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2 < 17}x WIEA 31EA9 poly(p-phenylene terephthalamide) PPTAQ] vl & <fg ¢+
EA4E MAs] f§ &4 /hEe] @ WEoEA 1 7iE 1FE §5§ PPTA 3EEAE &
Asta 159 QAN EE FAEAT. 71 1ES terephthaloyl chloride®} §A1E W18 7t
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ABSTRACT: To improve the relatively low compressive strength of well known poly( p-phen-
ylene terephthalamide) (PPTA or Kevlar) as a high-performance extended-chain polymer,
PPTA copolymers containing crosslinkable group were prepared and their thermal properties
were examined. Crosslinkable moiety was introduced to aramid backbone by using a
comonomer, 1,4-bis(1-chloro-2,2-dicyanovinyl)benzene, possessing a similar reactivity with
terephthaloyl chloride, in the typical low-temperature solution polymerization. The resulting
polymers undergo crosslinking ‘curing’ reaction at 300~400 °C (max. at about 350 C) with-
out generation of volatile small molecules. Copolymers with different comonomer content
were prepared and their thermal property was studied using DSC & TGA. Also the change
in chemical structure accompanying the reaction was observed qualitatively from IR spectros-
copy and solubility test.
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7}a71 & §H3 PPTA, Poly(p-phenylene terephthalamide), ZZ %9 ¥4 L QYA

(Kevlar), &= sz xe] &% PBZX, &4 4
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terephthalamide), olglv|= H{= 70ddx v)=
DuPont A}of] 2J3l] Kevlar@ AH oz 78 A3}
ol 71g LAFL A & dEAQ] T 1B
2 A 2A 2 AR B, WEA, WA, 3
A T A B4l Bddld AAHez diF 25
million 3-2=7}(1987d) AHlE Aoz BuEHY
om e AFA, BYAR, 7T 379 o}
7 F ABe olRn ok

dAl PPTA, Kevlarg H]23 14%9 extend-
ed-chain, rigid-rod 1E&AEE 3] ¥ &
(modulus), 100-350 GPa®} A7} (tensile
strength), 2.0-3.5GPag& zt= 7% MHeE 9
zut vz kgt +&=7% (compressive strength
~AZ37=e o 1/10)E Jellls 9d e vehd
.2 olg HmA % 4EHAE BEAL oE B3
o] 1% FRARZA FYAH &= AT
g F3 gled, oA A% AW Ex
918 (lateral interchain interaction)2] 2] 2]
& 77} B2} == microfibrils®] m<E (buckling)
o] ol 7IAsh=s Aoy F2= 3 Y}’ wehy
w3k 18} o FANgos FHATE YT
22X, o]dHozE, wigd HAie AAYH net
work TZ& /WO 2RE °)F A5 4F EAHE
FAAE 4 A& ez Jddr

QA AF3 viet o] PPTA olsiul= A{-9
DH Aoz ofgt AF EAS FHATIE ¥
ko2 PPTAS IEgA F4o A 1 o]ddA
weAe  zk= 7buwkg 2§ (cross-linkable
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bisenolate-DBU saltE& 3 dgrg Koo ZHE]
AZ2F3ATH (& 60%). Mp.(DSC) 187 ¢, IR
(KBr); 2933, 2195(CN), 1649, 1517, 1380 cm™!,
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Loz 99 salt® POCLE AMR-3o CH,Cl,
R A chlorinationA]Z] )& flash column
chromatography2 #2]8l: Z22¥g 4oz
e AERe B G 18 BHSARAGH(S

834

o]

-3 A %

& 75%). Mp.(DSC) 178 ¢ (Lit. 177-9 C).

SSeH 4. 93 2A4  terephthaloyl chlo-
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7}i271 & ¥/ PPTA, Poly(p-phenylene terephthalamide), 22 M2 ¥4 L AHXN R

Table 1. Characteristics of Copolymers

5% Wt. decomposition residual

comonomer ish loss  onsettemp. wi% 4H
content (Hz30, 30°C) temp.(C) (C) at9%00°<T (Vfe)
0% 0.80 584 623 37 0
5% 0.57 563 607 43 -18
10% 0.79 590 606 49 -29
15% 0.77 584 604 63  -106
30% 0.66 599 603 63  -116
50% 0.60 571 578 64 -215
100% 55* 533 444 81 471

0.
(1,3-monomer)
* Measured at 25 °C, 0.5 g/dL in DMF.
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Figure 1. IR spectra of homo and copolymers with dif-
ferent comonomer content.
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Figure 2. TGA thermograms of homo and copolymers
with different comonomer content.
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Figure 3. Isothermal TGA thermograms of copoly-
mers with different comonomer content.
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g wasly FVhske e BYF3 Jon
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Figure 4. DSC thermograms of homo and copolymers
with different comonomer content.

