM                               (b) Ejected MIM part 
 
The released green parts were then subjected through sintering process to create dense metal parts 
using a vacuum tube furnace. These sintered parts are shown in Figure 7. 
 
 
 
 
 
 
 
Figure 7: Sintered parts, (a) ABS mold insert                                    (b) Nylon mold insert 
 
 
 
 
 
                                                       (c) Metal plated mold insert 
 
CONCLUSION 
3D printed polymer molds could be used for low volume production of MIM parts. For a small 
number of MIM cycles, parts made by 3D printed ABS and nylon mold inserts were observed to 
have good performance comparable to the machine metal mold. For low volume part production, 
prototype manufacturing, design validation, form and fit analysis and other upstream processes, 
prior to permanent mold manufacturing, enhanced polymer mold inserts could be a feasible choice 
for the MIM process. 
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