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Dyeing Behavior and Color Characteristics of Cochineal on Cationized
Bamboo-Cotton Blended Fabrics

Young-Ju Noh'
Dept. of Clothing & Textiles, Kyungpook National University; Daegu, Korea

Abstract: Although cationization has been recognized as an effective method for improving the dyeability of cellulosic
textiles, studies on the dyeing behavior of cationized bamboo—cotton blended fabrics using cochineal dye remain limited.
This study investigated the dyeing behavior and color characteristics of cationized bamboo—cotton blended fabrics dyed
with cochineal. The fabrics were treated with varying concentrations of the cationic agent 3-chloro-2-hydroxypropyl trime-
thylammonium chloride (CHPTAC) and dyed under acidic conditions (pH 5.0). Color strength (K/S) was measured using
a spectrophotometer, and washing and light fastness were evaluated. The results showed that the optimal cationization
concentration was CHPTAC-125, while the optimal dyeing temperature and time were 90 °C and 80 min, respectively.
As the cationization concentration increased, the fabric color changed from light pink to deep reddish-purple, accompanied
by a significant increase in color strength. The maximum absorption wavelength was observed at 530 nm. Washing fast-
ness showed staining grades of 4-5 for all samples, while color change improved slightly from grade 1 to 2 with increasing
cationization. Light fastness ranged from grades 3 to 4 regardless of cationization level. These results indicate that cat-
ionization effectively enhances the dyeability and color development of bamboo—cotton blended fabrics dyed with cochi-
neal and may contribute to the broader application of natural dyeing in eco-friendly textile processing.
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Table 1. Characteristics of bamboo-cotton blended fabric

Material Bamboo-Cotton blended fabric
Weave Plain
Warp bamboo rayon(65%)
Weft cotton(35%)
Density (threads/5cm) 224 x 151
Weight (g/n1) 123.8

rayon 65%, Cotton 35%= YERT) thet KS K 02102 4
fro] 35k F3o e TEES Btk I YHOE, &
g £4710 2 Bamboo rayon ¢I5-5 S5 dlole A7)
AUk mEhA B Apers FFAE] A ARl 7]Wkete]
Bamboo rayon® 2 3134 th Al59] 2|4 EAL Table 1
ol e AT

£ Aol AMg-E A2k CHPTAC[3-chloro 2-hydroxypropyl
trimethyl ammonium chloride(Sigma-aldrich,USA)], NaOH[sodium
hydroxide(Duksan pure chemica)] Co. LTD, Korea)], acetic
acid(Duksan pure chemical Co. LTD, Korea)s< 15 AleFCS
2 A glol ARg-siaiTh

2.2. 32X IL_I o:lollo| x-“}_

E AFX e JEUlS 53 IR%(dactylopius coccus)yS
Az FEE FYstd AR ARE ZAD2 #HF4E
Az IXIHZFAE: Lost Lane Crafts)o]™, ZXd 985S

AT T o] ALt Az 22D dodo] pHE oF
50 U2 2HHon, o= okl }_zjoﬂ}e] o] o]o]
Heg Svisith. Fig. 18 2Ade] F A2l 7helae]
spett2E vk Aolth

2.3. 2o|23s}

CHPTACE 60% FTE&do=Z o]Fofx AL 0, 25 50,
100, 125, 150 ¢/ ¢ & UFal, CHPTAC tiH] NaOHZ 22:1
9] mol ratioZ TAE FNoZ FF3l] ARGEINLE 72w
oA Fol&stAlZl iU BeAES 717} CHPTAC,
CHPTAC-25, CHPTAC-50, CHPTAC-75, CHPTAC-100, CHPTAC-
125, CHPTAC-150012} it} Fol29] w3t JAFE =
7] 98l AFEE SRl 3087 ARG T, MR bE v
©] CHPTAC &) 3027+ A3t AME-sITt. GFoleste] 3}
-2 PDC(pad-dry-cure) 3422 Z18)31%1 21, mangle(Heung
Shin Tester Co. HS-126, Korea)2 AF&-3}4] padding 3},
CHPTAC €9¥0o] pick up& 100%7} H=2 H3A3A T

0.5 /100 E A|F3 5 &4 20: 12 Bo] B0} J& &7
Al 80°CeIA 60% &3F FE3e] HAoZ AME3ISITE ol
Aele] A Fo Bole F7| BL B3 AZ S} on
20:1°0] HE=E fASIIH. 53 JdL AIsle] IYPES Fig. 1. Structure of carminic acid.

