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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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7171 915141 melamine phosphate(MP)2} 57 |\ F=7d E(Cloisite
30B)] =9S Al=atiitt w2dele] Cloisite 30BSH MP
of o3t EE|gaete] AT FAEE Fist ] A
siMe Z2] Sl Cloisite 30BSF MP7F FUskA| HAts]
ook st} eyt Cloisite 30B(E%E 1.98 g/em’)Lt MP(U =
1.74 g/em’y= E2]-9-dee] FLESQ MDI(EE 1.23 g/em’)
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MZ. AA98%+), DEG(98%+), N,N-dimethyl formamide
(DMF, 99.5%)= Junsei AlZ5E FYsIct sk A&
ZO]E 4A(4-8 mesh, Sigma Aldrichys ARE-sle] DEGe}
DMFE ©<=A1Zit}. Cloisite 30B= Southern Clay®ll, MP
= BASFIlA] 9J&t5itt. Cloisite 30BSF MP= %1398
ARESR] 60 °CollA] 24117 AZAIF T S11Q] butylchlorotin
dihydroxide(BCDH, 96%)= Sigma AldrichollA] ++<]3I$iTh.
4,4’-Methylene diphenyl diisocyanate(MDI, 99.5%)= BASF
ALl 4319 EE. Methanol(MeOH, 99.5%), 1,4-butanediol
(1,4-BD, 98%) thgslaol FY4atitt. Cloisite 30BS]
A EHT MPe] 74t ol Y8E9] T241S Table 1
ol YFERASAT
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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 24529 150 - 1.26 White powder
Cloisite 30B N*(CH,CH,OH), (CH;) T - - - 1.98 Particle size 2~13 um
T=CsHs;, CisHs3, CisHyo don =185 A
MP (CsHgNg) - (H;PO,) 224.12 Decomposes 1.74 Particle size
~250°C 6~30 pm
MDI OCN(C4Hg)CH,(C¢Hg)NCO 250.25 40 314 1.23 Pale yellow solid
1,4-BD HO(CH,),OH 90.12 20 235 1.01 Transparent liquid
Tk 100°ColA dmet Fulf, dARo] e S-S
S AP 150°CZ s&A7IH ozdHE WS st 7]
STEP 1 AA DEG BCD“ e [COOH)[OH] % 0.5, Z)] %k AA 1mol & 0.005 mol
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Hzoﬂ Esterification Pre-mixing} ol g3t eJFE AAst] YRS b 4807 vt
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Poly(adipate urethane) composite

Figure 1. Schematic diagram for the synthesizing poly(adipate ure-
thane) composite from AA and DEG.
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£ SAst ARteIAaL, %01 80%°ll =EsiS o,
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A0 A AL Figure 191 7h+s] LFERAITE
Briak o Me =X, 35k PAD E3H9F PAU E3H)
o] BEA7Fe GPC(waters 150-C)E ARE3sle] HA51AT) o]
5402 THF(1.0 mL/min)E ARE3IITE. PAD A1E(0.25
wt% in THF)2] A WATERS Styragel 7.8 x 300 mm
(WAT044231, WAT044234, WAT044222) ZA} polyethylene
glycol standard(Sigma-Aldrich)2 ZH#4S 2Hdst & s}
Atk PAU AlE(0.25 wt% in THF)Q] EA5k& WATERS
Styragel 7.8x300 mm(WAT044225, WAT044234, WAT044222)
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319t} PAU E8A|2] =& Brookfield =4 (LVDV-I)Z
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FAE 10 mge 2 I3l 10 °C/minZ 523514 800 °C7}
A Akt

IR ATEZ}, FTIR(Nicolet 380y ARE&l] AA, DEG
MDIe} 125E $4dE PAD E3AeF PAU E3HA7} 714
3 = AH8719] IREA I35 S5t

