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Abstract: To replace Ultem®, new poly(ether imide)s (PEls) were synthesized using three types of diamine monomers:
ethylenediamine, 1,4-diaminobutane, and 1,6-diaminohexane. On increasing the number of methylene groups in PEI
structures, their thermal properties were deteriorated while their optical transparencies were improved. Among the three
diamines, PEI containing 1,6-diaminohexane was blended with poly(ethylene terephthalate) (PET) in various con-
centrations by a solution blending method. To examine their properties, the blends were processed into films using a hot
press. In PEI/PET blends, PET was not dispersed homogeneously in PEI at any concentrations tested. The thermal prop-
erties and optical transparency of the blends decreased with increasing PET contents, while the maximum enhancement

in the mechanical property was observed at 25 wt% PET loading.
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eHglo] E )(poly(ethylene terephthalate); PET)= @714 &
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1,4-diaminobutane(DAB), 2 1,6-diaminohexane(DAH)S ©]
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ME. 2 Aol A8 F5E2] 4,4'-(4.4-isopropylidene-
diphenoxy)-bis(phthalic anhydride)(BPADA)= Aldrich(Seoul,
Korea)Atoll Al Q) 3tod ARS8 AL, ofRl TEA| = ARE-H
EDA, DAB, % DAH= TCI(Tokyo, Japan)A [llx Z4 ¢
slo] AMS3ISITE. Bull= AL N, N-dimetylacetamide(DMAc)
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Scheme 1. Synthetic route to PEIs with various diamines.

Table 1. Heat Treatment Conditions of PEI Films

Sample Temperature (°C)/Time (h)/Pressure (torr)
PAA 0/1/760 — 25/18/760 — 50/1/1 — 70/1/1
PI 100/0.5/760 — 130/0.5/760 — 160/0.5/760

190/0.5/760 — 220/0.5/760 — 250/0.5/760

2800 gof 50 °CollX 1117, 70 °ColA] 1XIZF E<F DMA
£ AASIAA PAAS HFSAATE o] HAE s &

| =322 100, 130, 160, 190, 220, ]2 250 °CE 7}
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2pFAE - d FF A (differential - scanning  calorimetry, DSC)
(NETZSCH DSC 200F3)2} & 5% +497](thermogravimetric
analysis, TGA) (TA instrument TA Q-502)Z ©|-&3}%om,
T £ 20°C/minl 2 FAES]7] slolA 45 A
S.0m, NRFEAL EAlE 11X} 23} 71 BE 10~300 °C
7HA] AASEATE PEI B89 E-71A14 AdS AR 9
st &-717A1 £4] 7] (thermomechanical analysis, TMA)
(SEIKO TMA/SS100)E °©l-&3l 0.1 N9 3522 5°C/min
07 F2AAHAA 50~100 °C7HA] A B3 AlG=(coefficient of
thermal expansion, CTE)S AlXFsIATE

3 sh AW 2} A) (spectrophotometer)(KONICA
MINOLTA CM-3600D)2 S| (yellow index, Y.L)S &4
st ow, FAd A|EE 7FA AL UV-vis spectrometer
(MECASYS OPTIZEN-3220)E A}8-3}9 cut-off wavelength
(M) & 300~800 nm FHoN|A <] F Fi=gE SG3IAT

5o TS #Fe] fleted & deo] AEE A
Ao &oll Y FYAA FEAZ F A AR FAE A
Z}& v 7 (field emission scanning electron microscopy, FE-
SEM; JSM-6500F)°.= Z743Iitt. 71413 IGE54S A&
317] $Iste] ¥Fs17 A187] (universal tensile machine, UTM)
(SHIMADZU JP/AG-50KNX)E ARE-3lo] =S 5 mm/min
9] crosshead £== 545 s191oH, 103] o] 54 &
Hat Jigs AlQle Wt o2 A e Aok

= =
Ed =

PEI LEo| ¥X £4. ¥ PEI FollA wWE=A71<] A
Foll wet dolxl A, B, B CF 357 PEIY| T, 342 2+t
168, 140, 2 123 °Col|A] LEFSATH(Table 2 73). A F39]
735 3% PEL 5 tolvle] mgal 77t 22 7P &
o} B, Coll M]3l #AMAES] 5780 AR BRE AlEo] &
ol B B AU E B A Hof Tt uE T
ZH H =2 T, 3168 °C)y2 YeRew Co 7%= v
gall7]o] #7F o2 7Y 2] ARES 7 Qleke Wi R

Table 2. Thermal Properties of PEI Films with Various
Diamines

ih 600¢ d
YRR e T (O (fté) w(l% (pﬁiﬁ(ﬁ)
A 057 168 444 34 63
B 080 140 46l 17 82
C 134 123 463 12 82

“Inherent viscosity was measured at 30 °C at a concentration of 0.1 g/
dL in a phenol/TCE = 50/50 (wt/wt) mixture.

