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Abstract — CFC-11 and HCFC-141b have been used as blowing agents for rigid polyurethane foam
insulation of LNG storage tank. But CFC-11 and HCFC-141b deplete ozone layer in the stratosphere. So
in leading countries, the use of CFC-11 has been prohibited since 1995 and the use of HCFC-141b will
be prohibited from 2005. Much efforts and studies have been done about alternative blowing agents and
insulations blown by alternative blowing agents. This paper deals with polyurethane foams (PUFs) blown
by HFC-365mfc, shows their physical and mechanical characteristics and thermal performance. These data
are compared with the results of PUFs blown by HCFC-141b. From these test results, PUFs blown by
HFC-365mfc show good mechanical and thermal characteristics. It is possible to use PUFs blown by HFC-
365mfc as main insulation of membrane type LNG storage tank.
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Fig. 1. Foaming process of polyurethane foam.

Table 1. Physical properties of various blowing agents[1,2].

CFC-11{HCFC-141b| HFC-365mfc
Formula CFC13 CHgCCle CF3CH2CF2CH3
Ozone Depletion
Potential 1.0 0.11 0
Thermal Conductivity
[W/m/K at 25°C] 0.0088( 0.0104 0.0125
Vapor Pressure at
20°C [kPa] 88.3 68.9 46.9
Boiling Point [°C] 23.8 321 40.0
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Fig. 2. Polymeric 4,4-diphenylmethane diisocyanate.
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Table 2. Formulation of polyurethane foam system.

Unit [php : Parts per Hundred Parts of HCFC-141b HFC-365mfc
polyol by weight] A I A I
Isocyanate: PMDI 132.5 147.0 140.77 140.83
Polyol: polyether polyols 100 100 80 70
polyester polyols 20 30
Catalyst: 3 kinds of amine catalysts 1.8 1.1 0.7 0.7
Surfactant: silicone surfactants 2 2 2
Retardant: chlorinated phosphate ester 10 8
Blowing agent: HCFC-141b 18
HFC-365mfc 22 3.6
water 0.7 02 1.0 048
225 BAEFY o5 Table 4. Compressive strength at 25°C.
Ag ;:-_ %‘3] Eﬂ% %’0’] }_§‘_ % TA }‘3]-7] "’]6}0:1 ) Unit A-grade I_grade
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(morphology) &< 578 SrUFF. 7171 Deviation| 0024 | 0018 | 0094 | 0.003
“dollE Instron UTM(Model : 4077)& ARS8t om
Spec. =0.17 =0.95

HAEE &l Netzsch Lambda 2300V/1S ©|-8-3}
Hnow, EY71E& ZA ol Micromeritics AccuPyc
1330 PycnometerE 4 EEZ2] &A= Jeol ISM-
5200 o]-&3kdnt.

m. Ag % A

3L 8%

Ze|vHe F9 UEE ASTM D1622 WL ol &
3] 2 AE F=103tR.09 F LIAE AHEE A
28 mE 9dn ZHo] fo|ste] Ysl= YEE AL
F AUtk

Table 3. Density.

Unit A-grade I-grade
(kg/m’] *HCFC | *HFC | HCFC | HFC
Average 42.0 415 108.0 110.0
Deviation 0.58 0.16 1.18 0.31

Spec. =45 <118

*HCFC : HCFC-141b, HFC : HFC-365mfc
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Table 5. Compressive strength at —162°C.

Unit A-grade I-grade

[MPa) HCFC HFC HCFC HFC
Average 0.43 0.65 2.13 1.95
Deviation |  0.027 0.024 0.123 0.056

Spec. =(.22 =1.23
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Fig. 3. Tensile specimen.

Table 6. Tensile strength at 25°C.

Unit A-grade I-grade

[MPa] HCFC HFC HCFC HFC
Average 0.33 043 1.45 1.57
Deviation | 0.013 0.016 0.087 0.012

Spec. =025 =1.00

Table 7. Tensile strength at —162°C.

Unit A-grade I-grade

[MPa] | HCFC HFC HCFC HFC
Average 0.32 0.37 2.02 1.76
Deviation | 0.033 0.036 0.199 0.129

Spec. 2(0.28 =1.15
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Table 8. Shear strength.

Unit A-grade I-grade

[MPa] HCFC HFC HCFC HFC
Average 0.211 0.25 1.07 0.84
Deviation [ 0.016 0.012 0.105 0.024

Spec. =0.18 =0.81
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Table 9. Closed cell content.

Unit A-grade I-grade
[vol%] | HCFC HFC HCFC HFC
Average 93.11 94.10 96.25 97.88

Deviation 0.28 0.18 0.86 0.22

Spec. =90 =90
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Table 10. Thermal conductivity at 23°C.

Unit A-grade I-grade
[W/m/K] HCFC HFC | HCFC | HFC
Average 0.0209 0.0210 | 0.0242 | 0.0244

Spec. <0.0213 <0.0251
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Fig. 4. Aged thermal conductivity with time.
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HCFC-141b
Fig. 5. Cell morphology of PUFs.
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