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Fig. 1  Structures of PPCzE and PEK-C
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Scheme 1  Synthesis of PPCzB and PPCzH
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70 mLSET TR AR . WNSe)a , 2 T SO 4 ho SR 5 SO IR B AFRRR UIOK TR G b, ARG A ]
PRAT S, AU B T ARG AR [ R 58 A IS, EAT Z2 AR, H B2 A MU ik JoK BB M T
BEA UG i E ] S e 25 i, 1351 13.4 g CzB, 7% 77% , 'H NMR (400 MHz,CDCI, ),
5:8.56(s,2H,ArH) ,8. 04 (d, J,,, =8.4 Hz,2H, ArH),7.88 (1, ], =7.2 Hz,4H,ArH) ,7.53 (d, ],y =
8.4 Hz,2H,ArH) ,7.20 (1, ], =9.2 Hz,4H, ArH) 4. 42 (1,2H),1.93 (q.2H) ,1.44(s,2H),0.99 (1,
3H) .

A PPCzB 1yl 45 % 3. 1833 g(10 mmol ) [k ,4. 6751 g(10 mmol) CzB,1.5893 g(11.5 mmol)
TOKBRFRBRFN 12 mL 38T 00,15 mL RS T 3K g GREETE N, SOA H FIHLARESE FE & 1Y = FUf
W FHE 2 140 CILHB K2 2.5 h 5, 4k2ETHE E 200 C ok B 2R a3z8 4iRE iR 4 h )5 5.8
KPRV 45 1 SO o BRI 75 mL N, N-— 56 2 Pk e B, 76 B RN 25 25 /K TR A W Dl oE , 19
HLFRBEW, NEE T KZWE VLR LA ToHLER, THE 1R 3 B @7, 773 96% |, FiPE RS
$1.12 di/g,

PPCzH W& 8 B 5 PPCzB 2500, Rt B 1. 17 dL/g, Hp, Bk CzH #'H NMR (400 MHz,
CDCl,) ,5:8.56(s,2H,ArH) ,8.04(d,J,,, =8.4 Hz,2H,ArH) ,7.88(t,J,;, =7.2 Hz,4H,ArH) ,7.52(d,
Jun =8.4 Hz,2H,ArH) ,7.20(t, J,;;; =9.2 Hz,4H,ArH) ,4.41(t,2H),1.94(q,2H),1.48 ~1.23(m,
6H) ,0.88(t,3H),

1.2.2 REHHFBHHE RVEROSH MR I AR FRIL2.0 ¢ THRIREGY) M H 5% 25 %
7 10 mL G451 10 mL 1,1,2,2-P5 LK IR -G Va0, 19 30 5 5 70 8029 10% RS W Kt
ROV WARD O 2 U8 S R A 7 -8 1 BB AR, I TR DG i B B R A o T3 X
B CE S b, BRIEFIE R SEA)E BRI 2 40 CRYMEAE TP AkZE T4 3 h J5 THIRZ 60 °C , Il 22
AR RS A TR TR S he ZJa M BBt s T 2 8 7ok b, MBS RS Al BT ok , B i
T 100 CEA MR THR LABR 25 IR K 53 o PSR- Wi Y 52 2 R 40 ~ 50 pm,

1.2.3  RE&HpMeHE RAPIEREIRIER & FRIRT.S ¢ THRERGY) K T HUSITE T
FIETRA BB R AR RS R 6.0 em x 5.0 em x2. 0 em, S TR G b, Az
REVPIEAFEBIRSELL 12 50 °C 38 3 B i B2 I 220 FHRE e LA R 20 il A SR 6 4 HEL R 3R BE 1 <
T IFEBOE IR BRI 15 min, Z SRR, BRI A 6.0 em x5.0 cm x0. 2 cm FJREYIMRM o #4557
RARAIFEI 5. 0 cm x0. 5 em K ITIEAESS, FH T 3h BB
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zE \PPCzB Al PPCzH 1) T, 12 BUHRUC T BB S (BOR BT RGP R B I Ty, o BUON, REW)
PPCzE \PPCzB Hil PPCzH (i (i i JLF- 3 7E 2. 0 GPa Ze 47, PSR AE 72. 5 ~ 75 MPa, Wi i K R 7E
F1 REWORIEREAS AL

Table 1 Thermal properties and tensile properties of polymers

Property PPCzE® PPCzB PPCzH PEK-C*
T,/C 273 240 225 230
Ty5e, /C 469 465 463 459
Tensile modulus/GPa 1.98 2.01 1.89 2.21
Tensile strength/MPa 75.1 73.5 72.8 81.4
Elongation at break/% 7.2 6.7 6.5 9.8

Thermal analysis conditions: N, atomosphere, heating rate of 10 “C/min; T, : glass transition temperature; T, : temperature at mass loss of

5% ; tensile test condition: room temperature, drawing speed of 5 mm/min; a. although reported previously, their thermal and tensile properties

