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E5: Z9deke] g3 YAE /s flsked, poly(oxydiethylene adipate)-diol(PAD), 4,4'-MDI, Cloisite
30B(30B), melamine phosphate(MP)E- AF8-3}¢4 poly(adipate urethane)(PAU)Z} PAU/30B(30B 2.7 wt%), PAU/MP
(MP 2.2 wt%), PAU/30B/MP(30B 2.2 wt%, MP 2.2 wt%) B35 A8l s 542 A3tk PAU &
AAIA Cloisite 30B2F MP2] £4HS F83IaL #L3HAl FAIA717] $18ted, adipic acid®} diethylene glycol®] ol
2|2 93 TAoA] Cloisite 30BF MPE =311t} 250 °C ©|atollAl PAU H3HA|7F 55 PAURTE O W27
Gl HAk. 2eA = 30B2F MPol| ofste] dF8Ado] s RaE&ErE A Ao, 700 °C ZF
F= IA F7rss

Abstract: In order to improve the thermal stability of polyurethane, we synthesized poly(adipate urethane) (PAU) and
three PAU composites, PAU/30B (2.7 wt% 30B), PAU/MP (2.2 wt% MP), PAU/30B/MP (2.2 wt% 30B and 2.2 wt%
MP), from poly(oxydiethylene adipate)-diol (PAD), 4,4'-methylene diphenyl diisocyanate (MDI), Cloisite 30B (30B), and
melamine phosphate (MP). 30B and MP were introduced into the reactant mixture at the initial stage of the esterification
between adipic acid and diethylene glycol, so 30B and MP were evenly dispersed in the PAU composites for long period.
At temperatures lower than 250 °C, the PAU composites were degraded faster than pristine PAU, mainly due to the
decomposition of 30B and MP. At higher temperatures, the 30B and MP enhanced the thermal stability of the PAU com-
posites. Compared with the pristine PAU, the thermal decomposition rates of the PAU composites decreased by 13~17%.
In air, the residual weights of PAU/30B, PAU/MP, and PAU/30B/MP were 2.4, 2.3, and 7.3 wt% at 700 °C, respectively.

Keywords: poly(ester urethane), polyurethane composite, thermal degradation, Cloisite 30B, melamine phosphate.
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I, e Ee] o] PMDI WiH] 3wit% 7R wiell PU/
clay 59419 =732t = HAiikS 7= who,
fFrejdeleee MEE e ES] hge] S7HEESE Yot
kel Basiiek! Son 52 F71HERD Cloisite 15A9}
Bi,O; WeSiAE itete] Ealvde Ve B EE A=
sl 2 dASAES AFsiith 25 o EE9deel
Hlele] Z2]de Weiige] ESwI =2, o
A B E W SA eJate] CO, e 7Hast
= ¥ CO BHES F7Isl S8A17 SRR WellA
AAEEA] 2Hghal Barskdot’
o] dlo} Zo], eHEE Tdxo2 Hrlele] A=,
7% 59 7141 Ad3 A AT AY, 229
|ES @502 Frkste] Feledee] dadEs /M)
= A7 Bol FEL vk 2y e ES) AT 0]
Aol Hrlele] fHEe] dAATS dEehs A7
Koz Ao Foln, T2 e T2 FHOE 59
Atk e ESE EAF0|ES FAO HTlsle] Eel¢-
o] 9 AFTS A7 o & EAPH, Song o] =2
AlFe 2] 7 ES deE2mo|EE 471
%ol o]Z F7F] toluene diisocyanates} HFSA]A o]iAlo}
Hlo|E} el e ZEEHE WAL, o8 FEAE
HSAIA 74 ZEvde 5E3AE Azl ol
olFA TH= A Fe e HEAS] AREART 9
o] MAE Tkl BAsldeh! Park 5 Cloisite 30B7} &
AHE Eo|2H|ETE, EEolH|Z2EEE, PMDIST g
phenyl polyoxyalkenyl phosphateZ*E] Azt Z2]9-d|gt
= EA] Eekgge] A AAEE RS Basith!

