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Abstract

The aim of this study is to extract and utilise the bark of Berlinia grandiflora as a
natural dye source for the colouration of cotton and polyamide 6 fabrics. The
solvents used for this study were water, methanol, acetone, and methanol/potassium
hydroxide. The best of all the solvents used was water. In the extraction process, the
various solvents were extracted with Soxhlet extractor. The optimum colourant
extraction was observed at 40 °C for 2 h. The extracted compound was isolated and
characterized by UV spectrophotometry; proton and carbon-13 nuclear magnetic
resonance, mass spectrometry, and Fourier transform infrared spectroscopy.
Mordanting and subsequent dyeing of cotton and polyamide 6 fabrics with the
extracted colourant were performed to investigate the dye’s efficiency. Two metal
salts, namely copper sulphate and stannous chloride, were used as mordants.
Furthermore, the washing, rubbing, and light fastness properties of dyed samples
were tested. The results of the fastness tests showed that the natural dye gave light
fastness value (3= fair) without the use of mordants, whereas the values were 5 on
cotton and 4 on nylon 6 with the use of mordants. The results of fastness of rubbing
and washing were excellent for both cotton and nylon. The outcome of the study
presents a potentially useful natural colourant for the colouration of natural and
synthetic fibers.

Keywords: Berlinia grandiflora, natural dye, extraction, mordant dyeing,
exhaustion, fastness.

1.0 Introduction

In the earliest years of the colour industry, environmental issues have always been a cause for
concern. This has led various governments to issue laws and edicts on detection and quantification of
even tiniest contaminants that may be present in both industrial products and wastewaters [1-4]. Out of
these, there is a particular concern over the impact of the chemical industry and its associated products
on the environment [5]. The application of dyes and pigments is of rising interest in the recent time. It
is evident that the price of synthetic dyes and pigments is increasing by the day due to high cost of
intermediates and increasing environmental costs. Some dye manufacturers have even been forced to
stop producing due to shortage of raw materials [6-8].

Some colourants from plants, such as combretum, latifolium, frazinifolia, and pomegranate rind
can be regarded as safe alternatives to the use of synthetic dyes and pigments due to their low toxicity
and biodegradability. Thus, research is on-going towards identifying sustainable and more
environmentally friendly materials in terms of natural dyes for use in textile dyeing and printing
industries [9-11]. Current applications of natural colourants to textile fibers are in the area of ink-jet
printing and screen printing [1, 12, 13]. In this case, printing of textiles with natural dyes is related to
dyeing. However, during dyeing, the bulk of the fabric is uniformly covered. During printing, one or
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more colourants are applied to a particular part of the fabric with patterns to create attraction from the
consumer.

Berlinia grandiflora (Family: Caesalpiniaceae) is a green forest leguminous plant. It is widely
available in Nigeria, Guinea, Mali, Central Africa, and Democratic Republic of Congo [14]. Rural
folks in eastern Nigeria use the sap extract in treating wounds and sores. The leaf and bark extracts of
this tree have also been used in treating some ailments like liver problems, nausea, vomiting, and as
analgesic to relief pain [15-16]. The wood from this tree is used for construction purposes such as
house building, ship building, furniture, plywood, and other similar applications. However, no study
was made on the application of the colourant from Berlinia grandiflora on textile fibbers. Therefore,
the main aim of the present study is to utilise the bark extract of this tree as a source of natural
colourant for the coloration of cotton and polyamide 6 fabrics. This is done in order to explore more
industrial uses of the plant. The effects of mordanting, sunlight, and fastness of light, rubbing, and
washing were assessed to judge the practicability of the application. Moreover, an attempt was also
made to evaluate the exhaustion of the extracted colourant on the cotton and polyamide 6 fabrics for a
better standardization and comparison of results.

