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Properties of PIR Foams with Blowing Agents
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EE: B Ao e Q25X Fe) A7t ¥ 1-chloro-3,3,3-trifluoropropene(HFO-1233zd)2} €ts}
FAaA FEAQ] cyclopentane 2 1,1-dichloro-fluoroethane(HCFC-141b)] thal] WA 2 AR5 1,1,1,3,3-penta-

fluoropropane(HFC-245fa)E A8-3}4] polyisocyanurate(PIR) E-= /93t & WxAlo] w2 Fof drrwel 7|44
7AE 9 G4 AAE ¥aEiith. HFO-1233zdE ARE-ste] @433k PIR &2 URE HEAE ARESH Fol Hls)] W2
FHAEEE Yello] ©E Aol 7P Holas ERlsiion, d54E ZAHAME cyclopentane®E The 731,
HFC-245fa9} A1 =2 YeplSe). SHAIAEARS(LOI) testA#} cyclopentanes ARE-3F #o] 71 W& LOI %t
(23.7%)& YERIA 21, HFO-12332d5 ARSI THE Eo] 7FF =2 74(26.3%)S YEhlo] diAo] 32 &
s

Abstract: In this study, 1-chloro-3,3,3-trifluoropropene (HFO-1233zd), which has low ozone depletion potential and
global warming potential, was used to synthesize the polyisocyanurate (PIR) foam and its mechanical strength and ther-
mal properties were compared with foam synthesized using cyclopentane, a hydrocarbon-based blowing agent, and
1,1,1,3,3-pentafluoropropane (HFC-245fa), an alternative blowing agent to 1,1-dichloro-fluoroethane (HCFC-141b). PIR
foam synthesized using HFO-1233zd showed the lowest thermal conductivity among foam synthesized using other blow-
ing agents, confirming its superior insulation performance. Furthermore, its compressive strength was higher than that of
the foam using cyclopentane, having strength similar to foam using HFC-245fa. According to the limited oxygen index
(LOI) test, foam synthesized using cyclopentane showed the lowest LOI value (23.7%) while HFO-1233zd based foams
scored the highest (26.3%) proving their excellence in flame retardancy.

Keywords: polyisocyanurate, 1-chloro-3,3,3-trifluoropropene, 1,1,1,3,3-pentafluoropropane cyclopentane, flame retan-
rdancy.
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Chloro-fluorocarbons(CFCs) W2 A== 5448 YeR]
= HIARA ] AREE O 2pe)del] ffste] waf o]
Ao gozAs FAsa 2EF g A 2dsE A
sk 24A7Rs0)7] wito] ARgo] FHEJTE FATEA] ALS-
%3 Sl+= hydrochlorofluorocarbons(HCFCs) <} hydrofluoro-
carbons(HFCs)®] 73-%- 253535 X]4>(0zon depletion potential,
ODP)= vl WA 2] 7-2138}2]4~(global warming potential,
GWP)E o A3] ol EA7F I glom, =484 (Kigali
Amendment)el] &J3l] 201937 AiF 2 AT 7H50] A
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HoneywellA}2]  Solstice® HFO-1233zd(E) (1-chloro-3,3,3-
trifluoropropene)$} HFC-245fa(1,1,1,3,3-penta-fluoropropane)
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Table 1. Formulation for PIR Foam Synthesis

Sample HFO-1233zd HFC-245fa Cyclopentane
Polyol Ester polyol 80
Ether polyol 20
Flame retardant 28

Surfactant 4
Water 1.4
PC-5 0.04
K-15 0.35
TMR-2 0.35
(NCO ﬁdDeI)FSOO) 301
Blowing agent 32 39 20
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FAMXE0|d (Scanning Electron Microscope, SEM).
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APH EHEM (Thermogravimetric Analysis, TGA). 3
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A3l 800 °ColA 127 FAIA T

UL-94 Vertical Test. 7Fo] HH AP E T2 AMSEH &
UL-94 <+ 73} HlAE+ ASTM D 3801 42 wet 21
At B8 AJHS] A7) 127x13x10 mm’Z At

Figure 1. Thermal conductivity of PIR foams with different blow-
ing agents.

Table 2. Characteristics of Blowing Agents Used in This Study

Blowing agent HFO-1233zd HFC-245fa Cyclopentane
Molecular weight 130 134 70
Boiling point (°C) 19 15 49

Gas thermal conductivity

(W/mK, 25 °C) 0.0102 0.0122 0.0120
Flash point (°C) None None -37
Explosive limit (%) None None 1.1-8.7

ODP 0 0 0
GWP <7 1030 <11
Atmosphere life 26days 7.6years 3days

=] 3l

SHA[LkAX| 3= (Limited Oxygen Index, LOI). HAIAFAA]
T MRS ATt XEE7] A7 HAFe Ak FEE 9
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< B7tehe Ad T shdolth. |dd 54 £4= 9% Lol
5782 EPIZEe] ARaA|FA A7 (FT-LOI404)YE ©]-8-3]
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Figure 2. Scanning electron micrographs of the PIR foams with different blowing agent: (a) HFO-1233zd; (b) HFC-245fa; (c) cyclopentane.
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Figure 3. Correlation of PIR foams between compressive strength
and cell size with different blowing agents.
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Figure 4. Thermogram analysis of PIR foams with different blow-
ing agents.
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Table 3. Thermal Gravimetric Analysis of PIR Foams with
HFO-1233zd, HFC-245fa, and Cyclopentane

Sample HFO-1233zd HFC-245fa  Cyclopentane
T—o0% (°C) 245 251 248
Wr—sooec (%0) 552 54.4 53.8
Wi-aooec (%) 35.8 36.2 34.9

Transmittance (%)

—— HF0—-1233zd
—— HFC-245fa
—— Cyclopentane

T v T T
2000 1800 1600 1400 1200
Wavenumber (cm™")

Figure 5. FTIR spectra of PIR foams with different blowing agents.
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Table 4. UL-94 Vertical Results of PIR Foams and PUF
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2RI o]ZAlolre|o|E g H|wataz} a13lom Azt
Figure 59 YERNSITE. Figure 5914 ®= vie} o] &
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= “LLPE] olyg HAE 7
30

Est 7(]—0 _/_',: O]

o o

ol B39 =717} PastAL AX
2 A7 1SS 48 ol o
25 7194 &3 A= 82
AT de 990 da 4
%"ﬂ = 7¥ebd el 2=l
T w7 EAe] et et el 2kl =g
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A 35S WA ok
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Sample PUF PIR PIR PIR
p (HFO-1233zd) (HFO-1233zd) (HFC-245fa) (Cyclopentane)
UL-94 Grade V-2] V-0 V-0 V-0
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Table 5. Results of LOI Test of PIR Foams with Different Blowing Agents

Sampl PUF PIR PIR PIR
ampie (HFO-1233zd) (HFO-1233zd) (HFC-245fa) (Cyclopentane)
LOI (%) 233 263 25.4 237

PIR

Figure 6. PUF and PIR foam after UL-94 vertical burning test
(HFO-1233zd).

burning BHIXEE 218831590 1 A3= Table 49 %2
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HFC-245fa, cyclopentane =& PIR oAl 72 S 1w
AT}

A47t A& 7Fesk 34 Ak w5 =45 LOL A9
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