¢

&4 ox Imorlr © oo
rmlﬂa".:mlmrﬂ

%

:i

Zad, A364 A|53, 20123

2 AFere ZEledee] dbgd dadS A
7171 913141 melamine phosphate(MP)2} 7 |- =7d & (Cloisite
30B)9] =92 Al=siSith B dEIY] Cloisite 30BF MP
of ot ZEjfelere] e WIS Sdist sl 9
siMe Z2) Sl Cloisite 30BS MP7} FU3slA| Hats]
ojo} @t} 2L} Cloisite 30B(ZE 1.98 glem’)t MP(LE
1.74 glem’y= E2]9-EEe] U5 MDI(EE 1.23 g/em’)
U Z22(LE 1.10~1.24 g/em®pl] 12 H]5}0] 3] FA$IA,
e $ ol FdsAl FAZ1717F dA etk ol
3t oS FE312A}, adipic acid(AA)?} diethylene glycol
(DEG)=HE] ZEledee] 52 Z2&s sk
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EE) Lol #daA T ESE fEsTh e A9 A
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(adipate)-diol H-3HHE FAISIATES ool = AASE DEGAE
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o] AgAIE F& A FAlo MPeF Al &%
2k poly(oxydiethylene adipate)-diol(PAD) E-3HAIS &}
A5aL, o] MDIQ}F UF-A]A Cloisite 30BSH MP7| s}
Al EAFE poly(adipate urethane)(PAU) E3AE A 2314t
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MZ. AA98%+), DEG(98%+), N,N-dimethyl formamide
(DMF, 99.5%)= Junsei AlZ5E FUsIAct sk A&
ZO]E 4A(4-8 mesh, Sigma Aldrichys ARE-sle] DEGS}
DMFE ©<=A1ZT}. Cloisite 30B= Southern Clay®llA, MP
+ BASFoIA 91313Att. Cloisite 30BF MPE X322
ARESR] 60 °CollA] 24417 AZAIF T S11Q] butylchlorotin
dihydroxide(BCDH, 96%)= Sigma AldrichollA] ++]3}$ich.
4,4’-Methylene diphenyl diisocyanate(MDI, 99.5%)= BASF
APlA A5 Methanol(MeOH, 99.5%), 1,4-butanediol
(1,4-BD, 98%) thgslaolx FY4atdtt. Cloisite 30BS]
AR FHF MPe| 7Rt 7ol Y9EES] F24S Table 1
o] YRl et

Poly(adipate urethane)(PAU) S&Hx2] &Hd. Cloisite
30Be MP7L A3l #4HE PAU B3HAIE RHE7] flst
W2 PAD EJHAIE 3Tt st 8 E whe7o] AASH
DEGE §%31a, 100°C7H] 71gdsle] 2 %A £2°C2
FAXZTE AASH DEGZF BAUE whg71el e}l
Cloisite 30B9} MPE @502 Ei= Cloisite 30B2} MPE
7ro] F9J3IaL sonicator?} homogenizers ©]-8-51 30~604-
ZF B FHY S99l BCDHe 3w s £k
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Table 1. Chemical Structures and Physical Properties of Raw Materials and Catalyst

