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Staining Properties of Waterborne PU Membranes
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Abstract —Waterborne PU membrane was prepared from waterborne PU dispersion solution to investigate
physical and staining properties. The staining properties of waterborne PU membrane with acid dyes and
disperse dyes were observed. The physical properties of the PU membrane were investigated by X-ray
diffraction and IR spectroscopy. The staining property of waterborne PU membrane for azo acid dyes is better
than that of disperse dyes. X-ray diffraction peaks sharpened and tensile strain and stress increased with heat
setting temperature.
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Table 1. Chemical structure of dyes used in this study
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Fig. 1. Time vs temperature curve of dyeing process; points on line indicate the time at which

samples were taken from the bath.
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Table 2. Characteristics of waterborne PU used
in this study

Solid Membrane

content(%) thickness(mm) pH

APC-35 38.0 0.6940.02 7.16

A 31.0 0.6740.02 7.96

S-1 27.5 0.6540.02 7.58

S-2 19.5 0.6740.02 6.47
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Table 3. Staining of waterborne PU membranes by some acid dyes and disperse dyes

PU membranes

PU membranes

Dyes Dyes
APC-55 A S-1 APC-55 A S-1
Acid Red 13 © © © Acid Red 112 (@) @) @)
Acid Red 18 © © © Acid Blue 83 X X X
Acid Red 27 © © © Acid Yellow 17 © © ©
Acid Red 87 X X X Acid Yellow 23 A A A
Disperse Blue 56 X X X Disperse Red 60 X X X
Excellent ©; Not good 4; Poor x
15 15
Disperse Red 60 Acid Blue 83
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Fig. 2. K/S curve of waterborne PU membrane dyed with Disperse Red 60 and Acid Blue 83.
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Table 4. Color change of waterborne APC-55 PU membranes dyed with Disperse Red 60

Dyeing .
temp.( C)/time(min) L KsS i v ¢
10 35.7 6.3 3.58RP 3.44 2.41
%0 30 322 9.9 5.60RP 3.10 4.00
60 30.6 11.6 7.67RP 2.94 4.33
120 29.8 11.6 0.49R 2.87 4.15
5 32.5 9.4 5.05RP 3.13 3.89
100 10 31.0 11.0 6.76RP 2.98 4.14
30 29.2 12.1 1.98R 2.82 4.17
60 28.3 112 4.36R 2.83 3.68
2 31.1 111 5.34RP 3.00 392
5 29.5 11.7 1.36R 2.84 4.05
130 10 28.7 122 4.04R 2.76 4.00
20 28.7 11.7 5.06R 2.76 3.67
30 28.9 11.0 527R 2.78 3.38
Table 5. Color change of waterborne APC-55 PU membranes dyed with Acid Blue 83
Dyeing .
Temp.( C)/Time(min) L KIS i v ¢
10 33.0 85 9.97B 3.18 279
40 30 28.9 11.7 1.57PB 279 3.50
60 26.7 12.6 3.50PB 2.56 3.69
120 26.2 117 5.14PB 2.52 332
10 28.5 11.6 2.46PB 274 3.70
60 30 26.8 11.7 4.39PB 2.58 3.56
60 26.8 11.6 4.78PB 2.58 3.69
120 252 11.2 6.61PB 242 2,61
10 25.0 10.7 2.41PB 279 3.73
30 25.5 12.4 5.94PB 245 3.76
80 60 25.1 11.6 6.73PB 2.39 3.44
120 24.1 122 7.06PB 2.31 226
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Table 6. Color change of waterborne PU membranes dyed with some disperse dyes at 100 C

