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Abstract— Wastewater of Gambier Uncaria gambier Roxb) is a byproduct of pressing gambier leaves used for textile dyes. This
wastewater cannot be stored for a long time to ease the moldy and rot process. The use of textile dye directly requires several long
process steps. The study's purpose was to make a natural liquid dyestuff from gambier wastewater using varying mordant
concentrations and test the quality of the dyestuff on cotton fabrics. The gambier wastewater was reacted with the Fg&®rdant to

form a concentrated liquid used directly to dye textiles in a rapid and straightforward process. The study investigated varying the
concentration of the FeSQ mordant from 1 to 5% (by weight). The reaction between wastewater and mordant was conducted while
being stirred at 300 rpm and 76C for 30 minutes. It was generated a dark green liquid dyestuff. The concentration of FeS0O
influenced the color strength (K/S) of the dyestuff and resulted in K/S values from 2.49-3.70. This dyestuff-colored cotton cloth a
greenish-grey color. The resulting color depth depended on diluting the dyestuff with K/S values ranging from 6.34 to 12.64. The
color fastness against washing, sunlight, and rubbing varied from reasonably good (2-3), good (4), and very good (4-5). It was
observed that after a year of storage, the dyestuff retained its color, was stable and showed no visible sign of mold contamination, and
was still able to dye the fabric effectively.
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(Caesalpinia sappan Linn) has been found to add color
I. INTRODUCTION variation to the resulting fabric [14].

Gambier wastewater cannot be stored for a long time and
quickly grows mold and deteriorates. Direct use as a textile
dye is a long, multi-step process. However, when combined
with the mordanFeSO, it can be used directly without pre-
treatment, simplify, and shortening the coloring process. The

pressing leaves and gambier plant branches [5]-[7]. 80% Oires_ul_ting dye is more c_zlurable _and can be _use_d r_epeatedly.
the world's Gambier supply comes from Indonesia [8] and This is one of the benefits of using the gambier liquid dye.

West Sumatra Province, the largest gambier producer, withf The stugy‘s purpose was to make_a naturgl quu_id dye_stuff
around 17,000 tons in 2016 [9]. rom gambier wastewater using varying mordant, investigate

0- the effect of mordant concentration on the dyestuff produced
h on color cloth, and test the quality of the coloring. Using this
method will produce a dyestuff that is ready and easy to use
for the coloring process. The application of this natural
dyestuff in textile products is the same as using synthetic
dyes. Because of its liquid physical form, we only need to
dilute it with water according to the desired intensity of
éextile color. This will change the view of industry parties
who think that natural dyes are complicated and take a long
ime. Moreover, because it comes from an organic natural
resource, it will be eco-friendlier and more renewable.

The use of natural textile dyes as substitutes for synthetic
dyes is growing in popularity. They are seen as eco-friendly,
renewable, abundant, nontoxic, and non-allergic [1]-[3]. One
source of natural textile dyes is Gambibin¢aria Gambir
Roxb) [4]. Gambier is a natural material obtained from

Gambier is a well-known textile dye. When used at 6
70°C with a CaO mordant, it produced a reddish-brown wit
a K/S value of 19.74. A previous study has found this color
to have excellent (4-5) colorfastness on washingGx0on
exposure to light, and rubbing [4], where it has been used on
cotton, silk, and rayon batik cloth [10] with the best result
obtained on silk fabrics. Wastewater seeps out during
pressing leaves and branches, containing 25-30% tannin
[11], [12]. Tannins can often be used as textile dyes [5], [13].
However, tannins from this gambier wastewater as dyes ar
not widely published. Dyeing of textile with gambier
wastewater using mordant CagQAIx(SQ,)s, and FeSQ
produced various colors [5]. The addition of Sappan wood
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Il. MATERIALS AND METHODS the Gambier phenol group to form a more stable complex,