Molar mass

M.P. B.P. Density

Substance Molecular structure (@/mol) C) C) (glem’) Remark
AA HOOC(CH,),COOH 146.14 153 337 1.36 White,
Crystalline powder
DEG HO(CH,),0(CH,),OH 106.12 -11 244 1.12 Transparent liquid
BCDH CH,(CH,);Sn(OH),Cl 245.29 150 - 1.26 White powder
Cloisite 30B N*(CH,CH,0OH), (CH;) T - - - 1.98 Particle size 2~13 pum
T=C\sHs7, Ci6Hss, CisHyo don =185 A
MP (CsHgN) - (H;PO,) 224.12 Decomposes 1.74 Particle size
~250°C 6~30 um
MDI OCN(C¢Hg)CH,(CsHg)NCO 250.25 40 314 1.23 Pale yellow solid
1,4-BD HO(CH,),OH 90.12 20 235 1.01 Transparent liquid
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Figure 1. Schematic diagram for the synthesizing poly(adipate ure-
thane) composite from AA and DEG.
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150°CE2 F2A171H d&HEZE RES =3t 27]
[COOH)/[OH] it 0.5, Z7i <] 2 1 mol
H] FUsAT oA ZEHIE v T AAdE &2 Dean Stark
o] gate] F-E A At HWHg-S fFEshH 48047k vt
SAIA & deel OWZIE zh= PAD B3HAIE 8ISt
ZA3EF NS EEe WA ES] AHE 2gste] At
siint. 7 A SR, S esEl MDEE 9L RhE
T 80°C7HA 71dsle] oAdsiint. §AE PAD HEAe}
DMF7} 94 & Ashte]d we7|E vh-2w7x] 7Hds)
i, dEEl MDIE FYste] e w8 skl PAU
E3A12 S8 271 [NCOY[OH] %+ 1.05, 2&E-=}
guje] vl 372 S WA E] WSS NCO%
£ =Asl] Artaldarl, o] 80%c EEIINS u,
1,4-BDE &% Tt gk vhee] TEHe vk
o] Z2$det E3HEe] Hwrt ALdlA 15000~20000
Cp= vJ*E‘ Al A R %oﬂ JollE NCO%2
S FYUS SEAZT PAU &
leﬂ °] UW 4-& Figure 19 1 P%O] YERA AT
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9] BAERe GPC(waters 150-C)E ARE-38lo] B350t} 9]
SAoR THF(I 0 mL/mm}— ARE3IITE. PAD A1E(0.25
wt% in THF)2] &A%+ WATERS Styragel 7.8 x 300 mm
(WAT044231, WAT044234 WAT044222) AH 3} polyethylene
glycol standard(Sigma-Aldrich)2 H#HAS 2 & -8}
2tk PAU AE(0.25wt% in THF)®] E2}2:e WATERS
Styragel 7.8x300 mm(WAT044225, WAT044234, WAT044222)
Yol polystyrene standard(Waters)= AL 24 &
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o83l 25 °CellA] SA3ISITH

ABEM JHg) &59} &5 Hal o) Wk 53} ke g
=]

nt

_1

-

G2 (Perkin Elmer, TGA7)S A9} 3710014 AlgAHe]

Polymer(Korea), Vol. 36, No. 5, 2012



646 PP X I

FAE 10 mgeZ I3l 10 °C/minZ 523514 800 °C7}
Al #A e

IR ATEZ} FTIR(Nicolet 380y AR&3led AA, DEG
MDIe} 125E /¥ PAD E3AeF PAU 37} 714
3 = AH8719] IREA I35 S5t

2712t NCO% &3. 2719} NCO%e= 52102 241519
th 2FR= 0.1 N HCl €9 10 mLoll A1E(0.2~0.3 g)= =
o F dexded A kS &% H7ISIaL 0.1 N KOH 4
Aoz HAYsI] ZAHIATE NCO%= AlE(0.5~0.6 g)5
0.1 N dibutylamine €< 25 mL%} 1,4-dioxane 25 mLol €
3] =21 F 0.1% bromophenolblue indicators 4% 7}
3k 0.1 N HCl 89102 AA3e] 431t

An o =2

HME golnt Sd 24, AA9L Ao DEGETH Az
3l =%~ PAD, PAD/Cloisite 30B -3 (PAD/30B), PAD/MP
ESH (PAD/MP), PAD/Cloisite 30B/MP -3} (PAD/30B/
MP)¢] 32 oZHIZ Hhgo] SHANEEES] AAS] H3He:
712 99% BE7HA] X1 = ATt Table 291 PADS} PAD
HeBol| a9 FoANE A BEAES A
GPCZ =73+ PAD AHEES] 72 550~680 g/molo]™
PDI k2 1.2~132=, Aol whg-Hof x| o] H7hd
WS ol Eslal HlwA BAlg EA SxsTt
skt

