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Abstract: In this study, the thermal and mechanical properties of rigid polyurethane foam using a phenolic resin-based
prepolymer and NCO index were analyzed. Phenolic resin based polyurethane prepolymer (PRPUP) were synthesized
using resol-type phenolic resin and polymeric 4,4-methylene diphenyl isocyanate (PMDI) and then confirmed using
FTIR. Heat resistance were measured using thermogravimetric analysis (TGA), and flame retardancy were measured by
limited oxyzen index (LOI) and UL 94 V test and residual amount after combustion experiment. Universal testing
machine (UTM) and scanning electron microscopy (SEM) were used to measure compressive strength and pore size dis-
tribution, respectively. Phenolic resin based polyurethane foam (PRPUF) synthesized using PRPUP increased both heat
resistance and flame retardancy. PRPUF24/300 confirmed that the weight lost by combustion after the combustion exper-
iment was 1/4 compared to polyurethane foam, and the flame retardancy was very increased. As the content of PRPUP
increased, the pore size increased, and as a result, the compressive strength decreased. As a result of the study, it was
confirmed that heat resistance and flame retardancy of polyurethane foam can be improved when using a phenol resin-

based prepolymer.

Keywords: phenolic resin based prepolymer, polyurethane foam, thermal resistance, flame retardancy.

M B

IRAF FL AuH o Ry} vjEY XA} T|AGe R
e P AlER AE T 7€ AF AEE giAske] A
|EAe™ 1930l otto bayerell °Jaf HdE Z2]5-HE
(PUYS M| 53sle] Z2]2~glo]d(PS), Z2]o|E=(PE), 221

"To whom correspondence should be addressed.
ksb@kyonggi.ac.kr, ORC 0000-0001-6201-4078
©2022 The Polymer Society of Korea. All rights reserved.

266

JZ 22l =(PVC) 5 T3 FH71 k!
a% 724 FEedUY FRPUFS S 2k, 2 77

é 2 s AEES TAAL 3lo] A=, LNG Alvt
ek Fofo] vz d] ARRE Y k2 aEy &
g F2 d Pl ol ALl efslaL A Al A
el

©]9ks} ZE(HCN)9h 3-e thaFe] 54 17171 W Aale]

1:8] 4 E 9k g/\]yl e 011:}35 D}X%o] &;q]ﬁh:ﬁ o]a]-&]- =
Ag Fp) 9lsiel velAg drlelr it Eeleee §

o AbeH=
(isocyanate)E 3}e4 o2 s st WHS

2290 £ L(polyol) B o] 24 ohlo] =
AHg3ta 9l


https://orcid.org/0000-0001-6201-4078
https://orcid.org/0000-0001-6201-4078
https://orcid.org/0000-0001-6201-4078
https://orcid.org/0000-0001-6201-4078

Verdolottis= silica sols ©]-83ly E2]&S 71231 silica
hybrid PUFE $433}33.2™* Takeichi= benzoxazineS =2
FEE ZEEEuel et WAl £2E Zte ZEeEe
52 ST Kimd} ParkS o] &AJobre 228 2
= Zol| 2 ZE88 Axste] G e F A
Azshs WHS Basiglehl oju WAl P25
= FEedee] A 171 S7kekAY dade] St
s 24 4o MAHE REs eI

#= F(PF)O 983 s FA= 18724 5L bayerel
3 =t 2FLU =] St WSO R Ao R Y
Aek’ FAE A= A =E=H(novolac) B3 BlE(resol)
o2 TEET muY J2 dEg AFeR s At Fv)
ARE-ste] s HlE ¥ Hlsel HlEl
HFo g sto] Gz s AR A

ok
ool

xS

Lofd |

fr st

- T Z2=0

O

R

[e)

Lo

EEgee=
stk @z o
IR

blas

T T
e

T 3
o fr o

ox oY (& 44 rH O

R ER A
o 2z, Faw

54o= 7RIt H -
o]Foix o] A4 Al COE Al
A 7¥=7F Al WAYSEA] ekt g
2 Qs Wagdol ke A3l ot spAIRE
TZ22 Qlate] F22A]7] fdrks ¢S /A
of -2 7AIAR] E40] ol thilHo=Z ARg<]
3 Al ZEAAL QUL whebA s Fo Z1AIAR)
sle WO R SHAAE Friske WS ARS-gith
A Wi ZEidl 22id SARI=(GO)9 v H
B e FEMWCNDE 7kl HE 55 Alxsiieh”
Shen¥} Nutt2 & H-HE 7ot dlE 58 Axse
" Rangari 5 Z#°] W AdAE 250 A F 9
= FAe EF8) s S s IR R S
AAE AREeE A BlE A9 A9 & vkgAd e
2 Q18] Alm F WFellA SHA ke o] A st=
o] EAeitt. mEbA fAgh o] AEAE =Y st
HE FAE 3HH o2 Jfdshs Wel B2 58 v
et olwf ARgEE e 2] EARE PEG” Zith
&, I Fo] ERjjgit