Step 1

| NaOH |+
cl N*—CHs CIT —— T —CH; CT
OH CH, 0o CH,

3-chloro-2-hydroxypropyl trimethyl ammonium chloride

Step 2 CHs

W/\++—CH3 Cr +  Cell

o CH,

Cell

Epoxypropyl trimethyl ammonium chloride

OH

Cellulose

CH;

o/\(\n:r—cm or

OH

CHs

Cationic Cellulose
Scheme 1. Reactions of CHPTAC showing cationization of bamboo-cotton blended fabric(Khatri et al., 2013).
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Sample Preparation
(Cationization Treatment)
e
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Drying
(Pre-drying for Smin at room temperature
followed Curing at 115°C for 4min)

[ ]

Neutralization

(1-2 g/L acetic acid solution for 1min)

] .
p
Washing and Drying
(30 second washing & natural drying)
[ 1
( Cochineal Dyeing h
(Dye bath pH=5.0,
acccording to CHPTAC concentration,
_ temperature, time) )
[ ] .

Post-Treatment
(Colorimetric analysis, Fastness evaluation)

Ve

Fig. 2. Scheme diagram of process.
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Fig. 3. K/S values of cochineal-dyed bamboo—cotton blended fabrics as
a function of wavelength at different CHPTAC concentrations (dyeing
conditions: 90°C, 80 min).
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Fig. 4. Effect of CHPTAC concentration on the K/S value of bamboo-
cotton blended fabric dyed with cochineal(dyeing conditions : 90°C,
80 min).
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Table 2. Color change of the dyed fabrics with cochineal according to CHPTAC concentration(dyeing conditions : 90C, 80min).
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Fig. 5. Effect of dyeing temperature on the K/S value of bamboo-cotton
blended fabric dyed with cochineal(dyeing conditions : CHPTAC-125,
80 min).

Table 3. Colorimetric properties of dyed fabrics with cochineal according to dyeing temperature (dyeing conditions: CHPTAC-125, 80 min)

Color Dyeing temperature(C)
actors 30 40 50 60 70 80 90 100
L 51.49 54.62 54.79 53.60 46.67 45.06 43.17 45.14
¥ 22.14 20.58 20.96 22.07 25.24 25.01 26.40 25.06
b’ 1.78 0.46 0.00 0.63 -0.62 -1.46 -1.04 0.72
- 22.21 20.59 20.96 22.08 25.25 25.05 26.42 25.07
h° 4.58 1.28 1.60 1.62 358.59 356.65 357.74 1.64

Surface color i
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Table 4. Colorimetric properties of dyed fabrics with cochineal according to dyeing time (dyeing conditions: CHPTAC-125, 90°C)

Color Dyeing time(min)
actors 30 40 50 60 70 80 90 100
L 58.00 55.06 5241 50.36 48.14 40.73 45.85 47.20
’ 19.28 22.00 20.26 2253 22.14 24.95 22.59 23.61
b 0.02 -2.26 1.80 0.72 1.55 1.66 2.15 2.20
c 19.28 22.11 20.33 22.54 22.19 25.01 22.69 23.71
h° 0.07 354.14 5.07 1.82 4.00 3.80 5.43 5.33

Surface color

a e 37 A A AAEsL siE A
ﬁ“é?& A ADR olFshe e vepith
ol M= Wsk= IAd dBe ¥A 724 5% A
9] Folest AgE el FEAs AA= sjE, o

A9 Aol AA =4
o
53] 90°CAlM a” gkol A, b ol AihE vehd
FAE d57F el 2rclM 7P Eae] Aol 29Elee
eulgitt. ol Fhite] 7719 Ay o] FHst 1]
A7 Qo] & Aol wet stESl] mEos At
At} §H, 90°C ool K/S 8 o gho] ] s,
o GRS Ral, A E= A TR WHE
F Al 7FedS HojFrh wEbA Fig 59 Table 3
2 o), Jol o3t M@ b BYgHEe 2
Al A G 2xE 90°CE AdETh #HF 249
EAA FoAHT= /K“71—E(IQS) Az 2 ARE
FgHow vestel £2aU
Eg, ZAE 8= 959 pH 2490 e A7) 9|
F9 M0l ANALE pHe et o] 28
2 Al ARE Hele] pHE oF 5002,

Ve o AlE AA)e] ok ZA HEHs ==
57g0] Atk mEh 2 Aol A
2 5 gol3t Al e df 2W
Xdo} E‘iﬂiﬂf— C‘Mﬁ‘r, A52] sheh4] 2 (pH)Rl 54 2l