Figure 2= Cloisite 30B2} MP2] FTIR 2~HEE HoE
t}. Cloisite 30B9] IR =HEZ= 1022 cm'(Si-O-Si in-
plane stretching)°ll¥] Cloisite 30BS] ATJA|OIE FZo £
3 EAUIE HojEth 29259 2851 cm oA Hole 3=
£ Cloisite 30Bo X|3=]0] = dEFH] Tallows 43
sl= wgdll7]2] C-H stretchingdll siE=™, 3628 cm™ 3=
E F2A%8HA %S CH,-CH,0H7]2] O-H stretching £
g=Z0e]t}, 3300~3500 cm™e] W2 FoA Hol= A=
F2ATE O-H stretching 39} 45 YRFHE EAlv=

MP

‘(—-—-...__13?9

Transmittance

Cloisite 30B

L 1 1 1 J

4000 3500 3000 2500 2000 1500 1000 50

Wavenumber (cm™)
Figure 2. FTIR spectra of Cloisite 30B and MP.

o st MP2] IR 2 EZA 3389 cmel] Hole= I
F+% phosphate®] O-H stretchingell €]g+ Zlojw 1415 3115~
3461 cmoll Ax GA HolE ¥|FE MPL] NH, stretching,
1618~1680 cm™ I|=F+= MP2] triazine® stretching(ring C=N)
o] EATAo |t

Figure 32 PADS} PAD E3A9] IR A EZo|t), o5
PADS] 2HEZR= 45829] O-H stretching] €]§+ 3|27}
3300~3650 cm” FAoll AA Wi FZF AZIE YER,
29403} 2860 cm' C-H stretching®l] 2|3t u=7} Bolt},
1730 cm 0 HEsla 78 Hole d=E o XH| 2]
C=0 stretchingell €Jg+ Zo|t}. PADS] 2= Ez}ke] 1060 cm™
oA Moz ¥Fe 13} EF22] C-O stretchingol] 2|3k
Ao =2, PADE Hdo| -CH,0H?] %5 73 oS &
T At} 2800~3600 cm™ FollA PAD HIANEES] IR
A EZ} iR Cloisite 30B2F MP2] IR 3 Ez} el
74733] AAA, Cloisite 30BeF MP7F 2% E3t=]o] & 7
ol o] oyt 2yt Cloisite 30BE 13+ PAD/

Table 2. Contents of Cloisite 30B and Melamine Phosphate in the Poly(oxydiethylene adipate)-diols and the Molecular

Weight Data of Poly(oxydiethylene adipate)-diols

Composition

M, M,

Sample No. Cloisite 30B(wt%) MP(wt%) (g/mol) (g/mol) =
PAD - - 684 844 12
PAD/30B 5 - 649 778 12
PAD/MP - 5 554 663 12
PAD/30B/MP 5 5 659 854 13

“M, and M, are a number average molecular weight and a weight average molecular weight, respectively. GPC was used to determine the
molecular weights of poly(oxydiethylene adipate)-diol samples with polyethylene glycol standard.

*PDI represents polydispersity index(M,/M,).

Zad, A364 A|53, 20123
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Figure 3. FTIR spectra of pristine PAD; PAD/30B; PAD/MP; PAD/
30B/MP. The peaks at 1022 cm™; 1671 cm™ were caused by the Si-
O-Si in-plane stretching of Cloisite 30B and N-H stretching of MP,
respectively.

