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Abstract: In this study, cardanol-based Mannich type polyol and Novolac type polyol were used as alternatives to
petroleum-based polyol to compare and examine the effects of polyol structures on the properties of rigid polyurethane
foam. As a result, it was confirmed that the compressive strength and thermal insulation performance of rigid poly-
urethane foam synthesized with 20wt% Mannich type polyol were superior to those synthesized with Novolac type
polyol or petroleum-based polyol. This is because the presence of tertiary nitrogen in the Mannich type polyol struc-
ture promotes the urethane reaction, enhancing the reaction rate and reducing cell size, while the presence of aromatic
structures increases the hard segment content.

Keywords: rigid polyurethane foam, cardanol based polyol, eco-friendly, mannich type polyol, novolac type polyol.
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Viscosity Amine value OH value Functionality Molecular weight
(cP) (mgKOH/g) (mgKOH/g) (g/mol)
Petroleum based polyol Polyol system 6499 - 333 - -
Cardanol based CN-168 670 - 168 34 1058
Novolac type polyol CN-172 9885 - 172 6.5 2030
Cardanol based CM-290 201 155 290 2 395
Mannich type polyol CM-392 1755 135 392 3 425
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Figure 1. Cardanol-based polyol structures: (a) cardanol-based Novolac
type polyol; (b) cardanol-based Mannich type polyol.

E820] 20 wi% S ETE Al=Hlo)| LBAS H7lato]
F3MAZ] B one shot A2 E M20SE 78t RPUFS
A8t o127 $HE RPUFES Z8)S AEH-f2 %7
sRom, gzl AA 7N Fels Al2HS ARS-Ste]
3% RPUF= Polyol system-f2 3713153t}

BN = BM: Jloks 7k 29080] 2 B8 98 A
2% Fourier-transform infrared spectroscopy(FTIR)} BrukerA}
(F1=1)2] diamond ATR®| -2l VERTEX 80V FTIRS ©]-&
a1dom, 34 400 cm'ollA] 4000 cm™ HEYIE =351

o oPdM EA: PerkinElmerAh(P]=1)2] thermogravimetric
analysis(TGA), TGA4000 =d-& A}g-3le] 7tk 7]RkEe]
2o 93 S BT AA £97] Sl 40 TH
B 550 C7HA] 10 C/ming] 52 SE2 #4151

= H%= brookfieldAHP1=)2] DV-II +PRO VISCOMETER
AEAE ol &sl SA3rh

HFSZ& T RPUFS] WHe-EE £ 2% 20+ C/REE
50% oA W= ZAg oA 2] cream time(CT)/gel
time(GT)/tack free time(TFT)22 =73l

gz: RPUFY] ZE7] PEE KS M ISO 84590 3l =
A3 50x50x50 mm® 27]9] FEHAZ A2 MES 15
AN FHlste] Ak} FuE 459

=ZIT: RPUF] AEHEE S| sl AsZA}
(8=H)2] universal testing machine(UTM) ©]-83l% ASTM
D 1621-000 we} S35} 50x50x50 mm® 7|2 AZ
1709 HFAEE SHs8IaL Fdaks TSt

Za)v, A)4978 A|335, 20254

3171 $18 QMESYSAKEH=)S] UTMS: ©]&-3le] KS M ISO
19260 mWe} Z438IT) 25x150x4 mm® 272 AE 157]¢)
A=} ANES S Ht ke T8Il

7|8 27| ¥ BE=: RPUFS] A BEZ2AE Uolr7] 3|
RPUF2] @& HTHst T field emission scanning electron
microscope(FE-SEM)E ©]-&3ll 7] 27| % #x& 43}
Atk AHEE 71712 JEOLAKYE £)<] JSM-7610F PLUS
(Thermal type) @S A-8-31%1.2. ™ thermal cathode field
emission type?] A} 0.5-30kV 715 9t sl %18
st RPUF= AAAE A7|7F HAgH7] ofH 9] Wi =
B71&5 ol&al 315 slollx] A& TS Wa(PyE Z- st
o] A & A4S APt 71F A71= 607 71
ZAol& FAste] Hetgh 7S FskA

