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Scheme of aliphatic polyurethane (PU) synthesis
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Table 1 The properties of aliphatic PU resin

Viscosity Molecular weight and polydispersity

Mechanical properties

Samples State
(Pa-s) M, x107° M, x107° PDI o (MPa) £, (%)
IB-T9 47 1.97 3.07 1.94 73.30 £3.74 834.6 +18.2 Colourless transparent
IB-Nd 45 2.02 2.86 2.24 73.99 +1.16 822.5 +8.0 Colourless transparent
IB-Ce 41 1.98 2.95 2.85 73.59 £1.83 819.0 +10.7  Deep yellow and semitransparent
IB-Bi 40 1.92 2.91 2.84 74.04 £0. 83 847.5 +6.9 Yellowish transparent
IB-Zn 43 1.95 2.95 2.13 74.42 +0. 66 807.9 +11.1 Colourless transparent
IB-T12 43 2.00 2.97 2.05 76.03 £3.23 862.2 +28.3 Yellowish transparent
IB-Zr 48 — — — — Colourless transparent
IB-Ni 30 — — — — Yellowish transparent and gel-like

__,f\fﬁuz__ﬁwwm\yx
N\ IPDI,/\\ Mo A
_,ﬁ\_hﬂ@L__AJM%WAM
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Wavenumber (cm ™)

Fig. 2 FTIR spectrograms of PBGA, IPDI and IB-T9
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Fig. 3 GPC curves of aliphatic PU resins
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Fig. 4 Stress-strain curves of aliphatic PU resins
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i 4% Ji 1) it A7 e M T J2& T9 > Nd > Ce > Bi >

Zn > T12,JF H L T S AL & i r A i o 1
TR U ) A R

—o—IB-Nd
——1B-Bi
—+—IB-T12

——IB-T9
——[B-Ce

100

80

60

401

Retention rate of viscosity (%)

0 1 2 3 4 5 6 7
Storge time in high temperature (day)

Fig. 5 Variation of RRV of aliphatic PU resins with storage

time at high temperatures
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Xof 1o R i A7 J 118 555 5 70 g 0 e 2 R A I
R, SR AT LA BB, 1 5 400 B AL AR 8 8 A7
B, Hegh B an 2 2 op FroR, B A7-0w AR il 2k an &l 6
Fi. W32 2 FfiE 6 sfaf %, (1) IB-T9 . IB-Nd . IB-
Ce TEmRAEAE 7 K , HALEME B8 5 ) 16 AL B
i 22 AN K 5 (2) IB-Bi £ S A A7 3 K5 ALK
MEREAR T W, T S IR A6 A 7 R HL ol TR &
66. 99 MPa, Wi 24 22 K WL W] i R 5 (3) IB-Zn
FE R IRAEAE 1 K5 B hr i B A7 B R B, b 24 il
KA BTN, AR = R AGE A 3 K B A5 B B
TR 53,18 MPa, 1 I 24 ff1 1< 6K WL T B 5 (4)
IB-T12 @i A7 1 K B9 HLA M 66 E & A W A8
b, R AR BE AR 13,33 MPa, {H B 24 fif < 8 A 45
A A S A A IS A LA REAS TR W, LA
Zn A1 T12 RHEACT A LAY 1B-Zn 1 IB-T12 () fifs
FERE M I S b e TR A B A R Y B 2
X 5 766 AR A0 R AR — B B RAL B P AR 0 8K
e Uk B, IR AN I 0 B R R R R — e AR, A
TFUR 56 B {35 3 A B i A8 4k i a3 IB-Bi-7T AN

Table 2 Mechanical properties of aliphatic PUs before and after storage at high temperatures

Stress ( MPa) Elongation at break ( % )
Samples
oT 1T 3T 7T oT 1T 3T 7T
1B-T9 73.30 £3.74 74.77 £4.26 71.02 £2.93 834.6+18.2 — 802.0+15.5 814.8+10.7
IB-Nd 73.99 £1.16 75.74 £1.93 76.42 +2.80 822.5+%8.0 — 809.2 +2.6 803.4 +16.8
IB-Ce 73.59 £1.83 — 70.09 £0.75 70.36 +2.66 819.0 +10.7 — 830.7 +22.3  822.8 +20.5
IB-Bi 74.04 £0.83 — 72.45 £3.92  66.99 £3.02 847.5+6.9 — 803.4 +£19.8 795.9 £9.8
IB-Zn 74.42 £0.66 69.20 £0.86 53.18 £0. 80 — 807.9 £11.1 845.6+16.1 803.7 £10.2 —
IB-T12 76.03 £3.23 13.33 +0.95 — — 862.2 +28.3 865.8 +£27.8 — —
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Fig. 6 The stress-strain curves of aliphatic PUs before and after storage at high temperature; (a) IB-T9, (b) IB-Nd, (c¢) IB-Ce, (d)

IB-Bi, (e) IB-Zn and (f) IB-TI2
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VR ER B (0] 50 F & M ZRAFENT X
-

XP KA o J2 45 70 1 8 0 G B9 K. X
(2) 5 (3) AT, SRS 1 A e 1 3 58 B 70 1 i 1Y)
AT AR A R I , W1 50 R B8 38 (534S 5
0 T T SR R R R A v R B A I R R