30B¢} Cloisite 30B%F MPE 3Higt PAD/30B/MPS| Z=HE
2= 12} E52E9] C-O stretching(1060 cm™) ¥ ZE 7=
PADe]| Hl5lo] 9]=1999(1020~1060 cm™)] HoAXH, 2 A
717} 78 yERdt) 0171 PAD/30B2F PED/30B/MP
ShrEl Cloisite 30B2] Si-O-Si in-plane stretchingll lE%]
E 1022cm” I=F7KFigure 2 #FX) 13 €329 C-0
stretching®ll €J§+ 1060 cm™ =} FTHEAL 1 Al717} 733
7] wZelth. MPE $H3 PAD/MPS} PAD/30B/MPS]
R ¥ EZ= 7|BH 02 4 PADS} 72 HEle HAF
1, 1671 ecm™lX] MP2] N-H stretching(Figure 2 =)ol
2J3l =17} o2 EZ2] C=0 stretchingoll 213+ 1730 cm’
T|=18] QF Fofl ok A|71Z vERdT

Table 3¢ MDIE Z}7} PADS} PAD H3HA|9F RESA]A T
£ &4 poly(adipate urethane)(PAU)2} poly(adipate urethane)/

PAU

PAU/30B

PAU/MP

% Transmittance

PAU/30B/MP

1069
1732 —>

‘\1220
|

*
| 1 | | 1 1599 J
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 4. FTIR spectra of pristine PAU; PAU/30B; PAU/MP; PAU/
30B/MP.

Cloisite30B  £-3}4)| (PAU/30B), poly(adipate urethane)/MP
B3] (PAU/MP), poly(adipate urethane)/Cloisite30B/MP &
A (PAUZ0B/MP) 3Hrel Wodidite] x4 Hwel B}
22 A5t PAUBOB/MPE A|2]5l3+= PAU, PAU/
30B, PAUMPS] 33+ EAFLS 33000~41000 g/mol F=
2 vy dgshd, IS RSt PADE TS
PAU/30B, PAUMP, PAU/30B/MPS| EAleF EX = A
2491t} £3], PAU Cloisite 30BS} MP7F 22} 2.2 wt%
A T 44 wi%e] FdEo] TE PAD/30B/MPe] A
o] 7P yigton BalEk BIww AY =gt} o)A Y
Aol W=7} =8 Cloisite 30B2 MP7} MDIS} PAD?] i
Wik 9kl S 9071 wlwolel FHEE dA) A vt
SEo Wxrb Fm B el ddAr 2EEAS o, o]
E A dAEe] FHERS FH= PAe 9Fe o

=

Table 3. Contents of Cloisite 30B and Melamine Phosphate in the Poly(adipate urethane)s and the Physical Properties of

the Poly(adipate urethane)s

Composition® f H . b b
Sample No. Cloisite 3013.(wt%1)3 MP(wt%) Vlsc;sg(og(/jm ) (g/Ag:OD (g]/\fgol) For
PAU - - 18634 37360 135240 3.6
PAU/30B 2.7 - 20732 41250 294140 7.1
PAU/MP - 22 18428 33220 208700 6.3
PAU/30B/MP 22 22 14877 14640 204440 13.9

“The Cloisite 30B and MP weight percents are based on the solid content.

*M, and M, are a number average molecular weight and a weight average molecular weight, respectively. GPC was used to determine the
molecular weights of the poly(adipate urethane) samples with polystyrene standard.

‘PDI represents polydispersity index(M,/M,).

Polymer(Korea), Vol. 36, No. 5, 2012
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Figure 4= PAUS} PAU E3AS] IR 2 Egjolr],
Cloisite 30Be} MP2] 54 937} FE== PAD H§A<]
IR 2FEZeR= tEA 55 PAUSH PAU E3Al= vl
AR IR 28 ER} djdlS 7Y 28 PAU A8E59] &
HAEZh= feee] YAl 54 =21 N-H stretching I
Z(3200~3600 cm™)?} 733t C=0O stretching 3]=(1700~
1740 cm™), C-N stretching ¥=(1220, 1320 cm™), C-O-C
stretching ¥]3(1069 cm™), MDI2] Wl 72]2] C=C stretching
J3(1599, 1413 em™)E"® R}, olgdAIE PAUC A%
g3-¥ Cloisite 30B2} MP2] IR EAIIZEL PAUS &4
|3} 7He Tl ool Z3IA] FEo] oSt

