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RTEHP AR EARKOYEILER,
WK Rt BN EERRALE B AMAH
KBS E PPy M0 THEEE. RIAT R o] BE R 15
HEAMWHMERE BT HEEAS BN TE
BHEARIEMER MEETAE =S P ERCERA
MFE S BNRZ Rk 6FPA. FI AR 57 & &
ODPA AT S M & 7T 5% ppy MR M 6L, H &
BEER T Hid iS5 mak @i,

1 SLBE4a

1.1 EH

MEBRELE KL, LBREF, K IHTE, K
KOEEF, AN AR, FHATREAH .
LSWMEFHEEHEE, Acros, HE[FH .3,3',4,
4 " FHEEPISR AR KT (ODPA),, B4 UM SRR
Fi,Z BR BY 3B &% d Ab B . N-FF BL2-nf o b A
(NMP) ,dbx ¢ 22 X3 24 6], E I AT 4 CaH, BR7K
1.2 AEXFH

¥ 5% SR B Ubbelohde ¥ 35 i1z, 918
BoR30C ,HS N 0.5g-dL NMP 33 . /K 2 3
HEFATEEERE L 3. 0ecmx1.0ecmx0.005¢cm)
TBCTRETEHTFAKF 24h, RIGHRETH .
FE, FHRA (D) RTE. L5 XIERA Perkin-
Elmer782 &8 57 H-2T S U M 8, FESL M B,
14 75 B & 4000 ~ 370cm™' . 'H-NMR 5 *C-NMR
#ik k A Varian XL-200 5 Bruker DMX-300 ¥ i
IR AL, B 8K T O DMSO-d, . R 2R
(DSC) 5 $4 & 53 4T (TGA ) % i Perkin-Elmer7 % ¥
oI E IR E K 10 K/min.

W= (G - GG x 100% (1)
Hab W ARKE(%): 6.6, 53R KFH
AR E(g).

5 AL v, TS R K PR RE SE IS FR i T B TR
AT. 5 FIHE# A& 29 3.0 cm x 1.0 em x 0.005 em B
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Scheme 1 Structure of the polyimide compared in the anti-hydrolyzing
property

1.3 BKEH
1.3.1 HWENHMEEFILN B—1TEE
L BETURRSAOKH 3000mL =AHA
JERMRPMA 1000 g X EEHF L85 800 mL XKES
MOBABES, TRIZIUKE T EZ® A 800 mL Z &
B HERT EREFEFREE, SREHNEL
ERFHFTHENRAIAE MEE FEEM
REEG, FAFHEHBLLN OSh KREABHGE, T
P T EIBE A 5000 mL ¥ K BB ER KT
BEE FERYAED SR FRAARKEES
tE EEIMERTEOCES THRAF TRIT,
BrEGAZBEEELE 13125, % 100% 5 A
(DSC)H 174 ~ 176°C(LRRIRE N 174 ~ 175C'Y ).
HE-RAVEMEE R Rk s
Y 500 mL = 0 [FJRBA T IMA 100 mL & 405
B(d=15g/mL), #EMERBEEWEOCL
T BEBETFTESMA20 MZBEEELHE, A%
0.5h.IIEHEHEN IS min.  REHERNES
T BIZIBEE T B A 2000 mL vKK .98 Bl ik %
ERAREE HERSRFRECERE KT
K EFETHRAFHES HEIALKZEES
ERANCREABEEN ZBAREEZE 16 g,
PR 649% HE S 136 ~ 137°C{C@#iE 137C1).
"H-NMR (300 MHz, DMSO-d, ):2.12(s;3H, H,);
2.59(s3;3H,H, };7.80(d; 1H,H,;’ Juu, = 8.5 Hz);
8.17(d;1H,H,;’ Jyps =8.5 Hz);:8.37(s; 1H,H, );
10.53(N—H). MS(EI): 222(M +,6.2%); 180
(19.4%);165(41.7% ) ;43(100% ) .
1.3.2 2,6-A(3-Z B -4 -THHEFEH)-4-(37,
5" =R ) E R eE (1) E—TRA
WmEH BETUERSADTHN 250 ml. = O0RK
BRI A 26.64 g(0.12 mol ) F] R X 2 B E &£
K8 ,60 g(0.78 mol) LM, 14.53 g(0.06 mol)
3-UEHEBHE TR, 150 mL K REBR F R R 1%
ETHHETNRZERR KVKEOEHERE, Y
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O 5h EAFEHATE S 3 h B RMNIE
GYERAIRBDNECQTE.0 ZBBERRS
B AS TR CEEAMIES 500 L ZEM
HERF, XM 1 hiGEHRTE,BF 9.57 g Bk
1.7% K 49.3% .4 S K 287 ~ 288°C. '"H-NMR
(300 MHz, DMSO-d, ):2.11(s;6H, Ha}; 7.84 (d;
2H,H, ;" Jum = 8.6 Hz);8.25(s; 1H, H, ) ;8.50(s;
2H,H,);8.68(q;2H,H,3  Jyy s = 8.6 Ha) 3 Jy 0 =
1.6 Hz) ;8.76(s;2H,H;);8.85(d;2H. H, ) ;7.82(d;