11]

were listed here for comparison*
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BZRUT R RS (E) SFERE (E") R RHIBHE(E (tan 8 = E"/E") o Tl %, 45 tan & 2R 1Y F
AR T X NIV A R G T, 0 12 g3 T Hi BT PPC2E (1) DMA 35, B 3h 85457 2Pk fig
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Fig. 2 Temperature dependent storage modulus and Fig.3 UV-Vis and fluorescence spectra of polymers

loss tangent of PPCzE
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Y7 285 nm A KRB M. i THAERRR LS 5] A, PPC2E \PPCZB HI PPCzH 7E 345 nm 7545 KB
P 2R AN IR A o LS IR 5 R NI AL I £ A B, AN [R] ) I e B X SR W ) SR AN LT B
K 3 IR VIR G YITE 426 nm 4L B /RsRIOCIE, RUIR S RA WU ITES . 4iaREY
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Table 2 Water uptake and water contact angle of polymers

Property PPCzE PPCzB PPCzH PEK-C
Water contact angle/(°)* 87.6 93.4 103.6 76.8
Water update/% 0.65 0.77 0.86 0.57
a. Test condition for contact angle : room temperature, ~30% ambient humidity, values reported were the average of nine measurements on

different parts of films; b. water uptake( wu) was measured as follows: the films were immersed in deionized water for 72 h at 60 °C, then the films

W -W
J%—ﬂmw

dry

were wiped with tissue paper and measured their weight quickly. The water uptake was calculated according to:wu/% =

B4 R AL i A

Fig.4 Water contact angle of polymer films
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T LAE i, PPCZE \PPCzB Fil PPCzH R B T 5 PEK-C A0 K I ik R4, RWTE 5> 74 L5l A
N-EHE R IR ZE A AN 23 AR IR S 0 RO R 7k o
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Table 3 Linear thermal expansion coefficient of polymers

Property PPCzE PPCzB PPCzH PEK-C
10°CTE®/°C ~! 6.32 6.42 6.40 6.34

a. Coefficient of thermal expansion( CTE) of polymer films measured by thermal mechanical analysis(TMA) in a temperature range of 40 ~

180 C at a heating rate of 5 C/min in N,.
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F1 2 1T P BEL R AT AR L B A3 IR E 7 10 Q A1 10% Q- em B G, & R AP G AR, B B S0
FEROHE R, AV A2 SV S B R R AR 3, b PPC2H B8 M RE S PEK-C H25,
x4 REAEVAGREARMREMAERR

Table 4 Volume and surface resistivities of polymers

Property PPCzE PPCzB PPCzH PEK-C
10" Volume resistivity/ ( +cm) 2.3 4.5 21.9 17.5
10" Surface resistivity/ () 2.9 5.6 27.3 22.0
Test condition ;room temperature, ~30% ambient humidity.
-+ N
3 45

XBT L F2 5 N-Be R RIS EREE R 1) 5 55 kR ( PPC2E \PPCzB 1 PPCZH) M PR REREA T RAL , JF 5
il AL PEK-C AT HEE . ISR RN 2R G WA CRIE A & N-BeZE MR R 4514 1) PEK-C 26 40)
Yy, RIS PEK-C MM s B RIPERE . xR G W AT R AR, 4 25 1k DA O R e
Mo ML IR AT (9 5 ) A8 23R G I Y K 32 Ak £y KT PEK-C, {EUR [R) It S ORGS0 WO R R v 1
PEK-Co fy TR WHE A BE 1938 K, R G W i hn (h 1k B b PEK-C A Bt B, (H5 78 ml & A A L N
PPCzE 1415 I8 A Al B (A o i 25 P B 5 AT R L PR B . e Ah, IR ERZE A 19 5 | AR T
IZRREY ST EICVERE . B2, X N-BeIkRRIAEE 1 PAEK KRB T 7 i Yy BERE , B
il 2 N L R BOHURIE REFI RO RS E I W e Gk o IR ES A B 51 A GBS 3R A WA T8 1 O B
AR TEIERE ST R BERR AR o
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Properties of Poly( arylene ether ketone)s
Containing N-Alkylcarbazole in Main Chains

WANG Feifei’, WANG Zhipeng™’, WANG Honghua®, ZHOU Guangyuan®®
(“Key Laboratory of Polymer Ecomaterials ,Changchun Institute of Applied Chemisiry,
Chinese Academy of Science ,Changchun 130022 , China ;

" University of Chinese Academy of Science , Beijing 100049 , China )

Abstract  Several basic physical properties of poly (arylene ether ketone ) s containing N-alkylcarbazole
(PPCzE, PPCzB and PPCzH) were studied in comparison with the corresponding analog, commercialized
phenolphthalein poly ( ether ketone) ( PEK-C). Strong UV absorption and blue light emission ability are
exhibited by these polymers due to the introduction of carbazole structure. The water contact angle of polymers
(87° ~103°) is greater than that of PEK-C(76°), because of the hydrophobic nature of alkyl groups. While
at the same time, these polymers have higher water uptake capabilities than PEK-C which is probably due to
their larger chain distance. In addition, these polymers exhibit good dimensional stability (linear thermal ex-
pansion coefficient 6. 4 x 10 °°C ") and electrical insulating( volume resistivity 10'° (}-cm) property. Young’
s modulus, tensile strength and elongation at break of these polymers are in the range of 1.9 ~2. 0 GPa, 72.5
~75.0 MP and 6.5% ~7.2% , respectively. Dynamic mechanical analysis shows that PPCzE remains good
tensile property at the temperature up to 225 C.

Keywords poly( arylene ether ketone) ;carbazole ;side alkyl;fluorescent ; water contact angle ; tensile property
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