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Effect of acrylic polyol on properties of polyurethane foam

Kim Tae sung

Department of Polymer engineering, The Graduate School,

Pukyong National University

Abstract

Polyester type polyurethane foam have low hydrolysis resistance. It was
covered with acrylic polyol and made by quasi prepolymer method. Also,
physical and thermal properties was measured for their specific properties.
Polyurethane foam contained acrylic polyol was increased tensile strength
and hardness with increase of acrylic polyol contents. But split tear strength
and tear strength was slightly changed.

Hydrolysis resistance of polyurethane foam was measured by loss % of
tensile strength. It was elevated with acrylic polyol contents from 5% to
20% increase. Thermal properties was analysed by Differential scanning
calorimeter(DSC),  Thermalgravimetric  analysis(TGA) and  Dynamic
mechanical analysis(DMA). Glass transition temperature measured by DSC
and thermal stability measured by TGA was slightly decreased. Last,
dynamic mechanical properties was measured by DMA. Storage modulus
was increased and tan delta was decreased with increase of acrylic polyol

contents.
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Polyurethane(PU)2 <12, Z & foam, elastomer, 724, Reaction

Injection Molding(RIM), Reinforced Reaction Injection Molding(RRIM)
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A o] gy TbEel #g Tlsshde]l @tatAl W EAT G
Z A= TDI-R0, prepolymer W2l o2 AE7Ew o] 1956-57d7% W=
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Zo FAA FHsFY. H MDIY s =, ICIAFZE 19501 ol
polyester/MDIF o] ¢]3F %9 systemS 7/Wdsle] WHi 5o oA
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Table 1. Applications of polyurethane resin
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—— PPG(Polypropylene Glycol)
— Polyether Polyol —F—— PPG BAX

—— PTMG(Polytetramethylene Glycol)

Polyol —1—Polyester Polyol ————— =8 Polyester Polyol(Adipate )

—— JHE=8HH Polyester Polyol(Lactone Hl)

Polycarbonate Polyol

L— JIE} Polyol —7—— Polybutadiene Polyol
—— Acryl Polyol
= [SRSRROVe|

Figure 1. Classification of polyol.
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3. Isocyanate?] £7F¢ E4A

18481 Wurtz+= alkylating calcium cyanateE organic sulfuric acid
estere} WHS-8lo] isocyanateE A FtE 18] 40W $ Henchelo]

amine® F2A3tE B3I F GAY FAAUWHEES  AAEA T

diisocyanate®] F4-7} ¥4 (diisocyanate polyaddition process)e] 7144
7] A7A QAR T Fash oItk

BE 493t E isocyanater polyololy &, AlE QAAA 7taA] 53
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HE-S-A] 7] methylene diamine®] ®t&E9] #| i, o] MDI= crude MDIZ}
2991, F&2 44-MDI®} 22—, 24- isomers L1 W3 177} 3
N 01749l polymeric isocyanate 3t@EE0] £ Fefolth °] crude

MDIE= 57 3AE 53] 23F isocyanate 3FstE 3 33k o|Ate] &=



X
|
R-NH, + COCl, ——» R-N L o » R-N=C=0

Amine Phosgene Carbamic acid chloride Isocyanate

Figure 2. Synthesis of isocyanate by reaction of amine with

Phosgene.



___ TDI(2,4-Toluene diisocyanate
2,6-Toluene diisocyanate)

| MOI(4,4-Oiphenylmethane

—— Aromatic isocyanate diisocyanate)

| NDI(1,5-Naphthalene
diisocyanate)

~_ HDI(1,6-Hexamethylene
diisocyanate)

Isocyanate —

diisocyanate)

| IPOI(Isophorone
diisocyanate)

Figure 3. Classification of isocyanate.



