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1.2 WBPU
PEG-1000 25+5 C
NMP DMPA/NMP 1/1 W/ W TELA
60°C 40 min
IPDI -M 50%
1 0.5h
80°C 2 h
60°C 1 4- 7
1h Y- 0.5 mm
KH-550 50°C 2
NCO
Table 1 Compositions and formulatios of WBPU adhesives

WBPU Composition mol ratio Hard-segment Sucrose
samples IPDI PEG DMPA BDO TELA TEA KH-550 content % mol wt %

P3-0 0.105 0.04 0.03 0.03 0.01 0.03 0.007 45.29 0 0

P3-1 0.115 47.38 0.002 0.90

P3-2 0.125 49.76 0.006 2.60

P3-3 0.135 51.93 0.010 4.13

P3-4 0.145 53.91 0.014 5.52

P3-5 0.155 55.75 0.018 6.82

* The compositions mol ratio of PEG DMPA BDO TELA TEA KH-550 were 0.04 0.03 0.03 0.01 0.03 0.007 for all WBPU samples

respectively  The solid contents for all formulations are kept ca. 50 wt% .

1.3
1.3.1 FTIR NEXUS-670
NaCl
1.3.2
50 mm x 50 mm m,
203 C 24 h
m,
m, —m; /m; x100% .
1.3.3
2.0 cm 0.5 em
GOTECH AI-7000 S
200 mm/min .
5
5% .
1.3.4 T-
PVC
-PVC 70 ~ 80°C 20

~ 30 min 20 s 10 min
GOTECH AI-7000 S 100 mm/min
5
5% .
24 h
1.3.5 DSC NETZSCH DSC 200
PC
10 K/min -100 ~ 300°C .
1.3.6 0.5~2¢g
25 ~120°C
2
2.1
2 a 3327 cm” ' NH—COO NH
3059 cm ! CH
2873 cm™! CH
1715 em™! NH—CO0 C=—
1542 cm™ NH—COO NH 1462



em”™! 1108 ¢cm™! PEG . NH C=0
C—0—C .3400 cm ™! PEG
2280 ~ 2240 cm™' —NCO NH 3600 ~ 3447 c¢m™'
—NCO NH 3380 ~ 3300 cm ™' .
2 ¢ . 2b 2 a 2 b
2 ¢ NH

1350 ~ 550 cm ™"
2 a NH

2700 ~ 2500 ¢m ™'
3500 ~ 3200 c¢m ™'
3500 ~ 3200 cm ™ .
" NH C=0

—NCO

100
80
60
40
20

100
80
60
40
20

Transmittance (%)

100
80
60
40
20

=
e SlN=}
IS
o=y

vy
| 1 1 |
2500 2000 1500 1000 500
Wavenumber (cm ™)

3359
2492
1424

1346

3500

3000

Fig. 2 FTIR spectra of a P3-0 0 wt% sucrose b P3-3 4.13 wt% sucrose and ¢ pure sucrose

2.2 WBPU
2.
NCO
Table 2 Effect of sucrose content on properties of WBPU samples
WBPU Sucrose Water swelling Tensile strength Elongation at T-peel strength N/ 2.5 cm
samples wt % % MPa break % Tnitial Final
P3-0 0 9.22 8.1 933.5 25.4 101.1
P3-1 0.90 8.73 9.6 906.2 32.5 118.1
P3-2 2.60 7.42 13.8 829.7 54.1 143.5
P3-3 4.13 6.80 18.6 781.1 61.7 160.2
P3-4 5.52 7.17 21.4 682.3 59.0 158.3
P3-5 6.82 7.30 22.8 618.7 56.9 151.9
2.2.1 2

3
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Table 3 DSC data of WBPU samples of different sucrose contents

WBPU r, T, C AH

samples Tg . Tm] Tm2 Jg
P3-0 -33.3 55.8 268.1 13.44
P3-1 -32.0 60.1 268.3 16.20
P3-2 -31.7 50.3 266.5 25.18
P3-3 -31.5 54.0 263.0 15.79
P3-4 -31.4 73.5 261.8 22.57
P3-5 -32.0 73.6 260.0 17.66
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Table 4 Curing time of WBPU samples at different treating temperature

WBPU Curing time min

samples 25C 40°C 60C 80°C 100C  120°C

P3-0 98.0 78.5 54.5 34.5 19.0 8.0
P3-1 90.5 72.0 52.0 32.0 16.5 7.0
P3-2 86.0 70.0 50.5 29.5 14.0 6.5 3
P3-3 83.0 67.5 48.5 27.0 12.5 5.5
P3-4 81.5 65.0 45.0 24.5 10.0 4.0
P3-5 80.0 60.5 42.0 22.5 9.5 3.5
2 h
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PREPARATION AND CHARACTERIZATION OF WATERBORNE
POLYURETHANE AS SHOE ADHESIVES

CHENG Feng' XIANG Ling' YU Jiankun’ ZHENG Haifang' YANG Liutao' LUO Lin' LI Lixin'
' College of Chemistry ~ Sichuan University ~Chengdu 610064
% Liming Research Institute of Chemical Industry —Luoyang 471001

Abstract A series of waterborne polyurethane WBPU adhesives for shoes were synthesized by a prepolymer
process using dimethylol propionic acid DMPA  and sucrose as a hydrophilic agent and a cross-linking agent
respectively . Their structures and thermal behaviors were studied by means of FTIR and DSC. Their water swelling
curing time mechanical properties e . g .tensile strength elongation at break and T-peel strength were measured for
all samples with different sucrose contents 0~ 6.82 wt% . The results showed that the sucrose dispersed well as an
incorporated state in the polyurethane phase. The curing time of WBPU samples were decreased with increasing
sucrose content at the same treating temperature . The water swelling decreased with increasing sucrose content having
an optimum sucrose content at 4.13 wt% and then it increased slightly with further increase of sucrose content. The
tensile strength increased from 8.1 MPa to 22.8 MPa while the elongation at break decreased from 933.5% to
618.7% . The initial peel strength and final peel strength were significantly increased up to an optimum content of
sucrose and then decreased slightly with excess sucrose. In addition it is noted that polyurethane prepolymers more
easily remained at an aggregated state during the process of synthesis and the adhesive strength of the result products
decreased when the sucrose content was more than 5.52 wt% .

Keywords Sucrose Waterborne polyurethane Shoe adhesive Environmentally-friendly