-50 —

-100 -

Enthalpy (J/g)

-150 —

-200 —

-250 T T T T L B—
0 10 20 30 40 S50 60

Comonomer (%)

Figure 5. Plot of exothermic reaction enthalpy(4 H)
versus comonomer content.
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7t71 8 {68 PPTA, Poly(p-phenylene terephthalamide), 2 %M ¥4 ¢ 4A4AdA

Table 2. Solubility of Copolymers in 98% H;S0,

comomer L heat treatment (350 C)
content(%) pristine 10min 30min 1lhr 2hrs 3hrs
0 O O O O
5 O O O(A)O(n)
10 O O O(x)O(x) x X
15 O X X
30 O X X
50 O X X

Q: Soluble, x: Insoluble, (x): at 375 C.
(A): at 400 C, Partially soluble.

Al @A AITHE 2417 o] AL e AEE &
Aol =2 ggokch. 7hutgo] A&AS nEa A4
] rigidity £& fE|dol&xd] &3 € Aoy
uhg-o] Hgdo] g Exate rigidity F77} sej=o]
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AE 2A € Hojrh F 10% FFWAE 375 ¢l
A dxeld A$ 1089 B2 A 7hazt vt
Sale] Aol Alge gl B84< JehiATh
Fng olglvl= Kevlare] §ejdoejex:= ¢ 375
CTE 4eA dong Futake o] e 10%
ol3le] A9+ Hrt w& dxe 2w7t a7E AL
2 g€ IRE §3lo 9] 7wk I=E 34
Hoz WA + Aed Fig 63 Fig. 79 4z
3509} 375 'CollM 10% FEFA FAe] A7l
g AdEYe WaE Jehldrh FFEA 7§
43 nitrile 7]9] B4 &4 W=7} 2200cm™ B2
o Jehtedl sbaghge] XPEA I intensity 7t
1/2 ol&z 74de T2 5 Jdon M JdFE
vl 2 4R dXelE AR &4l 57 4%
t} 5% FFHAe A9, Brh & 2591 400C
dA 108 dxjelg A8e ikl & 53 %¥m ¢
A7t 553 Ao Yelz PR3l HE 2AY £
ANt

ol A gt nie} o] a1 WgAde] JlurE
43 PPTA 353d= @339 et ad3 7}
AE A7) 98 2 dAe zde] Mz 2eAy, T
FHo g o] uwet FA JAY Aol 4F
& A oz BF ARl sted R
A9 $47 X2 24 R B4 e g
A&HQ A7y} HQsie).
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Figure 6. IR spectral change after heat treatment at
350 C (10%-copolymer).
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Figure 7. IR spectral change after heat treatment at
375 °C (10%-copolymer).
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4 8 -3

weight (tar yield)= F71gch 2942 7luw
$& 9 350~400 C &% YA Aoz Yo
U, DSCe] %4 Hdo| Ho|azHe g 82KJ/
mole] A€y k& Jepict. FFEAE 44
350 C £& 2 olite U7 2:oA UH AT
dxelst] A& A5 Il i LHEE ZAL
o AR2EE 15% ojde FF A 39 350 C
A 108 Yo B8 P2z A¥Hx, 10% TF
FA = 350 CAAM 1417 o] A&7 Al87} &
£4¢ el 28y dxz e=g 375 CE
23 & Afoe 1087 Foigts 3 53] gt
t}. 5% FTFHA Bt} ¥ 400 CAAAM
1087 9Xg) & A7t dadd W&l Reo] BF
HAch GHwrgol] o Bab Fxe ¥sgles IR &
#HlEe] -C=N stretching band (2200 cm™)7}
A 7 Wil Folms Ao gHE YHHoz &
A=t
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