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Prepar ation and properties of self-healing bio-based waterborne
polyurethanes based on dynamic oxime-amino ester bond
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Abstract: Vanillin oxime (VO) was synthesized from vanillin and hydroxylamine hydrochloride. Anionic
vanilla oxime self-repairing waterborne polyurethane (SWPU) emulsions and films were then prepared
from polytetrahydrofuran (PTMEG) and isophorone diisocyanate (IPDI) using VO and 2,2-dimethylol
propionic acid (DMPA) as alcohol and hydrophilic extenders, respectively. The structure of VO was
characterized by FTIR and "HNMR, and the thermal properties of SWPU films were analyzed by DSC and
TGA. The effects of isocyanate index (R) and n(PTMEG)/n(VO) on the self-healing ability and mechanical
properties of SWPU films were further evaluated via self-healing and tensile tests. The results showed that
the addition of VO displayed no significant influence on the thermal degradation process of SWPU films,
and the Tsy, (temperature at 5% mass loss) of all samples were above 210 °C. The scratches on SWPU-1
film prepared at R=1.2, n(PTMEG)/n(VO)=2.5 disappeared completely after being healed at 45 °C for 40 min.
When the SWPU-1 film and SWPU-3 film prepared by n(PTMEG)/n(VO)= 2.5 were healed at 60 °C for 2 h,
the tensile strength were 13.23 and 19.12 MPa, respectively, and the self-healing efficiency were 96.5% and
82.2%, respectively.
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AVANCE 1 400 MHz #4807 A A% i HL 4R I
AL (NMR ). Vertex80+Hyperion2000 % Bl -2
AN RS (FTIR ), fEE Bruker /AT ; Zetasizer
Nano ZS90 BUZH K7 B FL A4, 9% E Malvern A A ;
LABSYS evo B E 4317 TGA ), % [E] SETARAM
Instrumentation 2\ 7] ; Q2000 %I 22 /R 4 4 & # Y
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1.2.1 HEFEER

HRIE WANG 2P i & 55 . AUk
9.8 g (64 mmol) FHEE, 5.0 ¢ (72 mmol ) FHKE
fé. 11.0 g (134 mmol ) ZERHNAN 150.0 mL 25 & F
AMAE] 250 mL = ke, N2 58 L% ; 28
J5, VEAWTHRZE 80 °C, Stk N HIYE 5 h,
RN SRR, KRR H 2105, Frif B o,
g, WP KRS 4~5 Wk, BUREDE, 7E
HATRFPT 50 CT4: 24 h, 153 8.9 g H{Ad
e, B FEERG, 725 83 %, H Wil N xR,

HO
HO
\ODVO + NH,OH+HCI + CH,COONa—> WODVN'OH

122 M&FARAEER KL WPU &

AR 1 A JERIEC L, 645 BT & 1 B Rl
B4 WPU, L SWPU-1 Byl & A, ¥ PTMEG i
JeAE 110 CFEZTH2h, &, 7EN,HET,
# 15.00 g ( 15 mmol ) PTMEG #1 8.00 g ( 36 mmol )
IPDI A F 250 mL = ikeiff, FHl 2 80 °CJ i
2ho VZEHE , FRWARZRRER 73 °C, iInA 1.21
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Table 1 Formulation of vanilla oxime self-healing waterborne
polyurethanes
. n PTMEG/ IPDI/ DMPA/ BDO/ VO/ TEA/ ™
¥ i RAH
mmol mmol mmol mmol mmol mmol

SWPU-0 15 36 9 6 0 9 1.2
SWPU-1 15 36 9 0 6 9 1.2
SWPU-2 12 36 9 0 9 9 1.2
SWPU-3 15 39 9 0 6 9 1.3
SWPU-4 12 39 9 0 9 9 1.3

FE: R {H=n(IPDI)/[n(PTMEG)+n(DMPA)+1n(VO/BDO)].

1.3 FAESMK

NMR ik : B 5~10 mg FEGEEN BT NMR
rp, FFLUTAC LA ( DMSO-d ) Ak Flid
5% 'THNMR iﬂ‘él’fl 32 k.

FTIR Mk PBIEH 4000~500 cm ',
2em’, HHf 16 K.

IR

PRI . K LV 25 B8 /K 8 1) o 2 0 4K
0.1%, SRt FH KA EE B A A H R 72

TGA ik: Ny, FHEECR S 10 °C/min,
IR X 8] A 25~500 °C.,

DSC M : Ny U] T A A 3 3 (Al
(T,), TPETEEIH-50~100 °C, FHEH#ZH 10 °C/min,

KR A @A F 409 0 A e i R
PREAHSC IR, AR SE 45 CEZ B,
20 1 40 min Ji B 7RG 0B T A SRR
IR 56 B 1 AR Ak

J1ZEPERE A B T 5 0% 39 R 4R T i B
4 mmx30 mm PMEESRAESS, A TP 1R HLLA
100 mm/min F 3R FEFT RN, 10 58 R IE PR
FE (oo, MPa); FJJ K87 ) — B iR ] — 43
J =, R W R R A, 7R 60 CCHEAR
T2 h )5, BT @SS E ST AL 4 mmx
30 mm BYBEEAR, PR R ALIE SR A A S
WA PRI (o, MPa), WIEAR (1) HE
W FIEE SR (n, % )s

