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I midization of polyamide acid catalyzed by urea-choline
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Abstract: A green process of the synthesis of polyimide (PI) from phthalic anhydride (PMDA) and
4,4'-diaminodiphenyl ether (ODA) was reported. Firstly, polyamic acid (PAA) was formed in
N,N-dimethylformamide (DMF). Then, imidization of PAA was realized using urea-choline chloride deep
eutectic solvent (DES) as catalyst and acetic anhydride as dehydrator. The obtained PI could be isolated by
a simple and direct filtration. PAA and PI were characterized by FTIR, TGA-DSC and element analysis.
The effects of reaction temperature, reaction time, DES catalyst dosage and acetic anhydride dosage on
imidization of PAA were investigated. The optimal conditions for the synthesis of PI were obtained as
follows: temperature of 80 °C, volume ratio of DES to acetic anhydride 1 : 2, molar ratio of PAA to DES
1 : 2. The result of FTIR confirmed the formation of imine bonds. In addition, DES and DMF could be
reused. This process was green and did not use toxic and harmful pyridine imidazole and quinoline catalyst.
Key words: urea-choline chloride deep eutectic solvent; polyamic acid; chemical imidization; catalytic
dehydration; polyimide; catalysis technology
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%% SCHER[1] 7 35 il 4 PAA . FREL 1.00 g
(0.005 mol ) ODA ., 25 mL DMF F 250 mL P4 142
R, KN R IRE A Ny AR, RERON AR &R
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PAA 1) DMF %, 2 R IBR R4 DMF %5 5138 4
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Table 1 Factor and level of orthogonal test
K ak
WEE/°C WfE/h DES Hl&/mL  ZFEREFHIE/mL
1 60 1 2.5 2.5
2 80 2 5.0 5.0
3 100 3 7.5 7.5

15 LRI

FTIR: % KBr JEH ¥, WEGERE 4000~400 cm ',
TGA-DSC: N, i 60 mL/min, Jhi& 75 Hl % E~800
°C, JHE#Z 10 °C/min, AFER 3~10 mg,
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Fig. 1 FTIR spectra of PMDA, ODA, PAA and PI
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Fig. 2 Thermogravimetric-differential thermal analysis curves
of PI
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J& PL #0ffid RY, IEEXTR PT AYZHGE I,
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2.1.3 TEMH

7= P1 R C H RN JCE 40 #7 W3 2. 1 PMDA-
ODA I PI #5035, #E B4 P& C &= (3
FEATE) H 68.930% . % NN 7.311 %, & H
R 2872 %, & O &N 20.890%., &MY P&
C BME N ST HISHE, HIEARFFA4L PI
& ICE ], UEB] PAA O KHAET Ak . RE S
1A N R H AR A, $E00mT BE 2 BT A
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Table 2 Elemental analysis result of PI samples f under different preparation conditions

R A it /mg W(N)/% w(C)/% w(H)/%  C/N ittt  C/H Fiftth
1 V (DES) :V (ZME) =1:1 1.99 6.23 67.19 2.462 10.7836 27.2918
V (DES) :V (ZREF) =1:2 2.00 6.62 53.74 4.318 8.1213 12.4456
3 V (DES) :V (ZFREF) =2:1 2.00 6.55 56.56 4.602 8.6327 12.2888
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AN A A i AT B2 s o {H DES hRERR,
A ZERRF, A TR R K R 1 505
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X PLSCR AR, BEAE CTRITHIREH AN, 7 i
FRAEHNE R TR [6E CIREF IR 5.0 mL 2540F
T, 5% DES XS PLYCRAGFN, [i% DES filH



<744 - A% 4m 4 T FINE CHEMICALS

%39 %

BTN, PR ORI, A, it £ DES AN
FIForF IR il S R, PR mA T TR 7
DES 5ZMBEHMAF 1: 2 &, #%¢7 DES
ANTR) R 2 55 S AR R B4 5 1) £ B PSR R Jie £k
BORBEE, 2R 4, HE4RAL, n(JRE) n
(FACARGE ) =2 « 1 B 38 m B R AN e b

n(RZE) +n (FALIEDE ) =2.5 © 1 B b2 B 4
AIERE, (2R mIt. RESTELZ . 201
ANFI T Ak R o
1002 -,
80+ /
§r 60
= ot
20+
oF «
0 2 4 6 8 10 12
ZFRHF/mL
100 | P .
30l l/ \.
c\\e 60
o
40}
0b
0 1 1 1 1 1 L

0 2 4 6 8 10 12
DES/mL

& 3 R X PTCER 1Y 5E MR
Fig. 3 Effect of solvent dosage on PI yield
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Fig. 4 Effect of molar ratio of urea to choline chloride on
imidization
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NEE R 80 °C e WHT[H]ZA 3 h .\DES F#Ek 7.5 mL
TR HIHH 7.5 mL. DES {1k PAA ¥k
IR 5 B LR IEF B WA, 5 D025 75 B¢ DES i %
AL . NFE 3 LB, 6 Sk
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Table 3  Orthogonal experiment result of imidization

