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ABSTRACT : For the preparation of high resilience polyurethane (PU) foams with polyether type
cell openers which have different ethylene oxide (EQ) content, molecular weight and chain
structure, the influences of cell opener structure on the kinetics, rheology, structural stability,
open cell content and mechanical properties of the obtained foam were investigated. It was
observed that urea fcrmation reaction was delayed with the increase of EO content and
incorporation of ester linkage in cell opener molecule and was relatively independent on the
molecular weight. With the rheological studies, the decreases of viscosity and storage modulus
were confirmed for the increase of EO content and molecular weight, so that the resulted foam
had low structural stability and high open cell content. The cell opener having ester linkage in
molecule exhibited the lowest values of viscosity and storage modulus and the obtained foam has
high open cell content. However, the structural stability increased due to the larger
intermolecular interaction of ester linkage. The hardness, tensile strength, tear strength and
elongation of foam were deteriorated with increase of EO content and molecular weight of cell
opener. On the other hand, the cell opener having ester linkage in molecule improved the values
of tensile strength, tear strength and elongation.

Keywords : high resilience PU foam, cell opener, structure effect, open cell content, stability.
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Table 1. Features of Cell Opener

cell opener EO content molecular weight? functionality cloud point saponification value
(wi%) () (mg KCH/g)
PPEO-605 61.0 5110 3 47 -
PPEO-753 74.0 3100 3 65 -
PPEO-755 75.1 5080 3 62 -
PPEO-805 80.8 5090 3 70 -
PESE-6015 60.7 1490 2 - 310

“Molecular weight= (56100 Xfunctionality) /OH—value.
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Table 2. Formulations for HR Molded PU Foam
(unit : pphp)

polyether polyol ¢ 100 100 100 100 100

water ? 3.5 3.5 3.5 3.5 3.5
DEOA © 1.0 1.0 1.0 1.0 1.0
Dabco 33LV ¢ 0.3 0.3 0.3 0.3 0.3
NIAX A-1° 01 01 0.1 0.1 0.1
L-3002/ 0.5 0.5 0.5 0.5 0.5
PPEO-605 2.0 - - - -
PPEO-753 - 2.0 - - -
PPEO-755 - - 2.0 - -
PPEO-805 - - - 2.0 -
PESE-6015 - - - - 2.0
modified MDI 781 782 781 781 784

“Ethylene oxide capped triol, MW 6500 (Korea Po.yol Co.) .

"Deionized water.

‘Diethanolamine (Korea Polyol Co.) .

933% triethylene diamine in dipropylene glycol (Air Prod—
ucts Co.).

“Bis— (2—dimethylaminoethyl) ether (CK Witco) .

fPolysiloxane—polyoxyalkylene copolymer (Air Products Co.) .

#Index 100.
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Table 3. Reaction Times with Cell Opener Structure

cell opener cream time (sec) rise time (sec)

PPEO-605 13 128
PPEO-753 13 130
PPEO—-755 13 131
PPEO-805 13 133
PESE-6015 14 135
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Figure 1. Decrease of unreacted NCO concentration
with cell opener structure for an HR foam formu—
lation.
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Figure 2. Decrease of unreacted NCO concentration
with cell opener structure for water free formulation.
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Figure 3. Complex viscosities with cell opener struc —
ture.
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Figure 4. Storage modulus development with EO
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Table 4. Storage Modulus at Cell Opening Time

cell opener t.o” (sec) G "(Pa)
PPEO-605 124 44.6
PPEO—-753 146 53.1
PPEO-755 110 36.5-
PPEO-805 74 23.7
PESE-6015 218 26.8

? t.o * Cell opening time.
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Table 5. Settling%, Ratio of Associated Urea/Urethane
and Open Cell Content

ratio of associated
opern cell content

cell opener  settling% ureafurethane (ke /314 cmd) ©
(A1660 cn/ALT30 e ) 7 T
PPEO-605 6.8 1.10 44.4
PPEO-753 72 1.16 414
PPEO-755 8.7 116 405
PPEO-805 97 1.27 375
PESE-6015 58 0.85 430

¢ Measured indentation force.
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Table 6. Mechanical Properties of Foams

ANEAY 1L EAEH 28 NEZMEAY 72 9%

cell opener PPEO-605 PPEO— PPEO-755 PPEO—-805 PESE-6015

core density (kg/m?) 67.7 67.9 67.6 67.8 67.6
ILD* (kg/314 cm?)

