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CONTINUOUS DYEING OF CELLULOSIC TEXTILE
BY RUBIA TINCTORUM EXTRACT USING
SOL-GEL METHOD

Abstract. In this article considers a new method of dyeing cotton fabrics using sol-
gel method wiht natural plant origin dyes. The modified sol-gel method, allowing forma-
tion on the fiber a functional barrier coating of silicon oxide, which includes a plant dye.
Application of this fixation method allows reducing the yield of the dye from the fiber
significantly, as well as introduce additional agents for polyfunctional finishing of textile
materials, therefore the method can be referred to the methods of functional depomaterials
production. The effect of processing parameters on the intensity and color stability of the
obtained materials was studied. The method scanning electron microscopy used for study
the surface structure of the treated fibers and to obtain evidence of the presence silica coa-
ting. The existance of silicon oxide is also confirmed by the availability of its absorption
peaks by Fourier-transform infrared spectroscopy (FTIR).

Key words: sodium silicate, sol-gel, coloring, natural dyes, filer.

Introduction. Developing the chemical industry allows of getting synthetic
dyes with the properties and range of colors, which consumer needs for. The
undeniable advantages of this dyes type are their low cost, availability of raw
materials and, of course, a wide range of colors. However, despite their obvious
advantages, they also have disadvantages as their harmful effects on the environ-
ment and on humans. The environmental risks of using this type dyes are high,
because many of them have carcinogenic properties [1]. In addition, the traditio-
nal technology of dyeing with synthetic dyes requires high water resource costs.
For example, dyeing one kilogram of cotton fabric carries a flow rate of 70-150
liters of water, about 40 g of active dyes and 0.6 kg of sodium chloride. At the
same time, appearence of harmful effect of this type of dye on the environment
due to its release into sewage is a known and proven fact [2]. For this reason, in
order to create safer textile materials and develop harmless ways of coloring and
finishing, it makes sense to return for using natural plant origin dyes particularly.
The most complete information about the plants used for these purposes is well
studied and presented in previous works [3-6].

The purpose of this work is to develop a technology of coloring cellulose-
containing textile materials using a sol-gel method. In this study a water extract of
the roots of the madder dye (lat.Rubiatinctorium) has been used, so the main
coloring substances are porphyrins, namely, alizarin and purpurin (figure 1). The
roots of this plant have been used since ancient times for coloring processes silk,
cotton and wool. However, with the advent of the era of synthetic dyes, madder
plant used for medical purposes as an anti-inflammatory drug mainly.
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(1,2,4-Trihydroxyanthraquinone) (1,2-Dihydroxyanthraquinone)

Figure 1 — Main colorants of Rubia tinctorum

The traditional technology of dyeing textile materials with plant dyes uses a
periodic dyeing method, there is a long-term presence of the dyed materials in the
dyeing solution. It is known that a periodic method of dyeing involves a large
expenditure of resources compared to a continuous one. Therefore, using sol-gel
dyeing at finishing technology will be better. The name "sol-gel technology"
combines a group of methods for synthesizing materials from solutions, so the
main result is the preparation of a gel at one stage of the process. Often this
process is based on the reaction of controlled hydrolysis of compounds like
alkoxides.

Several papers [7-9] about using of the sol-gel method in the coloring of
textile materials are known. Most of the precursors of the sol process are alko-
silanes (TEQOS, GMPTS, APTES, TESP-A) and alcohol as solvent with acid,
which is a hydrolysis catalyst. in this way the first step is to obtain the sol by
reaction of hydrolysis and polycondensation. The second stage is the synthesis of
a monolithic gel by the intensive formation of contacts between the particles and
the production of a three-dimensional silicon oxide network by increasing the
volume of the dispersed phase. The third stage is drying and heat treatment.
Products with different levels of density and pore size (xerogels, ambigels, airgels
and cryogels) can be obtained. It depends on the method of their implementation.
At the textile finishing process there is a tendency of making silicon oxide
coatings by sol-gel synthesis on the fiber, which includes a functional substance.
In this way it is possible to obtain hydrophobic, fire-resistant, biocide and colored
textile materials. The mechanism of functional agent fixation is similar to the
technology of printing pigments using a polymer binder, but it has less harm to
the environment. Existence of a silicon oxide coatings on the fiber also leads to a
decrease photochemical degradation processes under UV radiation [10]. The
coloring methods, mentioned above, present an alkoxide sol-gel method, which
involves using of a large amount of organic solvents (mainly ethanol). Thus, the
method, described in the literature [11, 12] and involves using an aqueous sodium
silicate solutions, is most appropriate.
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EXPERIMENT

