PROGRES)

N COLOR, COLORANTS AND COATINGS available online @ www.pccc.icre.ac.ir

Progress in Color Colorants Coating 17 (2024), 351-363

Ninisry of Science, Research and Technology
Institute for Color
Science & Technology

Cleaner Sustainable Route to Developer UV Protective and Colorful Wool
Yarns: Natural Flavonoid-based Colorants from Millettia Laurentti Sawdust

S. Safapour™, M. Shabbir?, L. J. Rather =, M. A. Assiri*

1 Key Laboratory of Advanced Eco-Dyeing and Functional Finishing of Textiles, Faculty of Carpet, Tabriz Islamic Art
University, P. O. BOX 51385-4567, Tabriz, Iran

% Department of Applied Sciences and Humanities (Chemistry), GL Bajaj Institute of Technology and Management,
Greater Noida, UP, 201306, India

% College of Sericulture, Textile and Biomass Science, Southwest University, Chongging, 400715, PR China
* Department of Chemistry, Faculty of Science, King Khalid University, P.O. Box 9004, Abha 61413, Saudi Arabia

ARTICLE INFO

ABSTRACT

Article history:

Received: 24 Dec 2023

Final Revised: 6 Mar 2024
Accepted: 10 Mar 2024
Available online: 13 Mar 2024

Keywords:
Millettia Laurentti
Textile coloration
Biomordants
Color parameters
UV protection

various colors. Synthetic dyes have been a worry for the environment

owing to their hazardous nature running in parallel. In recent decades,
there has been a movement to substitute natural compounds due to their
biocompatibility, biodegradability, and biological advantages. This study
investigated using Millettia Laurentii sawdust as a natural colorant source. Eco-
friendly metal salts (aluminium sulfate, ferrous sulfate, and copper sulfate) under
ecologically permitted concentration levels and biomordants (tannic acid, pine
bark, oak fruit hull, and eucalyptus leaves) were used to broaden the color range
(CIEL*a*b*C*h° and K/S) with significant improvements in the fastness attributes
(washing, rubbing, and light) and UV protection properties. Fastness results were
found in the commercially acceptable range. All the metal salts provided enhanced
color yields with a maximum performance by iron and the corresponding iron-
biomordant combinations (iron/pine bark and iron/oak fruit hull). Among the
biomordants, pine bark extract provided better performance and higher color
depth (9.16) than other biomordants. The findings of this research work showed a
significant influence of metal salts and biomordants in combination with Millettia
Laurentii sawdust (supposed to be a waste) for enhancing the color characteristics
and functional attributes of wool yarns. Prog. Color Colorants Coat. 17 (2024),
351-363© Institute for Color Science and Technology.

S ynthetic dyes have gained much of the textile dyeing market by offering

1. Introduction

environment, although they are used to meet consumer
demands [2]. Due to the significance of sustainability,

Humans have long been intrigued by colors, and
coloring garments have been fashionable since ancient
times. In the past, people dyed their clothing using
natural colors derived from plants and insects [1].
Synthetic dyes superseded natural dyes due to their
ability to generate various colors and better fastness
properties. Synthetic dyes negatively impact the
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the use of natural dyes and mordants is increasing since
they provide environmental stability [3-6]. Natural
dyes have been revived due to their biocompatibility,
eco-friendly nature, and natural origin. Increased public
awareness of the advantages of natural goods for
individuals and the environment has also boosted using
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natural dyes to colorate textiles [7, 8]. Sustainable
approaches have been implemented using eco-friendly
metal salts within permissible thresholds, biomordants,
surface modification, and radiation treatments [9-13].
Adding features like antibacterial, antifungal, UV
protection, fluorescence, and antioxidant properties
improves the effectiveness of natural dyes as
alternatives to synthetic dyes, which are associated
with environmental and health hazards [14-20].
Millettia Laurentii sawdust is being explored as a novel
natural dye to improve the sustainability of textile
dyeing. It is classified as a yellow natural dye
according to its chemical makeup and the hues it
produces on wool yarns.

