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1. 8

g felg F(polyurehane foam) t]o]4 Alo}] o] E (diisocyanate) <}
(polyol), &2 A, 28l ZF H/HAZRY Az Zsag £ o
ol o] E9} g &9 ¥7}5 H(additional polymerization)©AlolA A4 =&
EE o83ty EH LEAE 7N AY toliAotdolES 33
Aete] wkge o3 AHE 71X Eo] 4 (growth), ¢+A B (stabilization), =
73 8H(crosslinking)oll 9 3 11383} A (solidifying)-& AXHA A H o] 1]
ol Aol EE toluene diisocyanate (TDIDY 4,4’ -diphenylmethane diisocyanate
(MDD%e°l d8] o]85o gfout 84te] TDI= A 222 FAHT Y7ol
3 ARgol AAlEa glen g giAEd tid AT FyEm QIeH2-5). EEe
& Ego&H(polyester) Zel&7} Z ol 2H Z(polyether) £ &o] dal AH8Ex ¢l
om, Zejo|2H EFelE A2 FS B 2 Q8§ s1Fo] £o)3H, dAE TR
b e B2 ZERE QM AEHo] gih6). 8Alol ol dHES B Y
NZE Zd2dHz2 AzdEo] Mesgn oy, Ed 2y Zaex EgdH
2 Z8& S¢S Alado] A8EHT Qo HEIAZE UEHOR ZH HEA
(physical blowing agent)¢! CFCs, HCFCs 3 383 43 A (chemical blowing
agent)! water’t F2 AMG®ET 3 J7IAIRA, AE2AZFY diol =& diamine
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l>

AlE A3 A (chain extender) Zuf, 223 AR AFo) AL FH A,
EFYvde 2L 48529 g7z, 24, 1893 fuctionalityo] whal
]’%01]/‘1-1—‘31 B Z3d EEede E AR Z2Y%dg Ex goks
THE F . B3], EgldEA CFCs ¥+ HCFCsT& Al&3to
g %-3—. T dEgolYoE Eo EHAH F2I Z2E S
7 Al¥](strength-to-weight ratio)2 <18l INGHAHIALE ¥ &5 72
AR dEARA ol AREEHIX T QTHT7). £F o3 fxzA FIH &
€2 e & 98 (foam mechanics)oll gt osi7} ul$ Wasic B Qo)
A+ average functionality7} 292 44'-diphenylmethane diisocyanate(MDI)<}
fuctionality7} 2.0¢1 Zglol2ad2 Zg& 283 Ale dFAZA 14-butane
diol (BD)E AH&-3td Azxst Zesdetal Z2$-de FL Universal Testing
Method (UTM), Differential Scanning Calorimeter (DSC) $& Al&3ld 7] 4
A, Ed38 B4 dis] mach
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2. o] &
APgHor ZHd F9 7IAAHA AL oty A (oM} 2o dxe}
power law® #AE Hols Aoz 43R UvH8-11].

(Strength or modulus value) = A(density)® (1)

ol Zo] ¥ ELHY T EE 7189 cellular plastics®] 7143 24
AAAM 7MY T8 AR B F 91‘1}. g7tz Eo Fxo Wyt @
1E dslele B2 A5 Iy shoh8-22]. A¥ &A(linear elastic) A%
€ Hole 2L H¥(small strain deformation)2 FZ Atz ZHo] A HW(cell
wal)el 2= 74 Z(bending stiffness)YolE EF8txn oleid AFEY yRE
of A 75 (cell strup)® £ A% Ay E 3 Aujodez B ZEd 7}
Qo] o]23 HIZE AEIHETHE-9]. Megnes®t Knipschild(12]7t dzx=z2 23
BRAEE A% @4& Hole A2 HyEE FZ Augte 8YQez BIF o
A "ol F3o] Ay FAE Hole e Wy oA F3 xujadolags A
o] o8] AFAE o3 JFTHE JH10-22). 2 ©o)5 Ui Eo] v =
g 9 A 7S (unit cell geometry)E ARESIT la, A¥kH oz Fol| &3}
FE ML s Fstm Aok

Gibson® Ashby[17, 19-20]= cellular solid®] 7} $83% 23 EAU dd ¥
% (relative density; o/ p0s) =, solidd] ¥ &8 =¢3t1, "Cubic model’e] &
A A 7IstE ol &3l £9 VIAA EAS dSste o3 4E FEEFA
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2.1 Compressive Modulus



Open-cell foam< 7%, Gibson® Ashby:x ¥ ©]&(Beam Theory)[23]& =%
atod otaie] A (1) F =3 cH17, 19-20).