Gambier wastewater was used with mordge$0, and which gives rise to the color. The trials' color and results
applied to white cotton fabric. Gambier wastewater was indicate thatFe” ion from FeSO, produced a moderately

taken from the Gambier's pressing location in Siguntur, good qnd stable.color reaction with gambier liquid dy_estuff.
Pesisir Selatan District, West Sumatra Province, Indonesia. €fic metal is one of the mordant metals which can
The white cotton fabric used was the production of PT, Increase the color strength of fabric. The K/S value
Primisima, Yogyakarta, Indonesia. FeS@ed as a mordant Maximum was obtained for coloring cotton yarn using
was technical grade supplied by CV. Bratachem. The Mordant FeS@and CuSQThe maximum of K/S values in

equipment used was a dye bath, stove, strainer 400 mestPilK yam coloring usingl. catappa and T. grandis were
and thermometer. obtained with mordanEeSO4 [16], [17]. Other metal salts

as mordant react to form different colors, but not all are
A. Making the Dyestuff stable and produce good color strength, so that they are not
Wastewater was filtered with a 400-mesh filter, afterward Suitable for use as direct dyes. The use of natural dyes in
heated to 7AC. Varying amounts of the mordant solution of textiles using mordant metals #$0,)s, CuSQ, SnC}, and
FeSQ (1%, 2%, 3%, 4%, or 5%) were then added according F@SQ produced various colors. The maximum color
to treatment and then stirred at 300 rpm for 30 minutesiNtensity in silk yarn is obtained using mordant salts Cu(ll)
mordant dissolved completely. The dyestuff was then ready@nd Fe(ll) compared to Al(lll) and Cu(ll) [17].

{0 use. The mordant methods also influence the color and
characteristics produced. This study's dyestuff was made
B. Dyeing the Cloth almost like the coloring method using a simultaneous

The dyestuff was used in concentrations of 25% and 50%mordant method; mordant was added directly to the coloring
(vIv). It was applied to the white cotton cloth that had been agent. The effect of the mordant method on coloring using
pre-washed with detergent, rinsed with water then dried. Thegambier extract has been observed and found that the post
fabric was heated with the liquid dyestuff solution at 50°C mordant method produced a higher color strength compared
for about 10 minutes, then air-dried. Three replications for to the simultaneous mordant method [18]. A different study

each mordant concentration and dye dilution were done.  reported that the pre-mordant method produces a better color
. than the post mordant method in silk yarn coloring [17]. It
C. Testing could happen because the treatment of the material to be

The dyestuff was tested for color strength, brightness, andcolored is different.
color scale by CIE-Lab method used “Premiere Colorscan”
SS 6200. In this study, we tested the dye's functional groups
by Fourier Transform Infra-Red (FTIR) testing to see the - - -
dominant groups in the dyestuff and the effect of the T e
mordant concentration Fe$@sed on the functional groups ‘ *_‘“’!’/ -
of the dyes produced. The dyed fabric was tested for color g
strength and dye quality, including colorfastness on washing,
rubbing, and light exposure.

b = .
)

\

[1l. RESULT AND DISCUSSION

A. Dyestuff Produced control (0%) 1% 2% 3% 4% 5%
The dyestuff produced from the five treatments and rig 1 Natural liquid dyestuff produced with varying concentrations of
control is shown in Figure 1. The color of gambier mordant FeSQL%, 2%, 3%, 4%, 5%, and 0% (control)
wastewater without mordant (control) appeared brown. With
the addition of mordant, the dyestuff was an almost identical The lightness value of color (L*) was found to be