Millettia Laurentti is a tree of about 30 meters with
spreading branches, most commonly above 20 meters
in height. Millettia Laurentii De Wild. (Millettia
Laurentii) is belonging to the Leguminosae—Millettia,
which is found in the rain forests of Congo, Cameroon,
North Gabon, and Zaire [21]. Millettia Laurentii bark
treats many diseases, such as diabetes, dermatological
problems, fever, hernia, rheumatism, liver disorders,
constipation, wound healing, smallpox, epilepsy, and
abscesses [22, 23]. This tree is commonly harvested for
the timber used in furniture making. Purple-blue
flowers make it look beautiful and are sometimes
grown in gardens and parks for ornamental purposes.
Recent studies suggest that many plant parts besides
bark, such as the roots and leaves, also possess
qualities that may combat tumors, parasites, viruses,
and inflammation [24]. Biological activities are
associated with bioactive chemical components from
different solvent extracts, including isoflavan-quinone,
isoflavones, flavonols, and alkaloids [25, 26]. M.
Laurentti's wood entices the carpentry industry with its
attractive color and polish, making it desirable for
furniture items. This process produces a significant
quantity of sawdust as a byproduct. This wood is
sturdy in composition and exhibits a deep and lustrous
chocolate-brown  coloration that is intricately
interwoven with black streaks. This obscure and
distinctive shade is being used for the color
categorization technique. The steaming procedure may
achieve consistent wood color in Millettia Laurentii
and other wood species [27]. M. Laurentti wood is
cited in the literature as a source of coloring material
and has lately been used in textile dyeing, facilitated by
using different metal mordants [28, 29].
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Natural dyes have a lower affinity towards textile
substrates than synthetic dyes, reducing their frequent
use. Several methods have been used to deal with this
to enhance the fastness properties of natural dyes on
synthetic and natural textiles. The use of different
metal salts helps to widen the shade palette with
enhanced characteristic features (color strength,
fastness properties, functional finishing, etc.) [30, 31].
Mordants work as a bridge between textile substrates
and dye molecules via several chemical interactions.
Metal mordants (in ecological permissible limits) help
via coordination complexation between dye molecules
and textile substrates. This complexation ability of
metal salts determines the washing, rubbing, and light
fastness of natural colorants on textiles. In the last two
decades, research has shifted its attention towards more
sustainable and eco-friendly approaches using tannin-
rich mordants of plant extracts. The rich polyphenolic
compounds found in different plant extracts, such as
barks, galls, and leaves, have been shown to improve
color properties similar to metal mordants and provide
a variety of environmentally acceptable hues [32-34].

Tannic acid is a polyphenolic compound generally
obtained from Quercus species and acts as a weak acid.
Numerous research studies have provided evidence
regarding using tannic acid as a biomordant in textile
dyeing that helps enhance dyed textiles' fastness [35-
37]. Tannic acid was combined with iron sulfate to
enhance the color strength and color fastness values
[38]. The pine bark extracts exhibit an absorption peak
in the low wavelength area, which is typical of
condensed tannins. The Eucalyptus bark contains a
significant concentration of tannins, phenols, and
flavonoids. Eucalyptus bark extract has a wide band
due to the abundance of gallotannins and ellagitannins,
which exhibit an additional absorption peak between
350 and 450 nm. Hydrolysable and gallotannins are
important for textile dyeing [39, 40]. Quercus species
(Oak) are deciduous or evergreen trees that are highly
regarded throughout history for their medicinal,
ecological, and economic significance. Oak trees
contain high amounts of polyphenolic components,
which can be employed as natural mordants to enhance
the color characteristics of dyed yarns [41, 42]. So, in
continuation of our earlier research work on the use of
M. Laurentti sawdust as a source of natural yellow dye
[28], the present research employs the use of different
metal salts (alum, copper, and iron), biomordants
(tannic acid, pine bark, oak fruit hull, and eucalyptus
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leaves) and the corresponding metal-biomordant
combinations to develop a wide range of shades with
high potential to scavenge or block the UV radiations.

