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Abstract

In this study, we compared and analyzed the flame retardancy and mechanical properties of three different rigid polyurethane
foams (RPUF) containing noble non-halogen phosphorus flame retardant (BHP-RPUF) or halogen-phosphorus flame retardant
(TCPP-RPUF) or no flame retardant material (Pure-RPUF). The noble phosphorus-based flame retardant, bis(3-(3-hydrox-
ypropoxy)propyl) phenyl phosphate (BHP), was synthesized by the reaction between disodium phenyl phosphate and
3-chloro-1-propanol. Through universal testing machine (UTM) experiments, the compressive strength of BHP-RPUF was sim-
ilar to that of TCPP-RPUF. From the result of foam morphology analysis, it was confirmed that BHP-RPUF has the lowest
thermal conductivity of 0.023W/m - K. We also measured the size of air bubbles using reaction velocity and SEM, and ana-
lyzed how they affect the thermal conductivity. In addition, the heat-resisting property was investigated through TGA analysis.
The limited oxygen index (LOI) test confirmed that BHP had the ability to increase the flame retardancy of RPUF.
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Table 1. Reference Data of Raw Materials
Raw material Functionality Base OH-value 1
2 Phthalic anhydride 330 polyester polyol
4 Pentaerythritol 400 polyether polyol
Polyol .
45 Sucrose + Glycerine 500 polyether polyol
6 Sorbitol 490 polyether polyol
Flame retardant TCPP : Tris(1-chloro-2-propyl) phosphate
Surfactant B8462 : Silicon copolymer
33LV : Triethylene diamine + Dipropylene glycol
Catalyst PC-5 : N,N,N’,N”,N”-Pentamethyldiethylenetriamine
PC-8 : Dimethylcyclohexylamine
MDI NCO% = 31 = 0.5%

HCFC-141b :

1,1-Dichloro-1-fluoroethane

Blowing agent

Distilled water
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Table 2. Rigid Polyurethane Foam Formulation

Index 110 Pure-RPUF TCPP-RPUF BHP-RPUF
Polyol 100 100 100
Flame-retardant 0 10 10
Surfactant 1.57 1.57 1.57
33 LV 0.22 0.22 0.22
PC-5 0.08 0.08 0.08
PC-8 0.17 0.17 0.17
HCFC-141b 10.67 10.67 10
Distilled water 0.22 0.22 0.22
MDI 117 117 117
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Figure 1. Synthesis scheme of BHP.
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2.2. Bis(3-(3-hydroxypropoxy)propyl) phenyl phosphate (BHP)2|
B

AMZL2 BHPY 7 scheme Figure 1] YERNSITE Disodium
phenyl phosphate 133.75 g (0.60 mol)¥} 3-chloro-1-propanol 106.5 mL
(1.25 mol)y& Aa F971ellA el oleE 107145 mL9}t 0.1 N
HCI 357.15 mL9] 2Z8u|E AME-3t], 120 CTZ 25 h &3 8¢ Wt
& AlZTE Whgo] $had & YA E NaCls of3ste] AlAg § of
e BAS W WY $F71E ARl 40 Colld &HiE A78t
Atk Aol A dichloromethane/distilled water2 AFEaFo] WA ES-
=% F 39 I3 55715 ARl 70 CollA 30 min 5 &1
AAFORA S W A4e] BHPE 41.5%2] &%= /st
t}l. 4% BHPE 'HNMRI FT-IR ¥-4& F3 2Helasih
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% kol A EYe-de F5 FAEIA, A A

