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Effect of cation modifiers on the durability of pH-responsive fabrics
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Abstract: The natural dye, purple cabbage blue pigment, extracted from purple cabbage was used
to dye cotton fabrics, thereby preparing pH-responsive fabrics. The optimal process parameters for
cation modified cotton fabric were explored through orthogonal experiments, and the dyeing rate of
purple cabbage blue pigment and the color fasiness of dyed cotton fabrics were determined. In
addition, for the extracted purple cabbage blue pigment and the dyed cotton fabrics, the color-
changing performance under different pH conditions was investigated , and the color durability of pH-
responsive fabrics was also explored. The results showed that the optimal process parameters for
cation modified cotton fabrics were the mass fraction of the cation modification agent at 20%, the
modification treatment temperature at 40 “C , the modification treatment time at 60 min, and the pH
value of the modification solution at 10. The dyeing rate of the modified dyed cotton fabric was 3. 77
times or more than that of the directly dyed cotton fabric. The color fastness to wash and to light

could reach grade 3, and the color fastness to rubbing increased by 1 ~3 grades. The extracted
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purple cabbage blue pigment exhibited a color change from pink to yellow-green within a pH range of

1 to 14, demonstrating sensitive color reaction. After optimal process modification, the dyed cotton

fabric appeared pink under acidic conditions and yellow under alkaline conditions. After 7 cycles of

acid or alkali treatments, the color of the fabric became stable, and the pH value response durability

was good.

Keywords : natural dye; purple cabbage blue pigment; cation modification; cotton fabric; dye; pH

value responsiveness; durability
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Tab.3 Factors and levels for preparation of cation

modified cotton fabrics
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Fig. 1 Schematic illustration of cationic modification process for cotton fabrics
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Tab.4 Dyeing rates of dyed cotton fabrics
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Fig.2 Photos of dyed cotton fabrics and their RGB values
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Fig. 3 Photos of dyed cotton fabrics and their RGB values after soaping
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Tab.7 AE values of modified dyed cotton fabrics before and after exposure to artificial light
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1 8.55 7.25 6.24 5.85 4.96 5.54 4.83 4.70 4.14
2* 14. 98 12. 09 10. 27 9.75 8.91 8.93 9.09 8.18 7. 86
3" 10. 30 8.91 7.85 6.98 6.42 6.48 6.08 5.69 4.92
4* 10. 63 8. 62 6. 80 6.59 6.07 6.40 5.54 5.26 4.70
5* 12. 82 11. 55 10. 65 10. 12 9.46 9.49 8.94 8.53 7.78
6" 12. 54 9.43 8.48 7.48 6. 68 7.04 6.51 6.21 5.54
7* 13. 17 11. 42 10. 02 8.83 8. 62 8. 65 7.97 7.78 6.75
8" 17. 06 14.28 12. 14 11. 48 10. 78 10. 83 10. 08 9.38 8.42
9* 11. 94 10. 00 8.80 7.89 7.05 7.49 6. 68 6.52 5.70
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Tab.8 AE values of 2* and 8" samples before and after soaping

BRI
RS 0 1 2 3 4 5 6
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Tab.9 Color fastness to rubbing of dyed cotton fabrics
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Fig. 5 Color of purple cabbage pigment in buffers with different pH values
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Tab. 10 Color characteristic values of purple cabbage

pigment in buffers with different pH values

pH i L a’ b
2 42 35 =3
4 59 26 =5
6 62 17 -4
7 57 0 =7
8 64 -10

10 67 -19 9
12 62 =22 19
14 63 =23 37

Bl 2 R A 1 B0, S (0 A R P
FMET XM R, HBT ORI LA 11,

F11 AR pHEZMAREATHLABRAMEEHEER
Tab. 11 Color characteristic values of dyed cotton fabrics

under action of buffers with different pH values

pH L a’ b AE
2 63 5 2 27.46
4 66 24.25
6 68 2 -1 22.23
8 65 -7 20 33.85
10 64 -6 23 36.24
12 61 -6 24 39. 09
14 62 -5 26 39.48
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Fig. 6 Color of dyed cotton fabrics under action of buffers with different pH values
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Fig.7 Color of dyed cotton fabric after being treated multiple times with a buffer solution at pH 4
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Fig. 8 Color of dyed cotton fabric after being treated multiple times with a buffer solution at pH 12
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Tab.12 Color characteristic values of dyed cotton fabric
after being treated multiple times with a buffer

solution at pH 4
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Tab. 13 Color characteristic values of dyed cotton fabric
after being treated multiple times with a buffer

solution at pH 12

1 64 3 1 26. 32 1 57 -6 25 42.75
2 64 1 1 26. 24 2 63 -5 21 35.51
3 65 0 2 25.39 B 67 -2 17 29. 46
4 65 1 2 25.33 4 65 -1 14 29.33
5 65 0 1 25.31 5 67 -1 13 27.11
6 67 1 1 23.25 6 67 0 13 27.02
7 69 0 3 21.59 7 68 -1 13 26. 26
S B M e (), SRRV 5 T s 4
3 4Eip WYTE SIS BRALECHE T2 280, R RS H i 6

