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Application of supercritical CQ, in dyeing polylatic acid fiber

YANG Wenfang , WANG Lei
( Tianjin Polytechnic University , Tianjin 300160 , China)

Abstract The feasibility of dyeing polylatic acid fiber with supercritical CO, fluid is studied for solving the

problems of larger amount of water consumption and effluent discharge from dyeing of fabrics . This paper

studied the effect of te mperature ,time and pressure on dyeing and mechanical properties of fibers . The optimal

technological conditions were determined by orthogonal experiments . The results showed that deeper shade

could be achieved in supercritical CO, medium than in water at the same te mperature ; The K S value of PLA

fiber was better with the increasing of te mperature ; K/ S had a biggest value when the pressure increased or

time prolonged ; color yield not always depends on the increasing of pressure or time . The best processing

conditions were : dyeing te mperature 100 C ,time 40 min,pressure 20 MPa .
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Fig.1  Effects of te mperature on fiber dyeing
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Tab.1 K S value of dyeing in different medium
K'S
/C
Co,
50 3.60 0.86
60 3.59 1.05
70 4.45 1.85
80 5.99 2.93
90 7.23 4.10
100 9.54 8.31
110 19.35 17.94
40 C -2 C/ min
-50~110 C 30 min — (2 C/min) ~40 C,
2%(o.w.f), 1 gL, 1:30. 1
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Tab.2 Effects of temperature on mechanical properties
2
/ C /(cNedtex 1) | % i ,
50 .99 32.54
2 b
60 .35 58.54
70 .28 40.13 >
80 .00 38.12 ,
90 1.40 25.13 CO2 PLA
100 . 46 38.92
110 .30 34.51 o
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Tab.3 Effects of temperature on color fastness
5L
/ / i
/T 4l
1 1 1 1 ]
10 20 30 40 50
50 4~5 3~-4 4 4~5 3 B[] /min
60 4 3~4 4 4~5 3~4
70 4~5 3~4 4~5 4~5 3~4 2 K'Ss
80 4 3~4 4-~5 4~5 3 Fig.2 Effects of time on K S value
90 4~5 3~4 4 4 2~3
100 4~5 3~4 4~5 4~5 2~3
110 4~5 2~3 4~5 4~5 2~3 4 .
4
3 b b
Tab .4 Effects of time on mechanical properties
> > and color fastness of fiber
’ / / / /
> min (cNedtex ') | %
> 0.5~1 ° 10 1.52 28.53 4 3~4 4 4~5 3~4
2.2 20 1.67 30.28 4-~5 3 4 4 3
2 (20 MPa) 30 1.79 33.09 4~5 3 4~5 3~4 3
. 40 1.91 33.73 4~5 3 4~5 3
(80 C) > K'S ° ’ 50 2.12 31.76  4~5 3 4 4 3
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. 20 min 4 > . s
N S ) ) b
K'S Q a ,
COZ s s > °©
Co, , 3,
s ° N > )
2
2.3

Cco,



s 62

28

, Co,
(80 C) (20 min) ,
K'S 3 .
12
11
e 10
2 9
~ 8
7 _/
6 1|4 1I6 1I8 2I0 2|2 2|4 2I6 2|8 3|0 3I2
K IMPa
3 K'S
Fig.3 Effects of pressure on K S value
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Tab.5 Effects of pressure on mechanical properties
and color fastness

/ / / /
MPa (cNedtex ') | %
15 1.29 24.62 4~5 3~4 4~5 3~4 3-~4
20 1.40 25.13 4~5 3-~4 4 3 2~
25 1.59 24.97 4~5 3~ 4~5 3 3
30 1.60 31.45 4-~5 3 4 2 2~3
4
L(3) ,
b ©°
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Tab.6 Orthogonal experiment table
/ min / MPa /C K S
1* 20 20 80 8.84
2# 20 24 90 12. 40
3% 20 28 100
4% 30 20 90 9.65
54 30 24 100
6" 30 28 80 9.01
77 40 20 100 19.52
8" 40 24 80 10.97
9% 40 28 90 16.02
1 7.08 12.67 9.61
2 6.22 7.79 12.70
3 15.50 8.34 6.51
9.28 4.90 6.18
# # #
, 2.9 K S
# #
. 3" 5 ,PLA
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