S

S90S ARE BRfj] CDES D ZRHEF WCR/% ggg
/°C /h H&/mL & /mL
1 60 1 2.5 2.5 0.00 0.00
2 60 2 5.0 5.0 57.89  78.80
3 60 3 7.5 7.5 86.12  86.20
4 80 1 5.0 7.5 81.34  85.90
5 80 2 7.5 25 5742 80.40
6 80 3 2.5 5.0 80.86  88.70
7 100 1 7.5 5.0 4737  82.00
8 100 2 2.5 7.5 74.16  82.20
9 100 3 5.0 2.5 32.06  72.90
ki 48.00 4290 51.67 29.83
k2 7321 63.16 57.10  62.04
k3 5120 6635  63.64  80.54 2 %
Rl 2520 2344 1196 5071 D>A>B>C
k4 5500 5597 5697  51.10 R VES
ks 8500 80.47 7920  83.17 AB;C3Ds
k6  79.03 82.60 82.87  84.77
R2  30.00 2663 2590  33.67

T ki~k3 AR kfH; R IR kd~ko6 J9iE ik
FERE k{H; R2 WAL ML R IR 2%

4 RIEXH

Table 4 Validation experiment

SES

e

IS (=} - - %
B s DES LR WOE% o,
vH (! T It ti—()/
/ng/ C ﬂj‘“ﬂ/h }:Hﬁ/mL Fﬁﬁ/mL *32}; (]
1 80 2 2.5 50 8286  88.70
2 80 3 2.5 50 8238 8797
3 80 2 7.5 7.5 8330 8435
4 80 3 7.5 7.5 8376 87.83
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2h, DES2.5mL. ZBHEF 5.0 mL 214 E G
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R, UL PAA & A el S A B T T R R 2
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Fig. 5 Photos of PAA (a) and PI (b)
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TEBEI A DMF 750 mL #l ODA 30 g, 25
3 4 WA PMDA 33 ¢ F 50 °C) i 2 hy ZJ5, il
A DES 75 mL FIZBEEF 150 mL FHEZE 80 °CI %
RN 2 h BEATHOR LSS, 55 5 fim, EE
25 £ -0.065~-0.07 MPa IR 100~105 °C& AT 7%
PRI 4y Z BRI DMF ¥t B rp , &5 b ik
WO EARBURIUUIE Rk, et P1, HiE
R A AR i B o AW ALY PAA 7 DES Al
LR BF R RVE A ZE AR I, R IR T W
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I ISERe 7 B U b ARV R R A Y PI
AR, DES FIFS /A Z% 1) DMF R4 %1 H
TR RS . 728 1SR & H SR E D
it IR M5 DMF, 875 9 DMF #5550 AT B 4%
HF TR, EREMA, & 4 KIEH LB, DES
HA 2 43 R R A ACRRAR R AR IR T HERAE, R
PEEST . TR ulIn e, BIRAA 30 mL SRR
A A B K T FEAE I LR o A1 PR — R AU
CEREF D H I 1) TR 2 e W B KR, K
o, Mk S A, DES ERMA 4 kA
TREF AL SOR, 728 P ISCR R B AL AR ATy mT
FRAE 85%LU I

£ 5 WHALHOR IS K DES ¥ 50 #0025 5R
Table 5 Results of scale-up experiment of imidization process
and recycled use of DES

Bk M #he EF pLgR Wik
DES/mL  RWF/mL REAEKER% /% /%
1 0 0 6.2 90.12 87.92
2 0 30 6.7 88.93 86.79
3 0 30 6.9 87.26 88.20
4 0 30 7.6 86.35 85.82
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DES {153 fif i i e 43 fff th S S SR F R AT DUR A=
SN, Az B o [ A A 35 28 0 R R . DRI
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Fig. 6 Reaction mechanism of catalytic dehydration of
PAA to PI
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PI A AT 4440 V(DES ) = V( ZRRRF )=1 :
2. n(PAA) :n(DES) =1:2, RMESE 80 °C.
KW FTE] 2 by $54E 300 r/min, DES PN 7E H AR
Wefb R AT — R sEm, n (FRE) n (LR
W) =2 ¢ 1 WA BAF I EAERCR . E—SIb SR
EAEHAT

i 3 AR K R £ BRI FIARE AR DES DL e
IZEA L, ATA R0RE PAA L RAEFEEE, DA
T 2 AN ) FH g % S0 e AR R B ) 225K . DES ] #F— &
FREE 1A M e A Ok i S5 4 i {E 5] . DES Jid
KA FIARURAAL . JoBE . T AEY AR, 1 H ]
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