Materials and methods. Samples of 100% bleached cotton fabric, article
1030, with size 200x200mm and surface density of 147 g/mz, washed in distilled
water at 40 °C, dried in a oven and kept in a desiccators for 24 hours. The precur-
sor of the barrier silica coating is an aqueous solution of sodium silicate (liquid
glass of Na,SiOs in the mass ratio of water: Na,SiO3 equal to 9: 1) with a density
of 1.36 g/m°. As a catalyst of hydrolysis, citric acid (2-hydroxypropane-1,2,3-
tricarboxylic acid) was chosen. The raw material for dye extract obtaining was the
crushed roots of Rubia tinctorium. As a mordant, AIK(SO,), was chosen.

Extraction of the dye. Pre-dried and shredded roots of the madder dyeing
(10 g/1) were poured with an aqueous solution containing NaOH (1-2%), received
mixture was heated in a water bath to 80 °C and held for 30 minutes. After remo-
val from the bath, the solution was filtered and held for 12 hours in a cool place.
The solution storage process over a long period of time is required to precipitate
poorly soluble colloidal impurities in the solution, which can be nuisance for
uniform coloration.

Sample preparationg and dyeing. Pre-washed and dried samples of cotton
cloth with a size of 200x200 mm were impregnated with a solution, containing
10 g/l of AIK(SQ,),, for a minute at a temperature of 60-65 °C which followed by
90% padding. At next, tissue samples were impregnated in a second bath with a
dye solution, prepared on the basis of an aqueous extract with the addition of
liquid glass (50-100 g/I). Impregnation was carried out at a temperature of 65-
70 °C for one minute, followed by padding a laboratory padder. After this, the
dyed samples were immersed in a third bath, containing an aqueous solution of
citric acid (20-50 g/l). Impregnation was carried out at a temperature of 65-70 °C
for one minute, followed by padding. Further, it was dried at a temperature of 70-
80 °C for 5 minutes and heat treatment at temperatures of 120-160 °C. After heat
treatment, the solution was washed with solution, which consists a surfactant
containing 2 g/l at 50 °C, and rinsing in distilled water.

Research methods. For determine the color stability to dry and wet friction,
the PT-4 device and the gray standards scale were used in accordance with GOST
9733.27-83 "Textile materials. Method of testing the color fastness to friction".
For determine the color stability to wet-heat treatments, the stained samples
were subjected to repeated washing according to the conditions given in ISO
105-C06-2011 "Textiles. Tests for colour fastness. Part C06: Colour fastness to
domestic and commercial laundering”. The color intensity K/S of samples were
obtained from tabulated data by comparison with the reflection coefficient R%,
which measured on a CarlZeiss spectrophotometer. The fact of the availability of
coating is one of the reasons for the change in the strength and stiffness parame-
ters in comparison with the original fabric. Determination of the tensile strength
of the fabric was carried out on a tensile machine RT-250M in accordance with
GOST 3813-72. "Textile materials. Fabrics and piece goods. Methods for deter-
mining tensile properties”. Determination of the inflexibillity parameters of the
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processed and untreated samples was carried out with the MT-376 device (Metro-
tex, Russia) according to the ring method according to GOST 10550-93 "Textile
materials. Fabrics. Methods for determining rigidity in bending". For research of
chemical compounds and bonds, FTIR method, using Nicolet 6700 spectrometer
(USA), was applied. To study the structure of the surface of the processed samp-
les the electron microscopy (SEM) method, using a JEOL JSM-6490LA scanning
electron microscope with an energy dispersive analyzer (EDX), was applied.

RESULTS AND DISCUSSION

The results of measuring the intensity of the color of the obtained samples
are shown in table 1.

