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Hot embossing process has been frequently used in the microfabrication. Developing a low-cost and simple 

manufacturing method to fabricate a large-area embossing mold is an important issue. The purpose of this study was to 

propose a cost-effective method for rapid fabricating large-area hot embossing molds with aluminum (Al)-filled epoxy 

resins. The 1 : 0.75 is the optimal mixture ratio for mixing epoxy resin and recycled Al-filled epoxy resin powders and 

the optimal thickness for a large-area hot embossing mold is 15 mm. The total manufacturing cost savings about 52.4 % 

and the last process manufacturing cost savings about 61.6 % can be obtained using the method proposed in this work. A 

large-area hot embossing mold has smooth mold surfaces and can be carried out in about 3 days. The fabricated large-

area hot embossing mold is rigid enough for short runs of parts using hot embossing molding. 
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1. INTRODUCTION* 

Quick response to the market was considered as one of 

the important factors to ensure company competitiveness. 

To solve this issue, additive manufacturing (AM) [1] and 

rapid tooling technique (RTT) [2 – 4] were proposed to 

reduce the manufacturing cost and manufacturing time to 

markets. The physical prototypes could be fabricated 

swiftly by AM technique compared to long lead times 

taken by traditional machining. RT is capable of replacing 

conventional steel tooling to reduce cost and time to 

market [5]. Direct RTT has played important role in the 

new product development phase [6]. Wang et al. [7] 

demonstrated an automatic method to design the conformal 

cooling circuits used for rapid tooling. Iftikhar et al. [8] 

developed a turbine blade using RTT. Nandi et al. [9] 

proposed a silicone rubber composite mold material to 

enhance the solidification rate of soft tooling process. Two 

important issues in the mold industry are the time and 

expense needed for producing a mold in the new product 

development phase. As a result, it is important to develop a 

cost-effective method for rapid fabricating a large-area hot 

embossing mold for microfabrication. A cost-effective 

approach for rapid manufacturing a large-area hot 

embossing mold was demonstrated to address this 

important issue. Optimization of the mixture ratios of 

epoxy resin and recycled Al-filled epoxy resin powders 

were investigated. The performance of a large-area hot 

embossing mold was evaluated using hot embossing 

molding. The total manufacturing cost savings for 

fabricating a large-area hot embossing mold were also 

calculated. 

2. EXPERIMENTAL DETAILS 

Fig. 1 shows the process layout for fabricating a large-

area hot embossing mold. A room temperature 
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vulcanization silicone rubber (KE-1310ST, Shin Etsu Inc.) 

and aluminum (Al)-filled epoxy resins (70-3810R, Epoxies 

Inc.) were used as the mold making materials to fabricate a 

large-area hot embossing mold. The Al-filled epoxy resins 

were chosen because it can be a useful alternative of 

conventional steel mold and employed in hot embossing 

molding, plastic injection molding or wax injection 

molding. Fabrication of a large-area hot embossing mold 

was carried out applying a five-step micro-replication 

procedure. The cell silicone rubber mold was first 

fabricated by pouring the mixed silicone rubber resin over 

the cell mold. The dimensions of a large-area silicone 

rubber mold are 350 mm in length and 250 mm in width. 

The 25 cell silicone rubber molds were jointed to form a 

large-area silicone rubber mold. The purpose of this 

process was to make a large-area silicone rubber mold with 

positive shape by assembling 25 cell silicone rubber molds. 

Thus, a large-area silicone rubber mold with negative 

shape was fabricated by pouring the mixed silicone rubber 

resin over a large-area silicone rubber mold. Finally, a 

large-area hot embossing mold with micro-sized structures 

was fabricated by pouring the mixed epoxy resin 

composites over a large-area silicone rubber mold with 

negative shape. In this study, two types of methods were 

employed to fabricate a large-area hot embossing mold. In 

order to reduce the manufacturing cost, green 

manufacturing technology was employed to fabricate a 

large-area hot embossing mold. The recycled pieces of Al-

filled epoxy resins were milled into powders using a 

precision universal milling machine. The recycled Al-filled 

epoxy resin powders were first mixed with new epoxy 

resin (174 A, Jasdi Chemicals Inc.) and then poured into 

the mold frame as backing material for reducing the 

manufacturing cost of a large-area hot embossing mold. In 

order to remove air air-bubbles inside the mixtures, all the 

processes were operated in a vacuum casting machine. To 

obtain bubble-free silicone rubber mold and hot embossing 

mold, a vacuum casting machine was employed to 

eliminate air-bubbles in a vacuum condition. The hot 
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embossing mold was cured in a convection oven (DH400, 