EZV|ZEE: RPUF?] closed cell 2 =4317] €J81 Anton
Paarr {2 2~E2]o})2] automatic gas pycnometer, ultrapycnometer
1200 54E o]-&-ate] 43T} 25%25x25 mm’ =7]9]
ASHAZ A2 AES 10701 11817 closed cell $HE-2
SA kAL BakS ek

FEIHOI2Z(T,)et ZHSIT: RPUFS] freldol (T2t
A== $49517] 918 HitachirHY¥)2] dynamic mechanical
analyzer(DMA), DMA71005 ARE-314TE A& Z°] 30 mm
A 5-10mm/FA 1-2 mm=z 25-350 To] 2= Hlejx] 5T
/min®] F& £E2 S

HMEE: RPUFY] EX =82 Lasercomprh(F]=)2] FOX-
314 R4S o]gale] ASTM-C518° wat 24313tk Upper
Plate(cold) 10 C, lower plate(hot) 30 T2} ZZH S 2 300x
300x50 mm’ =7]9] ZFHAE A& WSS FHlste] 4

&g 2HAA.

Ay o 2

FiIcks J1HE E2lge 7= 4. itk 7i E8l&9
T2 2ol E H|wa}l7] &l FTIRS ©]8-314Th. Figure 25
X, Mannich type £2]-&3} Novolac type Z2]-&2] 7%,
15903 1450 cm'oll A4 aromatic ring®] C=C A%< 7KL
e & F AL o= ZiokEe] 5491 WAl =2
B3l o3 Aoz AlgHn) 3 CM-2903 CM-392
©] 73-%-, Mannich type £2]2¢] 57421 3%} Ao W& CN
937} 1025 emol|lA veRdT)

7IChs 714 E2|82] ¥ MM H|W. Figure 32 7IThHE
7k Z2)go] ol mE A AE 1] 918 TGASH
DTG 20|t}

Novolac type 22122 CN Z2|&2] ¢ 250-300 CollA]
A ghslrae] 12) 73ljeh 450 T o dollA] Wl 1=
o] 2z} #3l7F doAuA €t

Mannich type Z2]&% CM Z2]€9] 7%, CN 2|29




7hths 71N EEel] 7av Ad EEtew Fo] =40 viAle 9% A 345

24
224 CM-392
= 1 :C-N
= 1.8 ,
o ] CM-290 Ty
8 1.6 4
5 :
£ 1.4 4 i
= CN-172
£ )
2124
o
404 — =
1 CN-168
0.8 4 1590 / 1450cm?
: aromatic ring
0.6 4 C=C
T % T T T . T o3 T . T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm')

Figure 2. FTIR spectra of cardanol based polyols.
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Figure 3. TGA, DTG profiles of cardanol based polyols.
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Table 2. Viscosity and Rate of Reaction of Polyol Systems

Polyol system Polyol system-f CN-168-s CN-172-s CM-290-s CM-392-s
Viscosity (cP) 6839 4511 9918 2405 4883
CT (sec) 6 6 6 5 45
GT (sec) 68 75 78 59 48
TFT (sec) 77 83 84 65 56
3.5-|—— polyol system-f CM E2]&o] &31¢ RPUF 7+ cell 2715 Hlasld, 2
ol — 2::?};: 271977} W3l OH valueZ} 2 CM-392-f2] cello] CM-290-f2]
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Figure 4. Glass transition temperature of RPUF according to polyol
systems.
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Figure 5. Cell morphology of RPUF according to polyol systems.

Table 3. Glass Transition Temperature of RPUF According to Polyol Systems

RPUF Polyol system-f CN-168-f CN-172-f CM-290-f CM-392-f
T,ss (C) 227.9 219.5 229.2 2134 225.8
Tons (C) 278.8 3004 292.1 304.5 306.6
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Figure 6. Compressive strength of RPUF according to polyol sys-
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