Et * 2
= 1
E, Cl( ps) W
714, E's &9 4% ¥4 = S 7 e nEA nAY 4
BHE, o't B9 UE ek ES FAGT Ax 1BA zAd UE, 29w
Cir& 713183 Aot

Gibson® Ashbyw ThgFH e EFAE dsf 24¥e 53 4 (D7 AUz S
fitting#d o 24 Ci=19& EATH17, 19-20].

Al (1) open-cell foam® AP AFE Hole &AL AFsdrx ¢= @A F9
4 o&EAHE JEldo. W closed-cell foamdl QoiAE A T(cell
membrane)®] A& 4 Wi stA¢EE nedd g o] vEld £ gl
=3

E' _ e\ o po(1—20")
¢( ) +-os v R @

]
PN
e
e
of
£
2

A71M, po = £7] A WY 7tz ¢F¥ojxn, 4= FA ¢

AwH o2 pgtol W Aon BY vpALYe FAdG =

E’ of o\ o
E, ~ ¢(ps> + A=d ¥

o 71M, ¢=09[24], 0s=1.2 g/cu(8, 24], Es=1.6 - 2.7 GPall4, 25-26]& A-&3% 2
o, ol AEL YWHo2 3 FeedY Eo WFAQA golnh

2.2 Compressive Strength

L

Cellular solide %#ZAl ol 7}3iAH Fig. 1(b)olA Bxo] FAwge ¥
of ¢ zol MY 84 ATS BUdudd A ¥ XS WEPLHU% A 7NFe &
gko g ot o] o 7FXE Fig. 1(c)ollA E5o] 2wgo g EQHAs
A}, o]l 3 E<HA A (instability) € “lateral buckling”elgl B 28], o|& b}E}LH
& 3le 3-8 “Euler buckling load”sti cH27]. 4AF ©RAAL s 1,
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€0l Moz uAsH dow, & wge ol 78X E 4%, "Euler buckling
load"= o} o] 4 (4)9 o] FojAL

F g = I (4)

lﬂ
o

of Yo ABel 3¢ olF: Qe WS S (buckling)o] YojupEA A
Fegol 3957 Agah @8, % ZEE oldel 4 (5)9 2 VAE u
Ehdi}

* Fcri E

* 2
& = Cz(f’—) (6)

o = cz(%)z 4 2o~ Pa) %

Soll A A Bad 45 @4 EFHE €8 closed-cell foamoiA = A H]E% A
ol gt A 2o 7idrh o9 Fomz A ()l Wi A e V|HE T
H5o 4L "Hasdtx &t} Closed-cell foamell Wdk A (7)olA =z }_71 W
B dEH(p)7t FA8 AEZ HAdu BEE 2 (DL 4 (6)o] V. Gibsond}
Ashbye thEH e 225 dis] 492 F3 & 6)3 FUUEE  fittingd
o 2N Ce=0.05¢% HEYr}H17,19-20].

3. 4%
3.1. A ¢

B AFA ARE MDIE BASFARA A %3 Lupranat M50S4 average
funtionality= 2.99] 1L egivalent weighti 133.5g°]™, NCO content™ 31.5wt %°]
t} Polyol& STEPANARIAM A Z3+ P-31502.2A4] phthalic anhydride based
polyester polyolel™, hydroxyl numbert 320mg KOH/g of polyole] 3., average
functonality= 2.0, 28 3L equivalent weight® 175.0g°lth.



gt chain extender< 1,4-butane diolg& AM&3 %3, FvlE Air ProductsAhel
Dabco 33LVEA] tertiary amine catalyst® AF&stgow, ARSZAHAZ OSIALY
L-69002 4] sillicone surfactant® AF-83t T} Blowing agentZ+ HCFC-141b

(CH3CLF)¢} distilled waterE Ab&319] o,

F
Cell edge o Celf edgge

Open cell face

N .
Open cell face

(a) (b)

Cell edgge

ES Buckling Edges
7
i v
& .
h ( o

Open colt face

(c)

Fig. 1 Unit cell for an open-cell foam of cubic symmetry. The cell is
composed of edges or struts of length / and thickness ¢ ((a) no deformation
(b) cell wall bending during linear elastic deformation (c) cell strut buckling).
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Zg]¢adgr £ polyol, 14-butane diol, ARETAA, MDI, Zvj, 2z
blowing agentZ® A& 50mm®] mixing bladeE ©]-&3& < 60% %<t 3000rpme &
H&EE cupd ol €3 FAsAF I, ©]E 200mm X 200mm open moldel Fo} free
rising N ¥ 25U 5 F2NA ageingA AT F AT F FA A, polyol 100
part by weight(pbw)7]# 22 14-butane diolS 20g, catalyst® 10g, ¥
surfactantE 2.0g2 2 1A A7) 1, blowing agent®] 4% tZA 3o AR
o}, Blowing agent™ HCFC-141b(CH3CLF)%Hg 5g% 8 5g8 F7HA71H A 30g
A Hrtele] dASE 3, distilled water®e 05gHE 05g¥ F7HA17)EA
3.0g7tA H7bsle Aot T3 distilled watere] % 25g02 mAAI| T
HCFC-141b(CH3CL:F)& 5g%-H 5g¥% Z7MAI71HA 30g7hA] H7bste] & w¥
3o A