L1712t NCO% &H. APt NCO%= #2102 413131
th 2FR= 0.1 N HCl €9 10 mLo] A1E(0.2~0.3 )5 =
o] & FlE=Zeyol XAk 2% H7I8KL 0.1 N KOH &
Aoz HAYGsl] ZH3AtE. NCO%e AlFE(0.5~0.6 9)5
0.1 N dibutylamine £ 25 mL®} 1,4-dioxane 25 mLel| <+
3] %<9 % 0.1% bromophenolblue indicatorS A% 7}
3132 0.1 N HCl 89102 HAJ3e] 431t

An o =2

MME solnt SN BAM. AA9 #<] DEGEHH A=
gk &%= PAD, PAD/Cloisite 30B &34 (PAD/30B), PAD/MP
E513) (PAD/MP), PAD/Cloisite 30B/MP -3 (PAD/30B/
MP)9] 3 oZEHIZ wEge] SANHEES]l AAS] Zehe
7122 99% BE7HA] XY= ATt Table 291 PADS} PAD
HaABol g dAME A EAES AHusid.
GPCZ 273 PAD AAHEESS] 32 550~680 g/molo]™
PDI 742 1.2~139%, H4e] whg-Eol 34 o] 7k
HESQlol| = Bslal HlwA EAbea) BAleg B wrE 7Y
3=

Figure 2= Cloisite 30B2} MP2] FTIR 2~F|ER}E Hoj=
t}. Cloisite 30B9] IR =#EZ= 1022 cm’(Si-O-Si in-
plane stretching)°ll¥] Cloisite 30BS] ATJA|OIE FZo £]
Sk EAVIE HojFr) 292591 2851 em oA Hole ¥=
£ Cloisite 30B%] X|&8=]o] Q= dRFHS Tallows 74
sk wlgal7]2] C-H stretchingol] si3=™, 3628 cm™ 3=
£ F2A%8HA %S CH,-CH,0H7|2] O-H stretching S
3]t} 3300~3500 cm™e] W2 FoA Hol= A=
F2ATE O-H stretching 39} 45 YRFHE EAlv=

MP

~~— 1679

Transmittance

Cloisite 30B

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'1)

Figure 2. FTIR spectra of Cloisite 30B and MP.

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

Figure 32 PADS} PAD E3HAe] IR 2 ERo|T}, o4
PADS] 2¥Eg= 4589 O-H stretchingdll €]3+ 3|27}
3300~3650 cm” FAoll AA Wi FZF AVIE YERd,
29403} 2860 cm'l C-H stretching®l] 2|3t u]|=7} Bolt},
1730 cm @A BHEslal s Hole I=E o XH| 2]
C=0 stretchingell €]g+ Zo|t}. PADS] 2% Ez}e] 1060 cm™
oA Moz ¥Fe 13} EF22] C-O stretchingol] 2|3k
Ao, PADE Tel] —-CH,0HY| 725 7KaL Ida ¢
= At} 2800~3600 cm™ FollA PAD HHANEES] IR
A ED} iRl Cloisite 30B2F MP2] IR ~HEz} sfjelzt
74%3] AAA, Cloisite 30B9F MP7F 2% 3= o] & 7
S0l 8ol ol z2u} Cloisite 30BE $Hrsk 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(wi%) MP(wt%) (g/mol) (g/mol) por
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, 2012\
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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} MPE $H$F PAD/30B/MPS] ~HE
Zh= 12 €3-2-9] C-O stretching(1060 cm™) IIE 7R
PAD®|| Hl5le] 3399 (1020~1060 cm™)°] HoAxH, 2 A
717} Zdsi UERdt) 01718 PAD/30B2F PED/30B/MP|
S Cloisite 30B2] Si-O-Si in-plane stretchingol] s3]
E 1022cm” I3F7KFigure 2 FHX) 13 3L C-0
stretching®ll €J§+ 1060 cm™ I =} FHEAL 1 Al717} 733
F7] w&eltt. MPE 3t PAD/MPS} PAD/30B/MP2]
IR ¥ Ed= 7|24 02 &4 PADS} 22 dglS B
1, 1671 ecm™lX] MP2] N-H stretching(Figure 2 =)ol
2J3l =17} o2 2] C=0 stretchingoll 213+ 1730 cm’
=18] QF Fof ok A|71= vERdt.