Dyeing Disperse Red 60 Disperse Blue 56
time Munsell color system * K/S Munsell color system « K/S
(min) H v c (520nm) H v ¢ M (6oom)
APC-55
5 505RP  3.13 3.89 2.5 9.4 5.83PB 254 3.59 26.4 117
10 6.760RP  2.98 4.14 1.0 11.0 7.14PB 223 312 25.4 11.4
30 L9SR  2.82 417 2 12.1 9.10PB 227 1.38 23.7 11.8
60 436R  2.83 368 2 11.2 9.61PB 223 0.88 23.4 12.1
A
5 430RP  3.15 3.51 32.7 9.1 2.40PB  2.73 3.52 28.4 12.1
10 648RP 295 4.20 30.6 11.5 6.63PB  2.42 3.52 253 12.3
30 924RP  2.87 4.42 29.8 12.1 7.77PB  2.34 2.81 244 12.0
60 427R 2.80 3.81 20.1 11.6 9.49PB  2.30 1.00 24.0 11.5
S-1
5 3.91RP 3.48 2.37 36.1 6.1 1.74PB 297 2.82 30.8 9.6
10 545RP  3.17 3.49 329 8.9 5.50PB  2.68 3.45 27.8 10.7
30 8.76RP 3.07 4.51 31.9 10.5 7.65PB  2.44 2.70 254 11.0
60 2.25R 2.87 3.91 29.8 11.3 8.75PB 241 1.56 252 10.7
S-2
5 515RP  3.04 3.76 315 10.4 5.81PB  2.46 3.55 25.7 12.5
10 652RP 296 4.16 30.8 11.4 6.15PB  2.44 3.35 254 12.4
30 1.63R 2.96 4.16 289 12.3 8.47PB 223 2.07 233 12.7
60 4.05R 2.69 3.71 28.0 12.5 10.00pB  2.17 0.78 22.7 12.7
Dyeing condition: liquor ratio 1:250, dyeing temperature 100 C.
Table 7. Color change of waterborne PU membranes dyed with some acid dyes
Dyeing Acid Red 87 Acid Blue 83
time Munsell color system * K/S Munsell color system « K/S
(min) H \ C (500nm) H \ C L (560nm)
APC-55
5 6.32R  3.56 416 3695 112 241PB 279 3.73 29.0 10.7
10 623R  3.56 419 3691 11.3 5.94PB 245 3.76 25.5 12.4
30 0.16YR 342 476 3553 115 6.73PB  2.39 3.44 25.1 12.0
60 041YR 336 477 3488 11.4 7.03PB 231 226 24.1 122
A
5 10.00R 3.67 443 3807 11.5 1.56PB  3.02 1.94 314 8.0
10 289YR 373 513 3874 12.1 229PB  2.80 227 29.0 9.8
30 236YR 344 479 3570 12.1 3.38PB  2.73 1.97 28.4 9.6
60 322YR 361 469 3744 10.3 4.15PB  2.65 2.06 27.5 10.0
S-1
5 1.26YR  3.87 401 4010 10.3 2.54PB 332 1.46 34.5 6.3
10 420YR  3.85 451 3890 100 2.62PB  3.08 2.00 31.9 79
30 229YR 4.15 6.14  43.00 10.4 295PB 285 2.48 29.6 9.8
60 9.72R 4.64 943  48.06 10.2 3.92PB  2.83 2.38 29.4 9.2
S-2
5 1.62YR  4.05 521 405 12.7 0.63PB  2.81 2.66 29.1 4.8
10 327YR  4.00 6.19 4148 13.1 1.33PB 2.55 2.37 26.6 59
30 328YR  3.86 6.01 3976 12.8 1.32PB 2.37 1.46 24.8 7.7
60 4.19YR 385 599 3998 13.0 296PB 225 1.13 23.5 9.3

Dyeing condition: liquor ratio 1:250, dyeing temperature 80 C.
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Fig. 3. Relationship between dyeing temperature and lightness for waterborne PU membranes.
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Fig. 4. Stress-strain curves for waterborne PU membranes at treated temperatures.
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Table 8. Mechanical properties of annealed waterborne PU membranes

U Stress(gffmm °) Strain(%)
Untreated 160C /3min 180 C/3min Untreated 160 C/3min 180 C/3min
APC-55 200 450 850 40 75 100
A 500 940 950 200 250 210
S-1 310 360 430 170 180 185
S2 65 120 200 13 37 70
() (bM3min (Wmomr
3 /m 3 e .
It 8 M3mln S Mximn
> = >
g /"/\\N_/L }% MMn % Mm min
£ £ c
M&; Mated - Mated
1 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50
20 (degree) 20 (degree) 29 (degree)

Fig. 5. X-ray diffraction of waterborne PU(a) and APC-55(b, ¢) according to heat treatment.
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Fig. 6. IR spectra of waterborne PU.
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