[n] = KM* (2)  HoAumAfe, SR 3 P B 7 S 05 i R
17 S IR B e 1A AT T B9 GPC 2k
In[n] = InK + alnM (3) M3 R T Hpon] g A AT R A
Table 3 Molecular weight and polydispersity of aliphatic PU resins before and after storage at high temperatures
M, x107° M, x107° Polydispersity
Samples
oT 1T 3T 7T oT 1T 3T 7T oT 1T 3T 7T
IB-T9 1.97 — — 1.59 3.07 — — 2.04 1.94 — — 2.07
IB-Nd 2.02 — 1.46 2.86 — — 1.77 2.24 — — 2.27
IB-Ce 1.98 — 1.46 2.95 — — 1.77 2.85 — — 2. 14
IB-Bi 1.92 — — 1. 41 2.91 — — 1. 67 2.84 — — 2.08
IB-Zn 1.95 1.39 1.19 — 2.95 1.63 1.46 — 2.13 2.39 1.91 —
IB-T12 2.00 0. 68 — 2.97 0.81 — — 2.05 1.35 — —

IB-T9 5 IB-Nd .IB-Ce . IB-Bi #H [t , - %¥ 0 T+ &
MR (B 49 7 M W0 2 R . TB-Nd |
1B-Ce IB-Bi FUE(E 4> T4 M, 19 W I FE 15 H0 A
SR I B9 W 0 2 IR — B (Nd < Ce < Bi). IB-
Zn TERSIRAKAT | K540 T 1A 0 0 MRS, 29 U5
1% 3 RINAPT i F W R . IB-T12 75 5 i
7 1 KR L4 T O A WY A I, 22
HOBCHE T LU 7E B R 47 05 I TB-T9 Al TB-
Nd Sb, FCT b G 9 5 Tk 43 1 56 KO 01 8 F

oy AR A AR A AT RE R [N O o T R EUR Y
B A 1) TR AR MR IR R A S 2 T R
L Hoo A o) A8 A LA, AT LUA 6 T Ay B 42 e i
AT XA I i A7 B A Y 52 IR 2 T9 < Nd <
Ce <Bi<Zn < T12, 3% 538 i H & 1 ok 0F 58 R &
Tk 0 i P 4 A M A 25 2R — B LR AS
VAT, 7 e il A I A R, SR TR R 2, B
{7 i (NG 3= o R G R N
7 A6 5 1 A IS
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Bi, (e) IB-Zn and (f) IB-T12
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GPC curves of aliphatic PU resins before and after storage at high temperatures: (a) IB-T9, (b) IB-Nd, (¢) IB-Ce, (d) IB-
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B9 Sy B 7 % 3R T T T B A7 RS A9 H-
NMR i [&]. i 15 1 5 2 g 45 4 v 3 2 & - 19 Ak
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6.85~7.15 F1 8§ =5.40 ~6.00) 44t Bt 22 0] &
BT HAR Y. anEl 9 10 R, 5 R R
it AE A B 1B AH L, IB-T9-7T {XHE ¢ Ab i 38— 1%
ST 06 5 177 IB-Zn-3T F1 IB-T12-1T £ a ~ i &b 34 H
P e, O BLJS #E LRT A AU .

4000 3500 3000 2500

2000 1500 1000 300

Wavenumber (cm ™)

Fig. 8 FTIR spectrograms of aliphatic PU resins before and after storage at high temperatures
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Fig. 9 'H-NMR spectrograms of aliphatic PUs before and after storage at high temperatures
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Fig. 10  Magnification of part of the chemical shift range in Fig. 9
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Table 4 'H chemical shift of aliphatic PUs before and after storage at high temperatures''
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Effects of Organo-metallic Catalysts on the Storage
Stability of Aliphatic Polyurethane Resins

Tao Gong, Jie Zhang” , Chun-pu Hu
(School of Materials Science and Engineering , East China University of Science and Technology, Shanghai 200237)

Abstract Weak polarity solvent aliphatic polyurethane (PU) resins with PBGA as soft segment and IPDI,
BDO,IPDA as hard segment were prepared by different organo-metallic catalysts ( stannous octoate , dibutyltin
dilaurate, MB 20, BiCAT Zn, zirconium acetylacetonate, nickel acetylacetonate, neodymium neodecanoate
cerium neodecanoate ). The synthesized aliphatic PU resins were studied by FTIR and GPC. And, the
mechanical properties of elastomeric films formed by aliphatic PU resins were tested. In addition , the effects of
organo-metallic catalysts on the storage stability of aliphatic PU resins were investigated by storage at high
temperature , and the influence mechanism was characterized by FTIR ,GPC and 'H-NMR. The researches show
that different metal ions had obvious influence on the synthesis and the storage stability of aliphatic PU resins.
The significant decreases of viscosity, molecular weight and mechanical properties were caused by the
alcoholysis of ester groups of the PU chain during storage at high temperature , especially for the aliphatic PU
resins catalyzed by BiCAT Zn and dibutyltin dilaurate.

Keywords Organo-metallic catalyst, Weak polarity solvent, Aliphatic polyurethane resin, Storage stability,

Alcoholysis
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