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Time and expense are two main key issues that are needed to develop a new product. Silicone rubber mold is one of the 

most commonly used techniques in the rapid tooling technology. As product life cycles are getting shorter, it is 

important to shorten product development time and costs, and rapid introduction of new products. Thus, enhancing the 

efficiency of making silicone rubber molds become an important research direction. The silicone rubber mold process 

parameters were investigated experimentally in this study. The results showed that the weight ratio of base compound 

and hardener 10:1 is the optimum ratio because the curing time of silicone rubber mold can be shortened significantly. In 

addition, 40 – 50 °C is the optimum range of curing temperature because of the shorter curing time of silicone rubber 

mold and 5 % shrinkage of the inner dimensions of the silicone rubber mold. 
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1. INTRODUCTION 

New products must be more quickly and cheaply 

developed, manufactured and introduced to the market due 

to the pressure of global competition. The 3D printing 

technology [1, 2] has been developed for reducing the 

product development time and cost of manufacturing. 

However, the features of the prototype do not usually meet 

the need of the end product with the required material. 

Rapid tooling (RT) technologies are then developed. RT is 

regarded as a natural extension of RP since it is the 

technology that uses RP technologies and applies them to 

the manufacturing of tool inserts [3]. Since the importance 

of RT goes far beyond component performance testing, RT 

is regarded as an important method of reducing the cost 

and time in the development of a new product. Several RT 

technologies are commonly available in the industry now. 

In general, the RT is divided into indirect and direct 

tooling. The indirect tooling is easier to work with than 

conventional steel tooling because these tools are created 

from materials such as silicone rubber or aluminum-filled 

epoxy resins. RT is capable of replacing conventional steel 

tooling, saving the cost and time in the manufacturing 

process [4, 5]. Among indirect tooling, silicone rubber 

mold is frequently used to develop new products because it 

owns flexible and elastic characteristics, so that parts with 

sophisticated geometry can be fabricated [6]. Thus, it is 

important to enhance the efficiency of making silicone 

rubber molds. In this study, the silicone rubber mold 

process parameters were investigated experimentally. The 

optimum process parameters were discussed and proposed. 

In addition, the curing mechanism of the silicone rubber 

mold was investigated. 

2. EXPERIMENTAL DETAILS 

The silicone rubber (KE-1310ST, Shin Etsu) was 

chosen as material for producing silicone rubber mold. The 
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precision electronic scale (AWH3, Excell) was used to 

measure the weights of base compound and hardener. The 

vacuum machine (F-600, Feiling) was used to eliminate air 

bubbles from the molding materials. The wax injection 

machine (0660, W&W) was used to inject wax patterns 

through the silicone rubber mold. Fig. 1 shows the process 

layouts for fabricating a silicone rubber mold [7]. Silicone 

rubber was used as the elastomeric mold material. Base 

compound and hardener were mixed thoroughly to make 

silicone rubber molds. The amounts of base compound and 

hardener were calculated by multiplying the desired 

volume of the silicon rubber mold to be made by the 

density of silicone rubber (1.07 g/cm3 at 23 °C). The 

silicone rubber and hardener in weight ratio of 10:1 was 

mixed thoroughly with a stirrer. The Shore A hardness of 

silicone rubber mold fabricated is about 40.  

Three issues regarding the silicone rubber mold 

process parameters were addressed. Effects of weight ratio 

of base compound and hardener on the curing time of 

silicone rubber mold were carried out. Effects of curing 

temperature on the curing time of silicone rubber mold 

were carried out. Effects of curing temperature on the 

dimensional accuracy of silicone rubber mold were carried 

out. Fig. 2 shows a mold for investigating the 

characteristics of silicone rubber, which was prepared by a 

precision milling machine. A stainless steel gauge block 

was selected as a master model to fabricate silicone rubber 

molds. The geometric size of the stainless steel gauge 

block is 80 mm × 35 mm with 9 mm thickness. Calculating 

the weight of base and curing agent precisely is crucial 

before mixing. In order to reduce human error, a user-

friendly man-machine interface was developed using 

Visual Basic program. A vacuum machine was employed 

to remove the air bubbles derived from the mixing process 

of base compound and hardener. After the degassing 

process, the pressure inside the vacuum machine was 

changed by breaking vacuum atmosphere. Thus, a silicone 

rubber mold can be fabricated without defects caused by 

the air bubbles derived from the mixing process. The 

properties of the silicone rubber mold, such as durability 
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and mold life are significantly affected by the curing 

temperature. In order to investigate the optimum curing 

temperature, silicone rubber molds were placed in a 

convection oven (DH400, Deng Yag). To investigate the 

dimensional accuracies of the fabricated silicone rubber 

mold, molten wax was poured into the silicone rubber 

mold to fabricate wax patterns. The dimensions of the wax 

patterns were examined using a vision measuring system 

(Quick Vision Series 359, Mitutoyo). 