N—H).
1.3.3 2,6-(3-#AE4-WHRFER)4-(3",5-]
“EHPE)EZREME(2) fE—TEA R

ORI A E R ERN 1000 mL = O F W
A 32.37 g{50 mmol )1 LA B 250 mL HBE BIFHT #5
M 10g82%KOH #) 60 mL B HE &, A F0.5h.
FMFER — WA 5 g 82% K KOH B &, 5 #
B 6 h. B G, B RBRATE A 2500 mL K
ORIV ME, KR EPHBER 33 HE
BEE Y 2, 7% 82.6% . % 4 >300C . H-NMR
(300 MHz, DMSO-d, ) :7.22(d;2H,H,;’ J,p = 8.8
Hz);7.73(s; N-H);8.23(s;2H,H, };8.25(s; 1H,
Hy);8.43(d;2H, H,;° J, s = 8.8Hz);8.72(s;2H,
H,):8.98(s; 2H, H,). MS(EI): 563 (100% ) ; 564
(28.7%):565(5.6%) .

1.3.4 2,6-3(3,4-“HEFE)4-(3,5- 0=
W ) FE ML BE (6FPA) TE—RA RN
HOERAEE U RBEEIA 250 L Z 04
A 5.6342 g(10 mmol )2 5 0.12 g Pd/C F1 150 mL. Z,
EAERNARMMBZERIFE, B 15 ml 9% K
KEM AT Lh iz, REBRZEH TR, KK
HAEMES SR 4 gl B4
FERE SHMAKEBRAGHKKE, HE. FDH
CEHR EFSTH24n0, 883,02 HEEK
6FPA.7= % f 60% . 1§ & & > 300C . FI-IR (KBr,
em™' ): 3336.84, 1589.15, 1552.34, 1457.16,
1624.04, 1519.70, 1284.12, 1173.41, 1129.44,
897.45, 820.21, 855.66, 754.55, 685.07. 'H-NMR
{300 MHz, DMSO-d, ):8.59 (s; 2H, H, ); 8.20 (s;
1H,H,);7.85(s;2H,H,);7.58(d;2H, H, ;* Jip1p =
1.5Hz);7.48(q;2H, H; 3’ Jypes = 8.0 Hz,* Jip =
1.5Hz);6.54(d; 2H, H; 3’ Jus 10 = 8.0 Hz);2.00
(N—H)};1.99(N—H).MS{EI):503(100% ) ; 504

(29%);505(4.3%). " C-HMR (300 MHz, DMSO-
de):113.6 (Cg )3 113.7(C; )5 114.4 (G )5 1175
(C.);122.6(C3);123.0(C,, , B REFHE WA}
FLUUEHE);128.2(C,, );128.5(C):131.2(C, . %
—CF, PEMEBRR MO EE); 134.9(C,);
137.3(C,);142.1(C,, ) ;145.9(C; ) ;157.8(C;) .
1.4 BwSA

