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2 2f: Soft segment”} poly(butylene adipate)o]x hard segment”} aromaticity & e &)
olwl =<1 polyesteramide (PEA) ¥4 & poly(butylene terephthalate) (PBT)S} H-82 A4
4& 7IRem, PBT AAste 4% PEA &4A|9) Hrldl o8] 2252k PBT/Nylon 6
Ed=o) PEA &A1& Arishke 2% S84 443} avr 935909, o] PEA @44
7t Nylon 6 €02 $X4208 ZolEo{7}A Nylon 6 493} PBT g9 E34& 204

717) jEez2 A4 At

ABSTRACT: Polyesteramide (PEA) elastomer, whose soft segment was poly (butylene
adipate) and whose hard segment was polyamide with some aromaticity, was partially misci-
ble with poly(butylene terephthalate) (PBT). The crystallization of PBT was enhanced when
small quantity of PEA elastomer was blended with PBT. In PBT/Nylon 6 blends, the PEA
elastomer was preferentially dissolved into Nylon 6 phase, and the compatibility between
PBT phase and Nylon 6 phase was improved by the addition of PEA elastomer.
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Thermoplastic  elastomer (TPE)2] &L
hard segment$} soft segment2 F+AJE multiblock
copolymere} Tzols}, 74 BF9| sz, £3}
%, 74 B850 4Re Axd ol ggd 24
7Rt} Zo A2 FZ9 soft segment:= H|&
2 44 23T ¢ Qeonzg WA, 747 B
o] $o1, aromaticity & e Zgoh)= Fzo)
hard segment= AAIE, T3, {eldo)exr}
Fot WE2E7t 1 7AH Bxrt £2 ez ¢
217 Qlrh!® Zelo) a2 FF9] soft segments}

FolH Al229 Al 19984 1€

aromaticityE Zt= Eeglopm|= %9} hard seg-
mentE Z§¥3E polyesteramide (PEA) B 2=
Upjohn2] Estamid7} §d3tA 25T 1om b o)
+ diisocyanate®} dicarboxylic acid’} w23}l
CO,& BauA olvls Ade Vst
olgdld FHE oz YA YU B A7
AN
(MDI), dicarboxylic acid-terminated poly(butyl-
ene adipate) (PBA) oligomer, 18|31 & &&
9]  aliphatic  dicarboxylic acid& ®'2-Al#H
(Scheme 1) k3 #xo] PEA 94 E €43}
of olgs] Fxs} B4 Alols] BAE 24}, BB

4,4’-methylenediphenyl  diisocyanate
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Scheme 1

u} 9lch®
PEA ®AAs 22kl ZeldladHz 79 &
o= F2E BF 7 Eg Ze|d 2 =Rt of
Uel Zglotroets AEAE M Boz 9358
o} 2 dAF4ddMs PEA ©/d#2t Nylon 62}
AEATE 2AL BaF v ok 2 =RdME
PEA ®Addet  poly(butylene terephthalate)
(PBT)%}e] A8-7% 2 PEA €A Hulol o
2 PBTY ZAH Ass dHrgen, PBT/
Nylon 6 Edcos PEA €439 A&staatd
w3 4 29E 7lestdrh
4 ¥
PEA EtM#|2] g1M. PEA ©4dA9] A4S AW
B A A3 713t viel 2ol sulfolaned £-uj
2 8o} Scheme 17 & Wioz A8t
2, o8 £79 dicarboxylic acid EE (Scheme
1ol qe] Hdgtol 4 2 100] HES E/FF),
237 2zjgko] 240091 PBA oligomer, &3&v)
¢l 3-methyl-1-phenyl-2-phospholene-1-oxide (&

e Eake] o 0.125mol%)E  uSEA
sulfolaned] 88jA1#1 %, sulfolaned] =<1 MDI &
Hg A 2°'5}"“1 200 CollM 3A17F <
w, wkgajZich ¥hg & F72 sulfolaned ?;;17]-5}
o B4 Her} T—a"‘—, 3 F7keke AE BABIEL
o, ¥F gl nPE F=/ 12% (w/v)7F o
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©2 3 Wg2g 1082 wE
g0 §of PEA ©4AE AAAY £, 80 C AT
AZTANM Az3P e F82 80~90%]UT}. &
Ao} Alg3 PEA BAAE soft segment?l
PBA oligomer?] $Fo] 50 wt% o)L Scheme 19|
Mol q grel 4 F& 10 § F/e PEA v
(47 P(4), P(10) 2.2 HHE3NHAE) 2A oo &
& A AR olo] Badt uf gluh’