PU S8R ¢¥X £XM. Figure 55 AAolx 243 ¢
PAUS} PAU/30B, PAU/MP, PAU/30B/MP E34152] TGA
AF}o|th. BE PAUSH PAU B3| AlEE52 <F 150 °CH-E
FAZE A8 ZHadbr] AlEfete], 250~400 °COllA w4 3]
Eaf7F dojydt}, ReEEE 400 °CHE] TAs] A2k
o 500 °CollA] 37t A2l FREUL, T Hr} 52 250
Az FA= st valeidnt. 28y PAU E3A1] &
Foll meh dislEzet b A= Alel7t ASleh =
Figure 52| TGA AEZ5E PAUSH PAU E3E52] FA
7} 3, 70 wi% (RS 97, 30 wt%7HA EFEE 252 600
o} 700 °CollM2] zHke] wit%E Table 491, FEaNE(-dW/
dDZ Table 50 AI3IAtE. 270 °C7HA] <=5+ PAUS| E-aj)
EEE -0.021 wi%/'CZ 7P =3 ou}, 290 °CHE 3ll4
7t -0.73 wi%/PCE F43] WA 2715%2] 70%7F 7+
2EE E57F 364 °CE 7P WUTHTable 4 =), PAU/
MP E3H= 290 °C7HA] S3d7347t 7P mEA] dojyke
LHAWIAT = -0.06 Wt%/°C), 600 °CollA] ZEES 9.9 wi%= <=

Table 4. TGA Data of Poly(adipate urethane) and the Composites

Pt
100 [
80 [
2 60
&
o PAU
S 40 f PAU/30B
PAUMP
PAU/30B/MP
20 | N /
0

100 200 300 400 500 600 700 800
Temperature, °C

Figure 5. TGA thermograms of PAU; PAU/30B; PAU/MP; PAU/
30B/MP measured in N,.

T PAUS ZHF 9.1 wi%st Zpol7b A9l glglth. ozl
220°CHE EAHOR Fa7t Al&tElE MP7F AL2o)4
phosphate, A4}, 4 5o Ea&jw7] wliEo|t}. 270 °C
7HA1E PAU/30BS] FEa7HdW/AT=-0.03 wt%/C) PAU/
MP2] gt =2]A Y=ot L o] 2:olA
wWEA 28Eo] 450 °C7F] PAUMPS} B3 3404
o] ZA=%tt. 600 °ColA PAUB0BY RS 11.3 wi%=
PAUS} PAUMPe] Hlale] Z}2f 1.4, 2.2 wit% T BW3iTh
PAU/30B/MPS] ¥¥-3] 75L& 370 °C7HA] PAUMPS} -5
H|SEI o, Rt w2 250X 7R =g)A] EallEd).

3 wt%-loss 70 wt%-loss Residue wt% Residue wt%

Samples temperature(°C) temperature(°C) at 600 °C at 700 °C
N, Air N, Air N, Air N, Air
PAU 224 220 364 378 9.1 10.9 9.1 0.2
PAU/30B 154 148 397 420 11.3 17.2 10.9 24
PAU/MP 155 148 404 412 9.9 16.8 9.4 2.3
PAU/30B/MP 149 148 414 468 12.9 234 12.2 7.3