Table 1 - Intensity and color stability

Concen- |Concen-| Tempe- K/S Colour fastness
tration | tration | rature for friction
s oftas |t orvt [ [ A [ A |y |
g/l g/l °C washing washing | washing
1 100 50 160 0.9618 0.7225 0.6108 5 5
2 100 50 120 0.7748 0.6255 0.5332 5 5
3 100 20 160 0.9742 0.7403 0.6368 5 5
4 100 20 120 0.8372 0.6843 0.5860 5 5
5 50 50 160 0.9376 0.7181 0.6218 5 5
6 50 50 120 0.8691 0.6640 0.5622 5 5
7 50 20 160 1.0394 0.7726 0.6561 5 5
8 50 20 120 0.8372 0.6561 0.5791 5 5
Untreated 0.009713 5 5

The stability of the stain to dry and wet friction for all samples was 5 points.
According to the results of the K/S measurement, it can be seen that samples with
a heat treatment at 160 °C have the highest color intensity compared to samples
treated at 120 °C, this fact can be explained by the presence of a denser structure
of the silica coating, which prevents the dye from desorption. And there is also
seen that an increasing of the liquid glass concentration makes it possible to
obtain the most stable coloration for wet-heat (laundering) treatments.

The durability of the paint to dry and wet friction for all samples was 5
points, which indicates a sufficient fixation of colorant on the fiber.

Along with the color strength index, the influence of the dyeing conditions
on the physical and mechanical characteristics of the fabric was studied, and the
inflexibility (toughness) data of the processed samples without the use of a dye
was also given. The data obtained during testing of the samples are given in table 2.
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Table 2 — Mechanical properties

- Tensile
Concen- | Concen- | Tempe- Inflexibility, cN strength, N
tration tration rature
Sample of liquid | of citric | of heat |Coloured) Treated
glass, acid, |treatment,| DY | bysol-gel | ...\ vest
g/l g/l oC sol-gel without
colorant
1 100 50 160 11.074 9.741 162 122
2 100 50 120 9.555 11.613 201 | 148
3 100 20 160 12.769 9.800 162 | 161
4 100 20 120 10.662 11.437 161 130
5 50 50 160 10.251 8.751 153 | 110
6 50 50 120 11.250 10.692 163 | 136
7 50 20 160 10.643 9.016 171 | 118
8 50 20 120 11.417 9.320 187 115
Clear 0 0 0 7.232 7.232 232 | 221
Non-coloured,
treated by AIK(SO,), 0 0 0 9.878 9.898 409 | 249
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Figure 2 — FTIR absorption spectrum of a coloured sample
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Data analysis shows that heat treatment at elevated temperature leads to a
decrease in the strength characteristics of the fabric, which is caused both by the
dehydration of the cellulose fiber and by decreasing elasticity of the coating and
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leads to a decrease in the mobility of the fibers. It can be seen from the table that
impregnation with alums before the dyeing process, also leads to strength in-
creasing.

For a more detailed study of the chemical composition and the existance of
chemical bonds, an FTIR analysys was made. The results are shown in figure 2.
The detailed description of the absorption peaks is presented in table 3.

Table 3 — Supposed availability of chemical bonds

Absorptlo_q Description Possible cause
peaks, cm

440 -S-S- Use of alumina potassium alum

561 C-H -

615 C-Cl or CH-O-N=0 -

668 Presence of benzole ring Presence of dye

1025 Alkylcycl_oprop_anes Presence of dye

or benzole ring existence

1057 Si-O Presence of silicon oxide

1115 Acetals -

1166 Alkylsulfones Due to the reaction of alumacalic alum

or disubstituted sulfomides with a dye, the formation of lacquers

1377 -CH,4 -

1431 Dimers of carboxylic acids -

1630 Crystallization Water Non-full dehydration (_)f Cellulose
and Gel Coating

2170 -NH; -

2899 AIK(SO.), Remains of uqreduced alumina
potassium alum

3403 -OH Presence of cellulose

The absence of peaks in the region of 1870-1770 cm™, indicates the absence

Figure 3 -
The SEM image of coloured sample

of sodium citrate salts, the peaks at 559 and 667 cm™ indicate the availability of
tetrapyroll, which confirms the presence of the dye.
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Figure 4 — EDX data of coloured sample
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The microstructure and elemental composition of the obtained samples were
studied using the scanning electron microscopy method and energy-dispersive
elemental analysis. The results of a study of the morphology of the fiber surface
are shown in figures 3 and 4.