AHETE AR i 58 H O JEORE, AT IR 15 42

R OB E T AR AWy, S w5 pH R AR
TIRRZU) . PRSTH B TP 5 H i R e i g



L RESH7

= RS

Technical Textiles

N5

Vol. 43
Jul. 2025

VIt AE R R A5 B DL 458

(1) AE T B Y AR 200, S0P J5 e (i 21
Y B YR 2.79% T B 13.31% UL I, e
22.84% , $& w5 1 377 A KDL B G A UR B
B,

(2) MR35 1IE AT i 06 &% SR o, BH B 1 el bk 3 ox
SRR L) ) e A ROk T2 S 500 e 7 5 e 43 4K
20% PEAL PR 40 °C  2iePEARBRE A] 60 min 2
PEW pH {H 10,

(3) eI e oA 204 Y T Uk € 2 B R H
WP €72 B A4 R AR 31 3 40, T 8 4 0 2 A A 0 g
AL WIRESETE 1~3 90, WSS T s, %
H AR LY A R

()M EH I EERLE pH R 1~ 14 W5
PFRIRK R B 20 B B iy A8 1k, B0 R
R,

(5) EtE e Y SR PE 551 T B2t
PR AR N B et R RS B —
pH AR P, 252 A TR E sk i 5, F gt

S 30k

[ 1] XA \SZEmR I 3 B 48 22 T G it 1 F 45
I, BYiRHL, 2016, 44(8) ; 40-43.

(2] ZEdENI, SRAOE. SH W AR YL i 42 B R 2 5%
YR ETEREITRT]. ERGLIAI, 2019, 36(7) .
56-59.

[3] MBeE, BARM, ki, 55 S H i aZRIT M
b B FL R g s s I BT [T ], & Tk, 2022, 43
(4) . 67-71.

(4] R, ZE2Z, HRME, & SR HE o &
HEHEORMRAT]. IR T B RE R
2FRR) , 2018, 31(2) : 75-78.

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

GG BRI 5, A BRI R OR L YL AiA
USRI B LU ] 280, 2022,
40(7) : 46-51.

F[IGE, PN, skEE, 45 ST 2RI YLA pH Wy
BRI BRR A B & ()], MYT8EeR, 2021,
49(10) ; 1-7.

WA, TAEoR, B2, 55, PR x YRR
TR 56 MG PERE[J]. Zigl44k, 2024, 45(7) .
94-103.

T/ME, AR, M, SRR AR AES
RRATHERRIT ], kY580, 2017, 35(4) .
33-37.

2o, akE, Bk, 4 EHEOEEREETE
FAEM Y AR [T]. EIYL, 2019, 45(15):
22-27.

XU, K20 AT L. 8 P D i B AR BOSR i (a3 &
FasE R gE [J]. b B PR R B, 2022, 47 (8):
182-186.

SRIEH, PP s B, 5 S H WA ATk R
[J7. AR E AL, 2023, 29(9) ; 23-26.

S5 MCMERRS R Y (O P B R BT R LT ]
LT, 2024(2) ; 26.

AR, B, MhES, 4% MR R fbloE KO PH
BRI Y]], EDY, 2016, 42(23):
19-22.

ZEpt, BB, BRI, S RSN PHES Tk
FIETEe R TR gt T4 [J]. Pl g5 8L,
2021, 39(10) ; 40-45.

OAEA, TR, #Ed, % WG A2 Hb
MR ERerZm [ 1], Pl A 205, 2016, 34
(2): 18-25.

FEGA TP, 97815 AR fif Bk
BE. GB/T 3921—2008[ S]. dtat. HEARMEH A,
2008 7.

PR TG 4. 97805 R A G
AR RN, GB/T 8427—2019[S]. dtat. HhEHR
W AL, 2019,

PEZGR T Y2, 7805 zE g iz e 2
JE . GB/T 3920—2008[S]. dbat. o [E bR AL,
2009 6.

'K_%_Max‘f«ﬁ‘@%