71908 A3z ke

Table 4= @4 A7o] g Ax WS vepd Rolok L
ke Al AlRko) Z7hglel met zhashe AL viehiel A)
go) HA U E JOT FAIT vh, o
Aoz 27}3‘,—}_. 748FS Ho] AT 7kleEs o g ek
»Low% C' gt E7 Z7Hsle] Ao Hmrt Pysie 23

2ych

ol @A) Azlel kel mek A% ) dRel FHo
Z7heka, olol we} Aol Zolsh 417

A ert A S71sk A3
vhEnh ShE, AZHhe) e dEkEeg & ¥sE B

A }\]-0] Et}

[ele]
a2

= r\r s

A
o

o
o
o

z7

o

oMt 1o o
e M r°“ Flr

ur

2 Hone K
l-mﬂ

rlo

sy
ja

%
I

(¢

o|x] gFol, GM A7ko] ZrsiEEtE AAre] Al
Aoz Yehyit)

olefat Askz A4 Aol mE KIS ghel Wk APt A
3 A9, 9T FP A 54 sl Hgael 9B
Bl e s de @ Ade 449l S o
ARE o] Fo8 24 WER 485k 2o wuH

32 @M I w0l ME A& S

94 24 Wl hE 4% 5YL FPe] stel

CHPTAC-125 &2 ¢Joles) xjg|d A5 AP&oF’i‘Oﬂﬂ 4

A ex g A7 Mgl mE dRo] dF ASS AT
Fig. 55 94 o] W& K/SS vl ﬁolﬂr 2=t F
7ol we} AW o ® K/S ghol Trbske AEE Helow,
ol dR ®AR o] 37| WEoR FMet 22t
A2 FME G AlEdA KIS #ol EqtEe] s
T 7] BAFAT. ol Ave Xiiﬂl A AR EAe] &
Aol AlgkEle] A R0 FTE T3] o] FoRA] 7]
o R AtErh dnkxoz oA E%OM LEE 989

St 51 AdRete] el T83 9IS VA, 257t 5
M AR BAR] olsAde] Slstel A Wizl et
o] Fx¥e Zo= ByE ul rkBroadbent, 2001; Shore,
2002). WP A2 2R E dRe] b B FE7F wd
A dF Ao W] SR AeR Alsdnt
ol 27t F7Igel et dEe] AR iR ito] dd
SAA Hoh PRl A A15e Uehlle 2o= dlls

1w |\

Atk

T3, A L= 90°CollM 4612 HHE veld F 100°C
A= o Fdsle 43S BT 1 Aol Fole A
fro] ZAE FAoA AL 60°C, Blo]L-S 90°ColA ZHzt H
2 g ews el A8 dA7(Bae et al, 2006; Kim, 2005)
9} ARt Aol A2 HEe WY TRE e dE
PHA=A AEZA, Hole o AEZ oA Adfele] A4 A
ol Aol olFoAHEE A5l Fwe ks fEiME
Ao 2o UX(ES L5 2 2o IA AJ7h) ZA0]



Max absoption
51  2=530nm

KIS

Dyeing time (min)

Fig. 6. Effect of dyeing time on the K/S value of bamboo-cotton
blended fabric dyed with cochineal(dyeing conditions : CHPTAC-125,
90°C).
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Table 5. Fastness to washing of dyed fabric with cochineal according to CHPTAC concentration(dyeing conditions : 90°C, 80 min).

CHPTAC Color Change Stain
Concentration (g/ £ ) Acetate Cotton Nylon Polyester Acrylic Wool

0 1 4-5 4-5 4-5 4-5 4-5 4-5
25 2 4-5 4-5 4-5 4-5 4-5 4-5
50 2 4-5 4-5 4-5 4-5 4-5 4-5
75 2 4-5 4-5 4-5 4-5 4-5 4-5
100 2 4-5 4-5 4-5 4-5 4-5 4-5
125 2 4-5 4-5 4-5 4-5 4-5 4-5
150 2 4-5 4-5 4-5 4-5 4-5 4-5
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Table 6. Fastness to light of dyed fabric with cochineal according to
CHPTAC concentration(dyeing conditions : 90°C, 80min).

CHPTAC Concentration(g/ £ )

Color Change

0 3-4
25 3-4
50 3-4
75 3-4
100 3-4
125 3-4
150 3-4
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