A Z2]9d"t Zoll= 10 pphp (part per hundred polyol)e] HIAE

A7kete] FAHIth A et 2 s HAste] two

component methodE AFE-5}1 © ™, 3 5L PE 2370 HCFC-141b%}

MDIE A3t H7HAE H7F F 3 min?t 3000 RPMO.Z Zaju)iS

aglek. AdeellA] Zejuad EelS 24 h E<t conditioning® ¥,

PMDI®} HCFC-141bE %718}, 30 s 5<F 3000 RPMO.Z 1 HIS}o]
A AAESATE Ad2olA 24 h FsAZ] & BA4S ST

BrukerAF2] Platinum ATR©] “2F% ALPHA FT-IR SpectrometerS
AFE-50] 400~4000 cm™ o] H9lollA] §/d s BHPY] +2E 218
o #2}7] 3R AE BrukerAH] AVANCE 1T HD400-2 AH8-3F
o] BA&ltt W= ASTM D 1622 7822 30 x 30 x 30 (mm)E
Zgsto] 5431k F57 5 Universal Testing Machine (UTM)=
AHg3tel ASTM D 1621H o2 S7g3I0ith Ad Ze)v-uwt &<
71% B} A7]E HitachiAl2] S-4800 Scanning Electron Microscope
(SEM)S ARgste] FAslth g 542 S18liA SINCOAR
TGA N-1000< ARg-3te] AA E27|ol4 $24% 10 T/min o=
800 T7HA A3ty GHAEEE ASTM C 518 el %
NETZSCHAFS] HFM43671715 ARg-ate] S7dsk5int. §hA] Akd A<
Al&(Limited oxygen index, LOI< I#AF A|52] A47}t X&H7|
S5l Q3 HA AadS YERYY, Suga Test InstrumentsA}2)
ONI1 meterE ©|-§-3t0] 1SO 4589 2ol whe} &S ZY3ioict Al
O 7] 10 mm (W) x 10 mm (L) x 120 mm (T)E & 3}e] 33]
Bk Fskoitk
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22 BHPS] §H3E 3000 mL 57 T vbe Zeka=1o] diso-
dium phenyl phosphate 133.75 g (0.60 mol), 3-chloro-1-propanol 106.5
mL (1.25 mol), €7Q] &+E 1071.45 mL9} 0.1 N HCI 357.15 mL ]
ZEME ARSI W Al FA E971E FAEIITE Egh wWjA
U7 2l ol §3te] 200 RAMO.E kil om, 319 ME-S A}
83101 120 T2 25 h 5 85 WA Wgo) fdl F, A4
£ NaCIE of5hafe] AT 5 of3el gl 814 AF 55712 A}
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3to] 70 CellA 30 min &b G5 AAFORA @S d Ay
°] BHPE 41.5%9] &= skt @49% BHP+ 'H-NMRZ}
FT-IR 24& 53 21819Ith 'H-NMR ¥} FT-IRS ©]-g-3te] /34
BHPO] 3814 725 218k th(Figures 2, 3). RHS- 5, BHPOA Hl
A 282 221 (A)E 6.89 ppm, (B) 7.22 ppm, (C) 6.81 ppm o=
disodium phenyl phosphate®] HlAl 118] =40 H|&}o] peak] down
shift7} YEFSTE 31 3-chloro-1-propanol®] -CH,- 574221 (D), (E),
(F)y= 27} 3.81, 3.68, 2.01 ppmC.=E peak shift7} Lold-S 2131
th FT-IROIM = 1234 em™' el P=0 A A5 2%5& 1T 5
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Table 3. Properties of Pure-RPUF, TCPP-RPUF, and BHP-RPUF

CT GT Density Compressive strength ~ Average of cell diameter Thermal conductivity Limited oxygen index
(sec)  (sec)  (kg/m) (kgf/em?) (um) (W/m - K) (LOI)
Pure-RPUF 78 227 56 4.04 22739 0.025 18.50
TCPP-RPUF 87 231 56 373 22328 0.024 21.00
BHP-RPUF 79 215 57 3.93 210.46 0.023 19.67
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Figure 2. '"H-NMR spectrum of BHP.
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Figure 5. TGA thermograms of PUF with flame retardants;
Pure-RPUF (—), TCPP-RPUF (---), and BHP-RPUF (:**).
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