gAe Za g £ InstronAte] Universal Testing Machine (UTM) Series
NV 2dg o83ty &¢& 48L& ek AHY Z71E 30om(W) X 30mm(L) X 30mm
(T). crosshead movement: 3mm/min, 182 AFA] FE£ 50%, 2= 23CTHR
o £33, gA4E Zsdd T IHHAE #EI7] Y3l Perkin-ElmerAt
DSC-7 E2& Al83te dR8A S HASA A4 97 dtelA 20K/mind <
LE£E2 50TA 220C7HA 247 F 320K/mine 2 50C7A ¥Z4A0 F
Al 20K/min®] $L&5 52 220C7HR] 522 AT

4. A&

Fig. 214 2 4 9%°] HCFC-141b% oz dA43 Zsde &
Foll wa} 172.85-40.79 ke/me] B= AsE YeERAL, S 25g8
1 HCFC-141b8) & WSstaA {4 Esde FL& 23xAY 4
48.35- 3051 ke/me] FERSE YEbAAT. EE, Fig. 30AM & 5+ AR
o2 A% 2Py T wxA o wa} 16753-4053 ke/m'e] BE
g YAt ol A AR 9HEFT HEAY 4o Fd2F= A
o) F7tE A4 ~

A, Fig. 4, 55 XA Fol We T, W3S vepd Aol BE ZA A
el T8 #2¥ § Utk ole = AaUES AZE AORES 279
T BEFHAAE AY Aade Eeedeses €2 MDY %2 functionality
2 Q3 #YF Aol FAHAY] WEolgn AnHeidd Fig. 494 & 7 AR
o] Zg]d WX A HCFC-141bere g 4 ZEfde F9 T,e A9 4T
¥ Fig, 5olA 2 4 glfe] Edtoz §4% FetHE F = 84T HH
100C7HA) &9 Fo] F718d b T7b S7hste AL 22 5 AU



T3 Fig. 4914 B $ d%o] HCFC-141b%t B 25g8 &t dA4E AL
HCFC-141biro 2 &A% Ees-ad FRYe of 13CHAE £, £ 26gWe=
AT A Tode A9 e & Yehdgled, £33 ¢ExAQ HCFC-141b9
Foll wEtMe A AT ;T JERNAC ojEd A F=AIUE o)
74 mep gl 712U wkge] doiAd MDI® & functionality 2
A% 7tu, allophanated] 213 7tx, Z28]31 &3 MDIY F71<Q wbgol 23] A
3€ biuretel] o7 F714Q1 7tug A& TEAY AlEEFol AgH] T/t F7t
d Aoz Azt At}

¥, Fig. 6, 72 $EAY &g RIAPoZN dofd dgs dxo Eg§
gt £& Gibson¥ Ashby7} A¢t3l cubic modeld o) &3 APx)e wlws] &2
Rolth. 2d AA 7 ol ¢ dedEln €2 HAHES 24T oldsld Rddd
T3, vie A YT FF & £ Yk ojv R AFAFE Hole F

HEP 3o A F9o HYASS of¢ Z ¥gdla Ui Eolgtn AZE iRy
I eeg 9 7AAH EALE AUUE of$ o&dde FAF & YUk

e rlo e
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Fig. 2 Density of polyurethane
foam with blowing agent content;
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Fig. 3 Density of polyurethane
foam with blowing agent content;

(O) HCFC 141b; (A) HCFC-141b
and distilled water (2.5g).

(O) distilled water.
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Fig. 5 Glass tansition temperature
of polyurethane foam with blowing
blowing content; ({0) distilled water.

Fig. 4 Glass transition temperature
of polyurethane foam with blowing
agent content;(QO) HCFC-141b;

(A) HCFC-141b and distilled water
(2.5g).
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Fig. 6 Compressive modulus of
polyurethane foam with relative
density; (O) HCFC-141b;(A) HCFC
-141b and distilled water(2.5g);

(O) distilled water.
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Fig. 7 Compressive strength of
polyurethane foam with relative
density; Q) HCFC-141b;(A) HCFC
-141b and distilled water (2.5g);
(O) distilled water.
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