=23, 24 g FA& ¥ B §9/
Mo g MEUT 4% (w/v) BE2 {3

AEE m-cresold] =<1 ¥, mieko] mjubo] -
EA=8S AW F o78la 80 C zl—gﬁ}j
g ad

AL

2 ¢

[

A dxsdoh 71AA 249 & AT
£& Haake melt mixer® 230 CdA
40rpme} ZANA §FEV LA U

£ H. ANzFAIEEA (differential scanning cal-
orimetry)& MettlerA}e] TA-3000& Alg3slgo
o, o 105mge] ARE B4 BATINH F2 9
e &% 20 C/minz &A31gE . 24 A 5= 240
CAAlM 283 59 ohg AFA2e] g g2z
F FeaEA FEHELR (T, HA2ZEAYsE
(T, 53 (Ty), 549 (4H,) 5& 3334
i, oloAl 7t %wé’bi}%h(ﬂnc), %
2R 3E (4 Hy) T 389 52238 A
52 DSC UlellA] 245 CollA] 287t =] ABE 3
2 2A2EAA FEAN F dHLEE FAS
A dlEhE 2A5Ee FA3o wEsd 24
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Polyesteramide ¥4 4] /PBT/Nylon 6 &

7Fedt B8 F 1/20] AAsisted Do Al
b A mhE ZAAslde) B2 RE A7
e 2488 4 Hrt a7 2A4sd 4 H*
9] 1/2¢} H& Alztelt).
=Eo 547144 A% RheometricsA}e]

DMTA MK-M& AHg-3teq E4stdct. 89/3d
Hoz BdAGFH HRE& 240 CAAM dFAEsIo
10mmx35mmx2mm =7je AlHE s £,
bending moded|A 3 C/minE &34 1 Hzd
4 23890

FAA 28 0] 3 (SEM, Jeol JSM-35CF)& o] &
3l Bd=e nEZzXE #EsAch £9/338
o8 Edgs AL 245 TN £§4E3ld 2mm
T AEE BE F, AAEL SAX 43 o
He SEMe 2 @it

QAgAEL WAl 7] (Instron 4465) & o] &3}
fom 1578 ojel Aldel did] 20 mm/ming|
strain rateZ FA3IA T AFAIHE dumbbell &
24 Haake melt mixers £§E2dI3F AL &
B AE7) (Mini  Max  Molder ; CS-183MMX) 2
240 CAlA 423t 7183t A=z

Hot o o3
PEA EHMA|/PBT o|Ed=. PBTSle] 2d=
of AH&E PEA &4A= P(4), P(10)e= B

PEA ©BAHAZE ol doA AT vie} o] soft
segmento] o] 50 wt%h ol AlREH A|HF di-
carboxylic acid®] methylene unite] 7§71 z+z
4, 109 82 Yehdct P(4), P(10)& DSC
£ 53 BEd A7 FRE E8ATE HolA ¥
A 7h7ke TERAYL o)A HYAAM Jehd
ule} 2o} P(4)/PBT Bdl=e) 250 mg $3-
71413 A ¥3tE Fig. 1o Jehidh P(4)9]
AL 45 C B2 110 ¢ F2oA 24z} soft seg-
ment®} hard segment®] damping peak”’} &2
w, PBTe] Z$= 60 C FZolA damping peak
7} BFEe B 4 k. P(4)/PBT Zd=dA
PBTe| 43 Fefo] Fr1gtel we} P(4)9] damp-
ing peak®9] #7lE ZA3l: PBTe damping
peake] A7|E F71sta 1o, P(4)9 hard seg-

w20 A227 A1z 1998d 14

A=el 44 3 AR 43
‘2 /.\a\
S
b.
/ ¥e
T 1 T T
-100 -50 [¢] 50 100 150

Temperature (°C)
Figure 1. Dynamic mechanical spectra of P(4)/PBT
blends with the composition of ; (a) 100/0, (b) 70/30,
{c) 50/50, (d) 30/70, (e) 0/100 by weight.