4. Polyurethane foam$] 38tdtg3 E4

g
-
3
o
8
flo
2
v
N
.l
)
ot
2%
r]I.
oo
=
lo
ol
o)
o
2,
44,
s
Y
=
0Q
@,
5
Q
=
of

fru
0Q
@,
5
Q
o
rlr
o
s
ftlo
)
)
T
-
=
—
wn
o
(@]
<
Q
j)
S
@)
rlr
—
=
b=
rlr
N\
N
o
oz
lo

ZR'-N=C=0 + HO-R-OH —  R'-NH-COO-R-COO-HN-R’

isocyanate alcohol urethane

=4, blowing ¥+$S gellingdt¢ 88 A7 == PU A d¥xA2
THE7] HEiA o= AR HEE HGskAl 9 gelling 3E ol

bubbles FAA7]= Aot

R'-N=C=0 + H-O-H — R'NHCOOH — R'NH2 + CO21

isocyanate water carbamic acid 1%} amine

R-NH2 + R'-N=C=0 — R'-NH-CO-NH-R

1%} amine isocyanate urea



A A, Cross-linking 82 © % jisocyanate®} AFAZS 2t

Rl
2
iy
e

e 124 A BEINES o2 urethane EE urea® A A ST}
Cross-linking W52 19419 blowing W50 2 A urea’} 7FA L

A= 24

2929k 79 9] isocyanate’} ¥H23te] biuretS A sl

an

gelling W9 A3z AAE urethaned A Fadrtel of Eo
isocyanate”’} WF-S-3}¢o] allophanateE A 38FWHAl urethane WX A2 #
b= 3AHY 9] network FERE ZEHA ok HEVF HaAd =dstd

HAYel gloiAA et

R’'-NH-CO-NH-R + R'"-N=C=0 — R’-N(CO-NH-R’’)-CO-NH-R

urea isocyanate biuret

R’'-NH-COO-R + R"-N=C=O — R’'-N(CONH-R'")-COO-R

urethane 1socyanate allophanate



Table 2. Relative reactivity
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PU foam< soft segmentE TA3%% polyether polyol &
polyester polyol?} hard segmentE T4 3%t& diisocyanateZ] 3= A}
ole] o & AW FHuf, AWLLA R LBEA T PUS &
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shAl dh steh A Wy A2 s duby o g Fo] ALgHI glon B
PU ¥kg A] isocyanate®} 3}sh4 W wkgo 2 CO9 AAHS T3l &+
A HEAR EE AFESY] foamS

o] Wx7} o] Fojxitt wehA st
ANz A5 =

Att. ol 35tA VXA ZA Y & =100

foamAlZ A B2 &8&°] 2 F Uth =& FEAE o|&3 PU foam
o] At S A H Modestiz= 23 U2 =¢34 UEAES o] &3}
of o WE PU foam® 7+ZEAHQ S&= 11Hs+A L, 19999 Cecchini
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Ao Az MHe gYdetH, 1 F g T3 process7t fluid
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Expansion processi= Th29 3@AZ F+ES 4 gloH
= Figure 4°] YERH AT
(1) Fluid ¥ plastic phaseoll A1 9] cell®] A
(2) Cell9] 4%
(3) 5914, 334 o o3k o] 23t cellular A E 9



vt Initiation

¢ Growth

OO0
OO0
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Collapse / \ Stabilization

OO0
QOO
OQO

Figure 4. Steps in preparation of cellular polymers.



5. PU foam A% H4

7}. One shot™

HhS-o] F7lels BE HHSES Ao o] &35t A= WY
© 2 PU foam®e| A|ZFo] Ab&¥ il 7FHTSE Wb A S 25 1=

A k7] olE - Aol

Polyol
Surfactant
l v
Catalyst o Mixer a7 P Foam
T A
Blowing agent
Isocyanate

Figure 5. One shot component method.



Y. Two component™

%4 A(Polyol + Catalyst + Surfactant + Blowing agent)®} 243
B(Isocyanate) S W% % pre-mixingd ¥ F 719 eloz &E37]d H
JW 3 EZdrh o] Al2ES streamo] WA 27hztE FHo] o

foam o] W7ol Ak U= golstAl &t

)
T

Polyol l

Surfactant —— | Polyol Premix

T v
—>

Catalyst Foam

Blowing agent

Isocyanate

Figure 6. Two component method.



t}. Quasi-prepolymer
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£ polyole] isocyanate?} wFg3dlo] o]
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-blown)foam®] ® T One shot¥o] =45 7] A Al prepolymer W
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polyol®] dH-FErto] isocyanate®} "] wHgdt= FElE W E Ao}
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blowing agent’} ¥3t% polyole] YA FEE 3} H-2-31=
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Z Au7t A sks Aol Il
PU foam 98 22< ATs= 7IdE0] o ¥HE Bol 21 =
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o141 o] 7hE WL o &ate] foamd A2t
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Polyol

Surfactant

v
Resin Premix
Catalyst 4 !
A4
Blowing agent Mixer % Foam
A
Isocyanate
A
Polyol »  Prepolymer

4

Chain extender

Figure 7.