% ) gee ZElEev e aLERke] gl 7hgh vke-
4 7H= NCO717} #l' Aol EAshk= OH7]
g e A%s 57| el €A RA #HEm 7
Well =4 = ok’ mgt Z2)9-de ZEe = soft
segment= Qlate] FASH 22 Ho| o= HE Fo
A5 =W kst A vglo] 93 2o Tty UEE

)
A B>
:
i
2
o XN &
i, 2

—

J

m
o
mo ol )

o fF K 2 By %o

i

ol
o foh mx

=

[of

¢

R

st 22 71A1A

FAsk WAs 4% 24 274
9
Al e BololN Beleee ZelEeivish sl 9]

9 =2l Bal A77F ABEL YA, A Ao o

= WEd B G Qe Zeledd ZEmE )
A vllm Fo] IS sl Aok wE Jde F

E

e Fo B4 A+ 267

1

7R EEf-EehalE @ =
3L ek tEe] At vl =2 Zeede =
ZEY M E ARSI Bl S sk WS ARSIt
Yang 52 PDCP(phenyl dichloropholsphate)} HTPDMS
(hydroxy terminated polydimethyl siloxane)S AR&-3}] <13}
AP FE THe e ZeEHE S F ds Fl
Eolste] FAH 71AA B4 ke WS RSk
S8 Ding 52 DEPP(diethyl phosphite)2} diethanol amine
= ARgste] 13 ATt R S ZeEevE A
skal s Eoll FA7FekeE” Chen 52 gl2ds 7|WHo®
T dle s 222 SA 2 Zeedd Z2E
Y& 7kt Hs #8 AT

o} o] Al ZeleEe ZelEeHE 483 de &
of &gk A7t AlGEA F == Aol vlel dle FAE
ZEEe Fol 283 A= A A=A Fodt H=
L0 75 A ASHAIE ARgste] W AR o] FAls T
& 7 AR FE e 2 o] RAoRo|EE ZSAIR
AREsE7] wiEol] Aol WHEkA] ghom 71E wHlE Fol| H]
3l 93 71A1A =4S 7RI wEbA o] AtellM = |
5 TAE AR NCO71E dtel] zh= #l= 4] 7Rk
o] e ZejZeHE M3 & Ze e o ol
A3l 71E ZE9de ¥ o didde el A=
Z9He 5 Pdoke A HHoE SIslth

A7z

tlo i

H}2)

st7] 913l #llE FA12F M20RS At
H FA= ZdasidelM Al
3192 M20R> BASFARS] NCO%7}
31.2%%0 AS ARSI o] ARE EEe2 of7
3}ALe] AK7001(OH value=330 mgKOH/g, functionality=2.3,
My=430yS AR5

st Bl A 7N ZEEEHE AREEl 1
g = AHEAAAE MomentiveAl2] A= EA AlHEAIA|
2l L6900 AHE-311 o™ PUF 2 PUIRF] oll= A
A AREAQ] Goldschmidile] B84625 AME-31T.
AAZ= EEoA A8 TCPP(tris(2-chloropropyl)phospate)
£ ARSSEATE. Atesl Em9l K-15(30% diethylene glycol+
70% potassium octoate), 3E Z7)] PC-5(pentamethyl diethylene
triamine), W2~ vl PC-8(dimethylcyclohexylamine), 21 3}
Z7)| 33LV(33% triethylenediamine+67% diproplyene glycol)=
R Air productAl Al E-S ARSI Hls 4] 7Rk 2]
ZE & ARgEte] XS Foll ARSE= WhE A Sl LF-
17 2 LA-1-= I3 AfollA] Al gito} ARE-8IST). WA=
HoneywellAF2] HFO-1233zd(E)(1-chloro-3,3,3-trifluoropropene)

o

O
o=

1
T

Polym. Korea, Vol. 46, No. 2, 2022



268 £84 -

NCO OH OH
C CH;OH

Hf

H,OH
OH
Ve
co
MDI I Fhenol resin
OH OH J_,
H H;
[» C -R o
H,C—R R= i
OH
Hz
PRPUP oc

