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Abstract: 1,2,4-Benzenetricarboxylic acid-1,4-anhydride butylene ester (BCAB) was synthesized from trimellitic anhy-
dride chloride and 1,4-butanediol. The synthesized BCAB was reacted with six different diamines to produce poly(amic
acid)s (PAAs), which were cyclized to yield polyimides (PIs) containing ester linkages using the thermal imidization
method. Various poly(ester imide)s (PEsls) were synthesized from structurally different aromatic diamines. The PEsI con-
taining 2,2'-bis(trifluoromethyl) benzidine (TFB) was blended with various concentrations of poly(ethylene terephthalate)
(PET) using the solution blending method. To investigate the properties of the blends, they were processed into films
using a hot press. In the PESI/PET blends, PET was not compatible with the PEsI at the tested concentrations. The addi-
tion of PET improved the optical transparency of the PEsI hybrid films, but resulted in the deterioration of their ther-
momechanical properties.
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poly(ethylene naphthalate)(PEN), polycarbonate(PC), poly(ether
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M. 2 AgellM Fg Fdol AH-E 1,4-butanediok>
Yakuri(Kyoto, Japan)*toll ] -4 8kof AH8-8FA5L trimellitic
anhydride chloride} oF%l T Q1 m-xylylenediamine(m-
XDA), p-xylylenediamine(p-XDA), bis[4-(3-aminophenoxy)
phenyl]sulfone(m-BAPS), bis(3-aminophenyl) sulfone(m-APS),
18] 3L 2,2%bis(trifluoromethyl)benzidine(TFB) 52 & A
k& TCI(Tokyo, Japan)AFoll Al ul] 3FS T N,N-[2,2%bis
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(trifluoromethyl)-2,2 “biphenylene|bis(4-aminobenzamide) (m-
TFAB)= & A3 25 gAdste] ARE-seh” &=
AF8-3 N, N'"-dimethylacetamide(DMAc) <} pyridine Junsei
(Tokyo, JapanA FZH-E T43}] molecular sieve(d Ay A}
Bato] s AAT Foll ARSIt B3 tetrahydrofuran
(THF)3} 1,4-dioxane Junsei(Tokyo, JapanA}Z5E] ~ujj 5}
A2 1,1,2,2-tetrachloroethane(TCE)?} phenoke GTi-g sl
(Daejeon, Korea)ll4] ujal3A| v 1838l GAll = AX|A| &
3 a2 ARSI PETE 69325 (Yongin, Korea)S =
TH T

CHEA BHd. 2 Aol AREE Cdl&H 258 2
=20 BCAB= A delx 24 $dsiitt. A3k BCAB
g WS o 2ok 941 250 mL AR SRR 14-
butanediol 3.6048 g(4x10?mol)>} THF 10 mLE %92
2=t} Aol 250 mL vle]A9 trimellitic anhydride chloride
16.8456 g(8x102mol)} THF 30 mLE ¥ & 418 % o|n]
7HE013 14-butanediol &40l 3] HojrmgiErt. =2
pyridine 16 mLE 718} 0°CollA] 2A17F, ALl 124]7F
B A=t o] ghsE 8ol ke BEl AHES 4
2 % (powderyS AUCH 1 LS thA] 1LE] S/l
gl MAsiitt. olelst HFS 2xf| WHEEgE &, AlF o] ¢
59 BEE 42 160°C I3 EolA 12417k 5 A=z
ARt Azt SE5E 500 mL 4 SekeIo] 424 7

£ AR F 110°CoA] BES St aFo=w ¥

l:lé‘lE -

T AAES Ay 170°Ce] IFLEA 12417 F<F thA
AZAZIT HFA o2 JAe] Fdo] AoXn 552
85%3ATh. BCABS] 94 #4< Scheme 10 3]t}

Poly(amic acid)(PAA) &4 % PEs| 2§ M=. 2 A+
o] A% PEsI9] Tk EZES Scheme 29 UERNITE
tlolql 67FA]ol] F-E<l BCABE 7t7t whgsle] A|5 A-F
7] 25 67FA19] PEsIE 2+ 431512 (Scheme 2 3+
Z) PAA I 2713 €4 on=s) S Fall 42 PEsl
o] Hhg- 271& Table 16 EATH BE 249 34 2
T3t E, FAEY Plo| A5 AMS-E= @Al TFB7F
AREE AIE B §4 W vE Awshilh

BCAB$} TFBE ¢85t Ejol42R] PAAS] §3H-2 T
<3} 2t} TFB 0.84 g(2.62x10° mol)Z+ DMAc(4 mL)S A
F W ¥z 0°ColA 3027 41Utk o] &9 BCAB

Table 1. Heat Treatment Conditions of PEsl Films

Sample Temperature (°C)/Time (h)/Pressure (torr)
PAA 0/1/760 — 25/18/760 — 50/1/1 — 70/1/1
PEsI 120/1/760 — 250/1/760
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Scheme 1. Synthetic route of 1,2,4-benzenetricarboxylic acid 1,4-
anhydride butylene ester (BCAB).
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Scheme 2. Chemical structures and abbreviations of monomers.

