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ABSTRACT : Experimental results of compressive modulus for rigid polyurethane foams
were compared with the modified Kerner’s equation applicable to foam and the Rusch’s
empirical equation.

The results showed that the modified Kerner' s equation was applicable only to>0. 8 volume
fraction of polymer. However the Rusch’s empirical equation followed well with the measured
values for all volume fraction of polymer examined.

To derive a suitable equation for the foam filled with mica, a plate type filler, the
Padawer’ s equation for mica-reinfored composites and Rusch’s empirical equation were
combined.

As the mica content was increased, however, the experimental values of the compressive
modulus showed much smaller values than those calculated by the combined equation.

To correct the difference of those values, especially at higher mica content, a parameter
K was introduced. The result showed K value in the range of 0.05~0.29.

The mica—filled foams showed higher compressive modulus than the CaCos-filled foams at

the same filler content.
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H R WKES 371X R FEE o | B
5 &= foam o] B Polyold] 4T & 3=
HARY] Gl wet ohEA He, i, R
R 2 AR g deiME i
o] #ML3A Hrt

FiloREEe] %2R2E FHE foamo] WA=
closed cell 2 #p=E o] 951 #E foam ©] open
cell 2 #ERiE] o] o fbegfyel molA B
k'E foam 9] ¥ Ho] I3 linear JREER ¥ o}
Aok =3 B foam o #ILAEE RELLT
o)z, WEE foam 9 #(LEAEEY: L Fol T,

o]} Mytkel R Fol AT EepH A
= = 8T foam 2 ol A & F8k] wE
of Pads 2 o] & v WH foam-S EEEHEE
Aol FiRe] ke = gleh

Yurd o2 foam- 7}uf - WAl BREESF oFE
Aol vt 2ol BES |\ EAIY A
foam o] FEEME Wl BES mEAIE BF
7} 9l =¥ 5] chopped glass fibers, milled
glass fibers & & foamodl] HHAA BEE 1
LATE Ao] 3ol ok 12

foam &] Mg B/mElx et HER K
H¥e gk e vlad A golr, 53
foam o] #MEHE Y& Aol AHE HAEE
ALl BaEla 9hA ek

el glass fibers E foam ol #fEA] 7] = B
Fo10 = i 1TE 3 AR BURFHEATQ] micat
RrsEFeiE el calcium carbonate %2 ERinSt
of 1ERtE BRgCE] dlE BEE gt

& Bl A= B Polyurethane foam ma
trix o JEER fEHo) 58 HRARFIEM 2] mica
flake 3 foam ol FEAZ & =19 FHEREIR N N
dte] E228l] 93te] 1A Kerner™39] £IE
i 7 Rusch'®19] HEAS HBRARS
vlo AE3ger HRFEMES foam matrix
okell FHEAA o MBERT 3 foamo]
Rusch o] HigXE A3t foam el Hmmffal
mica 7} FIEE AL Ao HAMBAE F=3
Zaf A 54 A 335 19814 69

2 RS vl st

HEHERRZTE TEM S5 A
2 foamoll A9} B Kot M ZA mica
£ 5wt%, 10wt%, 15wt% 20wt% RFEHA A&
wle] ztzhe] g K, K7, K" 3% K" & R
g}, 28]z mica 9} calcium carbonate & 2
Z} A& Polyurethane foamd| FEIEAZ =)o
HWRARE v 2y
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2-1 R¥E U ERH

Polyol & Mitsui Tohsu Chemical ji:2] RDX-
1(OH Value 453), Isocyanate = Kasei Upjohn
ite] MDI(TAPI-135), = DABCO 33[DA
BCO (Trietylene diamine) 33wt9% -+Dietylene
glycol 67% ], AiiiG#El= Dow Corning jit]
D-193(Organic Polysiloxanes)-& A}-8-8}4 2.1
mica = T¥Mo® LS+ KARE mica(m-
uscovite) & A2} o},

calcium carbonate = Mallinckrodt Chemical
Works jite] FEEHRES AHE3t9

0] 59 #yM:fii= Table To] FERdg ).