A-TRAIEEE BRSKBEAQDRIEER
3L 100 mL = A HE 93 5.0345 g( 10 mmol ) 6FPA
BT 30 mL HaEMA NMP & ¥ 2 Rk & vk ih
BEH BREEHE-15C-0CEE. THEE
T8RN 3.1022 g(10 mmol) ODPA 4 15 mL
NMPBR AT 4-5hlix BREGCHEERM
HEHHITMER TR RIERMERRER -
0CEA  FREIFEREFE S RNERS, HiE
RAAHRESBHASEMARN 2h, BRHREY
SR bk e TSR R B MR BR (PAAA) TR K .

B PAAATEME D 2 um RO FLAT SR 25 8RR
EREE HORETTHMWEER L HETH
BH, FRABFTEATERF#ITHAREL:
80°CA h; 1209C/3 h; 180°C/3 h; 280°C/3 h; 300°C/
3 h;3509C/3 h, B 215 3 R etk g AR

2 EREiiE

2.1 6FPAEHRMHE

AR CMEEE LS 3,5- =85
ARG IEE, 8 i S Chichibabin X
WS TIRSAWEEN RgHE R R
B A JE 1 37 200 DUt B 4K 6FPA, & RLRE R t0 R T
2 BRI AL A0 R R S 3 B AR
2.2 6FPA &HIR1E
2.2.1 LM HT(FT-IR) 6FPA B H A7 [A] 4% 2
B FT-IR EE A | fA7R.3336 em™' 5 3374 em ™'
A5 FE AR N—H 45 3% 3 R kg
3040 cm ™' b R BE A WA= C—H {45 iR 3
WL 1624 em ™ AR R IEBE IR BB C = C fB4E IR
BRI HE ;1552 cm™' 5 1519 em™ A B E IR C =
CHERHBWIE; 1129 em™ ' 5 1091 em™ " 2K
C—F X PR {4 48 1% 31 5855 em " Ab Motk e 3R F A
C—H & iR Rshe  AaLsESF FELL K C—F
BAFFAE RO LB S, RIS T S A
AN it R
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Scheme 2 The synthesis of tetraamine 6FPA by Chichibabin’s reaction
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R'CHO + @—C—CH;:‘ R'CH=CHCO —@ +H,0

I
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Scheme 3 Reaction mechanism of aldehyde and acetophenone derivatives in literature

6FPA

Transmittance

1 1 1
4000 3000 2000 1000
Wavenumber (cm'l)

Fig. 1 FT-IR spectra of 6FPA and the intermediate{ KBr sample)

2.2.2 B EEE i (NMR) 6FPA &'H-NMR 5
"C-NMRIEE 5HBWE 2 i NEFAILLEF
H.6FPA ¥ THBYTEMHHETS CRFIA
HERA LA A ' HNMR T, B EREHET
MR TiERMEEE MERISEZR H
JRF i T ArAb G F S A, 3R B A T 9 TR i
g SFMAEEL TR -XR LW HET, I H,

5H MaFERARSE.H 5H ®EaRME
WA EE,H Z3 H WEMESERHTEN
HEE L H, 25 H, FWBLEE K H, BE{7{EG R
SHPT N EEH, H TP =R P ERE TIF
FFoo v 3F g S MAE R4 T R EH . MW" C-NMR
EEALE S, MR L o-C(C-7) M fb 26 B &b
FiERANREBUE;CR ZFA=AIERET
BEFEANTHNES, =FHEEN C14 FH
ETHRBESRSRWES, i B X E 4 ERRE
5 F IR FHSEFREE 18 KT ZEH e,
E— Rl ABEERELE.

.5k ,6FPA f) i i ( MS-E1) 45 70 % 43 #7 59 W
BEE R A5 THA B9 A0 AF L R 3R AT S AR Y P
La¥ 6FPA MEHM SBHMET, T LLKER
SRS R ER .

