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Today, with the growing environmental consciousness and focus on eco-friendly
processes, natural dyes are attracting considerable attention. This investigation
employed Phycocyanin, a microbial dye, to naturally dye wool fibers. Methods such
as plasma under vacuum, UV radiation surface modifications, and the use of chitosan
bio-mordant were employed to enhance the color properties of wool products. The
study assessed surface modifications, washing, light and rubbing fastness, color
strength, and antimicrobial properties of the samples. Fourier-transform infrared
spectroscopy (FTIR) and scanning electron microscopy (SEM) were used to examine
the functional groups and morphology of the fibers. Findings revealed that the sample
treated with UV radiation and potassium dichromate mordant achieved the highest
color strength (8.69). Additionally, all dyed samples exhibited notable antimicrobial
effectiveness.
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Table 1: Preparation conditions of samples by plasma.
Power Time Pressure
Sample code (W) (min) (torr)
PSMD 150 5 0.044
P15MD 150 15 0.044
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Table 2: Chemical structure and characteristics of phycocyanin (4).

Chemical structure

Maximum absorption wavelength (nm)

Molecular weight

COOH COOH
H3C HaC
HiC ) HiC CHz HyC
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Table 3: The Code of samples.

PSMD 5 -

P15MD 15 -
U3oMD - 30
U60MD - 60
U120MD - 120

CD - -

CMD - -

R = -

Sample code
Plasma (min) UV (min)

Mordant
(Potassium Dyeing
Chitosan

dichromate)

ﬁL’}dij.oj:R‘éj)ii):D‘a\ﬂAjo:M‘Qbﬁzc‘k}@:b}b:u‘wmzp*

Yo oloygazofe slos 0V ollmaw Sl S 40 9/ oz 5o

Ozt i8S 8 g niid Sldee cov LIR V0 5 aids
Hj@'l)lﬁ.u)’l ool wl b celes YY 5l o ladiged (5,9 LS
2 Lediged DL (g pSoslil g1y 28,5 8 b)) 0,50 DBS (5598
oy .o oolaul ISIR1 204 1,1 e o Jasbinl agy 51 idle ol
Sl g0 po il ol jo Old g (CuiS g 28)) JLos il
S50 5 S B Jlne sl oolaiul b coles 5o 5 08 planil 5 g S

8 S8 o)l

9550 (yg03l VoY
AATCC olasliul g, 5l ooliiwl b badiges o5 ,Swds codllad
e S 95, AUrEUS Cule p,5 (655 9o blae 4o 100 1993
S980=S Cuz i 5550 sla diged Il jo 0y )5 b, Eccoli
A28 V0 Soe 4y wgmdes a0 WYY gloo jo oM g3l jo ol
S pigh y i shee Vo 50 a0 50 oo Sl s i8S 18
Vo dl> e a8 3 )18 1 9beSOl o g 00l ools wly ol

e . R .1 K L. e “
L;)_,,So)‘k.ul‘&u&bg@l)ﬁgbmwéju)xﬁom
Bl Ry jlisl co 08 i g o K ataly o0l o0l

il oe el Frv) Qi aiiin oo Job jo oSl

2
a-R)

=R M

w|R

FTIR oo —A-Y
Slpog, S )0 Dl pes g ool 050 (1355, (oo Ll
)T 1,8 sy 0590 FTIR ol 5l oolaul b adiged (glonis

e A 00 (65,55 sladatised (555 Ol g bt SLS
ISO 105 BOL 41SO 105 CO3 2006 o Juitissl (sLa b, oluil;

3hoslainl b aigas o o gicinds SLS bl (gl 000,57 2L 5,1 2006

1- Kubelka-Munk

¥-1-€ POEY)IA /) so9Us 9 PHE (Fole & i



L el &5 6))55) 29 OlwginS (i) 431830 9 aliste (Xloaw s Mol J3G /YHSeD 9 (5 s pedlsd Joxo