dark green. The results of the color scale measurements 0|fnversely proportional to the value of K/S. The lowest
the dyestuff obtained are differences in color strength (K/S), lightness was obtained from a dyestuff with 1% mordant
brightness (L*), and the chromatic coordinates (a* and b*, concentration (28.19), and the highest with 5% mordant
corresp_onding to the position on a chromaticity diagram) as(0.83). This indicates that the higher the mordant
shown in Table l. concentration, the darker and deeper the color produced of
KIS was positively correlated to the mordant g| the dyestuffs trialed. This means the concentration of
concentration varying from 2.51-3.70. The strongest color mordant affects the darkness and lightness of the dyestuff
came from 5% mordant and had a K/S of 3.7. All dyestuff produced.
solutions had higher values than the unmordanted (control), Chromaticity coordinates a* and b* indicate the position
which had a K/S of 0.66. In gambier liquid dyestuff, of a color on a chromaticity plane where +a is red and -a is
mordant is added directly to the coloring agent to improve green, while +b is yellow and —b is blue. Chromaticity
the color quality. Most natural dyes are not substantive butcoordinates obtained indicate dyestuff produced are between
require mordants to adhere to fibers for colorfastness.the red and yellow coordinates. The combination of these
Mordants are usually derived from metal salts, including two colors makes a dye that visually looks dark gredhis
ferrous salts [1], [15]. In this case, the ferrous salt FeSO434 color difference. While each dye produced a dark green,
was used as the Fe2- ion from this mordant also reacts withthe intensity difference can be seen from the color difference
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value. Using the 1% mordant as a reference, the largest  polyphenolic compounds containing many O-H groups [19]-
comes from the 5% mordant dyestuff (36.92), indicating the [21]. The mordant concentration did not significantly
relationship between mordant concentration and color. influence the intensity of the absorption peaks. The
Gambier wastewater is one of the most easily damagedvavenumbers (3337.02 ¢h8339.62 crit) of the absorption
materials that will be fermented and acidic in just 2 or 3 days peaks are very similar to the intensities of these peaks. The
and even mold growth can be seen within a week of storagedominant peak at wave number 3600-3200" aorresponds
To find out the durability of the stored dyestuff produced, to a phenol group with an O-H group [22].
we observed the dyestuff for one year. After one year of This pattern resembles that found from a stamp ink made
room temperature storage, the dyestuff solution appearedrom Gambier using NaOH and A50,); complexes.
stable, and there was no mold growth. The results of theGambier tannin absorption peaks at wavenumber 3314.65
coloring test show that the used dyestuff can still be used tocm® due to the O-H groups in the phenol compound [23].
dye textiles. This indicates that this dyestuff could be storedFTIR peak was found at wave number 3356.25"cm
for longer than gambier wastewater, which grows moldy in corresponding to O-H groups in dry tannin extract [24]. An

just a few days. O-H group stretching vibration peak ftawsonia inermis at
wave number 3376 chi25].
c SALE ORTHEN TAELEI 5 o W Aibsorption peaks were also seen at wave number 1627.98
B e au, O -1633.18 i in gambier wastewater and the dyestuft.
AND 0% (CONTROL) The absorption band at 1633 ¢ris associated with, 8-
unsaturated carbonyl bands [25]. Quinone carbonyl bands
FeSQ K/S L* a* b AE usually appear in the range of 1655-1690 *cii25].
concentration Aromatic ring C=C vibration is indicated by a peak in the
1% 251 28.19| 9.72 | 23.07 | Target region 1622.78-1448.82 c'ﬂ’r{25], [26] and in the regions
2% 2.52 16.88| 6.24 | 1047 | 17.28 1617, 1510, 1444 C']n[24]'

In the wavenumber area of 1066 &h097 cni the

3% 3.22 3.74 | 3.28 | 2.36 32.68 mordanted dyestuff was found to have different absorption
4% 3.52 1.02 | 1.06 | 0,25 36.53 intensity than the gambier wastewater with absorption
5% 3.70 0.83 | 0.87 | -0.09 | 36.92 intensity 46.36-57.80%, indicating the presence of C-O-C
control (0%) 0.66 86.95| 227 | 27.60 | 27.69 ester fu_nctiqnal groups. Gambie( wastewater has a lower
absorption intensity of 79.02% in the wavenumber area

B. FTIR Measurement of Dyestuff 1135.68 crit’ which corresponds to ester functional groups.

The increased presence of ester groups in the mordanted
dyestuff is thought to be due to hydrolyzed tannins'
"ormation due to the presence of ester bonds between
hydroxyl groups and carbonyl groups [21].

The FTIR test results are shown in Figure 2. Each
mordant concentration has the same functional groups. A
absorption peak is visible at wave number 3339.13"cm
which corresponds to the O-H group. This functional group
is the most dominant in gambier dyes because the main
colorant content of gambier waste is from tannins, complex

LA
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Fig. 2 FTIR spectra of the natural liquid dyestuff produced with varying concentrations of mordant%e2&, 3%, 4%, 5%, and 0% as a control (LA).
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similar results [27], [28]. Coloring used Bougainvillea with
alum and ferrous mordant resulting in a green color [29].