1.15 g(2.62x10° mol)2} DMAc(4 mL)2] E3E2 7}l
3052 o 4lolFaL, o] F A2oA 1847 H ZsHAl 4
Tt} o] w PAAS] I FF-S °F 25 wi%E AI8ISITE A
oJX1 PAA &2 fEjt 9o N2 E Fof] WP |
o] 50°ColA] 1A7F, 70 °ColA 1417 53F DMACE A A3}
HA PAAS PSS ALE o] F AAE U3 T 120°C
oA 1A17F, 250 °CollA 1AI7F 53 EXElE B3l HF PEsI
£ /33Tt PEsIO) Mg 39 271S <Al Table 19
Eﬂr/}'lé

2 22, o8 7¥ Bl= F 50 wi% PETS 233
PEsI Ed1=9] WS Awsltt. PETS} PEsI 247} 2 g¥&
100 °C£] TCE/phenol(50/50 wt%) &3+ &7 (80 mL)°ll &A]
o =t} o] wf & F B3NS WA fsiA &9
S5wi% olste] FE= FA st ehd3] 1511 Fol 2447k
St W5 ARSEl AEEHA 410 AT 2¥ § £

® PET® ke 7+z} O(pure PEsI), 25, 50, 75 L8] L
100 wt%(pure PET) 502 X5 571 Al 85 Ao} 78
PET/PEs| 28 N=. 499 #42 S d& 34 A5

= € ¢F AF7E ol &A 270°CAA 0, 5, 28]
10 MPa® 2 =318 02 ¢S Z7A7IHA 55 Alxs)

ATH.

SYZAL EE FrEY FY AFE gElsh] flske
Fol W3 He|A E3F7]|(fourier transform infrared
spectroscopy, FTIR)(Thermo scientific, Nicolet-6700)2} 3 =}
7] 5 ¥537](nuclear magnetic resonance, NMR)(BRUKER,
AVANCE III 400)E &7 A-&-8te] 5743921, NMR &
] 2 dimethyl sulfoxide-deS AFE-3FITE Al2d 259 &
2 AHE AR I8 AIRISEAF Al (differential scanning
calorimetry, DSC)(NETZSCH DSC 200F3)¢} & 5% #417]
(thermogravimetric analyzer, TGA)(TA instrument, TA Q-502)
Z o]g3l9oy, $& £ 20°C/mine 2 AAE9)7] )
NN Z78E AABIR oM AxEAL A= 12k} 23} 7}
& RE 20~300 °C7HA] A BT

Fd 54 F A (spectrophotometer)( KONICA MI-
NOLTA, CM-3600D)= =] (yellow index, YIS S5}
Roem, A A S5 7HA AL A LGB A (UV-vis.
spectrometer)(MECASYS, OPTIZEN-3220)E A}&-3lod cut-
off wavelength(1)) 2 200~800 nm § A9 F FH=E
SABIAT A FRES dotr] feiA Ak FRE &
7 7](oxygen transmission rate tester, O,TR)(MOCON, OX-
TRAN Model 2/61)2 ARE-3}SITH

50 TS A flste] A& o] AEE dA
A Fof| Y FYAA BEAIZ F A WA FAF A
Z}& v 7 (field emission scanning electron microscopy, FE-
SEM)(JEOL, JSM-6500F)2.2 =73t} 71414 AFEA
S 2] S8l w17 A1l 7] (universal tensile machine,
UTM)(SHIMADZU JP/AG-50KNX)E Alg&3le] BZS 5
mm/min®] crosshead 52 24 31921, 103] o]4e]
A 5 Hag Adizke AL Hape s 43 ke 4

Art.
#n =8

BCAB2| T+=&9l. 34d¥ BCAB2| FTIR A= Figure
19l 2SIt} Figure 19141 BCABY] sp* C-He} sp’ C-H =
= Z7F 3103 B 2963 em oA YEREOH C=C WI=
A ¥ 3E 1400~1700 cm™' oA Ve C=0 33 +=
1778 em™lA YeRH C-0 3= 1236 em'ollA YEPES
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Figure 1. FTIR spectrum of BCAB.
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Figure 2. '"H NMR spectrum of BCAB.