 

Fig. 1. Process layouts for fabricating a silicone rubber mold 

 

Fig. 2. Mold for investigating the characteristics of silicone 

rubber 

3. RESULTS AND DISCUSSION 

Traditionally, the weight ratio of base compound and 

hardener is 10:1 in the silicone rubber mold making 

process. In order to investigate the effects of the weight 

ratio of base compound and hardener on the curing time of 

silicone rubber mold [8], three different weight ratios of 

base compound and hardener 15:1, 10:1 and 5:1 were used 

for making silicone rubber molds. Table 1 shows the 

curing time of silicone rubber mold under three different 

weight ratios of base compound and hardener. As can be 

seen, the coefficient of variation of the curing time for 

different weight ratios of base compound and hardener is 

less than 1 %. The results clearly indicated that the weight 

ratio of base compound and hardener 10:1 is the optimum 

ratio because the curing time was significantly lower than 

base compound and hardener weight ratios of 15: 1 and 

5: 1. In addition, the curing time for the weight ratio of 

base compound and hardener 5:1 was not significantly 

shortened. This result shows that increasing the weight of 

hardener do not reduce the curing time of silicone rubber 

mold, but increasing the production cost of silicone rubber 

mold. Conversely, the flowability of mixed silicone rubber 

becomes poor when base compound and hardener weight 

ratios of 15:1. This indicates that it is not suitable for 

making silicone rubber mold with complex geometrical 

shapes [9]. 

Table 1. The curing time of silicone rubber mold under three 

different weight ratios of base compound and hardener 

Weight ratio 

of base 

compound 

and hardener 

Curing time, min 

Trial 

1 

Trial 

2 

Trial 

3 
Mean 

The 

coefficient 

of 

variation,% 

10:1 720 715 715 717 0.40 

15:1 
1210 1205 1210 1208 0.24 

5:1 1440 1435 1435 1437 0.20 

In general, the curing time of silicone rubber mold can 

be shortened by placing the mixed silicone rubber into an 

oven. In general, the properties of the silicone rubber mold 

were significantly affected by the curing temperature. In 

order to investigate the effects of curing temperature on the 

curing time of silicone rubber mold [10], twelve different 

curing temperatures were used for preheating the silicone 

rubber mold prepared by weight ratio of base compound 

and hardener 10:1. Fig. 3 shows the curing time of silicone 

rubber mold as a function of curing temperature. As can be 

seen, the curing time of silicone rubber mold can be 

shortened from 240 min to 20 min. However, the elasticity 

of the silicone rubber mold will reduce significantly when 

the curing temperature exceeds 80 °C. This indicates that 

the optimum range for preheating the silicone rubber mold 

is from room temperature to 80 °C. 
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Fig. 3. The curing time of silicone rubber mold as a 

function of curing temperature 

In order to investigate the effects of curing 

temperature on the dimensional accuracy of silicone rubber 

mold, different curing temperatures were used for 

preheating the silicone rubber mold prepared by weight 

ratio of base compound and hardener 10:1. Fig. 4 shows 

the silicone rubber mold of a gauge block. Fig. 5 shows the 

shrinkage of silicone rubber mold as a function of curing 

temperature. As can be seen, the shrinkage increased 

abruptly when the curing temperature exceeds 60 °C [11]. 

The shrinkage is about 5 % when the curing temperature 

within 50 °C. According to results described above, the 
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optimum range of curing temperature is from room 

temperature to 50 °C based on the shorter curing time and 

less shrinkage of the silicone rubber mold when the 

dimensional accuracy of the finished product is crucial. 

Conversely, the suitable curing temperature is 80 °C when 

the dimensional accuracy of the finished product was not 

emphasized because the curing time of silicone rubber 

mold is the shortest. Based on the findings, this means that 

the optimum process parameters can enhance the 

efficiency of making silicone rubber molds [12, 13].  

 

Fig. 4. Silicone rubber mold of a gauge block 
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Fig. 5. Shrinkage of silicone rubber mold as a function of 

curing temperature 
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Fig. 6. The curing time as a function of different 

thicknesses of silicone rubber mold 

Fig. 6 shows the curing time as a function of different 

thicknesses of silicone rubber mold. The predicted 

equation, y = 9.43 x + 215, can be obtained according to 

the curve fitting method. This means that the curing time 

of silicone rubber mold (y) can be predicted from this 

equation according to the thickness of silicone rubber (x). 

The correlation coefficient of this equation is 0.9929. 

 

Fig. 7. Schematic illustration of the curing mechanism of 

silicone rubber mold 

This means that this equation is a good candidate for 

predicting curing time of different thickness of silicone 

rubber molds. Fig. 7 shows the schematic illustration of the 

curing mechanism of silicone rubber mold. As can be seen, 

the outer surface of the silicone rubber mold was solidified 

firstly because vulcanization reaction was triggered [14] 

from the outer surface of the liquid silicone rubber mold. 

The inner liquid silicone rubber was then curing 

progressively. 

4. CONCLUSIONS 

Silicone rubber mold has good surface accuracy and 

has ability to replicate microstructures of the product. Thus, 

the silicone rubber mold was widely employed to develop 

a new product because it is fast, simple and cost-effective. 

The main objective of this work is to investigate process 

parameters for enhancing the efficiency of making silicone 

rubber molds. According to the experimental results 

discussed in this study, the main conclusions can be 

summarized as follows: 

1. The results can accelerate the development speed in a 

new component development phase using silicone 

rubber molds.  

2. The outer surface of the silicone rubber mold started to 

cure and the inner liquid silicone rubber was then 

solidified progressively. 

3. The optimum weight ratio of base compound and 

hardener 10:1 has been verified because the curing 

time of silicone rubber mold can be shortened 

significantly. 

4. The optimum range of curing temperature is from 

room temperature to 50 °C based on the shorter curing 

time and less shrinkage of the silicone rubber mold 

when the dimensional accuracy of the finished product 

need to be emphasized. 

5. The suitable curing temperature is 80 °C because the 

curing time of silicone rubber mold is the shortest 

when the dimensional accuracy of the finished product 

do not need to be emphasized.  
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