2.3 BB ER

Eume RN A B MEMR 4 Fix.
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Fig. 2 '"H-NMR and C-NMR spectra of 6FPA , (300MHz, DMS0- d; )

REW, B S B AL (PAAA)Y  PAAA T8 M A M4
TEARL BBAGTFRKE ZLAAFEE
PPy.6FPA I NMP B E TESPHEFZ LA
. BERNBCHREATRIEaeEZaEm,
R 3 0 A NMP R U A5 R Bk BE B K
PAAA W . IL ,6FPA B9 NMP AR EF FHHE
B F #fm ODPA f) NMP 75 ¥ . IUR% SR 1 _BF g
EENETEEGEARN, B R EATRE
HMEEEY . T o KR RS LA R B L % o A
kB RER KBERABIANTEYBTRIEGLL
B HAAREHREE EXKARUCORAE
BREFOCCHEHEREE L NERBR .

PAAA 75 £ 00 A IR0 B M A B PPy #9372
f HTERERMKB KRR, BRI ERE
& XTREMEARAINEFOMNAREESE
HHT . B R S A R  A IR R UL
HITHMREEABETEN, - BRELHBIERM
o R R AR, 2 B R B O T R R R BR R R ; —
R EBRAXEALRE SEE.

AMFERFGH PAAM BRI ERSER
0.76, RHEBMMEMERAFRRN G & PPy
HEAEARTHEDIH KRAFEN 1.62% 8
BTHAMEMNERTRO.1%"), XTHER
ARk B #MIE ARt R W, 4T i

Poly(amide amino acid) (PAAA)
350°C €
H20

fiorots ﬁgﬁ@%

Polypyrrolone (P!

Scheme 4 The synthesis of PPy by two-step procedure

B HBRERA TSR RBE R RN .

ARG A PPy B FT-IR B M A 3 B
< N ET LLB RO R R At 0R 2R K B 7E 1762
em ' Ab B9 HE AE T i LA K Mt BE BR7E 3080 em”!
(vey) 1598 em™ " (v ) VAE 835 em™' (8. _y )ik
FIFFIE R o B SMERT LATE 1225 em™ b FTEA R
BB CFRIMAHERIIBUIELIRERN—FRY
W W . BRI , AR R L T I BE R
B s9.
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Fig. 3 FT-1R spectrum of the PPy(film sample}
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BPARBE(T,) S%HRERE(T.) 10%%E
BE(T, ) HEAKTEE T, LR 720088
REAEEASE(R,) . AE 47T LIE S, PPy B
M T, H5S8C, L PLE 2C; MHEKE 10%BE
% 591°C, H PI & 48°C . PPy /B 720C R M ER &
ERESE I 68%,M PL Y 60% B s AJLLE
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201

Residual weight (wi%)

o] Y L L 1 1 L . L
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H, PPy AR T, X 318°C, #at PIMTC . FIAX
BRI UL PPy MR EL A S P A
HEHHMMERE XETERRN PPy I F4H
PRIt ESESRER LS FHESTERER
FERIEAN, AINERMNEs ZEAEER
HMRE BEMERBT AR K EEHHE.

Fig. 4 TCA curves of the PPy and FI films(in N, .heating rate:10 K/min)

PPy

—

120 160 200 340 380 320 360 400
Temperature (°C)

Heat flow

Fig. 5 DSC curves of the PPy and PI films{in N,,

heating rate: 10 K/min)

Table 1 Thermal properties of the PPy and PI films "

Ty Tsa Tioa T R,
Polymer
() () (€C) () (%)
PPy 558 564 591 318 68
PI 516 521 542 284 60

* Ty initial thermal decomposition temperature; Tsy, Tipe :
temperatures at 5% and 10% weight loss; Ry : residual weight at 720°C
2.5 DO 0k K I A% T ARk R A BE

it 7K 8 1 B R O 2 SR DN RE R B B B0 QR AL fiE
fobrz — WEME K BRERNIFREEXR
FIRAFRASBERREMSTOR . B, EEME
BEE Ar ST A F B B e AR AP P, L BB TS K R
REEEEWEAN TS, XEXERR K
FHBASY BRERALERR REREKX