Table I. Properties of Materials

Compressive Shear

Materials Densitg modulus modulus
(g/em®)  (Kg/em?)  (Kg/cem?)
Mica 2.7 2% 108
Urethane 1.19 2% 104 7690
2-2. ¥ F®

foam o] FE/FEHMZ BE-S  Instron tester
(Model TM-SM)S AF&-3}5] 32 foam 9] H=
— i YERRERNES (Spencer) & A&l AR A Y
3ot

¥ mica & #HBY] 913 Sieve( B ARHFE
iit)$} Shaker & 4183}t

23 B B

T¥mo g 4 ST KARE mica(muscovite)
5 %R oZ grinding te] BHAT WA flake
Z m}E 3 Vibrating Sieveol oA F-& #iE
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9 =7|% zt& group 2.2 5¥i3lH Urethane
foam o] M E AHSSIGR T WA HERK
B HRMe zvlel 2A gEde s HAM
# Aol Fiwme =7 % JEste] Table 29} Zo]
75 aspect ratio & pEHEIC.

& 45HSF mica el foam ol " A& K<
gEo BNMEshy] 98 120°C = 3 AR &%

AL Z e

Table J. Dimension of Mica-flakes

Average aspect
ratio(a)

Average flake

Average flake
length(l), g

thickness{d), x

1.7 20 53

Aspect ratio=I/d

Polyol & W igtkol vi=ts] 3tz foam &
skl giel Z4bE® (90°C, 2mm Hg)Z 8
B 58-8te] K& AAR

% Polyurethane foam & H®igk3str] 938 #
g, RiGEHER, #iK, FEHME Polyol o &
&8te] mutA 7 3 o] A& thA] MDI S EAS
# 1700rpm 2.2 mubA ZH b o] HAWS open
mold o A foam -& #listi vt foam & HEE
o SRS RAE S e AY 22 R
of foam & HlyEalgd vt foam 2 HiH S foam
o] WEE #eAd] 7] de BRAE Fo BE
Z23e] ALEs z, MEer FmNE A REN &
9] f2EE= Polyurethane foam fiifisl #thol &
HEE F7) wEd A8 &g dobA 1phr
A Polyol o] #hndle] Ar-g-8d ot

AHel 2= MEEES] 7 -F 2cm X 2cm X 3cm,
EspEo] 29X 0. 7emX0. 7emX 1. 5cm 2[5 —
gl A 574 wEetl e ol R RE
foam 2] EHJFFEC) #el BMEABITIC] PAT
o] 5 =& foam ] rrifioll A FESIH o B
1"l KBS 7123 Instron tester & BRFEEME

wEE OEE ARY ERE e ¥
o] gk

Cell 2] HEiEE =l HsA foam & mi-
crotome 0 & A #HH & W o KEBEEEE
o2 FAY
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KR BRSPS hEr HES Ve
= REMY BHACEA Kerner o] Ko| e
bl o]l A#cRe MMZS S¥ET matrix M
o] #EpEas 9 Poisson’s ratio &t FEHEM S BSAR
s g Vepl o

BrARFSHEH 7F matrix Qbell #—3bAl S #s] o
ol HkfBol A KIRFEETM S HiMEE 0 7h
Asta foam 3} v 528 iR e £ 4 3

. % matrix ebell 9l BURFHEME FlE
7t A & 3tk

LIRFEHH S matrix o] FEHAZA = Kerner
o B#HAE foamo] AL § JY=xF WP
BTR (1) et Biligel gafinzE bl