The presence of a silica coating is seen on the surface images (figure 3) of
the material, which is also proved by the presence of peaks for silicon on the
energy-dispersion analysis diagram (figure 4).
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Conclusion.

1. A new method of dyeing cotton fabrics with plant colourants applying
modified sol-gel method, was developed, where a silica coating plays role as a
binder and barier for the dye.

2. The present method makes it possible to increase the storage time of using
solution up to several days by applying sequential treatment first in the precursor
and then in the catalyst of hydrolysis, with avoiding the premature formation of
the hydrogel in the impregnating baths, and being polycondensation reaction
occurs at the fiber-solution interface.

3. The use of this method makes it possible to obtain a silica coating, as evi-
denced by the results of electron microscopy and energy dispersive analysis, as
well as to increase the rigidity of the treated materials in comparison with the
untreated ones. The study showed that the fixation of pigments by a new method
without polymer binders is possible in principle.

REFERENCES

[1] Zvezdina S.V., Berezin M.B., and Berezin B.D. Natural Dyes Based on Chlorophyll and
Protoporphyrin Derivatives // Russian Journal of Coordination Chemistry. 2010. Vol. 36, N 9.
P. 711-714.

[2] Robinson T., McCullan G. et al. Remidiation of dyes in textile influent: critical review on
current treatment technologies // Bioresource technology. 2001. Vol. 77, issue 3. P. 247-255.

[3] Sekar N. Natural colorants-an introduction // Colourage. 1999. Vol. 46. P. 57.

[4] Gupta D. Mechanism of dyeing synthetic fibres with natural dyes // Colourage. 2000.
Vol. 47. P. 23.

[5] Ramakrishna E. Into the golden era of natural and vegetable dyes // Colourage. 1999.
Vol. 46. P. 29.

[6] Cannon J., Cannon M. Dye Plants and Dyeing. London: Herbert, Ltd., 1994. P. 128.

[7] Mahtlig B., Textor T. Combination of silica sol and dyes on textiles // Journal of sol-gel
science technology. 2006. Vol. 39. P. 111-118.

[8] Schramm C., Reanderer B. Dyeing and DP treatment of sol-gel pre-treated cotton fabrics //
Fibers and polymers. 2011. Vol. 12. P. 226-232.

[9] Jinyun Liu, Wengi Huang, Yanjun Xing. Preparation of durables upper hydrophobic
surface by sol-gel method with waterglass and citric acid // Journal of Sol-Gel Science and
Technology. 2011. Vol. 28. P. 18-23.

[10] Salyakhova M.A, Karasyova I.P., Puhachyova E.N. Fotohimicheskaya distrukciya
tekstilnih materialov // Vestnik Kazanskogo tehnologicheskogo universiteta. 2013. Vol. 16, N 17.
P. 92-93.

[11] Dyussembiyeva K.Zh. Razrabotka novyh modificirovannyh tekstilnyh materialov s
antimikrobnymi svoystvami na osnove zol-gel tehnologii: PhD dissertaition, defended 23.12.2016.
Almaty: Almaty technological university, 2016.

[12] Tashmukhamedov F.R. Primenenie zol-gel metoda v krashenii tekstilnyh materialov //
Vestnik ATU. 2016. N 4(113). P. 5-11.