25% deflection 33.8 32.8 31.8 31.4 33.1
ball rebound (%) 57 58 58 59 58
tensile strength(kg/cmz) 1.28 1.30 1.20 1.17 1.88
elongation (%) 85 30 83 78 88
tear strength(kg/cm) 0.67 0.69 0.65 0.63 1.05
compression set (%)? 5.2 6.0 5.2 4.7 6.7

¢ Indentation load deflection.

gere] Frkel g paAYE felotd FEol F
Yeigiedl, ol Z1ZAEAY EO §%ol Frigel
upe} $2ATE BERY] feko] FUlElA o8 &
BEaps Z)gA el NCOZre] wh-go] Aagef u}
2 sl2l=o] NCOSt whg3he] feote] Aol 7t
3171 wiioltk” ol faAFY ot T
7t WEHAY AEYE F7MA TEH] 43
AL AT A\ EAEA L EApeFel] uhebA=
F2ZATE feole &% Wyl QIS Iz
PESE—60152] AHE-Al & 7]ZA3#1e) ulsf
2ATE $eoty go] YdokEdl o= PESE-
6015 B o A8 Aol o £42%8 ¢
dopt megdar Z3sr] Qi Ao
ZNZNGA Af2EZ A £ SEAY F=
Al et o] AFd Vs g & 4 Sl

. olAg ATl AuRglsol
qF A YT FFE AL SR} 3
3

A Jelm BEAY TR Y Sl g8 o
g v,

o] AWl AZARA] T2 Dol GE A
o WSHES fU%E 43 29 BEAY P2
A 44 & Adngion oge] wEA
o G Lohuy) el 2 @

EA2) M2 g ZASHe] Table 59 Jehd

BEZAe] FTCHE SH3k

FE 22 NI AT
< 7}3& vehddh

Table 5ollA & 4= 9l%e] Alzd TEA9 7Y

Z|E g% 7|ZAYA] EO g5 7 Fo)

lom FEabgel webie & Aozt glgich 2=

E2lH A26W A25 20029 3¥

¢ 70 C, 22 hours, 50% deflection.

i PESE-601592] AH&A] PPEO—-6050] B]3
MA7NE Eee vebdigich olzlst LxA ] A%
71 & dshs Z1ZAEAL] 5] ZpelelA 7]
st fgol AW £% Ash wEA FE
9 AAebd & A a3 ol Qg
A Wale] o3 20 & Table 504 & 4 Q150]
HEA settling%’t FeTE F71%CE 22 PESE-
60159 7-9- PPEO—-605] vl&f 1zl opﬂz\ao]
FOWA 2 M7IE FFE YERSIEY, T
A kA Frle EAR olavE Aol 9%
ALY g2 Z/1 WEoly, M7= Y Fhe
PESE-60159 —%i"-‘#?l E2do 71Q18t Rhg& 5L
#Aabst ole] mE Ao Hrg AFRYEY Az
EASS B‘er} /7 o] WEoR 047%15}.
7|AEel MA. JEANLAY TR Bg w2
22 71AE AA HEE AR Table 69 L}
efidet. NZAAEAS] EO ol Frtge| upet
AR (25% ILD), A%, JALZE, A& Fo) A
0}0}5 AEES UERloH &3] Hx9 FA% A
35 B 4 vk ol Table 50lA AmBgtEe]
EO #%9 F7tel wel dxag #2291 ol
A3lstd7] wiiolct Z|2spAe] EA% 2 A
T, QAL JAABE, AEUYE T AsE et
Ytk PESE-601565 A2 7% PPEO-6059)
Hla AxE tha AstEu JIZAE, JALFE, A&