"Initial decomposition temperature at 2% weight loss.

‘Weight residue at 600 °C.

“Coefficient of thermal expansion for 2™ heating is 50~100 °C.
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Figure 1. DSC thermograms of PEIs with various diamines.
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Figure 2. TGA thermograms of PEIs with various diamines.
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Figure 3. TMA thermograms of PEIs with various diamines.
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A B 4L 98 e 28] F= 60-61 umE H|5:
A s, 7% sl WE UV-vis. 2 34 2|45 =4
slod 2 AZE Table 300 A2Jslditt. 4ojzl PEI ¥& A~C
9] A= HAIFLE 369~374 nm 7HS Hol= g2 A3 o
Q1 400 nm o] o]u] We] Fx}7} Al ZbE Gt 18] Al
500 nmollA1e] F3-g- A~C7F 5 86~87%= AA|HoZ
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Figure 4. UV-vis. transmittances of PEIs with various diamines.

Table 3. Optical Properties of PEI Films with Various
Diamines

Monomer in Film thickness Ao’ 500 nm"™ vI*
PEI (nm) (nm) (%) B

A 61 374 86 4.83

B 60 372 87 227

C 60 369 87 2.18

“Cut off wavelength. "Yellow index.

Figure S. Photographs of PEI films with various diamines.
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PET/PEI 23E EE&9 ZE=ZX|. PET/PEI 24= &
o] vltE-S By 9l SEM olmA|E den 1 4
= Figure 69 YERNRATE. Figure 62 (a)2} (ey= 22t &
43+ PEI®} 5573 PETelt}. o573k 282191 (a)9) (e)ollA
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Figure 6. SEM micrographs of PEI blends containing (a) 0 (pure
PED); (b) 25; (c) 50; (d) 75; (e) 100 wt% PET (pure PET).

t FHE BIT} (b) 25 wt% PET A5 YA H 2
7o) °F 0.5~2 ume|™, PETZ} 75 wit%= S7Fsl 4xke] 2
AL 9F 3~6 umZ S 718FA AL (Figure 6(d)) g+ 3ol W= &
AR S el o]& PETS] $Hako] Z71stol| met
PEI®} PET7ZH] 414 (miscibility)o |\ *3-8-4] (compatibility)
o] A3 flo] dojuh= YWkHQl dsdolth

PET/PEI 8= EE2| ¥ S4. PET/PEI £3= IF
o] DSColl 93 €4 54 AE2 Table 49 YERN A
4% PEI &9 T,= 124°Col™ &8 0] (melt

Table 4. Thermal Properties of PEI Blend Films with Various
PET Contents

PET in PEI 7, T, T T
(Wi%) ) O O (0
0 (pure PE)) N.O° 124  NO. 463 12

w tRGOOb

25 78 118 255 392 13
50 77 118 255 391 12
75 76 117 254 390 14

100 (pure PET) 76 N.O. 256 389 13

“Initial decomposition temperature at 2% weight loss.
*Weight residue at 600 °C. “Not observed.

Zan, 43948 A55, 201543
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Figure 7. DSC thermograms of PEI blends with various PET con-
tents.
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Figure 8. TGA thermograms of PEI blends with various PET con-
tents.

transition temperature, 7,,)= WERIFA] &ESkt) =473 PET
e Ta= 76°Co1H T8 256°C2] 3+& BT} PET/PEI
EA= FFoM PET &2 Uehll= T, &2 76-78 °Co]
3L, PEI A% UEl= T, 3 117-118°C Alele] o
43 #e 47 Jepfdth. 2= PET/PEI 4= &2
PET Aol & 747e] 29 1,34 T, 5 7 Ml T, %
< 7M. ol g A3 o]n Figure 60114 ERlsIGI%ol,
PEI®} PETS] EE=7F 4ol wig £2 X3t A
(immiscible system)y2 Y& FCH? 1,2 A= T,0] o}
ElLbA] ¢kS PEIS A|9)3 RE ZEo0] 254-256°C Aold]
A Yebgen & wWals #Ee 4 gllov, PETS g4
o] Z7FE T2 92 A& (intensityy= A S71eh= AS
elaldth(Figure 7 #%). ©1& PEI 5 PETY] o] 7}
ol wgh PET 5749 2A4% s S71ke & 4 At