2.0 Materials and Methods

Methanol, acetone, potassium hydroxide, ethanol, silica gel, chloroform, stannous chloride, copper
sulphate, acetic acid, and sodium sulphate were all obtained from Sigma-Aldrich Chemicals Company,
UK. Industrially bleached woven cotton fabric (100%) and polyamide 6 were purchased from a local
market in Nigeria. A dye master dyeing machine from Zaria, Nigeria as well as a Jenway 6405 UV-
visible spectrophotometer and a crockmeter (RossariLabtech, Q-Lab, Corp., USA) were used for
testing, while *H NMR, *C NMR spectra were recorded using a Mercury 200 BB series NMR
spectrometer (USA) with tetramethylsilane (TMS) as the internal standard reference. The used solvent
was deuterated dimethylsulphoxide (DMSO-dg). All the chemical transitions in delta (8) were in parts
per million. The FT-IR values were measured in cm™ while mass was measured in m/z.

2.1 Study Zone

The reason for choosing B. grandiflora among hundreds of plants is because of its ease of
accessibility which could be important for its application in the textile industry. The bark of B.
grandiflora was collected from Delta State (Obiaruku), Nigeria. The herbarium of the plant was
authenticated by a taxonomist at the University of Calabar, Nigeria (Voucher number =
2016/Cal/HRB/1243).

2.2 Extraction of Colourant

To extract the colourant from the plant, 10g of powder (ground) was extracted with 300mL of
distilled water at various temperatures (20, 40, 60 and 80 °C). They were also placed into a Soxhlet
device for extraction at 100 °C for 1 hour each. Extraction was also carried out at 70 °C at various
times of 1, 2, 3, and 5 hours, respectively. Other solvents, such as methanol, acetone, and
methanol/potassium hydroxide were used for the extraction. Plots of absorbance of dye against
temperature or time were recorded. All the colourant extracts using water as solvent were then
collected and subjected a distillation procedure under a vacuum until a 300mL solution was obtained.
Flash column chromatographic analysis (ethanol-chloroform solvent system, 4:1) was used to separate
and isolate one component of the natural colourant and was confirmed using thin-layer-
chromatography to give one spot of Ry value of 0.8 after repeated separations. This obtained
component was characterised using ‘H NMR, *C NMR, FT-IR, GC/MS, and Mass Spectrometry
which were used to measure the main functional groups of the colourant.

2.3 Fabric Treatment

The polyamide 6 fabrics were scoured using 1.0 gL™ of non-ionic detergent (DiadavinUN from
Resin Saveh, Iran) for 20min at 60°C and liquor ratio of 40:1. The cotton fabrics were equally scoured
in a solution containing 3% sodium hydroxide and 3% scouring agent (soap flakes, 5.0 g and sodium
carbonate 1.5 gL™) at 100 °C for 60 mins [27].

2.4 Direct Dyeing

The pre-treated cotton and polyamide fabrics (1.0 g) were each dyed in separate dye baths without
mordants. Dyeing was carried out with a liquor ratio of 1.50 using a 2% shade of weight of fabric at 85
°C for 1 h in a standard laboratory dye master dyeing machine. After 30 mins of dyeing, 3.0 g sodium
sulphate was added to improve exhaustion. The samples were then removed, washed with distilled
water, and dried at 50 °C [28].
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2.4.1 Mordant Dyeing of Polyamide 6
The mordanting baths was prepared using two different mordants, which are stannous chloride (4%)
and copper (1) sulphate (6%), by adjusting the pH to 5 using acetic acid. The initial temperature of the
mordanting bath was set at 40 °C and it was brought to boiling over 20 mins and held at 100 °C for 1 h
[28].
The dyeing process with the extracted compound was started at 40 °C, and the temperature was
increased to 100 °C over 20 mins and held at this temperature for 1 h. All the samples were rinsed
with cold water to remove dyes from the surface and dried at room temperature.
2.4.2 Mordant Dyeing of Cotton
The scoured cotton fabrics were rinsed in water, cut into 10 x 10 cm pieces, and weighed. Dye extract
(100 ml) was placed in the dye master dyeing machine and the mordanted cotton fabrics were dipped
into the dye solution. Dyeing was carried out at 60 °C for 1 h, keeping a 1:50 material-to-liquor ratio.
After dyeing, the samples were rinsed and dried at room temperature and used for further experiments.
The extent of exhaustion obtained for 2% (of weight of fibre) dyeing on cotton and polyamide 6
fabrics was determined using spectroscopic analysis of the dye bath before and after dyeing.
2.4.3 Determination of dye exhaustion rate

To determine the dye bath exhaustion rate, 50 uL dye bath aliquots were removed, diluted to 6.0
ml, and absorbance measurements were carried out at the maximum wavelength of absorbance (£max =
420nm) using a Jenway 6405 UV-visible before and after dyeing. A linear response between
absorbance (0.01) and concentration (0.08) was observed for the diluted dye solution. The
measurement was carried out three times and then the average was obtained. Hence, the dye
exhaustion rate in terms of percentage exhaustion (%E) was calculated using the following equation
[17].