The modified Kerner's Equation

E;=36GnKnVm/[3Kn+4Gpn—3K,Vm+12Kn-
Vall4+15(1—v) A—Va) [ (7=5vm)Val 1 (D

Es : The compressive modulus of foams
G,, : The shear modulus of polymer
K,, : The bulk modulus of polymer
vm : The Poisson ratio of polymer
V,, : The volume fractio nof polymer
whE IS stk AR B
2V, o2 0.8 kA Kernerd] A
FEasi g dx sl ot 0.8 LITelA s HE
fEREa e 2 ESEEERES vebith ol9kF
o R 2 R Kerner o AL #illipyel 4
we) fist 450 g Hielde A8E
27} gl Ak (EFEE foam 7} 7Fe] Strut-win-
dow-air {2 HKE e AFode HE5
A kgt
Rusch = #ifgel Hpkzssh i/mrEe] AR
o8 HRYE HWRA (% #HEstdrh
Rusch’s Equation

Vau(2+7V,+3V2)
12 @)

E‘f/Em::

Ef : The compressive modulus of foams
E, : The compressive modulus of polymer

V,. : The volume fraction of polymer
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Figure 1. Theoretical and experimental compressive
modulus for polymer volume fraction.

Table. . Theoretical and Experimental Compressive
Medulus for Polymer Volume Fraction

Polymer Theoretical Rusch’s Experimental
fraction compressive compressive  compressive
modulus modulus modulus

(Kerner) (103 %
(203x,Kg/cm?) , Kg/em?) (103xKg/cm?)

0.14 1.6 0.5 0.6
0.22 2.5 1.3 13

0.30 3.5 2.1 2.2

0.52 7.0 5.3 5.3

0.62 8.9 7.0 7.0

0.82 13.3 13.9 13.9

1.00 20 20 20
Rusch o] #5508 & BR45 RO Hois) 2 &

Bafd
R obF F —HIE B
Table W=} Fig. 12 Kerner 9] HHKXS 8P
g BER (13} Rusch 9] HHE ()& AHR
AERSF ¥k Aolrk Matrix o RRFEHIM S
FEHEAI A ® Padawer & Beecher!® &= Cox? 9] i
BAERRE R B BHA S Bt kg
BORRFEEM S BmER(BA)E S
mica L4 foom -2 FIRE A -2 foam o]
mica 7} H—3HA] FIF ] 2= dkpgels] o &
off EBEHTR I 4 2] gi,[ﬁﬁ% foam of] 3}
K& faskel 474 ¢ 4+ 9ok Foamo] 2
=2|H A 549 A 33 19811 69

E;=E,V,(MRR) +E,V,, 3
MRR=1-—tanh{u)/[u]
(W)=alGnV,/E,(1~V,))t

E, : compressive modulus of composite
E, : Compressive modulus of mica
E,. : Compressive modulus of matrix
V, : Volume fraction of mica
G, : Shear modulus of matrix
MRR : Modulus reduction ratio
48l 5= Rusche] EHA (2)9 WEFHEM
o BWEK (3)o23F mica T foam KRG #
T ¢ o 9A g KE 83819 Rusch
A& 7hde sty ohga 2
Ef/En=V,(2+7V,+3V2,) /12
K=Q2+7Va+3V%,) /12

B

BT (3)9) E, V. &l E,V,K 274
A3t mica 7} foam ¢ ﬁiﬁﬂﬁi" we] HR
(@S Fo} =

E.=E,V, (MRR) +E,V,.K @

WRANAM Ep & #HR foam o] EEHHIEM:Z0)
o},

Polyurethane foamo] H& % & 5wt%, 10wt
%, 15wt% B 20wt% 2] mica & FHA A S
mica 9] fEFE] WS EFENZS RIEs
Kok, =3 Q)R] Table 12 data & A}
of BEMBEAEREIEZS Rk

Fig. 2% ®EM7 #E] A7 &2 foam
o EEffENEE 2 foam o] Swt%, 10wt%, 15
wt% R 20wt% 9 micaF 22 HEAH S #
o (mica+matrix) {55 20) w2 EFHEMES
= Yehd 2o % micadfol MmY 4= &g
FEEMEZR > | 3] |inghe o 4 U