Table 3¢ MDFE 77} PAD®} PAD H3HA|9F RESGA]A T
£ &5 poly(adipate urethane)(PAU)2}F poly(adipate urethane)/

PAU
® | PAU30B
[$]
C
S
€
@ | PAUMP
i
-
=

PAU/30B/MP

\1069

1732 —>

*x X
. 1589 1220

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
E3H| (PAU/MP), poly(adipate urethane)/Cloisite30B/MP &
A (PAU/30B/MPYl SHrel waAdie] =4, dxel B4}
2 APsITh. PAUBOB/MPES A2lsl= PAU, PAU/
30B, PAUMPS] 37 212 33000~41000 g/mol A=
2 8wy dFshy, RS FR3 PADE TEE
PAU/30B, PAUMP, PAU/30B/MPS] EAl& EX = HA|
24 =1t} £3], PAU Cloisite 30B MP7F 22}t 2.2 wt%
A T 44 wi%e] FAdEo] THE PAD/30B/MPe] A
o] 7P wron, B Bxvw A =gkt o]AL 9
Aol W=7} =8 Cloisite 30B2 MP7} MDIS} PAD?| i
Wik 9kl JS 73071 wlolel FHEh A g vt
SEo Wxrb Fm B AJEiQl WAz 2SS o, o]
E dA el THEES SHE A G o

T Folt}.

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” Viscosity(g/m's M M) ¢

Sample No. Cloisite 30B(wt%) MP(Wt%) at g(gé : (g/mol) (g/mol) POl

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 Egolr].
Cloisite 30B2} MP] £4 937} 725= PAD H34<]
IR 2HEZR= 24 &5 PAUSt PAU E3Al= vl
|Ake R AFEZ HES 7Kt BE PAU AlESS] &~
HAEgh= Soeke] HYd#1 5/ 11221 N-H stretching I
=(3200~3600 cm™)} 733t C=0O stretching ]=(1700~
1740 cm™), C-N stretching ¥=(1220, 1320 cm™), C-O-C
stretching ¥]3(1069 cm™), MDI2] Wl 72]2] C=C stretching
J]7(1599, 1413 em™)E"® R}, o dAIE PAUS| A%
skiE Cloisite 30B MPQ] IR EA¥|3ELS PAUS| £4
v|3} 7He Tl ool Z3IA] o] oSt

PU S8R ¢¥X £XM. Figure 5 24olx 243 ¢
PAUS} PAU/30B, PAU/MP, PAU/30B/MP E34152] TGA
AF}o|th. BE PAUSH PAU B3| AlEE52 <F 150 °CH-H
FAZE A8 ZHadbr] ARk, 250~400 °COllA w4 3]
Eol7F ol ARt 400 °CHE Hidly] Al4s
o] 500 °CelM &7t A9 FRHIUL, T B} 2 250
Al 2 FAl= st vrleisdnt. 28y PAU E3A1] &
Foll meh diRslE=e} b FAE 2|7t At =
Figure 5°] TGA ABR=2FE PAUSH PAU H3HAE2] 77
7} 3, 70 Wt%(JHEES 97, 30 wi%yHA e £54) 600
o} 700 °CollM 2] zHke] wit%E Table 491, FENE(-dw/
dNZ Table 50 A3IItE. 270 °C7HA] <=5+ PAUS| E-aj
EEE -0.021 wi%/'CZ 7P =3 ou), 290 °CHE 3l
T7F -0.73 wi%/°CE F43] WEpA 2715%e] 70%7F 7
2EE EE7F 364 °CE 7P WUTHTable 4 =), PAU/
MP E§A= 290 ‘C7FA] S747t 7P WEA dojyko
LHAWIAT = -0.06 wt%/°C), 600 °CollA] ZEES 9.9 wi%= <=