Figure 1. Synthetic route to PRPUP and structure of synthesized
PRPUP.
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Table 1. Formulation of PUF, PUIRF

Materials (g) Sample PUF PUIRF
Polyol AK7001 100 100
Flame retardant TCPP 20 20
Surfactant B8462 2 2
PC-5 0.12 0.2
Catalyst PC-8 0.18 0.3
K-15 - 2
33LV 1.2 -
Blowing agent HFO-1233zd 26.5 25
Isocyanate M20R 93.60 216.01

Z2H, Al46d A2%, 202214

Table 2. Formulaiton of PRPUF According to NCO% and NCO
Index

PRPUF
‘ sample » 4130 24/300 21/130 21/300 18/130 18/300
Materials
(g
Polyol AK7001 100
Flame
retardant TCPP 20
Surfactant B8462 2
LA-1 0.5
Catalyst LF-17 0.5
K-15 2
Blowing water 1
agent
PRPUP 11.60 26.78 11.78 27.19 12.10 27.92
Isocyanate

M20R 104.44 241.02 106.04 244.70 108.89 251.28
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Figure 2. FTIR spectra of M20R and PRPUP.
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Figure 3. TGA profiles of M20R, PRPUP, PR.

Table 3. Char Residue of M20R, PRPUP, PR
M20R PRPUP PR
Char residue (%) 16.54 32.98 46.44
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Table 4. Peak Table of the FTIR Spectra of PUF*

Wavenumber . .
(em™) Assignment Bonding
3325 N-H stretching . urethane, urea,
isocyanurate ring
2916 C-H stretching ethylene
N=C=0 asymmetric .
2250 stretching isocyanate
1710 C=0 stretching . urethane, .
isocyanurate ring
1595 C=C stretching benzene
1526 N-H bending urethane, urea
1510 C=C stretching benzene
1410 C-N stretching isocyanurate ring
1216 C-0O, C-N stretching urethane
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Figure 5. TGA of PUF and PRPUF according to NCO% of pre-
polymer at 130 NCO index.
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Figure 6. TGA of PUIRF and PRPUF according to NCO% of pre-
polymer at 300 NCO index.
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Table 5. TGA of Polyurethane Foams with Different NCO% and NCO Index
PRPUF PRPUF PRPUF PRPUF PRPUF PRPUF
PUF 24/130 21/130 18/130 PUIRF 24/300 21/300 18/300
Tos0 (°C) 163.82 180.07 181.66 185.55 232.36 258.65 251.37 248.13
T (°C) 367.8 415.02 429.54 433.28 460.11 47421 482.26 514.75
Char residue (%) 26.62 33.84 34.20 33.93 37.98 39.84 40.73 40.78
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Figure 7. SEM images of (a) PUF; (b) PRPUF 24/130; (c) PRPUF
21/130; (d) PRPUF 18/130 (x50, 100 pm).
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PRPUF 21/300; (d) PRPUF 18/300 (x50, 100 um).
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Table 6. Results of UL94 V Test of Polyurethane Foams with Different NCO% and NCO Index

PRPUF
24/130 21/130

PRPUF

Sample PUF

PRPUF PRPUF PRPUF PRPUF

18/130 PUIRF 24/300 21/300 18/300

tl (sec) 2.57

t2 (sec) -
UL 94 rating V-0
Weight loss percent (%) 24.38

1.86 1.83
1.58 1

V-0 V-0
13.56 11.58

3.27 - - - -

V-0
18.26

V-0
6.44

V-0
6.13

V-0
6.96

V-0
10.18

"

PUF PRPUF FPRPUF
21/130 18/130

1

PRPUF PRPUF PRPUF
24/300 21/300 18/300
Figure 9. Results of UL94 V test of Polyurethane foams with dif-
ferent NCO% and NCO index.
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Table 7. Results of LOI Test of Polyurethane Foams with Different NCO% and NCO Index

PRPUF PRPUF PRPUF PRPUF PRPUF PRPUF
PUF 24/130 21/130 18/130 PUIRE 24/300 21/300 18/300
LOI (%) 218 227 226 224 2622 268 256 246
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Figure 10. Specific compressive strength of polyurethane foams
with different NCO% and NCO index.
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Figure 11. FTIR spectra of PRPUF 24 according to NCO index.
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