Ay

%E = (1 —A—) x100 -—-—-—-—-——-————— (D
0

where A, and A, are the absorption values of dye solution before and after dyeing, respectively.

2.5 Assessment of fastness properties
Dyed samples were tested in accordance with the 1ISO standard test methods [18].
2.5.1 Washing Fastness

The washing fastness properties of the dyed samples was measured according to 1SO, 105-C10:
2006[19]. The test samples were washed in a soap solution, held at 60 °C for 30 min, and the extent of
staining on the adjacent undyed fabrics was evaluated using a standard grey scale (1-5), where 1 is
poor and 5 is excellent.
2.5.2 Light Fastness

In the case of the light fastness measurements, the dyed samples were exposed to daylight for 72 h
in accordance with the 1SO-B02: 2014 test method [18]. The changes in photo-fading were assessed
according to a standard blue scale (1-8), where 1-2 is poor and 8 is excellent.
2.5.3 Rubbing Fastness

The dry and wet rubbing fastness of the dyed samples were assessed in accordance with the 1SO
105-X12: 2016 test method (RoassaiLabtech, Q, Lab Corp, USA), [19] and the changes in colour were
evaluated using a standard grey scale (1-5), were 1 is poor and 5 is excellent.
3.0 Results and Discussion
3.1 Dye Extraction

According to Otutu et al. [20], dye extraction of colourants at 70°C for 4 h is applicable to produce
an optimum amount of natural dye in water [21]. Figures 1 - 10 show the effects of extraction
temperature and time on the extracts. It can be seen that, when the extraction time was 3 h, the
absorbance increased as the extraction temperature was raised to 40 °C. However, when the extraction
temperature was higher, the absorbance decreased. The method involved the use of water that includes
other additives, such as KOH, or other solvents, such as acetone and methanol. The extraction
efficiency did not significantly increase when water alone was used. Hence, the natural dyes existing
in the plant bark powder were easily dissolved into the extracting water, leading to an increase in the
absorbance of the extract.
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Figure 1- Effects of extraction temperature on the absorbance of natural colourant from Berlinia
grandiflora using acetone as solvent
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Figure 2- Effects of extraction time (in hours) on the absorbance of natural colourant from Belinia
grandiflorta using acetone as solvent at 70 °C.
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Figure 3-Effects of extraction temperature on the absorbance of natural colourant from Berlinia
grandiflora using methanol as solvent.
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Fig. 4- Effects of extraction time (in hours) on the absorbance of natural colourant from Belinia
grandiflorta using methanol as solvent at 70 °C.
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Figure 5-Effects of extraction temperature on the absorbance of natural colourant from Berlinia
grandiflora using water as solvent.
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Figure 6-Effects of extraction time (in hours) on the absorbance of natural colourant from Belinia
grandiflorta using water as solvent at 70 °C.
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Figure 7- Effects of extraction temperature on the absorbance of natural colourant from Berlinia
grandiflora using KOH, and acetone as solvents.
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Figure 8-Effects of extraction time (in hours) on the absorbance of natural colourant from Belinia
grandiflorta using KOH,q and acetone as solvents at 70 °C.
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Figure 9- Effects of extraction temperature on the absorbance of natural colourant from Berlinia
grandiflora using KOH g and methanol as solvents.
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Figure 10-Effect of extraction time (in hours) on the absorbance of natural colourant from Belinia
grandiflorta using KOH,q and methanol as solvents at 70 °C.