Table 1. Thermal Properties of PEA Elastomer/
PBT Blends

PEA elastomer PBT
T:n Tl'.l(‘ Tm"Tmc 4 Hm 4 Hmc

Ll ) () (o) 0e-PRT) (/5B

P4) -44 - - - - -

P(4)/PBT (70/30) -38 24 175 49 489 470
P(4)/PBT (50/50) -36 21 184 37 484 445
P(4)/PBT (30/70) -32 222 185 37 55.5 53.1
P(4)/PBT (10/90) -30 222 18 U 510 489
P(10) -42 - - - - -

P(10)/PBT (70/30) -42 2L 181 60 481 3.3
P(10)/PBT (50/50} -38 222 182 4 447 437
P(10)/PBT (30/70) -36 221 18 3% 56.7 57.3
P(10)/PBT (10/90) -34 21 18T U 511 483
,PBT - 222 184 3B 456 451

ment®] damping peakt o7 @#& 2% Zo g of
%3t P(4)9] soft segment®] damping peak:
AT B 2 £OE olFdled UEhdE £ 5 2
t}. o]= PBT7} P(4)9] hard ¥ soft segment <
ol dF FolEorte 4835 AsE BYs 9y
3l ojuf Ztzte] m 9] o]Fo] AR P AN ZRE
BB A44e depde ¢ & Ut P(10)/
PBT Bd=dAM%: Fig. 13 A3 Asg& & 5 3l
fem, o= P(4)9} P(10)e] PBTse] 4844
o] FARME HAET

Table 1o DSCz #&3% P(4)/PBT, P(10)/
PBT £3d=9] €4 44& Jepided, F 79
Edoe 38 FA9 Wg o] /AEE B ¢
Atk & PEA @A Al PBT7 ¥7tHle 3¢
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Table 2. /2 of PEA Elastomer/PBT Blends

¢, (sec) at

196 °C 198 'C 200 °‘C 202 C 204 C
P(4)/PBT (50/50) 70 96 136 214 314
P(4)/PBT (30/70) 61 93 131 200 334
P(4)/PBT (10/90) 35 51 78 119 196
P(10)/PBT (50/50) 81 108 158 238 480
P(10)/PBT (30/70) 60 85 120 174 310
P(10)/PBT (10/90) 40 61 90 138 222
PBT 66 105 150 226 372

PEA €44 3 soft segment d¥e] T, 7t Z7t3)
d=d), o]= Fig. 19 damping peak?] #FoilA
A i} o] PBT 232 ¢ 7} soft segment
qH oz Kopsoldd @E Aoz Q.M &
# PEA/PBT (10/90)3} (30/70) ZAdelA PBT
o PEA 3|7} 4% F7bgd ot diAd ez
PBTe ZA3se a3t NI AFE (Ty-Twd 7t &
Adtes wd JH 3 AH, O E718E £ 5 Ut
ol PBT2 ZA37} Aol PEA w0l 2fa)
Z218g Jepdt,

Table 29l= PEA &4 /PBT &d =44 PBT
o 4,9 Halkde Jepidied, A%l PEA &
A eJsll PBTe] #4501 aste, 5 PBTe) 2
Ay} A= 9 2948 E 4 Aok PEA
A 9] soft segment?] FEajol| 2|3te] PBT7 2
Aatsted Yo s Algolgel HeAE 7hast &
@, PEA 24A/PBT el Alde]l EAlstd
PBT 233} ggo] golalzle 718axn Fo| 2
A3l 220 AAEZ HAHL" AT L 73
2 SaiME 2ol Hefo] B3 Tko] BT A
oz Aztdr, 3 P(4), PU0)E AANE 258
Aol T2 3 A% g FFE F gded ole
ofoll Al ¥+31 uie} o] w|AG A ke AEE U
ERl 7] o o]t

PBT/Nylon 6/PEA EiAMA Atelgal=. PBT/
Nylon 6 EH:=Z 240 ColA] 287t A oS
AR ad 29 FEF F S25¥A DSCE #&3}
W Nylon 69] T, Te= 3o Ba=, PBTE
¥z F 4% 2AErt AAHe T, Tt FHel
DaE R =l 38 PBT$} Nylon 6% T,
24sle] DSCollA F3=ol Yehue v T,
Eo 2xdlM yehtsE PBTY 313 ¥e 29

2
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Table 3. Thermal Properties of PBT/Nylon 6/
PEA Elastomer Blends

___Nylon6 PBTP(4)
Tg Toe Toe Trne Ty
('c) () () () (¢)

Ty
()

PBT/Nylon 6/P(4)
70/30/0 47 71 178 186 - 222
70/30/5 48 73 178 186 - 222
70/30/10 48 75 177 186 - 221
70/30/20 49 79 175 186 - 221
70/30/30 51 84 173 18 - 221
30/70/0 46 69 178 186 - 220
30/70/5 47 71 179 18 - 220
30/70/10 46 72 178 186 - 220
30/70/20 48 75 176 186 - 220
30/70/30 49 78 176 184 - 220