RN ARAHWFERE ERYEEBHNA
BRI A i BRI AR P L
EMHUARTEARB s s R, Wt
FE T WMBES KA K, TSRS L.
B 64T PPy A 10% NaOH 7K 7 ¥
KT REH TCAER . £ 25 HT Py 5 PI &
PR MK YRR RIS E 2 TLLER Py 5
PI R T 5 & A K 9B (8] 43 7 4 18 h 5 8 . PI
HEE BhREABHZLE HEARHFE. RHE
THEERY . M PPy MBAKE 7 X, HERE
BMERE, ARFEEM . & TcA #EE Py kL
Hi,ppy MERAKE 7 X5, KRR
S, FE W0 CZHAIBHB WA R E, KERAH 10%

100

g0t \
PPy

60|
PPy,

Residual weight (wt%)

100 200 300 400 500 600 700 800
Temperature ("C)

Fig. 6 TGA curves of the PPy and PPy, treated with

aqueous NaOH for one week
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Table 2 Alkaline aqueous solution repellent properties of PPy and PI
film*

Polymer t4Ch} t,(h) T R.(%)

PPy 13 > 168(7 days) 401 62
Pl 8 18 - -

" t,:initial hydrolyzing time{h): ¢, : wholly hydrolyzing time(h}; Toq :
temperature at 10% weight loss; Ry : residual weight at 720C

~15%ER . ME 0CHHNEEBREFEN 62%,
BHRKEWNTHET 8%. B EERTUFH, A
Brs o M) PPy HERR B A B0 K B A i 5 K A
tERE .
ST EHSHREWRER MEHHE =4
B 4 8 B P 1 4K 6FPA . 223 FT-IR .NMR . MS

LIRS SWRE AR SR AERE
FHMSHMO AN A 6FPA 5 F F K &
ODPA BB MR EIFHETHA TR
Eotp R 2 BEAFRROEALE KES
W BIBIE N 558C,720CHWEBEERBERT
60% it TCA TERESZH R T PPy #HE 0 &
TKIRYERE SR RW PPy MBLAEKR T REMR
0% FMNERMREUR—FEMNTIE, M
RUSHH R U EABRT 18 h FRAEHK
BEL, ZERMWEH B KREELER
FREAER B B 80 % . 5 b o TR AR R 69 i e K
B B E R A TERMERE T THEMED
BAH.
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NEW FLUORINATED POLYPYRROLONE WITH HIGH HEAT RESISTANCE
——SYNTHESIS AND CHARACTERIZATION

LIU Jingang , WANG Lifang’, YANG Haixia’, LI Yanfeng’ ,FAN Lin', YANG Shiyong'
(1 Laboratory of Advanced Polymer Materials

Institute of Chemistry , Chinese Academy of Sciences , Beijing

100080)

(2 College of Chemistry and Chemical Engineering. Lanzhou University, Lanzhou 730000)

Abstract

A fluorinated polypyrrolone ( PPy) derived from a new aromatic tetraamine, 2, 6-bis (3', 4'-

diaminophenyl )-4-{ 3", 5"-bis( trifluoromethylphenyl ) ] pyridine(6FPA) , which was synthesized by the Chichibabin’s

reaction, and the aromatic dianhydride ODPA by a two-siep polycondensation procedure was synthesized and

characterized . The flexible and tough films prepared by casting from the precursor solutions PAAA, followed by
thermal dehydrating, showed good thermal stability with thermal decomposition temperature of 544°C, 10% weight
loss temperature of 591°C, glass transition temperature of 318°C and weight retention ratio of 68% at 720°C . The

PPy films exhibited excellent alkaline-aqueous-repellent properties and retained most of the properties even after

boiling in 10% NaOH solutions for seven days, which made it a good candidate for protecting coating applications.

Key words Heteroaromatic polymers, Polypyrrolone, Tetraamine, Triflucromethyl, Heat resistance