2. Experimental

2.1. Wool substrate and chemicals

100 % wool yarn (20/4 Nm), used as pile yarn for
handmade carpet production, was employed in the
current research. The fine sawdust powder of Millettia
Laurentii was collected during a Tabriz Islamic Art
University workshop. Laboratory grade aluminum
sulfate (Aly(SO,4)s.18H,0) (CAS: 7784-31-8), copper
sulfate (CuS0O,4.5H,0) (CAS: 7758-99-8), ferrous sulfate
(FeSO4.7H,O) (CAS: 7782-63-0), tannic acid (CAS
72401-53-7), and acetic acid (CAS 64-19-7) were
purchased from Merck (Germany). Pine bark, oak fruit
hull, and eucalyptus leaves used for biomordanting
process were purchased from the local market in Yazd,
Iran. Non-ionic detergent (Nikogen SDN) was used to
scour wool yarns.

2.2. Mordanting and dyeing process

The mordanting and dyeing were conducted in a
temperature-regulated Glycerin bath (TE-182) with a
precision control of +0.1 °C. Before mordanting, wool
yarns were scoured by immersing them in a solution
containing 5 g/L of Nikogen SDN (a non-ionic
detergent) at 50 °C for 30 minutes with a liquor ratio of
40:1 to remove impurities and enhance surface
wettability [43]. 5.0 % (o.w.f.) each of the metal
mordants (aluminum sulfate, copper sulfate, and ferrous
sulfate) and biomordants (tannic acid, pine bark, oak
fruit hull, and eucalyptus leaves) were used to assess
their effect on the color characteristics of dyed wool
yarns. Briefly, 5 g of scoured wool yarns were drenched
in the mordant solutions at room temperature (25 °C).
The temperature was raised to 90 °C at a constant rate of
2 °C/min and kept at this temperature for 60 min with
constant stirring [44]. The second set of experiments
involves using binary combinations of metal salts and
biomordants via a two-step mordanting process. i) First,
2.5 % (o.w.f.) each of aluminum sulfate (Al), copper
sulfate (Cu), and ferrous sulfate (Fe) were applied to
scoured wool yarns at 90 °C for 45 min with constant
stirring. ii) The second step involves the addition of
2.5 % (o.w.f.) of each tannic acid (TA), pine bark (PB),
oak fruit hull (OH), or eucalyptus leaves (EU) to the
cooled (40 °C) mordant solutions and further keeping at

90 °C for another 45 min. After mordanting, the samples
were rinsed with tap water using 5 g/L non-ionic
detergent to remove weakly adsorbed/unfixed mordants.

The dyeing of wool yarn samples (untreated and
treated) was carried out under optimized dyeing
conditions at a liquor ratio of 40:1 with 75.0 % (o.w.f.)
Millettia Laurentii sawdust. The dye bath temperature
was raised at a constant rate (2 °C/min) to 90 °C and
kept at that temperature for 60 min. The dyeing
solution was constantly stirred to achieve uniform
dyeing [16, 28]. The dyeing pH of 4 was maintained by
using acetic acid. Finally, all the dyed samples were
washed with tap water using 5 g/L non-ionic detergent.

2.3. Color measurements

The colorimetric analysis, i.e., CIELab values (L*, a*,
b*, C*, and h°) and color strength (K/S) of dyed wool
yarns were measured using a Color-eye XTH
spectrophotometer under D65 illuminant and 10°
standard observer. For each sample, three individual
measurements from different places of the sample were
done, and the average resultant values were reported.
The K/S values were calculated using the Kubelka-

Munk equation as follows (Eq. 1) [45]:

K _ (1-R)?