Deng Yag Inc.) at 79 °C for 2 h followed by 149 °C for 

3 h. The hot embossing mold is a clone of the large-area 

silicone rubber and has negative microfeatures of the 

master model. After post-cure heat treatment, the hot 

embossing mold has good mechanical properties for pilot 

run using the hot embossing because hot embossing is a 

low-cost processing approach for polymer-based 

microfabrication. The Acrylonitrile Butadiene Styrene 

(ABS) (PA-747S, Chi Mei Inc.) was used as the molding 

material since it can be easily patterned using hot 

embossing molding. The large sheet of the ABS materials 

was cut into square pieces of 250 mm × 350 mm. The 

samples were cleaned in an ultrasonic cleaner with ethanol 

before hot embossing molding. The processing parameters 

for hot embossing molding are embossing temperature of 

180 °C and press force of 200 N. The embossed 

dimensions of microstructures were examined using an 

optical microscopy. 

 

Fig. 1. Process layouts for fabricating a large-area hot embossing 

mold: a – machining of a cell mold; b – pouring liquid 

silicone rubber; c – fabrication of a cell silicone rubber 

mold; d – fabrication of a large-area silicone rubber mold 

by assembling 25 cell silicone rubber molds; e – spraying 

the release agent; f – pouring liquid silicone rubber; g – a 

large-area silicone rubber mold; h – pouring new Al-filled 

epoxy resins; i – pouring backing materials; j – pouring 

new Al-filled epoxy resins; k – large-area hot embossing 

mold; l – post cure of the large-area hot embossing mold 

The solid model preparation was carried out with the 

software Solidworks. Hexagonal 3D quadratic stress 

elements, SOLID 95, were used for mashing the part [10]. 

The Young’s modulus and the Poisson’s ratio of the epoxy 

resin were determined from the results of mechanical 

testing using a universal testing machine (Insight 5 SL, 

MTS system Inc.).The Young’s modulus for the new 

epoxy resins and recycled epoxy resins are about 9.9 GPa 

and 3.7 GPa, respectively. The Poisson’s ratio for the new 

epoxy resins and recycled epoxy resins are about 0.32 and 

0.27, respectively. Boundary conditions were applied to 

the embossed areas. The applied load is about 650 N. 

Maximum stresses of a large-area hot embossing mold 

were investigated by finite element method using ANSYS 

software[11, 12]. 

3. RESULTS AND DISCUSSION 
Fig. 2 shows the dependence of the compressive 

strength on the mixing ratios of epoxy resin and recycled 

Al-filled epoxy resin powders. The results show that the 

1 : 0.75 is the optimal mixture ratio for mixing epoxy resin 

and recycled Al-filled epoxy resin powders due to highest 

compressive strength. 
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Fig. 2. Dependence of the compressive strength on the mixing 

ratios of epoxy resin and recycled Al-filled epoxy resin 

powders 

Fig. 3 shows the dependence of the maximum stresses 

on different mold thickness. It is seen that the maximum 

stress reduces as the mold thickness increases from 9 mm 

to 14 mm and saturate at mold thickness of 15 mm. This 

means that the optimal thickness for a large-area hot 

embossing mold is 15 mm. The 15 mm thick hot 

embossing mold is composed of surface layer, an 

intermediate layer and the bottom layer. The thicknesses of 

the three layers were 3 mm, 9 mm and 3 mm, respectively. 
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Fig. 3. Dependence of the maximum stresses on different mold 

thickness. Inserts stand for the Von Mises stress 

distribution after simulation. 

In this study, two different approaches were employed 

for fabricating the large-area hot embossing mold. In 

principle, the major factor that affects the total production 

costs is the usage volume of new Al-filled epoxy resins. 