3.4 Characteristic of the dye extract

Table 2-Spectral data of an isolated component of the colourant
3444(0-Hgy), 2955(C-Hsy), 2346-2125(C-Hgeform),

FTIR(cm™) 1647(C=04y), 1401 (C-Hending), 1057(C-Oxy),
546-392 (C-O-R), 392 (R-O-R)
THNMR 3(ppm) 1.28-1.38(CHs), 3.73-3.77(0OCHs), 5.69-5.72(0H)
5C NMR 8(ppm) 18.4(CH), 29.1, 29.3, 29.5, 29.7, 29.8(ALL CH;), 54.2(0CH.),,

57.3(CH), 208(C=0)
95(8.44), 103(0.53), 110(1.12), 112(15.11), 122(2.73), 125(0.74),
126(2.62), 139(1.44), 163(5.65), 178(1.00), 178(2.76), 178(4.67),
Mass spectrometry (m/z) 178(5.39), 178(6.29), 205(3.86), 218(1.45), 218(2.70), 218(4.87),
224(2.26), 234(1.845), 236(1.80), 253(2.62), 256(5.87), 258(3.30),

260(4.11), 270(0.97), 284(3.42) M*
Amax 371nm and 376nm
Chromophores: -C=C-C=0 and -C=C

UV-Visible

The functional groups present in the natural colourant extracted from B. grandiflora were analysed
using FTIR spectroscopy, as shown in Figure 11. In the spectrum of the colourant extract of B.
grandiflora, a characteristic broad O-H stretching vibration was observed at 3444 cm™. The peaks at
2955, 2346, 2125 are due to stretching and deformation vibrations of C-H [24]. The stretching
vibrations of C=0 were found at 1647 cm™, indicating the presence of a ketone. The peak observed at
1401 cm™ is attributed to C-H bending vibrations. The band at 1057 cm™ demonstrates and confirms
the presence of O-H in the colourant extract. The stretching vibrations at 546 cm™ and 392 cm™ might
be due to the presence of esters. These results demonstrate the presence of phenolic and ester groups
in the

colourant extract.
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Figure 11- IR spectrum of dye extract

The absorption at & 1.28 — 1.38 indicates CH; protons. The singlets at & 3.73 — 3.77 suggest the
presence of OCHj; protons while the broad singlet at 6 5.69 — 5.72 is assigned to OH protons. The
carbon-B spectrum of the colourant extract showed CH, (SP®) carbons at § 18.4. In addition, the peaks
at §29.1, 29.3, 29.5, 29.7, 29.8 ppm indicate CH, (SP?) carbons [24]. The absorptions observed at &
54.3 and 57.3 ppm suggest the presence of CH carbons. The absorption observed at 6 208 is assigned
to carbonyl (SP?) carbons [25]. These results further confirmed the presence of a carboxylic acid
group [26].

In the UV-visible spectrum of the natural extract, the bands at 371 nm and 376 nm are due to
chromophores, including the C=C-C=0 and C=0 bonds. The mass of the isolated natural extract was
found to have an m/z value of 270.

@) O

d
2-Hydroxy-5,5,8a-trimethyl-7-methoxy-3-o0x0-3,4,4a,5,6,7,8,8a-octahydronaphthalene-1-carboxylic
acid, methyl ester.

Figure 12-Structure of the predicted dye extract from Berlinia grandiflora,

3.5 Fastness Properties

The washing fastness results are based on a set of 60°C standard laundering conditions given in
Table 3. The washing fastness ratings for both fabrics were excellent, being rated at 4-5 or 5,
indicating that the two mordants used for the study improved the washing fastness properties of the
colourants on the fabrics.
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Table 3-Colouring fastness properties of dyed and mordanted cotton and polyamide fabrics

Eg&ﬁgg Washing Fastness
Fabric Type Samples Light Fastness
Dry Wet Colour Staining
Change

