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Abstract: In this study, we synthesized rigid polyurethane foam using water, HCFC-141b, HFC-245fa, HFO-1233zd, and
HFO-1336mzz and analyzed the effect of each blowing agent on the foam’s thermal and physical properties. It was con-
firmed that the loss rate of a blowing agent during blowing process is affected by gas generation rate of the blowing agent,
the foam’s maximum temperature, and the rate of its temperature rise. Foam with smaller cells showed greater com-
pressive strength, and foam produced using HFO-1233zd showed high insulation performance due to small cells and low
gas thermal conductivity. However, the foam’s glass transition temperature decreased as time passed due to the plas-
ticizing effect of HFO-1233zd. Through various analysis, it was confirmed that HFO-1233zd and HFO-1336mzz are suit-
able for replacing HFC-based blowing agents.

Keywords: rigid polyurethane foam, blowing agent, hydrofluoroolefin, mechanical property, thermal conductivity.
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Table 1. Properties of Blowing Agents
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Figure 1. Structure of blowing agents. (a) HFO-1233zd; (b) HFO-1336mzz; (c) HFC-245fa; (d) HCFC-141b.
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Figure 2. Decomposition mechanism of (a) HFO-1233zd; (b) HFO-1336mzz.
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Figure 3. Temperature profile according to blowing agents in PUF core and surface: (a) Water; (b) HCFC-141b; (c) HFC-245fa; (d) HFO-
1233zd; (e) HFO-1336mzz.
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Table 4. Reaction Time, Compressive Strength, and Cell Size of PUF with Different Blowing Agents

Blowing agent Water HCFC-141b HFC-245fa HFO-1233zd HFO-1336mzz
Cream time(s) 47 60 57 58 58
Gel time(s) 143 160 161 163 158
Tack free time(s) 255 258 254 257 251
C"mpzisgsfi/vcfnigrength 15.56 14.11 16.13 1531 1531
Average cell size (um) 252 254 220 231 242
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