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Reduction of cycle time by addition of silicon carbide filler
to syndiotactic polystyrene/glass fiber composites
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Abstract Reducing cycle time in injection molding pro-

cess is important because it can save operational cost and

increase product yield. Cycle time can be categorized by

six criteria, which are metering time, time for closing a

mold, packing time, holding time, cooling time, and the

time needed to open a mold and to eject the molded

product. It was found that the metering time is crucial to

predict the cycle time of glass fiber reinforced syndiotactic

polystyrene (sPS/GF, 60/40 by weight). In many cases,

however, cycle time could be reduced by saving cooling

time. This study is motivated by the demand to reduce the

cycle time of sPS/GF composite. Since the increase of

thermal conductivity leads to the reduction of cooling time,

silicon carbide (SiC) is employed to evaluate if it can

increase the thermal conductivity of sPS/GF composite.

When SiC is added to replace entire GF in sPS/GF com-

posite, the mechanical property of the resulting sPS/SiC

(60/40 by weight) composite was not satisfied even though

its thermal conductivity was enhanced to about 62 %.

Within tolerable ranges in mechanical properties, SiC was

added to replace a half amount of existing GF filler. sPS/

GF/SiC (60/20/20 by weight) composite achieved the

enhancement of thermal conductivity from 0.230 to

0.308 W/m K (34 %) which resulted in the effective

reduction of both cooling time and cycle time from 16 to

10 s and from 47 to 38 s, respectively. It should be noted

that additional time saving was obtained by 3 s between 6 s

in cooling and 9 s in overall cycle time. It can be inter-

preted by the fact that the increase of thermal conductivity

also accelerated the heating rate of sPS/GF/SiC composite.
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Introduction

Injection molding machine is commercially used to fabri-

cate plastics due to its fast production in designed shape

[1]. Once the injected plastic becomes cool in a mold, the

mold will be opened and a new-formed plastic part will be

ejected. The entire time of molding process is called ‘‘cycle

time’’. The cycle time is often used to determine how fast

molded plastics are produced. Even though the criteria of

cycle time may be diverse, the cycle time of plastic

injection molding can be defined as follows:

Cycle time sð Þ ¼ t1 þ t2 þ t3 þ t4 þ t5 þ t6 ð1Þ

where, t1 is the metering time, t2 is the time for closing a

mold, t3 is the packing time, t4 is the holding time, t5 is the

cooling time and t6 is the time needed to open a mold and

to eject the molded product. Individual criterion of cycle

time above can be monitored and recorded after verifica-

tion of measured time. We experienced that cooling time

takes about 30–35 % of cycle time when syndiotactic

polystyrene (sPS) composites are in place [2]. In this case,

the prediction of metering time will be important to esti-

mate the cycle time of sPS composites. Apart from pre-

dicting the metering time of sPS composites, further
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