n/% = a1/oy % 100 (1)
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Fig. 1 FTIR spectra of vanilla aldehyde and vanilla oxime
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Fig.2 'HNMR spectrum of vanilla oxime
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Fig. 3 Particle size distribution curves of vanilla oxime
self-healing SWPU emulsions
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Fig. 4 FTIR spectra of vanilla oxime self-healing SWPU films
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Fig. 5 DSC curves of vanilla oxime self-healing SWPU films
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Fig. 6 TGA curves of vanilla oxime self-healing SWPU films
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Fig. 7 Optical images of vanilla oxime self-healing SWPU films during self-healing process
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M 7 FTLLEH, L BDO N EEHIA R
SWPU-0 KR IL-T- %A 4 k; SWPU-1 Al
SWPU-3 i AE & E 20 min J5 R IH 5257
5 RIS N % 40 min J5, SWPU-1 MERIIEE 58
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PEAE MBS 20 min J5RIJE BLARE AR, A0 H
MR RR, BEPEEE S A 3G N E] 40 min, WH QIR
WIRAFAE, BRI 22

Kl 8 iy SWPU i F & = LI = = A,

M 8 A LIFE Y, SWPU WS 7EIAE I T,

N REFREEE

I FREBCTE R Bl S X 1 3h A5 g - R
P RN Vs T ATV AL, BRI, AN ) B9 AR i
45 °CFm#k 40 min N EAGARNFRKE SR . —B
SN, o 2 A i PR o IO B T R A B
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W Y A8 E AR S5 T SWPU-1 Wi FI SWPU-3
I, SRR, HBERE sz B A S50 0 BRI
R R aE Nz |, § 80y F5Eis sh AR
ARG, 7F—ERE LR T st BAE .
235 AHak

P59 e 2 Sy SWPU Pl J12AERER F AL A HEAE
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Fig. 8 Schematic diagram of self-healing mechanism of vanilla oxime self-healing SWPU films
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Fig. 9 Tensile properties of original and healed vanilla oxime self-healing SWPU films
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Table 2 Mechanical properties and self-healing properties of vanilla oxime self-healing SWPU films
JRIG S 2Pk BE AR 12 RE
FEfi R TG AR R 522051 %
(Vo) ROh3RIE/MPa WM R/%  RpIRIE/MPa BT R/%

SWPU-1 74 Jj& 1.2 2.5 13.71 1570.3 13.23 1536.3 96.5
SWPU-2 {# JiE 1.2 1.3 16.22 1152.4 11.56 1063.5 71.3
SWPU-3 Jifist 1.3 25 23.25 1258.3 19.12 1189.3 82.2
SWPU-4 1 fi5 1.3 13 30.12 1057.7 18.99 940.1 63.0

M 2 ATLLEH, SWPU-1 HEF SWPU-3 ik
RA R HIRHREE /351 k 13.23 F119.12 MPa, 734k,
M R EAHERT, n(PTMEG)/n(VO)M 2.5 J8i/NZE 1.3,
S RBUEB PP R, N SWPU-1 A
SWPU-3 Ji[Fif¢) 13.71 £ 23.25 MPa 2 & 5] SWPU-2
T SWPU-4 IR (1) 16.22 1 30.12 MPa., iX J& A
H, —JrH, FEIEASWARKRLEN, 5IAGS
HOm PU MZENIE; 55—, FEEA WA
B C=N $% 5 1557 T L BL MY il o+ () &5, 6%
Bz Al RO A A B AR, S PU /9
FERE. MR 2 B LE W, n(PTMEG)/n(VO)M
2.5 W/NE 1.3, FRGHEN I, BARES THE
FEFRER A A i, EOR R DARMEL T 55 B B it
A R R RE M, PR S SO L A 1B R SCR B T R,
M SWPU-1 I SWPU-3 R 96.5%F1 82.2%
TR&ZE SWPU-2 #iflEfI SWPU-4 MR 71.3%7F1
63.0%. Xf Lt SWPU-2 A1 SWPU-3 #ifs AT L&
B, JEH WRL R R S E AR, XA
Sy, IPDI IS8, F30 PU 45 M3 A3,
ST IEE A 1G5, [RIRHRAL T 8 2 0 SR 45 A
fr, % TRENS AR, A ST R
Bk P RIME T, SWPU-3 MY [ 18 3R 5
T SWPU-2 i,

3 it

DA W AR R B Ry SRk A A R, K
54 MEEY 455, 5 PTMEG. IPDI. DMPA [ )i
FEREE, 515 5] — R 51 SWPU i,

(1) FHRIGRYIA RIF5IAZ] WPU (KR,
FT A FLIBORL AR oy A 452 .

(2) FE G AU INAST SWPU T8 5 A it o 2 958
BREEW, ARG Ts97E 210 CRA L, %
P R A AR e T

(3) Frfs SWPU il A AR RES . R=1.2.
n(PTMEG)/n(VO)=2.5 il #5) SWPU-1 H#[E7E 45 °C
B 40 min J5RIRSESTH K,

(4) n(PTMEG)/n(VO)=2.5 Hl45H) SWPU-1
JESA SWPU-3 8 A ] ] s e i g 24 Fn A 16 52 1 g
A& 5 1) SWPU-1 R SWPU-3 {854 47 i 5

JE R 13.23 F1 19.12 MPa, EEE RN 5K
96.5%7H1 82.2%.
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