Cotton Unmordanted | 3-4 3 2/3 3/4 3
Polyamide 6 | Unmordanted 4 3 3 3/4 3

Cotton Sn** 4 4 4 4/5 3/4
Polyamide 6 Sn#* 5 4/5 4 5 3/4

Cotton cu® 5 4/5 5 5 5
Polyamide 6 Cu®** 5 4/5 4/5 4/5 4

The dry and wet rubbing fastness showed ratings of 4-5 on cotton fabric and 5 on the polyamide 6

fabric, based on the standard grey scale, implying very good to excellent fastness properties with stannous
chloride as mordant. However, the performance of the colourant during dry and wet rubbing with copper
sulphate as the mordant was observed to be better compared with stannous chloride mordant.
The ability of a colourant on a dyed or printed fabric to resist the action of daylight is an important
attribute of coloured textiles [29]. The light fastness results of the dyed cotton and polyamide 6 fabrics
are shown in Table 3. The light fastness ratings of the colourants were observed to be 5 on cotton
fabrics and 4 on polyamide 6 fabrics, based on the blue wool scale, when copper sulphate was used as
the mordant.

However, the light fastness properties of the colourant when stannous chloride was used as the
mordant were rated at 3-4 on both fabrics. The moderate light fastness properties of the colourant in
the presence of copper sulphate mordant are attributed to the existence of Cu (I1). This indicates that it
has a co-ordination number of 6, which reflects practically the sites for interaction with the fibre.
Light fastness is thus generally improved as the metal is Cu (11).

3.2 Mordanting

Since natural dyes commonly require a mordant treatment for adequate fixation on textile fibres,
two mordants were selected and used for the dyeing process, which were stannous chloride and copper
sulphate. Although the use of these mordants have been found to introduce some environmental
consequences [22-23] as metal containing agents, their presence in the applied mordant bath was
considerably reduced by the addition of acetic acid into the dyebath to enhance more metal fixation on
the textiles. The percentage exhaustion data (Table 1) is in support of this. In this case, more metal is
taken up by the fiber, making the spent mordant bath less harmful for disposal.

= ] FHEES )
Non-mordanted Cotton pre-mordante Cotton pre-mordante
cotton withCuSO4 with S,Cl,

A .

Non- Polyamide 66 Polyamide 66 premon-

mordantedpolya mordanted with CuSO,  danted S,Cl,
mide 6
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3.3 Dyeing and Percentage Dyebath Exhaustion

Table 1- Maximum exhaustion of colourant from B. grandiflora on cotton and polyamide 6 fabrics
with and without mordanting

Dying method Colourant exhaustion (%)
Cotton without mordant 58
Cotton mordanted withCuSO, 80
Cotton mordanted with S,Cl, 72
Polyamide 6 without mordant 51
Polyamide 6mordanted with CuSO, 68
Polyamide 6mordanted with S,Cl, 63

The natural colourant from B. glandiflora was applied to cotton and polyamide 6 fabrics at 2% (dye
shade) using the dye master dyeing machine for 1 h. Brown shades were obtained. The dyeing
properties on the two textile fabrics were evaluated in terms of their fastness properties (fastness to
light, washing, and rubbing).

Colourant exhaustion into the fabrics was calculated and it showed very good results. The non-
mordanted fabrics gave good exhaustion, with more than 50% of the dye exhausted to the fabric, while
the mordanted fabrics showed better exhaustion compared with the non-mordanted fabrics, owing to
the increased fixation of the dye to the fiber. The cotton fabric dyed with the colourant and treated
with copper sulphate mordant gave a percentage exhaustion of 80% compared with stannous chloride
72%, while polyamide 6 fabric dyed in the presence of the same mordant gave a percentage
exhaustion of 68% compared with stannous chloride which gave 63%. This indicates that copper
sulphate is a better mordant compared with stannous chloride. The results also show that the
colourants diffused and fixed more into the cotton fabric using copper sulphate compared with
polyamide 6 fabric.

3.6 Conclusions

This study extracted a natural colourant from Berlinia grandiflora. The dye extracted was favoured
by the use of water as extracting solvent. Spectroscopic studies of the dye showed that the compound
is of octahydronapthalene derivatives of hydroxyl, methyl, methoxy, and oxo functional groups. The
compound also exhibited good water, light, and rubbing fastness qualities. CuSO, and SnCl, are good
mordants for dye extraction. The dye is brown in colour and suitable for the dyeing of cottons and
polyamide fabrics.
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