Mica 7} foam o] FiE= 912 = HWRRK (4)o)
A A ke BRET WHBHPOZ RI EHME
£ ¥zl 94 micad S wE g
FEEA S RP £ Fig 3& 5wt% mica &
foamo] FEAZAE & micas] RSz o
€ BEEEE £7T Aotk Fig.4: 10wt
% mica & foamo| FHAZH S oo mu#maust
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Figure 2. The compressive modulus of mica—filled
polyurethane foams vs. volume fraction
of mica and polymer.
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Figure. 4. Relation between theoretical and ex-
perimental compressive modulus vs. vol-
ume fraction of mica for 10wt. % mica
contents before forming
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Figure 3. Relation between theoretical and ex-
perimental compressive modulus vs. vol-
ume fraction of mica for 5wt. 9% mica

contents before foaming.
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Figure 5. Relation between theoretical and ex-
perimental compressive modulus vs. vol-
ume fraction of mica for 15wt. 9% mica
contents before foaming.
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Figure 6. Relation between theoretical and ex-
perimental compressive modulus vs. vol-
ume fraction of mica for 20wt. % mica

contents before foaming.

FHEE Lt Ze)™ Fig.5 ¥ Fig. 6& mica
5 77t 15wt %9k 20wt % & foam of FHEA A

w o] EERfEst HEEE g Aoloh Flg-
360 A %l T e vk Zol FEEE = Mica
9] Gl A¥l FE MRS FEHEe] %ﬁ
7b 2A vehdaE AL 4 F AL mica &
ol WmE 5 FmfEet FHiEe] 7‘}@5%7?- EA
A He FREE oiebd oS3t 2

Photo 1% Fhik 7} &HH ] A %-& foam
£ 150f% 2 Fv gt HAg Aol Photo 29
A¥ MY Gh0) 5wt¥%. B FEMS &
wol 20wt FEHEE A& W AASE ARzlol
Photo. 1¢] Abzlol Al & < 3l &uket Zo] 7l
FoE FEiEE 12 2 foam & #H—3g Cell 4
MHRAES vebl Al vt FIEH 7} foam o] FeHEE
ol Cell kel & 4F& FA"AT 20wt%
mica 7} FiEE ] 9= foumo] 5wt% mica 7}
FetE= o] 3+ foam Btk oS- o] 2|2l HiEs}
gl oo FRo 7 AA & foamo] 7}A
of *'Q EiEmis 5 ML FEREEs

EeH A 57 A 335 19814 6¢¥

A e

Pheto. 1. Typical structure of foams without filler.

A3 g}

BaA (OF A28 29 E,V,(MRR)EHEL
FEIEH S S EMEne] v EiREel EREER
o FEH olWd 95 vlAA] & micad
BfEmtEes Yel s Hely E,V,.KIHE 3
foam o] EEfEEVEZRS FRdE H FEMY
aREmel o=t s "o & mpEs
HEWEXRE E.V.KHO ##ke] 93 Aoz

T Aok FEHIE EHHA %%—% LR
= K, 5wt9% FHHIT miRE S e #E
K'z $3 K & A4k (5)3&0] =t

K'={(Ey)e—E,V,(MRR)} /E,.V, (5)

22 ahg o ® 10wt% b FIRE NS o] &
BE K, 15wty FEH7T FoiEs & =) #
BE K7, 20wt % FEE A =] #HE Ko
2 ¥ E,V, #{bo] & {(E]—E,V,(MRR)}
& 3} Eig.7# 7] K, K, K’, K7 2
K& X3 #£F B3 K& 0.05~0. 2085 E])
KA. B)KRANA [Eypls &= Felil foam o]
BE s R o},
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wt. % mica contents(Owt% ; K, 5wt Figure. 8. The compressive modulus vs. the equ-
% : K, 1owt% : K”, 15wt % ;K" al volume fraction of mica and calcium
0wt% : K" carbonate before foaming.
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Figure. 9. The compressive modulus vs. the
equal volume fraction of mica and
calcium carbonate before foaming.
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Pl bl A= EEfES; —FE AA T 0. 8L Tl A
= AE5 A gskert, Rusch #EH-S HE
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