Quasi-prepolymer method.



LAY R A=

Ao AFRE isocyanate?] 4,4-Diphenylmethane diisocyanate(MDI)
= 19 AlF o2 NCO content”} 33.6%% BASFAFS] Lupranate MS
=2 A&31 T MDIS EA o7 BxkEe 250.25 g/mol, B HF(equivalent
weight)2 125.125 g/mole YEFSITE Polyester polyol?]l DT-2010-2
Y Zg oA, acrylic polyol?l UH-2032+ Toagoseirtell A T3
t}. Polyol2 14 3-neck round flaskoll 500g2 Ho] 70TCoA &8 Al
21 F 2249 AT BEE AdZ2359 rota mantled] WHE2%= 90TCE
A 314 magnetic bar® 1HF| degassingste] AF83l$3 T Figure 8
< degassing A5 WERH Zolth DT-20102 A% 2000g/mol ]
OH valuex 56+32 % WAl 5140 g1 ato]lal, UH-2032&= &4

I
&

2000g/mole] i OH valuet 11091 ¥ 3 A} u &zt & Aot}

Resin premix® AF&¥ NEOPAN MR-5460& =3x Frgsl oo
2 A3 A skt MR-54603 ¢Fo] A3t EHELS 1S9

ol e skit
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Thermometer

Vacuum pump/

_3—neck round flask

Polyol
Magnetic bar

Figure 8. Apparatus for degassing of polyol.
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Table 3. Isocyanate(BASF)

Bk T} 2k
# sty A Il MO
(g/mol) (g/mol) | contents(%)
4,4-Diphenylmethane
Lupranate MS B 250.25 125.125 33.6
diisocyanate
Table 4. Polyol
B2)2F
9 | 9w RS 2y - W 2
(g/mol) (mg/g)
DT-2010 ars 2000 56+3 il Z2 v | Polyester polyol
UH-2032 o A} 2000 110 ToagoseiAl | Acrylic polyol
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Table 5. MR-5460(NEOPAN M-5460)

vy NEOPAN MR-5460
3 R
<7 ) g ol
Ax 1600£100
E3(FZEHD 115
AeLe 43+3T
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2. 44 ¥H

7}. Prepolymer &4

A A AFEE = RS MR-54609 214 Al %3+ prepolymer

7] s

e

2 Abg3te] WE 39 th. Prepolymers DT-201091 UH-2032Z #7138t
A& Table 63} 2t}

Prepolymer= 74 Aol A wWAelu HHE 5o 53 o4 glo]
]_

rlr
ofk
=
fru
LI

_I_4
Ao,
DD
(]
L0,
)
.
o
At
["O

FAE AT &G A2 3A1ZE 308§ NCO%

3t prepolymerE 45C7FA] Wztslk o 2> 31
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Table 6. Formulation of prepolymer synthesis

(acrylic polyol contents)

Prepolymer g v DT-2010 | UH-2032 MDI
No. (DT-2010:UH2032) | FU=e) | FAH e | FAZF @
Pre-1 100:0 1001.8 0 1786.6
Pre-2 958 95 1% 2 D 1750.4
Pre-3 90:10 901.6 b 1716.5
Pre-4 85:15 851.5 76.5 1677.9
Pre-5 80:20 801.4 102 1643.8
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1}, Prepolymer &4
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(OH19] ¥3% v & xe)+(0H29] ¥3F v &xaf) - +(rx125.125)
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Ester polyol, acrylic polyol ¥ MDI®] 9 2 weighingdlal HA| %=

AES &S 300goz A-1o] F3ko] A AISEAL NCO content 20%
FS3 T},

ol

2 34

257, ZWA, Ny 7222 9 mechanical stirrerE AX3 174

kettleS 80C= A 3te] 100rpmo & aREsIth 34 #Ax]= Figure
9l YR AT

nNCO - R - NCO + HO - Rl - OH

1socyanate polyol
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Figure 9. Apparatus for preparation of prepolymer.
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t}. A A (Titration)

stAd3sk  prepolymer?] NCO content”} 20%%1#  &elstr] 93l
dibutyl amine back-titration methodS A}F&3F%th. IN HCIZ & A