P(4) T
Nylon 6 46 70 175 - - 220
PBT - - - 184 - 222

A Yeldes Nylon 69] Aoz FE=o Jepdrth
o3 ##FE PBT/Nylon 6/P(4) AgEd=g
g3 A& Table 3o Yeplith P(4)e] H7lel
w2} Nylon 6 999 T, @ T ot F78t To.7t
Aage BFE 4 Jon ol P(4)8 Nylon 6
o] AgAdd 71shk= Aoz BTt ® ol PBT/
Nylon 62] Z4do] FAMIZ 30/70%! 799l vla|
70/309] g UofAM o F 2EHE BYS ¢
+ Atk P(4)¢} Nylon 62t9] 484 %=s P(4)st
PBTele] 4e4 el vz Jddez z7] o
PBT/Nylon 6 Edl=olA P(4)e Nylon 6 920
2 $AFoz molgojzd oz Aztew weiA
PBT/Nylon 6 E#d =94 Nylon 6 992 &4 A
Aol Wsle 11 Ho gaiE PEA gdA9 Fxdl
o8 349" zlolth. F, Nylon 69 A §ake]
& PBT/Nylon 6(70/30) E#=9 7% PBT/
Nylon 6 (30/70) E&=d] vla] Nylon 6 %o
P(4)9] %7} z7] & (FY¥%e] PEA gHgA
£ F% 492 vnd o) Nylon 642 24 4
de] Wiz} o At Az

Fig. 29} 39|+ PBT/Nylon 6 B¥=d P(4H)E
Hrtshe 34 Sdde] 2E222 WasE Jehigl
t}. PBT/Nylon 62] Z&AJo] FAIHIZE 70/3090 4%
(Fig. 2) Fsio] Yephd el Ald (Fg 2(a)
(o] AL Aemz A = oz Fajgl Aoz
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Polyesteramide 4l /PBT/Nylon 6 BEd =9 944 2 71419 A&

(a)

(a)

(b)

(©)

Figure 2. Scanning electron micrographs of cryo-
genically fractured surface of PBT/Nylon 6 (70/30 by
weight) blends with;(a) Ophr, (b) 5phr, and (c)
30 phr of P(4).

Aztd)ol P(4)7F 5 phr F7k8 4% (Fig. 2(b))
T3 @A He 83 aHRE £ F Ao,

#*2lo A22¥ A1z 19983 1¢

(b)

(©

Figure 3. Scanning electron micrographs of cryo-
genically fractured surface of PBT/Nylon 6 (30/70 by
weight) blends with; (a) Ophr, (b) 5phr, and (c)
30 phr of P(4).

PBT/Nylon 69} Z4go] ZAH 2 30/70% 2%
(Fig. 3)& P(4)d j3t o]2@ 443 598 53
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Figure 4. Stress-strain curves of PBT/Nylon 6 (70/
30 by weight) blends with ; (O) 0 phr, (A) 2 phr, and
(TOJ) 8 phr of P(4).

o] #&Y 4 glr}. o]2)3 Antz¥E] PBT/Nylon 6
Ed =AM Nylon 6 93 PBT ¥ &3S
FHA7IE 443t &xb= Nylon 6 99 W] P(4)
9] %7} & 79 (PBT/Nylon 6 (30/70)d] )3}
PBT/Nylon 6 (70/30)2] 7$-7})e Aoz v
A uvetds ¢ ¢ ok o3 P(4)e] Agsl
A%= P(4) We PBA segment9} PBT Al& A}
olo] Azl 7|Qlsl= Hew FZ5n, Nylon 6

4 W P(4)9 %71 2% PBT/Nylon 6 A
Holl A ZHg-ah= P(4)9] go] Bolx|7] oz A
Zgr},

Fig. 4l &= PBT/Nylon 62] ZAdo] EAM 2 70/
3090 #Ase] A 2HE Jehich BRI

P(4)e] H7to o3 A &3 yield strength:=
Fashn YEst FARA AR oA FiEd
(stress-strain 241 &t5o] Wd)o] Z7}8e B 4
At o] A= P(4)el 443 a3z PBT/Nylon
6 Aol Hago] Fulste] (Fig. 2 #x) Ahae
22 ¥3e A9 Hoj TS

olo o
Ma=E
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PEA &g} Hrlell o8 &5},

PBT/Nylon 6 £#=¢M A7el PEA gha=
Nylon 6 94902 430z HolEoriny o]a 3t
&84 ze|g Bl PEA BHA| 7} Bdlzo] =A o)
et A2 e 43 ass Jepiddd. @9
PEA &3] #7ld w2} PBT9} Nylon 62] &
shdel F7Ee e

Al 218 ATE BEAAY SY7)2AT

(FAME 94-0502-08-03-3)2 F3=Hg o o]
A=y
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