-+ P

e

I

of

5ol WS @ gon ol A H& 7
27 gy WEOE olATh T R of 2
HE Aol wE AEAGAL AGA WmH S

AL 717 AEA S

Az 5



.w

4 44e ARG

AZAAS BO BHFAel whet Selob A

ol AA=AeH FApFel wbMe Aol7} it

daHz A BUA Y nW WIEES et

gt ztol7h §igich ol2EH =2 Ao EJE] 713
MAE 7H =¥ AEF7HE deEhigish 712
O % % BARY Ztek @A G B
A2 JERIGITL dAHZ 2Pl TdE 7IEA
7P @S GUEE YERgE

gz Ao pRAQ e 7EZALAY EO &
B9 ¥ATE F7hRo) wel gasigon oz
Z¥o] dF JEANEAIE AR 5 FREQ
A& VRSt
A Z1AAA AFL 71 ZNEA L] E
o] F7tge| wel A&, AFZE, ,
o] A&tk AEE vehflem 53] AR F7
At & 5 ATk TIEALA Y EAF T

T, AART NG, oL%\\ﬂi(g‘% 59

gt ojzHz dge
8 A% <

o
e

0.

%
AYRE, A 5
@

ST LI AZolA
71 E7)A ) EO S Ao uhgl A7)
4 zAg 4 9ok 2 EEAY
TZ2AQ 4T ZAFRA FHe AE tAeE
o] =48 7| EZMNTAL

B FEEQ FAT JAHR] FES

226

10.

11.

12.

13.
14.
15.
16.
17.

18.

19.

20.

21.

22.

. W. F. Gum, Jr,

. P. Falke,

ikl

P

F
ro

W. Riese, and H. Ulrich,

“Reaction Polymers”, p. 297, Carl Hanser

Verlag, Munich, 1992.

. J. H. Frey, A. R. Arnold, Jr., T. C. Boyer, and K.

R. Lassila, U.S. Patent 6,080,800 (2000).

. K. D. Cavender, J. Cell. Plastics, 22, 222 (1986).
. W. Patten, C. G. Seefried, Jr., and R. D. Whitman,

J. Cell. Plastics, 10, 279(1974).

. R. B. Turner, J. B. Nichols, and R. A. Kuklies, J.

Cell. Plastics, 25, 117 (1989).

. K. Yasunaga, R. A. Neff, X. D. Zhang, and C. W.

Macosko, J. Cell. Plastics, 32, 427 (1996).
C. Kudoke, 1. Rotermind, and B.
Zaschke, J. Cell. Plastics, 35, 43 (1999).

. M. M. Curtin, F. S. Tyler, and D. L. Wilkinson, J.

Cell. Plastics, 28, 536 (1992).

. G. Rossmy, H. J. Kollmeier, W. Lidy, H. Scharor,

and M. Wiemann, J. Cell. Plastics, 17, 319 (1981).
R. E. Jones and G. Fesman, J. Cell. Plastics, 1, 200
(1965).

D. R. Battice and W. J. Lopes, J. Cell. Plastics, 23,
158 (1987).

J. B. Nichols, R. M. Herrington, D. L. Hurnter, J. F.
Serratelli, and D. G. Carey, US Patent 4,863,976
(1989).

X. D. Zhang, H. T. Davis, and C. W. Macosko, J.
Cell. Plastics, 35, 458 (1999).

R. M. Gerkin, US Patent 5,489,618 (1996).

E.J. Tylenda, US Patent 4,751,253 (1988).

K. C. Song, S. M. Lee, and D. H. Lee, Polymer(Korea),
25, 679 (2001).

G. Oertel, “Polyurethane Handbook”, 2nd Ed., p.
218, Carl Hanser Verlag, Munich, 1994.

H. J. Kollmeier, G. Burkhart, J. Klietsch, and H.
Lammerting, J. Cell. Plastics, 20, 410 (1984).

J. V. McMlusky, R. D. Priester, Jr., R. E. O'Neill,
W. R. Willkomm, M. D. Heaney, and M. A. Capel,
J. Cell. Plastics, 30, 338 (1994).

R. D. Priester, Jr., J. V. McClusky, R. E. O'Neill,
R. B. Turner, M. A. Harthcock, and B. L. Davis, J
Cell. Plastics, 26, 346(1990).

A. J. Lowe, E. F. Chandley, H. W. Leigh, and L.
Molinario, J. Cell. Plastics, 1, 121 (1965).

C. B. Wang and S. L. Cooper, Macromolecules, 16,
775 (1983).

Polymer (Korea) Vol. 26, No. 2, March 2002