ST o o))

N 2R

K is the absorption coefficient, S is the scattering
coefficient, and R is the reflectance of the wool
samples dyed with 75.0 % (o.w.f.) of M. Laurentti
sawdust extract. This research reported the average
color strength (K/S)ave Values within the 360-750 nm
range. Chroma (C*) and hue angles (h°) were
calculated using the following equations (Egs. 2 and 3)
[46]:

Chroma (C*) = v a*? + b*? )

Hue angle (h°) = tan‘l(l;—i) ©))

2.4. Fastness determination

The lightfastness testing was carried out as per 1SO 105
B02:1988 (E) standard using SOLARBOX 1500. The
fastness was determined using Digi wash SS™
(Launderometer) according to 1ISO 105-C10:2006 (E)
specifications. The rubbing fastness (dry and wet) was
determined using a Digi crock™ (Crockmeter) as per
ISO 105-X12:1993 (E). The wool yarn samples were
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closely mounted on a solid panel and given ten strokes
for both tests. The stains on an adjacent white fabric
were assessed using a grey scale [20].

2.5. UV protection properties of dyed wool

Transmittance values of wool samples were measured
using the Analytik Jena SPECORD 250 instrument
equipped with a diffuse reflectance accessory with an
integrating sphere for SPECORD® PLUS. Then, the
ultraviolet protection factor (UPF) was calculated as
per Australian and New Zealand standards (AS/NZS
4399: 1996) method in the range 290-400 nm [47].
Three measurements for each sample were done, and
the results were averaged and reported.

3. Results and Discussion

3.1. Color characteristics

This study presents a systematic approach to examine
the potential of using eco-friendly metal mordants (Al,
Cu, and Fe), biomordants (tannic acid, pine bark, oak
fruit  hull, and eucalyptus leaves), and their
corresponding  binary  combinations (a  two-step
mordanting process) in conjunction with 75.0 % (o.w.f.)
Millettia Laurentii sawdust extract to develop a wide
range of color palettes (K/S and CIEL*a*b*C*h°) on the
wool yarns. A total of 20 distinct shades were created by
utilizing different metal, biomordants, and metal-
biomordant combinations, which exhibited notable UV
protective properties compared to control dyed and
undyed wool yarns.

3.1.1. Color coordinates

The color coordinates (L*, a*, b*, C*, and h°) and images
of unmordanted, metal-mordanted, biomordanted, and
binary combinations of metal-biomordanted wool yarn
samples are given in Tables 1 and 2. It is quite clear that
the use of metal salts (copper and ferrous sulfate)
provided dominating effects on shade development. In
contrast, the biomordants provided similar shades with
marginal changes in a* and b* values and hue angles
(h°) ranging between 61° and 66°. The application of
ferrous sulfate provided significant variations in L*, C*,
and h° values followed by copper sulfate. Low lightness
values of 21.29 and 28.73 reflect dark shades with
decreased color saturation. The color appearance of
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biomordanted samples showed slight variations
compared to control dyed wool yarn, which is also
apparent from values of colorimetric parameters (a* and
b*). Dyeing performed on PB mordanted samples
resulted in relatively darker shades compared to TA,
OH, and EU, which provided lighter shades with high
L* wvalues compared to the control dyeing. The
application of metals provided a wide range of hues,
with hue angles ranging between 64-69°. Figure 1
depicts the effect of different metals and biomordants on
the color space diagram. All shades fall in the yellow-red
coordinate of the color space diagram. Pretreatment with
Cu and Fe showed low a* and b* values compared to the
control dyed sample, indicating a shift towards the red
coordinate. In contrast, Al pretreatment showed a shift
away from the yellow coordinate of the color space
diagram. The wuse of biomordants didn't affect
the position of coordinates, as was confirmed by slight
variations in lightness (L*) values and hue angle (h°)
variations with almost similar color saturation (C*).