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

oI
100 [
80 [
R 60 [
£
=
7] PAU
; 40 [ PAU/30B
PAU/MP
PAU/30B/MP
20 [

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 ALofA
phosphate, A4}, 4 5o Eajw7] wliEo|t}). 270 °C
7R PAU/30BS FE&7HdW/dT=-0.03 wt%/ C) PAU/
MP2] gt =2]A Y=ot L o] 2:olA
wEA 28Eo] 450 °C7FK] PAUMPS} H|<=3F 344
o] =45tk 600 °CollA] PAU30BY HERe 11.3 wi%=
PAUS} PAUMPe] H|5l] 22} 1.4, 2.2 wit% T B3ich
PAU/30B/MPS] ¥¥-3] 75L& 370 °C7HA] PAUMPS} %
H|S=EI o, TRt 28 250X 7 =2)A] EajlEd).

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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Cloisite 30BS} W1 Z2H|o]EE {3} Poly(oxydiethylene adipate urethane) Composites®] Tz &3] E4 649

oAl 24, PAUBOB/MPIIA 70 wt% 7ake] dojuh=s 2%+
414°CE PAU®] 364°C, PAU/30B2] 398°C, PAU/MPS]
404 °Coll Bk ZFz}F 50, 16, 10 °C7F EobETh. 600 °CollA
PAU/30B/ MP2] ZHES 129 wi%®, o|& 728 Lxox =
A= PAUSOBY ZHF 11.3 wi% BT}l 1.6 wt¥% B folt}.
PAU/Z0B/MPS 3+ Cloisite 30B2] 3Fo] 2.2 wi%®
PAUBOBe] 39 Cloisite 30BY] 3 2.7 wt%ET} 0.5
W%tk 2 A3k 450°C o] 2o MPell 2F

PAU/MP?| zH 7P} mlw)gk Z1& Jrefshd, & 2%
] PAU/30B/MP2] ZHo] PAUZOBHLTF e 1S Z2]9-
geto] &5E Cloisite 30B2 MP7} 28-S doA
PAU/30B/MPS] EoPgAdo] 7iA=17] wiiele} 4T},

PAUS} 2E PAU B3] NEEL 600°C BT} 5 250
Al O ool A At /it
Figure 6& 371914 =43 PAUS PAU/30B, PAU/MP,
PAUZOB/MP 3452 TGA Zelt}. 350 °C7F< PAU
9} PAU/30B, PAU/MP, PAU/30B/MPS] FEs= 2 Aolx
SHE Ao} viszgt AsS BAth 5 PAUE 2719
HHE] FAZF 7281 300 °CHE] 400 °C7FA] Hal 7}
EA(AWIAT =-0.69 wt%/°C) FFZATE. 70 wt%-7HF(FHeF
30 wt%)o] dojvh= 25 378 °CITh. 450 °CH-E 580 °C
7HA] PAUS| EallEEE oF -0.042 wi%/PCE FA= 723}
GE37F =2A AAE= AsS BTk PAUE <F
570 °CHE 2z} GEa)7}F WEA (AW/AT=-0.11 wt%/C) X
=l 700 °CollA o] 0.2 wt%’t EIUTE PAU/30B,
PAUMP, PAU/30B/MPE 257} A3t uje} 22119 &
Agk ZFa7F dojubes ASS 7EAY, 12keF 23 Rl 4
e 2xot Fall&s Zol7) AT

=

100

80

PAU

PAU/30B

PAU/MP
PAU/30B/MP

20
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Temperature, °C

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

°F 250 °C7FA] PAU/30B, PAU/MP, PAU/30B/ MP2] ¥+
= PAURTE WEA] ZI8)=]o], 3 wi% o] doju= 2
TE 148°CE PAUS 220°Ce] ®Iskd 72°CE= Skrh
(Table 4 Fx). 12F FEal7F dofub= 300~400 °Collx
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/3OB/MP(dW/AT =-0.57 wt%/°C) =22 =2]A] o]
et