geld 4= Atk BCABL] 'H NMR =3 EH S Figure 2
of et s d7lel Qe FAAe] BH s 75
8.5 ppm Atolo| Al UER o™ 7] o] FdA} mlae 1-2,
4-5 ppm H91elA] ZH2F vebgTh @719 el wE of
2B ZF 7hkel o] 4719] AR WA 4-5 ppm W)
ol Ve om g7 Alele] g2t T 1-2 ppmeilA]
vkttt Bk 7} wl=e] ARzt v dARE Sl
]—;]_'19,20

PEsl Z&e| &X S4. DScel 9% 94 44 34 4
2 24& Table 200 AEj3lAct. F55 BCAB/} 7= €2
ARER Qe MAH oz v T, ghe YERIom AcA
PR 25 655 PEsIe] T, 7L°1 ZH7F 123215 °C AfololA
Uebdth A9 B 2= WEd 9F +x27t 23 v

TF2E vl FH R ARz A Qo] AfFERY e
T, 3% vepllon B 722 A4S dekpara-) A 722
A 729 WEkmera-) N F2ET H =& T, 1S 7H
th C 72e AEo] =YE FxE AT 725 Beu
oF 1200 F& A e

T29k wHe] dEl2 T wEel Bl
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Table 2. Thermal Properties of PEsI Films with Various
Diamines

Diamines in PEsl T, (°C) T4%°C) wig®%
A 123 366 33
B 140 370 34
C 155 374 58
D 163 360 57
E 172 367 55
F 215 365 50

“Initial decomposition temperature at 2% weight loss. "Weight residue
at 600 °C.

Diamine monomers
A

Endotherm.

o =\ 0 O W

50 100 150 200 250 300
Temperature(°C)

Figure 3. DSC thermograms of PEslI films with various diamines.

T, %] UERdth D #32= C 728 fARE 125 7R
UATE C 28} D] dHZ 250 SAISHA] kot 41 i
o 22 o] AFFA ot FH o= =2 T, 7S 7T
E +&2% HjM & -CF; 727} =50 TZW—A =2
P WElsl] =2 T, 3k UERlTh F #2+= E 7291
ARl F2E 7}21&1 AR A gl 7}~6¥ o} = (amide)
Afte] EAZ dal 7P =2 T, %2 eI 39E 6
7}A] PEsI®] DSC 7}¥ 2= = Figure 39 Bct?!
TGA®l| €]t & &4 a%% SA] Table 20 YeRNATE
4 FgAS Yehll= %71 2% <4 Fh(initial decomposition
temperature, 7} 2E ZAoA 360 °C o] =& #E
HATH A~Fo] RE 57 PEsI9] T, %+ 360-374 °C Ale]
2 243 Aol B, o= zgoﬂxﬂ WS TREA 9}
] A A7 2700l A oZ Aox] &7t
AZE7] wlie] FEo 2 AME FE9] BCABY| WEH
715 AEFrehe WgAI7E WA 2allE7] AlZshac] Ao
2 655 PEsIY T, #to] BF v ghe eIk A
AHoz 27] Bl 360°C o] 5ol AlZtE L 2F 510 °Coll
A TA] gaa Ba)|7} Loy} vl 2 Bajl7t dojues A
S Fold &= g} o]EEl o] fE oA AHdl 7y T}
A g™ 7)7F B = HA 360 °C o] %ol F43] Ealj7F 4
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Figure 4. TGA thermograms of PEsl films with various diamines.

7} veht7] wEo) T} 600 °Col A 2] k-2 w0y th7H
50~58% JAINE, =5 AfF B 727t e 220l Hlsl A
A o= e 71(33~34%)S UYERl= olfr= L&A
B8] o] 2o} 22 %04 Bl (chary’t A== WAl
Shako] Atz o2 2 7] w&olt}. Figure 491 TGAE ©]&
A A2 7F A5 & A gt A3E B2
PEsl EE9| &8t EM. #A|x¥ PEsI & U3 =4
Nr AL fl8 BE BFC] A= 2426 umo. 2 Y3}
Al AzEHL, 2o W UVavis. 2 YIS 23sle] 2 4
7} 2+S Table 39 A3kt #A|Z2E PEsI 25 A~Fo &
E FxolM 27 B= 34l 4 3ol E5F 360 nm ©]35k
om, 7P J92l 400-800 nm o] HelA Ble] FEx}r} o]
u] AlFFES 4 = A0 550 nmoll A ] Bakee RE
Zo| A 89-90%= w-¢- -3 FHA AAS YERITH

Table 3. Optical Properties of PEsl Films with Various
Diamines

Diamines in  Film thickness A 550 nm™™

PEs] (um) omy e
A 25 329 89 1.05
B 24 331 90 0.82
C 25 347 89 3.51
D 26 352 89 248
E 25 354 90 1.84
F 25 351 89 3.06

“Cut off wavelength. *Yellow index.
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Figure 5. UV-vis. transmittances of PEsl films with various
diamines.