Applying the binary combinations of metal and
biomordants provided better results with a wide
range of variations in the color coordinates along
the yellow and red axis of the color space diagram
(Table 2). While comparing binary combination with
control dyed wool yarns, a significant increase in
lightness (L*) values was observed for Al/biomordant
combinations indicating a cumulative/synergetic effect
on the lightening of shades with a shift away from the
red coordinate of color space diagram (Figure 2). The
effect of Al/biomordant combinations was evident in
increasing the color saturation (C*) of samples
compared to the control dyed, metal-treated, and
biomordant-treated samples. The pretreatment of Fe
and Cu/biomordant combinations provided better-
decreased lightness (dark shades) results with
significant variations in a* and b* values. Fe
combinations produced brown to dark grey shades with
low a* and high b* values, while Cu combinations
produced reddish-brown shades with similar a*
and low b* values compared to control dyed samples.
There was a decrease in color saturation in both Fe
and Cu combinations with an almost similar range of
hues. Overall, using metal-biomordant combinations
broadened the shade range compared to single metal
and bio-mordants.
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Table 1: Colorimetric characteristics (L*a*b*C*h°) of different metal and biomordant- treated wool yarns dyed with 75.0 %

Sample

(o.w.f.) Millettia Laurentii sawdust natural dye.

ic properties

Images

Un-mordanted (UM) 35.13 9.46 17.81 20.17 62.02
Metal salt mordants
2 5.0% (o.w.f.) Al 35.29 8.32 20.63 22.25 68.04
3 5.0% (o.w.f.) Fe 21.29 3.88 8.23 9.09 64.75
4 5.0% (o.w.f.) Cu 28.73 7.13 17.17 18.59 67.45
Biomordants

5 5.0% (o.w.f.) TA 36.69 8.70 17.47 19.51 63.51
6 5.0% (o.w.f.) PB 34.12 9.15 16.73 19.07 61.32
7 5.0% (o.w.f.) OH 38.75 8.21 17.73 19.54 65.16
8 5.0% (o.w.f.) EU 37.21 8.44 17.74 19.65 64.56

Al: Aluminium sulfate; Fe: Ferrous sulfate; Cu: Copper sulfate TA: Tannic acid; PB: Pine bark; OH: Oak fruit hull; and EU:
Eucalyptus leaves

Table 2: Colorimetric characteristics (L*a*b*C*h°) of different binary combinations of metal salts and biomordants dyed
with 75.0 % (o.w.f.) Millettia Laurentii sawdust.

Colorimetric properties

Sample

25% Al +25%TA 24.76

10 25% Al +2.5 % PB 42.80 7.34 26.66 27.65 74.61
11 25% Al +2.5 % OH 43.18 7.73 22.29 23.60 70.88
12 25%Al+25%EU 44.06 6.73 23.87 24.80 74.25
13 25%Fe+25%TA 30.98 2.98 7.74 8.30 68.93
14 25%Fe+25%PB 28.92 3.87 12.65 13.23 72.97

Prog. Color Colorants Coat. 17 (2024), 351-363 355
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Table 2: Continue.

2.5%Fe+2.5%OH 30.79 3.42 10.72 11.26 72.29 -
16 2.5 % Fe +2.5%EU 31.01 3.76 12.73 13.28 73.54 -
17 25%Cu+25%TA 33.25 7.40 19.72 21.06 69.44 -
18 25%Cu+25%PB 30.76 7.35 17.17 18.67 68.83 -
19 25%Cu+25%OH 30.80 7.95 18.11 19.77 66.30 -
20 25%Cu+25%EU 30.43 7.66 17.60 19.20 66.48 -