Table 5. Decomposition Rates of Poly(adipate urethane) and the Composites

Decomposition rate(wt%/°C) in N,

Decomposition rate(wt%/°C) in air

150~270 °C 300~400 °C 600~700 °C 300~400 °C 450~580 °C 600~700 °C
PAU -0.02 -0.73 -0.01 -0.69 -0.04 -0.11
PAU/30B -0.03 -0.66 -0.00 -0.62 -0.04 -0.15
PAU/MP -0.06 -0.66 -0.01 -0.68 -0.04 -0.15
PAU/30B/MP -0.03 -0.63 -0.01 -0.57 -0.04 -0.17
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Figure 62 71914 =43k PAUS} PAU/30B, PAU/MP,
PAUZOB/MP 3459 TGA Zelt}. 350 °C7F< PAU
9} PAU/30B, PAU/MP, PAU/30B/MPS] FEs= 2 Aolx
SHE Ao} viszgt AsS BAth 5 PAU= 27190
AR FAZF st 300 °CHE 400 °C7HA] 237}
EA(AWIAT =-0.69 wt%/°C) KIEATE. 70 wt%-7 e (KHeg
30 wt%)o] dojvh= 25 378 °CITh. 450 °CH-E 580 °C
7HA] PAU2| EallEEE oF -0.042 wi%/’CE A= 723}

37 =2A A== AsS Btk PAUE <F

570 °CHE 22} GEa)7}F WEA (AW/AT=-0.11 wt%/ °C) X
=l 700 °CollA] o] 0.2 wt%’t EIUTE PAU/30B,
PAU/MP, PAU/30B/MPE. 257} A58k ule} 2xe)e] &
gk Fa7F dojubes ASS 7Y, 12k} 22F GEsivE
o 2x0} Fall&E Zpol7t T

=
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Figure 6. TGA thermograms of PAU; PAU/30B; PAU/MP; PAU/
30B/MP measured in air.

oF 250 °C7FA] PAU/30B, PAUMP, PAU/30B/ MP2] &+
= PAURTE WEA] ZI8=]o], 3 wi% 7o) doju= &
TE 148°CE PAUS 220°Ce] ®Iskd 72°CE= Sbch
(Table 4 F=x). 12 FEaI7F Lojvl= 300~400 °CollA
PAU/30B, PAU/MP, PAU/30B/MPL] <3l PAU/MP
(dW/dT=-0.68 Wt%/°C) < PAU/30B(dW/dT = -0.62 wt%/°C)
< PAU/30B/MP(dW/AT = -0.57 wt%/°C) <202 =g]A| o]
et

PAU/30BoIA 70 wt% o] dojuhs &%= 420°CE
PAUS B3l 42 °C7} =osit). o171 PAU/3OBe] &+--¢
Cloisite 30B7} G028 Waliste] E2]9-aee] disls A
AN7Ie BH7F FaRlolzt F€nt. PAUMPS] 70 wi%
7 L5 412°CE PAU/30BO) BIBk] 8°C7t WA =4
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W%/ PCye ALLoA= PAU/BOBS} H|S=3h &5 2 Jis)y
ATE PAUMPOIAN #ASE= e A gah= 2299
Eo} yiE2pE EallE AYE 77153 char 2R 34
st} EARe] EMEAS A7 wEolgtal Baly
3 ATH? PAUBOBSE PAUMPE 13} ERa) $of &
7 =@Al AFEATE. 450~580 °C H oA =43 3|
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600 °CollA =733 7H=2ke PAU/30B2F PAUMPZF 242t 17.2
o} 16.6 Wit%= A= H|S=8h, o] FE2 il S
Zhgo]| wisle] oF 59~7.4 wt% U =T}h PAUMPS] 7% &
714 A4 Al MP2XE A== charZt UL, o=
olste] GH37t A A= FF FAYY STIsRE Aol B
3L k2 FaelA] 43 PAUSE PAU H3AIE<] 2t
2 600 °C o)de] 2=ox Wt gle whdell, F71914]
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PAU/30B/MPS] EEslle= 7122492 PAU/B0BSE PAU/
MP$} B3 AFS Holu, Aol Al
300~400 °C Follr EalE=7t -0.57 wi%/’CZ 7P =
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