The total production costs of a large-area hot embossing 

mold fabricated by the method proposed by this work is 

only NT 4,484, while that of a large-area hot embossing 

mold fabricated by traditional method is NT 9,421. The 

total manufacturing cost savings about 52.4 % and the last 

process manufacturing cost savings about 61.6 %. This is 

because a critical step in the mold making processes is that 

the mixtures of recycled Al-filled epoxy resin powders 

were used as backing materials. It is interesting to note that 

the method proposed in this work meets the objective of 

green manufacturing [13] and has a significant industrial 

application value due to the cost reduction increases with 

increasing the dimensions of the fabricated large-area hot 
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embossing mold. Thus, the method proposed in this work 

is a cost-effective method for fabricating large-area rapid 

tooling. Fig. 4 shows a large-area hot embossing mold with 

areas of 25 cm × 35 cm. It should be noted that the large-

area hot embossing mold has smooth mold surfaces and 

can be carried out in about 3 days. 

 
Fig. 4. A large-area hot embossing mold with areas of 

25 cm × 35 cm was fabricated using green manufacturing 

technology 

To evaluate the transcription rate of the hot-embossed 

parts, 10 parts were embossed using hot embossing 

molding. Fig. 5 shows a typical hot-embossed part 

fabricated by a large-area hot embossing mold. The 

average dimensions in the width and depth of hot-

embossed embossed parts are 847.3 µm and 98.7 µm, 

respectively. Hence, the transcription rates in the width and 

depth are 99.6 % and 98.7 % since the reference 

dimensions in the width and depth of hot embossing mold 

are 851 µm and 100 µm, respectively. This result indicates 

that the embossed parts have acceptable transcription rate 

and the transcription rate up to 99 % can be obtained. 

Three phenomena can be observed from this figure. First, 

the micro-sized structures of surface texture can be 

fabricated with a large-area hot embossing mold using hot 

embossing molding. Second, the microstructures on the 

edges of the hot-embossed parts can be replicated. Third, 

the hot-embossed parts with minimal warpage were 

observed. This drawback could be resolved when the 

embossed materials were changed to ABS because of low 

glass transaction temperature compared to Polypropylene. 

A large-area hot embossing mold was then employed for 

small-batch productions using hot embossing molding. 

It is apparent that the method proposed in this work 

for fabricating a large-area hot embossing mold with 

microstructures is a cost-effective and simple process 

because this method requires no special skill or equipment 

compared to Lithographie Galvanoformung Abformung 

micromaching, laser micromaching, five-axis computer 

numerical control micromaching and electroforming [14]. 

The thermal conductivity of a large-area hot embossing 

mold is an important issue in the hot embossing molding 

because higher thermal conductivity provides higher 

productivity during mass production. In principle, cycle 

times in the hot embossing molding relate to the thermal 

conductivity of the mold. The thermal conductivity of a 

large-area hot embossing mold is low compared to steel 

mold. Shortening cycle times in mass production are really 

an important issue for a large-area hot embossing mold. 

Further investigation is necessary to equip with conformal 

cooling channels [15 – 17] in a large-area hot embossing 

mold for shortening cycle time during hot embossing 

molding. In addition, optimization of hot embossing molding 

process parameters using Taguchi method is in progress [18]. 

 
Fig. 5. A typical hot-embossed part fabricated by a large-area hot 

embossing mold 

4. CONCLUSIONS 

A cost-effective approach for rapid manufacturing 

large-area hot embossing molds with Al-filled epoxy resin 

has been demonstrated. Based on the results discussed in 

this study, the following conclusions can be drawn: 

1. A high-precision hot embossing mold with areas of 

250 mm × 350 mm has been fabricated using green 

manufacturing process. The proposed manufacturing 

process provides a simple, cost-effective, rapid and 

efficient way of manufacturing a large-area precision 

hot embossing mold with micro-sized structures.  

2. A large-area hot embossing mold can be carried out in 

about 3 days. 

3. The optimal thickness for a large-area hot embossing 

mold is 15 mm. The total manufacturing cost savings 

about 52.4 % and the last process manufacturing cost 

savings about 61.6 % can be obtained. 

4. The optimal mixture ratio of 1 : 0.75 has been 

employed for mixing epoxy resin and recycled Al-

filled epoxy resin powders. 

5. The large-area hot embossing mold has been 

successfully employed for pilot run using hot 

embossing molding. 
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