Al: Aluminium sulfate; Fe: Ferrous sulfate; Cu: Copper sulfate TA: Tannic acid; PB: Pine bark; OH: Oak fruit hull; and EU:
Eucalyptus leaves

a b
25 =~ 25
2 o UM § o TA
2 I
T 20 > Al 2 20 »PB ¢
& »Fe ‘ 2 ) OH
a +
* 15 eCu 15 oEU
10 ’ 10
5 5
o 0
2 1 a 7 10 13 -2 0 2 4 6 8 10 12
-5 +a (Red) -5 +a (Red)

Figure 1: Color coordinates plotted in red-yellow quadrants (a*-b*); (a) metal-treated wool yarns, and (b) biomordant-
treated wool yarns.

z O AIUTA 9 Al/PB 9 AVOH
e
E 25 @ AI/EU oFe/TA oFe/PB
e 0Fe/OH @Fe/EU @Cu/TA Q
2
20 eCu/PB eCu/OH eCuwEU
15
10
5
0
-2 0 2 4 6 8 10

< +a (Red)

Figure 2: Color coordinates plotted in red-yellow quadrants (a*-b*) of binary mixtures of metal and biomordants.
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3.1.2. Color strength

The color strength represented as K/S is an important
parameter reflecting the shade depth produced during
dyeing. The application of metal salts and biomordants
on wool yarns dyed with an optimized dye concentration
of 75.0 % (o.w.f.) of Millettia Laurentii sawdust natural
dye at 90 °C under pH 4 for 60 min significantly altered
the color depth values and color appearance of dyed
yarns. Among the metal salts, the highest impact on
color depth was produced by Fe and Cu pretreatment
with an average K/S value of 16.21 and 11.82 over the
wavelength range of 360-750 nm with 87.39 and
36.64 % increase in color depth, respectively (Figure
3a). However, Al pretreatment didn't significantly alter
the color strength pattern with only 4.73 % increase in
K/S compared to the control dyed sample. The higher
adsorption of color components in the metal-treated
samples, especially Fe and Cu, is due to the higher
binding affinities of metal-dye components via
coordination complexation between metal and dye
components [48]. Al is considered a weak metal in
coordinate complex formation compared to Fe and does
not alter color strength much [49]. It is a general trend of
achieving higher color strength values with different
metal salts by forming stable coordination complexes
with dye components (flavonoids) [35]. The variation of
color appearance is also affected by the use of metal salt
mordants and depends upon the extent and nature of
chemical interactions (Table 1) [28]. On the other hand,
slight variations in color depth values were observed
with biomordants with the highest K/S value for pine
bark extract (Figure 3b). The increased color depth via
the use of biomordants and their activity sequence (PB >
TA > EU > OH) is in direct correlation with the tannin
content present in the mordant extracts [37].

However, the use of metal salts and biomordants in
combination produced synergetic effects of increasing
the color depth values of the dyed wool yarns with the

12

highest average K/S value of 11.02 and 10.10 for Cu/EU
and Fe/PB mordanted samples (Figure 4). This reflects
an average percentage increase of 27.39 and 16.76 %
K/S values compared to control dyed wool yarns.
However, the percentage increase in the color strength
values of Cu/EU and Fe/PB compared to EU and PB are
33.25 and 40.08 %, respectively, which reflects the
synergetic role and successful utilization of using metal
salts in combinations with biomordants. The present
study's findings enhanced shade range with metal-
biomordant combinations much better than our earlier
research on wusing other commercially available
biomordants with different natural dyes [50-53].

40

% a) Sample KIS, o
1 a —a—UM 8.65
—o—Al 9.06

30 —

—A—Fe 16.21
—¥—Cu

Color strength (K/S)

| | | |
400 450 500 550 600 650 700 750

Wavelength (nm)

60
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50 b) ——TA 8.98

—e—PB 9.16

—d— OH 7.21
40 —v—EU 8.27

Color strength (K/S)

| ! | I I I
400 450 500 550 600 650 700 750

Wavelength (nm)
Figure 3: Color strength (K/S) variations of (a) metal

salts-treated wool yarns, and (b) biomordants-treated
wool yarns.
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Figure 4: Color strength (K/S) variations of (a) metal salts-treated wool yarns, and (b) biomordants-treated wool yarns.
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3.2. Color fastness properties