Figure 6. Photographs of PEsl films with various diamines.

(Figure 5 =)

AAAE o] g3te] 2438 34 A5 Yelll= Y1 3
AJA| Table 39 BTt 6 7/ AF 7204 YI @2 &
5 4.0 o]3= YEMISITE YI -2 charge transfer complex
(CT-complex)®]” & FES WA ==t A9 B 3= |
gale] =902 918 CT-complex A4S 2o} 72t 1,059}
0.820] grog wj¢ W2 e et =, o
A FHE PMMA 59 735 YIE 1.06°10H* E 735
FARE 73e A BAIQl -CF; 2328 Qe n 7Ae] o]
5L ol@A o] YI=1.842 A9} B 7% U082 B gk
S 7T D e S TR0 A¥o] B TXE 248
o] 215 VeI C8F F 729 A9 v FE2E 7
] Co] A= dHE 253 dEe] =E FRolH Fe
748 Az BAQ -CFy, 258 2t Qe sl F
2 B T2 x| vlE] AiH R B R 1xE

-+
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7k CT-complex 3AJo] golslo] thih w2 351 2
YI #kol Yebgtth ¥ 5 YI gho] tleoldle] FFo uhe}
0.82~3.517}4] tFF3FA 24 Figure 69 291 2A A x¥
PEsI 259 AR HH, RF A BRaiar, SQko

EalA M 212 BE HoE A8 ofEgo] gt

PET/PEs| SHE 89| €X 4. PET/PEsI £41= 2
2] DSC 9l o3t €4 54 A3E2 Table 49 YERHSL
o} 5578 PEsI Z 59 T2 172°CoH &-§7 0] 2% (melt
transition temperature, 7,)E& WERFA] @9k, <2573 PET
59 Aol T,= 75°CoI™ T, 250°C] %2 B3t
PEsI © tiél PETS 25~75 wt%=Z E-#lg 3+ PET/PEsI &
dEAA T, = PETS] o] S7Hr5 AA18] A3t
ZHaste] 86-129°C W91 #ts HE.ith. PET/PEsI £+l
dEE0] R T, 3% 7= AR Hol PEsIet PET
Ed=7E Aol F2 Al(miscible system)d-S & U
A H(Figure 7 32)5% kAL, o] Ao 2= UGS
20517] o9 Foll AAEn AL o] &3 A3z oA A
A=

Figure 7o YERd DSCe| Tl Z+= o]} 714 (2™ heating)
2 FA43% AFgkoltt. o]xk 7HE Ale] A3} &5 (crystal-
lization temperature, T,)= 75 wt% PET7} 3235 PEsI £d
=] 7. I37K174 °C) £5 PET(156 °C) BT} U =7 Vet
wrom o) W 75 wit% PETS} <2573F PET 222 AHE
7}z 289 B 6.0 J/gE KHAFATt =3 PETS 75 wt%
PET7} 28 PEsI E91=9] 7,2 717} 250 2 245°CE X
Ao o wWE AH,E A 45.63 333 1/g0 2 LFERTH
o] A3= 75 wi% PET 7-%-oll= =k PETl| Hlsl| v] 4
4] PEsI®] dFFo] 25 wt% E3FE A7) wj&ol| 7, =7}
O 22 WA4S YepdTh AR, 0-50 wi% PET A32714]
= H] 2449 PEsI &°] Bol T,o] YeRA] 2%

TGAol thgh & 4] A3} 34E Table 40l Bt
A2 A& TGA =S Figure &l YERITE 5578+ PEsI
e A T 367°CoI e <543 PET ZE2| 3¢
379°CE U &2 & Ve ol2igh 4> <3 PEsl

Lo [ 24 In

PET in PEsI (wt%)
0 (pure PEsI)
25
50

75
100 (pure PET)

Endotherm.

50 100 150 200 250 300

Temperature(°C)

Figure 7. DSC thermograms of PEsI blends with various PET con-
tents.

