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Synthesis of Poly (Ether Ether Ketone) with Low Dielectric Property.
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Abstract

A new poly (ether ether ketone) was prepared by the polycondensation of 1,3-bis (4-hydoroxyphenyl)

adamantane with 4,4’-difluorobenzophenone. Diol, 1,3-bis (4-hydoroxyphenyl) adamantane, was synthesized

from adamantane in three steps.

The nucleophilic substitutions were conducted at 180 °C in N-methyl-2-

pyrroridinone (NMP), producing poly (ether ether ketone) (PEEK) with inherent viscosities up t00.62 dL «

-1

g™". This PEEK is soluble in m-cresol, NMP and sulfuric acid and show excellent transparency. The PEEK

showed a low dielectric constant and excellent thermal stabilities.
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D% AR IS TIEBI L. I8RO TEA I BE/KER{L
KU AEYE W10~20g) MA. FHEICTHEH
FHERETT - 7o BANC L D KBES U Y A 2R
L. i@ % 500mL + 287 523 L, T
LSBT MUY LEAN, KBHRADORENDIZLIE -
1o DAL F2t8ic, BEEEZEO Y, = v bve—
=2 T 1 BMBARKRET 7o TNEZDOFEHT
7B L1,
2.3 JoE7YTUIVEERK

I-7oE7 <y vE13-VTaETITV Y
BEEEREGE SN FIEO D VAR L 7o
2.4 1,3-EX (4-BEFOFT=il) 7S

1,3-v7ve7s<ry v (145g, 5.0mmoD). 7 =
/= (14.1g, 0.15 mol) kU, L7 v =94
(1.65g, 12.5mmol) #iEA L. 100 °C Tk L1
RO T %, BUBYNCARB /K ZMA . 60 s lER S
HBZEREOREDT7 =/ —NVERELE, ThE
A%/ = SEEERETV. BERINERZH5 10,
INE 1.05¢ (66 %) ; IR (KBr) : v (em™')=3350 (-
OH), 2900, 2850 (C-H), 1610, 1510 (Ar) ; 'H-
NMR (CDCly) : 6 (ppm)= 1.70 (2H, s, H-6),
1.81 (8H, m, H-4, -8, -9, -10), 1.83 (2H, s, H-2),
2.20 (2H, s, H-5, -7), 6.69 (4H, d, Ar-H-¢), 7.17
(4H, d, Ar-H-b), 9.14 (2H, s, -OH) ; *®C-
NMR(CDCls) : 6 (ppm) =29.0 (C-5, -7), 35.2 (C-
6), 35.9 (C-1, -3), 41.8 (C-4, -8, -9, -10), 49.0 (C-
2), 114.4 (C-¢), 125.2 (C-b), 140.6 (C-a), 154.6
(C-d) ; ek : 5TEM (C.Hx0:) : C, 82.46; H,
7.55; O, 9.99, AIEME : C, 82.23; H, 7.76; O, 10.2
6o
2.5 RUT—EK

NMP (2.2mlL) ic13-E2 (- rFmdv7z=
L) Ty=vyy (0.3204g, 1.0mmol), 4,4’-Y 7 v
o~y 7./ v (0.2182g, 1.0mol) BXU, K
sy wa (0.30g, 2.2mmol) AMA. BERFHKT.
180 °C T 24 BSRABEHR L /oo BUBKE TR NMP &/
L. ZFKICEL, RY) 2 —%187 EH - BHEGE
B AY /) —ATY w7 RAL—fHT B LItk 0¥
BIL 1, INE0.49 g (97 %) ; XTERKERE © 7 (dL
g™") =0.66 ; IR (KBr) : v (em ')=1655 (C=0),
1240, 1160 (C-O-C) ; 'H-NMR (CDCls) : 6 (ppm) =
1.70 (2H, s, H:), 1.81 (8H, d, Hs), 1.83 (2H, s,
H.), 2.20 (2H, s, He), 7.00 (4H, d, H.), 7.03 (4H,
d, He), 7.40 (4H, d, Ho), 7.77 (4H, d, H.) ; ®C-
NMR (CDCly) : 6 (ppm) =29.9 (C-g), 36.1 (C-h),
37.4 (C-e), 42.7 (C-), 49.7 (C-D, 117.2 (C-b),
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120.0 (C-k), 126.7 (C-¢), 132.2 (C-m), 132.4 (C-D,
147.1 (C-d), 153.4 (C-a), 161.8 (C-j), 194.3 (C-n)s,
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2.7 A E
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TCDCL 1, 7 h I AF Y5y (TMS) 2HH#EL—
7 & LCERTRIE L7, TGA RIER, SEIKO SSS
5000 TG-200 ZH\ . FiR#EE 10 °C « min™' TIT -
1zo DSC HIEZ. SEIKO SSS 5000 DSC-200 % Ft .
FIREE 10°C e min™' TiTo 7o MERIE R A R b
TV FHEHFHAEROV, N-XFu2-Eoy v/ v
(NMP) %L LT3 CTIy» 7o UV 227 b
Wi JASCO V-560 THEIGE L 7o EHTHII. Mericon
model PC-2000 ) X&h 75— 2B, AHKERLE
ICEBIE L 72 PEEK 7 4 VAT, & 1.320 £ m OB
WAEERTEHYT 5 Sk DRIE LT 7 1 VAT
IR L TEAT AR (TE : transverse electric) &EE
#1a (TM : transverse magnetic) DEERRELL —
F—HEAOTHNERTE (me) RCEAEFE
(no)~ BEEZERIE L 72,
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1,3-Bis(4-hydroxyphenyl)adamantane 4,4'-Difluorobenzophenone

Figure 1. Structure of monomers.
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Scheme 1.