The colorfastness of all dyed samples against washing
and rubbing was evaluated and rated on grayscale,
whereas the fastness to light was rated on a blue scale
(Table 3). For washing fastness, the color change (c.c.),
color stain on wool (c.w.), and color stain on cotton (c.s.)
were evaluated and compared with that of the control
dyed sample. Resistance to rubbing was evaluated in dry
and wet conditions to check the practical compatibility
of dyed wool in conditions of dryness and perspiration.
The fastness ratings of control dyed wool yarns were
found in the region fair to the very good with ratings of
2-4.  However, applying mordants (metal and
biomordants) significantly improved the fastness ratings,

especially color staining properties on adjacent wool and
cotton fabrics. The enhanced fastness of metal mordants
might be due to the sandwiching of textile substrate-
metal ion-dye molecules via coordination complexation.
Results with Al, Fe, and Cu metal salts mordanting
were highly improved. Strong coordination bonding
helps prevent photolytic degradation by protecting
chromophores, and energy dissipates through the chelate
structure formed with metal ions. Using biomordants
also improved fastness results to significant levels (very
good to the excellent range of rating, 4-5) by working
either of the two ways; act as a dye via mixed dyeing
procedure and as a sandwiching molecule between wool
surface and dye molecules.

Table 3: Colorfastness properties of wool yarns (unmordanted and mordanted) dyed with 75.0 % (o.w.f.) Millettia
Laurentti sawdust natural dye.

Wash fastness

Rub fastness

Sample
1 Un-mordanted 4 2-3 3-4 3-4 3 3
Metal mordanted samples
2 5.0 % (o.w.f.) Al 4 4 4-5 4-5 4 6
3 5.0 % (o.w.f.) Fe 4-5 5 4-5 5 4 6
4 5.0 % (o.w.f.) Cu 4-5 4-5 4-5 5 4-5 6
Bio-mordanted samples
5 5.0 % (o.w.f.) TA 4 4-5 4-5 5 4 6
6 5.0 % (o.w.f.) PB 4 4 4-5 4-5 4 6
7 5.0 % (o.w.f.) OH 4 4-5 4-5 5 4 5
8 5.0 % (o.w.f.) EU 4 4 4-5 4-5 4 5-6
Metal-Biomordant binary combinations
9 25% Al +25%TA 4 4-5 5 5 4 6
10 25% Al +2.5%PB 4 4-5 4-5 4-5 4 6
11 25% Al +2.5 % OH 4 5 5 5 4 6
12 25% Al +25%EU 4 4-5 4-5 4-5 4 6
13 25%Fe +25%TA 5 5 5 5 4-5 7-8
14 25%Fe+25%PB 4-5 5 4-5 5 4 6-7
15 2.5 % Fe + 2.5 % OH 4-5 5 4-5 5 4 7
16 2.5% Fe +2.5% EU 4-5 5 5 5 4 6
17 2.5% Cu + 2.5% TA 5 5 5 5 4-5 6
18 2.5% Cu + 2.5% PB 4-5 5 5 5 4-5 6
19 2.5%Cu+2.5% OH 5 5 5 5 4-5 6
20 25%Cu+25%EU 4-5 5 5 5 4-5 6

c.c. = color change; c.w. = color staining of wool; c.s. = color staining of cotton Wt. % of mordant and dye raw material is taken for
5.0 g of wool fabric
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The metal-biomordant combinations provided better
results with improved color staining properties, with
most samples having excellent ratings of 5. The color
change properties of Fe and Cu combinations were
better than the Al combination due to the better
complexation properties of Fe and Cu. The lightfastness
properties of Fe/TA, Fe/PB, and Fe/OH were found to be
in the very good to excellent range of 7-8 and is due to
the higher stability of Fe-flavonoid chelate complex via
3- and 5-hydroxyl groups, introducing rigidity in
molecules which increases the stability to ultraviolet
radiations [49].