L Sl gy dr jlam a5 0 o 38 slage adgi ol o
1555, oole 5 SLI b 15 35250 039,505 5 OS] SlaeS]
() ogiso (45 Ba) gt 42 7o

asilads jleslaiwl pae aas o LS ¥ S5 bl yuioren
B A el 0dl diged o5 (S, Ges Eely CD diged j0 09,5
bl b ol e Wl oo B 9 1355, 5 Ol o (595000
9 J.:_‘MSS)J.:.Q L;Lib05)_f 5Lo._.w)b ‘;(.‘a_.u C)Lé‘ );‘ IO Oeied
2508 Ul 5 458l ol 8l s 5o 50T JI0), 5 iz 5
G GRS 55 GRS b e GBS Qi 5 (K
A o 5 odd dbonl BL s (59, 5 pdysiaSly o S50,
M;wub—s‘fﬁvpjf sz)oou\wom@b
Ol (s s UL20MD sy Loy o oy (lie (2550
28l oe CD digei & by 5o

Signal A = SE1
Photo No. = 4071

Date :4 Oct 2023
Time :11:28:28

EHT =20.00 kV WO = 14 mm

10pm Signal A = SE1 Dat 2023
H EHT = 20.00 kV WO = 15mm Photo No. = 4076 Time :11:38:29

Lowsdly b oo Joe iy (0 pl5 0258 SEM 5l Y JSC%

Figure 1: SEM images a) Raw wool b) Plasma treated wool
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Table 4: Color Values, color difference, and color strength of dyed samples.

P5SMD 52.06 -1.89 12.84 18.89
P15MD 50.69 -2.08 17.32 5.86 7.56 19.37
U30MD 50.75 -2.87 133 7.08 6.09 20.18
U60MD 49.75 -1.53 19.25 5.03 8.69 20.13

U120MD 49.62 -1.85 14.52 6.5 6.72 19.82
CD 74.57 1.99 20.31 20.2 1.57 5.36
CMD 54.4 -2.53 13.22 8.76 4.75 16.8
MD 50.55 -1.58 17.81 5.76 777 19.37

D 69.47 -2.48 18.73 17.18 1.99 0

R 74.64 0.36 14.29 23.89 1.21 0

10
9
8 -
7
6
s s
4 -
3
2
1 1l
0 -
PSMD P15MD U30MD U60MD U120MD CD
samples
ol ol sladiges K5y @,y08:Y S
Figure 2: Color strength of modified samples.
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Figure 3: The brightness of samples.
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Figure 4: Yarns dyed in this research.
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Table 5: The results of light, washing and rubbing samples.

Washing fastness

Sample Color Staining on Staining on
change the wool the Acrylic
PSMD 4-5 4-5 4-5
P15MD 5 5) 5
U30MD 5 4-5 4-5
U60MD 5 5 5
U120MD 5 5 5
CD 4-5 5 5
CMD 4-5 5 5
MD 4-5 5 5
D 4 4-5 5

Color L Color .
4-5 4-5 5 5

Rubbing fastness

Light
fastness

5
4 45 5 5 5-6
4 4 5 5 5-6
4 4-5 5 5 6

4-5 4.5 5 5 6

4-5 5 5 5 5
4 4.5 4.5 4-5 5
4 4-5 5 5 5

4-5 5 5 5 5
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Figure 5. The interaction mechanism of modified yarn with mordant and dye.
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Table 6: The results of FTIR.

Functional group ‘
siSOH
S CH3
5T C=0)
Seileg,l o2iSC=C
iiS C-O-H

R P15MD ‘ U60MD
3429 3425 3429
2927 2931 2927
1647 1639 1639
1527 1527 1535
1076 1075 1076
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Table 7: The results of antimicrobial test.

Sample code Microorganism Antibacterial activity (%)
Staphylocooccus aureus 99.99
U60MD
Escherichia coli 99.97
Staphylocooccus aureus 99.99
CMD
Escherichia coli 99.98
staphylocooccus aureus 99.99
MD
Escherichia coli 99.97
staphylocooccus aureus 99.99
D
Escherichia coli 99.96

Transmittance
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Figure 6: FTIR spectrum of samples.
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