Dye concentration influenced the intensity of the resulting
) ) ) ' color, with the more concentrated dye producing a more
coloring with separate mordant processes, either with pre,iyiange color for each mordant concentration used. The most
simultaneous, or post mordant. Direct coloring with natural ;tanse color came from the 5% mordant with a K/S and L*
dyes is rarely done. The colors of the dyed fabric in this 4,6 of 11.87 and 32.25 when used at 25% and 12.64 and
study are shown in Table II. All the fabrics that had been 34 77 4t 50%, respectively. As with the dyestuff, brightness

colored visually had a similar color with a greenish-gray (L*) was inversely proportional to color strength K/S (Table
color except for the control. Apart from the unmordanted |

sample that was brown, samples dyed greenish-gray. " niordant influences the color hue and characteristics of
However, they are different from chromaticity coordinates ia tabric as wellCaO mordant is used to dye cotton yarn

(L*, a* and b*). Higher FeS@mordant concentrations it jiquid waste from a gambier dye produced a brown
result in a stronger color of dyed fabric, as shown by eachcq\or with different intensity depending on the treatment and
sample's color values. All mordanted samples had strongerdyeing time [28]. Some kind and method of mordants for
color values than the unmordanted control. It was also foundcoloring cotton fabric was compared using the simultaneous

that. using ga_mbier waste mordanted With.Feﬁ(@ulte_d in mordant method [18]. The colors produced with(80)s,
similar greenish-grey colors [5]. The previous studies usedCaO, andFesO, were light brown, moderate brown, and

gambier dye with FeSQas a post mordant with visually  .o\vnish-black respectively [18].

C. Result of Cotton Fabric Dyeing

The application of dyestuff on fabric is necessary to see
whether it is suitable for textile dyes. Some studies do

TABLE Il
DYE RESULT AND COLOR PROPERTIES OFDYED COTTON FABRIC WITH NATURAL LIQUID DYESTUFFPRODUCED WITHVARYING CONCENTRATIONS
OF MORDANT FeSQ 1%, 2%, 3%, 4%, 5%, AND 0% (CONTROL) USING DYE CONCENTRATION25%AND 50%.

Dye concentration mordant Resulting color K/S L* ax b* AE
1% - 6.98 41.96 3,74 12,47 Target
2% - 7.85 39.11 3.54 11.50 3.02
25% 3% - 7.53 39.25 3.43 11.33 2.96
4% - 10.18 34.92 3.45 11.17 7.17
5% - 11.87 32.25 3.59 10.65 9.86
1% - 6.34 44.20 3.32 13.08 2.36
2% - 8.43 38.16 3.33 11.44 3.96
50% 3% - 9.71 34.76 3.45 10.41 7.49
4% - 11.81 32.35 3.25 10.38 9.84
5% - 12.64 30.77 3.11 9.72 11.54
Control (without mordant) = : 4.025 62.36 4.17 20.14 21.79

_ on acetate, cotton, polyamide, polyester, acrylic, and wool
D. Color Fastness of Cotton Fabric averaged 4-5. Results show that mordant concentration and
It is essential to look at the quality of the fabric colored as dye concentration do not affect colorfastness. Some studies
well, especially the colorfastness properties, whether the dyenad been done on post mordant dyeing method where the
absorbs into the fabric fiber and is adequately bonded. Dyedmordant was added after dying. One research studied the
fabrics were analyzed for colorfastness with washing, light fastness and color intensity of post-mordanted gambier dyed
exposure, and rubbing, as shown in Table Il and Table IV. silk fabrics and found colorfastness on washing 4 and with
The average colorfastness for fading is 2-3, while color stainlight exposure 3-4 [4]. The color fastness of fabrics dyed
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with gambier dye and post mordanted with several different higher concentrations. Some natural dyes have poor light
mordants was 3 for washing and 3-4 for light exposure [5]. color fastness [30]-[32]. However, this natural liquid dye