3.3. UV protection properties

Plants use sunlight for photosynthesis, whereas
mammals rely on it for physiological functions. A
small fraction of these radiations consist of harmful
UV radiations with wavelengths ranging from 150 nm
to 400 nm [47, 54]. Normally, UV radiation is
absorbed by the ozone layer in the stratosphere, and
only a small amount reaches the Earth's surface.
Exposure to UV rays may result in many skin
problems, including skin cancer in extreme cases.
Several natural and artificial methods are available to
avoid the consequences of UV radiation. Melanin in
the skin provides natural protection against damage
from UV light [55]. Sunscreens and UV protection
wear are artificial methods to shield against UV rays
[56]. Textile features such as weaving, dyeing, and
surface treatments are crucial for imparting UV
protection properties [57]. Natural colorants derived
from various plants, animals, and microbiological
sources might be a practical option for imparting UV
protection and beautiful, eco-friendly shades. They can
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block UV radiation by absorbing high-energy radiation.
Researchers provide detailed insights into how natural
plant extracts scavenge UV energy [47, 58]. The use of

different

metal salts, biomordants, and their

corresponding binary combinations in conjunction with
M. Laurentti sawdust natural dye have been used in

this
properties of wool yarns and

research for enhancing the UV protection

is represented as

ultraviolet protection factor (UPF) (Figure 5) [59-61].

The UV protection provided by natural wool yarns

used in this study was low, with a value of 15.92. The
application of 75.0 % (o.w.f.) M. Laurentti sawdust
natural dye improved its UV scavenging performance
with a UPF value of 22.04 by 38.44 % compared to
undyed (UN) wool yarns. The use of three metal salts,
namely Al, Fe, and Cu, which acted as mordants for
enhancing the color characteristics and the shade depth,
proved very beneficial in improving the UV protection
levels by a significant amount of 31.12, 162.56, and
126.67 %, respectively. This significant increase in the
percentage UPF values is attributed to the higher dye
adsorption and retention via the formation of stable
metal-dye complexes. Metal salts play a significant role
in UV protection by forming coordination complexes
and dissipating energy via their extended chemical
structure [62]. Alternatively, using biomordants also
provided very good protection levels with maximum
protection offered by PB and EU (Figure 5a). This is due
to more polyphenolic hydroxyl groups than control dyed
wool yarns. Enhancement of UPF values of the wool
yarns via biomordants suits the conclusion that the more
dye components on the wool surface, the higher the UV
protection owing to the more energy dissipation on the
surface through the adsorbed molecules.
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Figure 5: UV protection capacity of undyed (UN), control dyed (UM), and mordanted wool yarns in terms of UPF (UV
protection factor) values.
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In the <case of binary metal-biomordant
combinations, iron mordant combinations showed the
incremental effect on UPF values followed by copper
mordant combinations (Figure 5b). The maximum
protection among all mordanted samples was offered by
Fe/lOH and Fe/EU combinations with a percentage
increase of 295.55 and 321.55 %, respectively compared
to the control dyeing. The role of dye flavonoid
components from Millettia Laurentii sawdust natural
dye in increasing the protection levels by
blocking/scavenging the UV radiations from the surface
of wool yarns was evident with a substantial increase in
UPF values compared to the undyed samples [47].

4. Conclusion

The sawdust waste generated by Millettia Laurentii
carpentry was used in this study for wool coloration and
simultaneous UV protective functionalization. Different
metal salts, biomordants, and their corresponding binary
combinations were used to enhance the binding affinities
of dye compounds to the textile substrate. The effect of
metal salts and biomordants was assessed on color
parameters (L*, a*, b* C* h° and K/S), and UV
protective functionalization. Among the metal salts, Fe
provided the best results of higher color depth (16.21)
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