5 S A28 Aol NCO contentZS 221391 tH201.

ro

4.2 x (Blank HC19] % - Sample?] HCl9] <)
NCO content(%) =

Sample®] 2 Z(g)

(4-2)

Sample< 1g< AF st 33 4§ A= Aise] @gte AskA

t}. %27] NCO content #-< isocyanate®] #Hr&-Alo] wjg- whzl 433}

#s AFEE T3 ¢ Figlen= 9lEHQ NCO. content’ gk 24]-32

r x 42 x 100
(OH19] H]-&xgF)+(OH22| H]-&xF 7). +(rx125.125)

=o] & NCO

(4-3)

tg 1982 prepolymer?] NCO content W3} Z1g]zo|t} 30%ujct
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Figure 10. Change of NCO contents with time.
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Figure 12. Structure of specimen.
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(4) Compression Set =74
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Figure 13. Apparatus for compression set.
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t}. Morphology #&

Foam® morphology: Video microscope®t SEM(Scanning Electron
Microscope)E Ah&3te] S48ttt SEM2 JEOL  JSM-6100 7]71&

Ab&-3ke] 10080 9] &2 ST

% 28 54

(1) Differential scanning calorimeter(DSC) =7
DSCx= TAARS] Q100< AH&3te] oF 10mge] Al#-& -90TCelA 100TC

7hA 10C/min®] 52 S22 =43

(2) Themogravimetric analysis(TGA)ZA
TGA= TAAF Q-5005 AR&ste] oF 20mgé AlHS 80TCelA 500C

7kA 20C/min®] <& HEZ Fa 9714 S48t
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(3) Dynamic mechanical analysis(DMA)Z%4
DMA<= TAARe] RSMITE ARE-3ke] -80CellA 100C7k#] 5T /min]
T SRR AAIH7AAN S8 AlH Y sizew 18mm x 3mm
x 2mmzZ 3R AMEE AEFE 1HzE A HTH AlH L Tension

e 2439

_40_



v. 29 49 1%

1. UH-2032¢] &4

UH-2032¢] %5 ®A3t7] 9814 IR spectrumsS =43t
UH-2032¢] IR spectrum< Figure 159 eIt IR =4 ZAy
UH-2032% Poly(2-ethylhexyl acrylate)® A& o] = Aoz dAusd
t}. Acrylic polyol® 7]¥ %%+ Figure 14°] e} AT

R
OH CH—C OH
COOR2 _|
R1= H
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CH — CH,CH,
|
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Figure 14. Structure of acrylic polyol.
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Figure 15. IR spectrum of UH-2032.
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2. Prepolymer?] #4]

Figure 17 DT-2010¢] IR spectrume|t}. &4 F 3A17+ A3d
prepolymer®] IR spectrum< Figure 18° YENH AT}

Prepolymer?] IR spectrum< RE¥ 320073600cm ‘oA Hold O-
peak7} 71 Abgb v, 305073500cm ‘el A el N-H peak”} 4H A
S #9384 AT E 2250 cm | ZAH oA NCO peak”t ZaAl vhel
U3 147571600cm ‘el A ¥EE C=C peak”’} AAE HoZ Ho} nco

an

terminated PU prepolymer’} A3 5 A5 &35St}

HO—»ww»—QOH + OCN——— NCO

Polyol Isocyanate

(o] (o]
ocn——— N o—— ol N——nco
H H
NCO-Terminated PU prepolymer

Figure 16. Synthesis of NCO-terminated PU prepolymer.
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Figure 17. IR spectrum of DT-2010.
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Figure 18. IR spectrum of Prepolymer.
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Figure 19. Effect of acrylic polyol on the tensile strength.
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Figure 20. SEM photos of the PUF with acrylic polyol contents
:(a) Acrylic polyol 0%, (b) Acrylic polyol 10%,
(c) Acrylic polyol 20 %.
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Figure 21. Effect of acrylic polyol on the elongation at break.
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Figure 22. Effect of acrylic polyol on the split tear strength.
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Figure 23. Effect of acrylic polyol on the tear strength.
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Figure 24. Effect of acrylic polyol on the hardness.
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Figure 25. Effect of acrylic polyol on the compression set.
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Figure 30. Variations of storage modulus

with acrylic polyol contents.
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