PAU/30BoIA 70 wt% o] dojuhs &%= 420°CE
PAU®| w]&led 42 °C7} okt o] A& PAU/BOBO g+l
Cloisite 30B7} €492 Wsllsle] Ze]f-elge] EEslE A
AN7Ie BH7E FaRlolzt F4€nt. PAUMPS] 70 wi%
2% L5 412°CE PAU/30BO HIsle] 8°C7F WAl =4
HATE 23y 300~400 °C EHlelA PAU/3OB(AW/AT =
-0.62 wi%/"C)Rt} WEA] F3llsl= PAUMP(AW/AT=-0.68
W%/ PCye ALLoA= PAU/3OBS} H|S=3 &5 2 Jis)y)
ATE PAUMPOAN #ASu= e A gah= x99
Eo} yizpt EallEy ANE 715 char 2H 34
sl EARe] HMEAAS A7) wEeletal By
3 ATH? PAUBOBSE PAUMPE 12} GRa) $of el

E£5E -0.04 W%/ CE, 5 PAUS| Eall&=el Zsit).
600 °CollA =733 7H2ke PAU/30B2F PAUMPZ} 242t 17.2
o} 16.6 Wt%= A= H|S=8h, o] FE2 Al g
Zhgo] wisle] oF 59~7.4 wt% U =Tk PAUMPS] 7% &
7164 Aa Al MPERE A== charl Eoual, o|2
Qlete] Gzt A A= g FAVE SVl Aol Hal
3L Juh* Faela] A3 PAUSE PAU H3AE<] 2t
2 600 °C o)de] 2=oA Wt gle Wi, F71914]
=43+ PAUS} PAU EIAIES T-200A] ol ot 23}
Hall7F dojup FAIZE E0150] 700 °CAlA 2F 2.4 wi%Rt
o] ko= it}

PAU/30B/MPS] F&slle= 7122492 PAU/30BSE PAU/
MP$} B3 AFS Holu, Aol Al
300~400 °C G0l Eal&=r} -0.57 wt%/’CE 7P =3
o}, Aol 9fgk 22} Eall7} == 700 °CollA ZHFe 7.3
wt%= PAU/30BS] 2.4 wt%, PAU/MP2] 2.3 wt%el H]3}e]
3Hf o]AF ©th. PAU/3OB/MPOY| Sh+-d 30Bet MPe] &
o] Z}z} 22 Wt%=E = 4.4 wt%Sl Z& 7ekshH, PAU/30B/
MP2| Gial&er) 78 =al 700 °Coll] Freko] 7P v
2 212 Cloisite 30B2F MP2] 735 2Rgol| ©]ate] dFA
o] ZA gE Adol}.

4 =
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e S detarL, 1 Fisl ?"33 45l vy &
S A%t} PAU/ROB, PAUMP E3H= Cloisite 30B2}
Mp_q %Laoko] 1;_}15-1__& 22,27 wt% 4_1;_@ x%g Oko] 61—0
Hol% 300~400°C FYollH FEAEEE 2 10% == 4
T2 dorgAdo] /A E . £3], PAU/30B/MP(Cloisite 30B
S 2.2 wi%, MP $HF 2.2 wi%) g7 7] FollM &
B39 wo] FergAe] g AEE Cloisite 30BSF MPo]
oJ3h T S7F Arrrh 25361, 300~400 °C FolM &
Si=7F PAU thH] 17% =23, 700°C 32> PAU/
30B2} PAU/MPe H]3led 3.181 Z7}51At}. Cloisite 30B2}F
MP7]' PAUoﬂ /\E]:L} ?::“rbr 1011: oﬂo]—;ﬁk}o] f]_y—" 7H/\-]E]‘—‘
A2 HE 37 3 ZledE AR rrsds EjlE
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