Colorfastness against light exposure of the dyed cottonproduces fairly good colorfastness. Concentrations of
appeared to be good with a value of 4 for 25% dyestuff dyestuff (25% and 50%) and mordant (1-5%) did not
concentration and 1-2% mordant. However, this dropped tosignificantly affect color fastness against rubbing. It can be
3-4 with 50% dyestuff concentration and 4-5% mordant. seen from Table IV that the color fastness for rubbing for the
This shows that treatment with low mordant and dye dry cotton fabric was around 4-5 and slightly lower on wet
concentrations provided better colorfastness to light thancotton fabric (between 4 and 4-5).

TABLE il
COLOR FASTNESS ONWASHING OF COLORED COTTON FABRIC WITH NATURAL LIQUID DYESTUFFPRODUCED WITHVARYING CONCENTRATIONS
OF MORDANT FeSQ 1%, 2%, 3%, 4%, 5%, AND 0% (CONTROL) USING DYE CONCENTRATION 25%AND 50%.

Colorfastness of fabric with washing at 4€C
Dye Mordant .
. . Color staining
concentration | concentration | Color change
Acetate | Cotton | Polyamide | Polyester | Acrylic | Wool
1% 2-3 4-5 4-5 4-5 4-5 4-5 4-5
2% 2-3 4-5 4 4-5 4-5 4-5 4-5
25% 3% 2-3 4-5 4-5 4-5 4-5 4-5 4-5
4% 2-3 4-5 4-5 4-5 4-5 4-5 4-5
5% 2-3 4 4-5 4-5 4-5 4-5 4-5
1% 3 4-5 4 4-5 4-5 4-5 4-5
2% 2-3 4-5 4 4-5 4-5 4-5 4-5
50% 3% 2-3 4-5 4-5 4-5 4-5 4-5 4-5
4% 2-3 4-5 4-5 4-5 4-5 4-5 4-5
5% 2-3 4-5 4 4-5 4-5 4-5 4-5
Control (without mordant) 2-3 4-5 4-5 4-5 4-5 4-5 4-5
TABLE IV concentration, the more the color strengfhe maximum
COLOR FASTNESS ONLIGHT EXPOSURE ANDRUBBING OF COLORED color strength was achieved using FeSO4 5% in the dyestuff
COTTON FABRIC WITH NATURAL LIQUID DYESTUFFPRODUCED WITH with a K/S value of 12.64. The resulting color direction was

VARYING CONCENTRATIONS OAVIORDANT FeSQ 1%, 2%, 3%, 4%, 5%,

AND 0% (CONTROL) USING DYE CONCENTRATION25%AND 50%. similar with different color coordinates (L* a* b*) for each

mordant concentration. The most dominant functional group

Colorfastness to in the dyestuff was O-H groups, which were complexes
Dye . Mordant fca‘;'t‘r)]re'ss o r“bb”\‘/get polyphenolic compounds. _
concentration | concentration | light | cotton | cotton Application test qf the dyestuff to the cotton fabrl_cs
fabric | fabric produced a gregmsh-gray_ colc_)r. The cotton fabrics'
1% 2 45 4 colo.rfastness against washing, light, and rubbing of the
fabrics ranged from good (4) to very good (4-5). Dye
2% 4 4-5 4-5 concentration influenced the color intensity of the cotton
25% 3% 3-4 4-5 4-5 fabrics. 50% of liquid dyestuff generated older greenish-gray
4% 34 4.5 4 color than 25%. The dyestuff appeared to_remain_s‘_[able after
5% 32 v o one year of room temperature storage with no V|5|blg_mold
growth. We still need to observe the dyestuff's stability to
1% 4 4-5 4 see its effectiveness and feasibility in textile coloring.
2% 4 4-5 4-5
50% 3% 4 45 ACKNOWLEDGMENT
4% 34 4.5 4 The authors thank the Ministry of Industry of Republic of
vy 32 o 2 Indonesia, for funding this re_sea_rch through the Institution
0 ' - for Research and Standardization of Industry — Padang
Control (without mordant) 3-4 4-5 4 budget.
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