100
80 1
e
é 60 1
~—
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20
; 40| PET in PEsI (wt%)
............ 0 (pure PEsI)
-—==-25
209 —--- 50
—_—- 75
100 (pure PET)
0 T

100 200 300 400 500 600 700
Temperature(°C)

Figure 8. TGA thermograms of PEsI blends with various PET con-
tents.

dE9] Fxo)4 BCABY &7 F-¥o| WA Halj=7] Az
SA] PET Kt} t] W2 T Flo] Yeh}r] wielct. PET/
PEsI 3= BE2] 49 T/ #te] 370-375°CE & #fo]7}
SRom =43 PEsI D53 578 PET &9 T, %k
AlolellA] Bl=e] RE gho] UYERG o PETY| $Hafo] &

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

a 3 ¢ d ic 6007 g
PET in PEsI (wt%) & &) e R i e "o (omilay)
0 (pure PEsI) 172 N.O." N.O. N.O. N.O. 367 55 118
25 129 N.O. N.O. N.O. N.O. 370 49 114
50 100 N.O. N.O. N.O. N.O. 369 35 76
75 86 174 28.9 245 33.3 375 24 51
100 (pure PET) 75 156 6.0 250 45.6 379 13 44

“Minimum point in exothermic curve. “Exothermic enthalpy. “Minimum point in endothermic curve. “Endothermic enthalpy. “Initial decomposition
temperature at 2% weight loss. ‘Weight residue at 600 °C. ¥Oxygen transmission rate. "Not observed.
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At} <2578k PEsI T59] Ae 354 nm=Z 7FY =& 32 7t
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HATH PET/PEsI 4= BE59] 739 L Ako] k<l 318-
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Table 5. Optical Properties of PEsI Blend Films with Various
PET Contents

PE? VJE’A,I;ESI F 1lm(tll:r1r¢1:;<ness A 550 nm™ YL

0 (pure PEsI) 25 354 90 1.84

25 29 343 89 1.91

50 26 324 89 1.59

75 27 318 90 1.12

100 (pure PET) 25 307 90 0.30

“Cut off wavelength. *Yellow index.
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Figure 9. UV-vis. transmittances of PEsl blends with various PET
contents.

Figure 10. Photographs of PEsI blends containing (a) 0 (pure PEsI);
(b) 25; (c) 50; (d) 75; (e) 100 wt% (pure PET) PET content.

Al 2] =e] 7ol = =573 PEsI ¥ PET Z& YI o]
1.84 2 03022 A9 T 717ke- 7S BYTh PEsI &
PET7} 2590141 75 A% Sdl=® dE2] 74 YI 3> 7
ZF 1919014 1.122 AA38] Z4asiglnt. o] Ax=HE, 741
TR PET "52] A= QI3 PETO| gFo] 7ids=
PEsI £91= 2E2] YI o] Zads & o it

A Az PET/PEsI £91= FF2] RIS Figure 100
HAAT}. Figure 10014 Hol= e}l o] dFe] My 7hwo]
ztol= A I AxE HE5S T3 SHE e dolk
H ojEEol] Ut

PET/PEs| €23l EE9o| REZX|, PET/PEsI 3= &
£9] debas gelaly] il SEM o|nR|E d9ler 1 2
= Figure 119 JERAAT. Figure 119] (a)} (e)= 22t

Polymer(Korea), Vol. 40, No. 3, 2016



412 FA - el

SEI 150KV X10,000 WD 9.5mm

SEI 150KV X10,000 WD 10.1mm 1um

X10,000 WD 9.6mm 14m

Figure 11. SEM micrographs of PEsI blends containing (a) 0 (pure PEsI); (b) 25; (c) 50; (d) 75; (e) 100 (pure PET) wt% PET content (mag-

nifications of x10000).
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Table 6. Mechanical Properties of PEsl Blend Films with
Various PET Contents

PET in PEsl Ult. Str. Ini. Mod. E.B.
(Wt%) (MPa) (GPa) (%)
0 (pure PEsI) 92 2.71 24
25 61 2.28 6
50 61 2.19 4
75 51 2.12 4
100 (pure PET) 48 2.06 3
“Elongation percent at break.
100 1 3.0
—e— Ultimate Strength
] —A— Initial Modulus
%0 F 2.6
= 801 =
E 2.2 %
S0 3
“ 180
= 601 s
50 - 1.4
40 r . r 1.0
0 25 50 75 100
PET content (Wt%)

Figure 12. Effect of PET contents on the tensile properties of PET/
PEsI blend films.
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