Scheme 2.
Table1. Synthesis of PEEK,
Run  Temperature ('C) 7w (dL-g™)° Yield (%)
1 150 0.40 96
2° 180 - 0.62 98
3°® 180 0.66 97

a : Reaction was carried out with 1 mmol of each monomers and
2.2 mmol of potassium carbonate in 2.2 mL of NMP.

b : Reaction was carried out with 2 mmol of each monomers and
4.4 mmol of potassium carbonate in 4.4 mL of NMP.

¢ : Measured at a concentration of 0.5 g*dL™" in NMP at 30 °C.
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Figure2. IR spectrum of the PEEK film.
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Figure3. 'H-NMR chemical shifts for PEEK.
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Figure4. '*C-NMR chemical shifts for PEEK.
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Table2. Solubilities of PEEK.
Solvent Solubility
Acetone -

Methanol -

2-Propanol -
1,4-Dioxane +
Cyclohexanone ++
2-Butanone -
m-Cresol + -+
4-Butyrolactone -
2-Methoxyethanol -
THF ++
DMF +
DMSO -
NMP . + -+
DMAc +
H,SO. + 4+
CHCls + -+
CH.Cls ++

+ + : Soluble at room temperture.
+ : Soluble at heating.

* : Partially soluble.

— : Insoluble.

Table3. Thermal properties of the PEEK film*.

Lnitial decomposition Temperature of Temperature of

temperature 59% weight loss  109% weight loss
In Air 350 °C 509 °C 547 °C
In N, 401 °C 520 °C 530 °C
a : Measured by thermogravimetry at a heating rate of
10°C+min™"
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R) v —IHHOBEERET ARz —F L —F I
v v (PEEK) Th 3 ENRENT,
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Ay )=, 2-7aN) =), 2T/ vV, 4-TFno
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L7
3.5.2 & & #
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(Figure4, Table3) kb, BESFHK . EXREFH
[T & B ICOREBREEN 350 CLLE. £/ 10%E
BRDEBEEN 0 CUETHZZE0S, Bot
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Figureb5. TG-DTA curves of the PEEK film

in nitrogen and air.
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Figure6. DSC curves of the PEEK film in nitrogen.

Table4. Refractive indices and birefringence of
the PEEK film.

An ef
0.0158 2.87

It
av

1.6148

N’
1.6043

d ( )2 m)“ e
8.7 1.6201

: Film thickness.

: The in-plane refractive index.

: The out-of-plane refractive index.

. Average refractive index ; nav= (2nr + nno) /3.
: Birefringence ; An = nwx—nmm.

ho o0 oo

: Optically estimated dielectric constant ; &€ =1.10nav2

IMERBONTE L -2, #5 2EFBEE & First
Heating T 186 °C. Second Heating T 196 °C IC#i1%
Shit, TOMEIF. RENIZPEEK THEH NS FoF
JvEAL- Vot a RS T2 ) v LEEKREN
% PEEKY D 4 5 2 IRE (143°C) L0 EH IS
WEE L ->TBY, T2 v FAUENRY < — Il
BEEE5Z TWBZ EMRENT,

3.5.3 EHN-FIRARRYT ML

PEEK O#4-AJ#% (UV-Vis.) 22 r VRIE%
fr- 7t (Figure6), Z DR, 370 nm & v GiEE D
Kl BIHBERE B o, ThiE, R v — s
TRy 72/ VEBBPELEL, o, "y Y T
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Figure7. UV-Vis. spectrum of the PEEK film.
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Table 4 127k L 7B RHE DR L 0. PEEK 7 4
VADEGEFR (nay) 316148 TH -7z, TT T
MEOFEER (&) DLEMCIEHRE (n) 2HLV
T\ Maxwell DR e sn* b oRKHB T EMBTX B,
EBIT 1 MHz OFERIBVWT, BBLZF 10 %Dk
ARBIN DRI S 2% T, € =1.10na" 3B D 3L
2@ ZpREHAV, 1.6148 D nay S SHEBER%E
KB L, 287 8o, TOMIZRENL PEEK O
3.3 (IMHz) X 0EFEEL ., BFEHE Y v REF
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44-v7vtavy 7z v OREEHRARKIGIC X
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BT AT EICHEII Lo TOPEEK I3, T¥ <V F
NVEEZEAYT S ETHERY 287 LEFEU LT
U, JERetE, B BIFS 7o, SHROTENIR

BB+ TcE 5 2 EdRa i,

£

AR EHED 5 L CEHEERE SR - BT X
WE LWETER F EfASRICE#E L ErE
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EREBTHHEB E LEWHETEN FHEEE
B MUEB-HETRH VLIS,
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