Appl. Chem. Eng., Vol. 31, No. 1, February 2020, 30-35

https://doi.org/10.14478/ace.2019.1106 |

Article

— o i — —— = =1=
Ed|LYE-AZI7 SEF LEXHIC| B R SMof st A7
A - AaT
73718t 58}t
(20199 129 249 A<, 20199 12€ 269 A4 2019 12€ 28U Al

Synthesis and Characterization of Polyurethane-silica Composite Foam

Hyeon Seok Kang and Sang bum Kim '

Department of Chemical Engineering, Kyonggi Unuversity, 154-42, Gwanggyosan-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do 16227, Korea

(Received December 24, 2019; Revised December 26, 2019; Accepted December 28, 2019)

=2

Ao EelfeeAest By MEAS Pl By BEAY v
EelSelE- el B REAL ] A6 EolA e B Ee)

. B

57 ‘;‘ AH 2dE

=
bl
= T4 &

lF}E

A
H

O_L,
O]

=
7 53 Y& *‘ﬂﬂ Z3 2 A tho] e Akdicarboxylic acid), 22 F(glyco)¥2] T3 WS E3
kel 3 B &8 ol &3te] Tl gaeAdest 53 dxAE Y5 S Lﬂé}%ﬂ}. Z95
e 7F B8 9 A9 I %X HPUFO, HPUF1, HPUF3, HPUFS 2% 2 zlo)7 gl A g2lsict =74
T At 5ol S7Hgel whel HPUFOR Y 5 7138F3 2. HPUFOX.TF HPUFS7F ©F 25% & 71413 EAJo] &7
He AL ggelskan.

Abstract

In this study, polyurethane-silica composite foams were synthesized to analyze thermal insulation characteristics and mechan-
ical properties. In order to synthesize polyurethane-silica composite foams, polyester-silica composite polyols were first synthe-
sized via a polymerization reaction with silica sol, dicarboxylic acid and glycol in monomer state. Physical properties of poly-
urethane-silica composite foams synthesized using the composite polyols were analyzed. From the thermal conductivity analy-
sis, no significant differences among HPUF0, HPUF1, HPUF3 and HPUF5 were found. The compressive strength of polyur-
ethane-silica composite foams increased as the silica content increased. The mechanical property of HPUF5 was also about
25% higher than that of HPUFO.
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Table 1. Reference Data of Raw Materials

Ao g 9 Bl B A 31

Raw material Functionality OH-value Note
Polyol A 2 Phthalic anhydride 240 Polyester polyol
Polyol B 2 Phthalic anhydride 200 Polyester polyol
Polyol C 45 Sucrose + glycerine 360 Polyester polyol

Flame retardant

TCPP: Tris(1-chloro-2-propyl) phosphate

Surfactant B8462: Silicon copolymer
Catalvst 33 LV: Triethylene diamine + Dipropylene glycol; PC-5: N,N,N,N,N-Pentamethyldiethylenetriamine;
Yy PC-8: Dimethylcyclohexylamine; CH;COOK: Potassium acetate
MDI NCO% = 31 = 0.5%

Blowing agent

Distilled water
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SEM (scanning electron microscope), DSC (differential scanning calo-
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A7) &8 AZs7] Y8l 473k 2] sodium silicate solution,
o] LWFAE Al Trkt=a] x| 2] Amberlite® TR120 hydrogen form
< ARSI

ZeeaE A7t B3 ZujeS s8] Sl Ak F)2l
phthalic anhydride (PA), diethylene glycol (DEG), dipropylene glycol
(DPG), Junsei®] terephthalic acid (TPA) 1231 DowAFe] TinAl vl
Ql TBT-1005 AHE3IoiT) E]--dle-Ae 7t 53 wxAE /g3t
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2.2. Sodium silicate solutiong O|E%t Al2|7} & M=
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Table 2. Formulation of POL
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Table 4. Formulation of Polyurethane-silica Composite Foam

Raw material POLO POLS5 POLI15 POL25 Material HPUFO HPUF1 HPUF3 HPUF5
PA 17774 ¢ Polyol A 30 30 30 30
TPA 49.84 ¢ Polyol B 20 20 20 20
DEG 191.02 g Polyol C 30 30 30 30
DPG 161.02 g Polyol POLO 20 - - -
TBT-100 0.1 g POLS - 20 - -
Silica sol 0g 29 g 87 g 145 ¢ POLIS ) ) 20 )
POL25 - - - 20
Flame
Table 3. Acid Value and OH Value of POL reterdant TCPP 20 20 20 20
POLO POLS POLIS POL25 Blowing agent ol g 4 4 4
Acid value 1.52 0.9 0.96 1.46 Silicone
OH value 276 315 291 283 sufactant ~ Dor02 1.88 1.88 1.88 1.88
PC8 0.2 0.2 0.2 0.2
she 258 FRlsh & AFolA= 200 ColAFE Eo] RHoli= 4 Catalyst PC5 0.14 0.14 0.14 0.14
S golElgity Bo] Roly] Azl enE gxehEA] HheS 2 33LV 0.28 0.28 0.28 0.28
ekl Hi-go] g el e} dATER o] Hol= £2] ¢o] Fol= CH;COOK 0.5 0.5 0.5 0.5
Wk ers o} TR =2 AT A= =45
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Figure 1. FT-IR of phthalic anhydride and POL in C=O streching
region.
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Figure 2. FT-IR of POL0O, APOL25, POL25.
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Figure 3. Structural formula of polyester-silica composite polyol.
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Figure 4. FT-IR of pure silica particle and polyester-silica composite
polyol.
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Figure 5. TGA curve of pure silica particle and polyester-silica com-
posite polyol.
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Table 5. Viscosity of Polyol System and Reactivity, Properties of
Polyurethame-silica Composite Foam

POL
HPUFO  HPUFI  HPUF3  HPUF5

Viscosity (cP) 4304 4823 5467 7651

CT (sec) 15 16 16 17

GT (sec) 53 54 53 54

TFT (sec) 69 71 73 73

Density (kg/m’) 50 51 50 48
Then?f;, /f:‘_]dgtiv“y 002577 002567 002561  0.02546
Compressive strength 5, 4 3472 369.5 392.1

(kPa)
Tg (C) 144 148 150 153

<HPUFO0> <HPUF3>
Figure 6. SEM micrograph of polyurethane-silica composite foam.
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st M 31 A A1 =, 2020
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Figure 7. Dispersion of silica particle in polyurethane-silica composite.
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