PET/PEI 4= ZE29] TGAd &3 & B4 A3} <=
St PEI 52 4% PETHUR= & Aol AUides =
o} Tp= 463 °C 3+& YERHAIR, <2573+ PET 2 PET/PEI



AR ZejolelEeln|=o] g 8l PET Ex1= 751

BA oM e RE PEo| 389-392°CE 2 zl)7} gl &
S YeERN A tH(Table 4 33). Figure 8914 Ho|%o] PET/
PEI £¥= FE9] A PETQ Hall7F WA AIZHE AL =2
Sof PEIS] #3ll7} 01011,} Ax AzH B gE oo
AZ Ea7t He 2S¢ 10}0511:} L=} 600°C°1]A1.4 FAE
T 12~14%§ H]—j%‘{ ZFe UFERN QT 3031
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heko]l wWE UV-vis 2 YIS Table 59 ‘/}EP—HC”D}
PETS] As= 312 nmE 7}%% 2o 7k 74O ﬂ PEI
o} PETS] E9= FEL2 366~370 nmZ 7 2] H]:?& e
YERAATE. 500 nmellx1¢] £ =g PEI®t PETS] 7
S 747t 873} 84%= TS Hhe UERAAIW, PET/F 25904
75 wt%7HA] B2k PEI BRl= HE9] 7§ PET 3] &
VS 40004 11%2 T3] F43] WolAl= A
A5IA L. ©]H& o]u] Figure 62] A} &nl7gd A jollA
olgi o] H Atoa ALE-E PETS} PEIVF A2 43U4) 3

FeAdo] £ ol PETS] gdo] S7sha Adolr el &

7S FEI= Qlal] Fgo] F43] Hol- . Figure 9=
PET =/J* PEI 3= d&°] T3 ~HERS] AE B
At

Al 2)g=2] 749 52523 PEIS} PETE Y.I7) 2.183) 0.18
2 Al T 77he S B tK(Table 5 3H%). 28U
50 wt% PET/PEL 75 wt% PET/PEI B2l= Z£9] 3% 7z}
2.55¢}F 2.259] 3 YERH o PEI &) H|s| ZA *fo]
WA e e BAA T )\l-r,ﬂxqoi PET &t&o] A&
25 wt% PET/PEI Ed1= ZE9] ¢, 4682 7P =2 YL
S YERATE 25 wt% PET/PEI —‘iailz 459 45 50%
75 wt% PET/PEI 24t &9 SEM ojn|A| k= @] PET
Ykl A7t Ao 2Esh| EEE B2 o] At AF
& AlolollA] Hato]E2HA 2] 3“3 o] gol3HA =il o]Z <l
3 5] g Are o =2 S 2 drk(Figure 6 3
_]_)'32

AA A ZE PET/PEI A= HE9) AR

3}
3}

J

< Figure 100

Table S. Optical Properties of PEI Blend Films with Various
PET Contents

PEEN&)?EI thiii{lllll::ss A‘(nm) 500 nm™  Y.I?

0 (pure PEI) 60 369 87 2.18
25 61 370 40 4.68

50 61 369 22 2.55

75 63 366 11 2.25

100 (pure PET) 62 312 84 0.18

“Cut off wavelength. *Yellow index.
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Figure 9. Transmittances of PEI blends with various PET contents.

Figure 10. Photographs of PEI blend films containing (a) 0 (pure
PEI), (b) 25; (c) 50; (d) 75; (e) 100 wt% PET (pure PET).

B} Figure 10014 Hol= vle} 7Fo] 25-75 wi% PET/PEI
B 59 79 458 Bl SHE Bt A A%
o] glglem WS A= 7F dAE Fovt 25 wi%d] 7
Fole e B dEHT} ok 218k S HAck(Figure
10(b)).

PET/PEI 2YE E&9 7|HH 4. UTMZ ©]&3t4]
PET/PEI %%HE E9 #HF AdA 7r=(ultimate tensile
strength), % 7] 17 ¥4 E(initial tensile modulus), ~Z2] 3.
et A% (elongation percent at break)E 438+, L A
% AE Table 6 & Figure 119 A3} 4 PEI
o} PET B59] % Z=e 717 567 32 MPaol L, =71
SEES 1,673 15001300 e IFe] HF et =
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Table 6. Mechanical Properties of PEI Blend Films with
Various PET Contents

PET in PEI UILStr. Ini.Mod. EB.~
(Wi%) (MPa) (GPa) (%)
0 (pure PEI) 56 1.67 84
25 75 247 11
50 56 2.05
75 45 2.02
100 (pure PET) 32 1.50

“Elongation percent at break.

80 1 2.6
—#- Ultimate strength
—&— Initial Modulus 24
70 1
- 2.2
= o)
S 60 1 2.0 =
S ) :
b p 1.8 F.
@n ) =
< 50 3
= 1.6 @
=) =
()
14~
40 1
1.2
30 T T T 1.0
0 25 50 75 100

PET content (Wt%)

Figure 11. Effect of PET contents on the mechanical tensile prop-
erties of PET/PEI blend films.
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