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A Study on the Property Changes of Rigid Polyurethane Foams
by Nucleating Effects of PFA and MWCNT
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Abstract While perfluoroalkane (PFA), a liquid state nucleating agent for a rigid polyurethane foam (RPUF) to
enhance the thermal insulation property, has the excellent nucleating characteristics, it is very expensive as well as
environmentally harmful due to the fluoride compound. Many researches, therefore, have been performed to develop
the alternative nucleating agents to replace PFA. In the present work, a multi-wall carbon nanotube (MWCNT) was
used as a sloid state nucleating agent, and thereby the effects on the property changes of the RPUF were carried out.
Average cell size decreased from 165.6 for base RPUF to 162.9 um and cell uniformity was also enhanced, showing
the standard cell-size deviation of 45.6 and 35.2, respectively. While k-factor of base PUF was 0.01763 kcal/m.hr.°C,
that of the sample with 0.01 phr MWCNT showed 1.02% reduced value of 0.01745 kcal/m.hr.°C. Though the
compressive yield stress is nearly the same as 0.030x105 Pa for the both samples, initial modulus of the sample with
0.01 phr MWCNT was higher than that of base sample. it was considered as the results that small amount of
MWCNT could play a sufficient role as the effective nucleating agent for RPUF, showing that an echo-friendly RPUF
with reduced-cost could be fabricated, which has an enhanced thermal and mechanical properties.
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Table 1. Base formulation of RPUF samples
Chemicals Concentration [phr]
Polyol 101.45
H,O 22
R Cyclopentane 16.5
Surfactant 3.0
PFA 2.0
Total 125.15
P MDI -
R/P 100/117

Table 2. RPUF formulation using MWCNT

Chemicals Concentration [phr]
Polyol 101.45
H0 2.2
R Cyclopentane 18.5
Surfactant 3.0
MWCNT 0, 0.005, 0.01, 0.05
Total 125.15
P MDI
R/P 100/117

Table 3. Properties of MWCNT, Ctube-120

Property Value
Purity >95.0
Average Diameter [nm] 20
Length [zm] 1-25
Specific Surface Area [mz/g] 150-250
Bulk Density [g/cm’] 0.03-0.05
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Fig. 1. SEM micrographs of RPUF samples of 2.0 phr
PFA-RPUF and 0.01 phr MWCNT-RPUF.
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Fig. 2. Density change of RPUF with MWCNT
concentration.
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Fig. 3. K-factor changes of RPUF samples as function of
MWCNT concentration.
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Fig. 4. Compressive stress-strain curves of RPUF samples.
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