75



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Pesrome
@. P. Tawumyxameoos, A. K. Kymowcarnosa

RUBIA TINCTORUM 5KCTPAKTHI MEH
30JIb-TEJIb S AICIH KOJIJAHA OTBIPBIIT LEJIJIFOJIO3AJIbI
TEKCTUJIb MATEPUAJIJAPBIH Y3AIKCI3 ©JICIIEH BOAY

Makanajga LesuIoI03alibl TEKCTHIbL MaTepHaiJapblH TaOUFU TEKTi OOSFBIILITAPMEH
30JIb-TeJIb S71iCi apKBUIBI OOSy/bIH JKaHa 9JIiCi YCHIHBUFaH. 3epTTeY >KYMBICHIHBIH HETI3Ti
HOTIKec] OOJIBIT MaTaIap sl MapeHa OOSFBIIIBI MEH 30JIb-T€Jb S/ICiH MaiifasaHa OTHIPHII
9KOJIOTHSUTBIK KAyirci3 00sly TEXHOJOTHSICHIHBIH KYPacTBIPBUIYBl O0sbin Tadbutansl. O
TEKCTHIIb MAaTEePHAIBIHBIH TPEKYypPCOpP MEH THAPOIN3 KaTONHM3AaTOPBIHAA CIHIPLIiN, oxaH
KeWiH KeNTipy JXoHEe TEePMOOHICY IpoIlecTepi apKbUIBI JKy3ere acambl. OHIEY Mapa-
METpJIEPIHIH TEeKCTHIhF MaTePHAIBIHBIH (PU3NKO-MEXaHUKANBIK KacHeTTepi, 00sy WHTEH-
CHBTLIIr1 MeH OepikTiniri 3epaenenren. Hotmxkecinne, 10 xxyynan keiiiH 60sly HHTEHCHB-
TUTIMHIH JKOFapbl JeHreii Hatpuii cunukateiasiy 100 r/1 meamepingeri, 160 °C Tepmo-
eHZeYylleH OoTKeH yiriiep kepcerTTi. COHBIMEH Karap AJIEKTPOH/bI MHUKPOCKOINHS O[ICiH
KOJIIaHa OTHIPBINT (YHKIIMOHAJIBI KAObIH MEH OOSFBINITHIH OCKITUIIeHI 3ep/e/ICHICH.
3epTTey HOTHIXKECI IEIUTIOI03alIbl TeKCTHIIb MaTepUANapPhIH OHJICY OHIIpIiCiHIe maiima-
nayra 00abl.

Tyiiin ce3nep: HaTpPHil CUINKATHI, 30Jb-T€JIb, KOJOPJIAy, TAOUFH OOSFBIIITAP.

Pesrome
@. P. Tawumyxameoos, A. XK. Kymowcarnosa

HEIPEPBIBHBIN CITOCOB OKPAILIMBAHUS LIEJUTKOJIO3HBIX
TEKCTUJIbHBIX MATEPUAJIOB DKCTPAKTOM «RUBIA TINCTORUM»
C UCIIOJIbB3OBAHUEM METO/JIA 30JIb-T'EJIb

B crarbe npuBeneH HOBBIH CIOCOO OKpaIIMBaHUS LEJUTIOIO03HBIX TEKCTHUIIBHBIX Ma-
TEPHUAJIOB 30JIb-T€JIb METOJOM C IIPUMEHEHHEM KpacuTeseil pacTUTEIBHOIO IPOUCXOXKe-
Husl. OCHOBHBIM PE3yJIbTaTOM HCCIIEOBAaHUS SIBISIETCSl pa3paboTaHHash HKOJOTHYECKH
Oe3ormacHas TEXHOJIOTHS KOJIOPHPOBAHMS TKaHEH ¢ NMpPUMEHEHHWEM 30JIb-Tellb METola W
9KCTPaKTa MapeHbl KPACHIBHOM, KOTOPasi COCTOUT B MOCIIEAOBATEILHON MPOIHUTKE TEKC-
TWJIBHOTO MaTepHaja B IPEeKypcope U KaTalu3aTope THAPOJIN3a C Iocie yomel CyKoMl
u TepMooOpaboTkoil. MccnenoBano BIUsSHHE MapaMeTpoB 00paOOTKH Ha (PU3UKO-MeXa-
HUYECKHE CBOWCTBa TKaHH, HHTCHCUBHOCTD M NMPOYHOCTH OKPACKH. BBIsABIEHO, 4TO Hau-
OoJpIe MHTEHCHUBHOCTBIO OKpacku mocie 10 ctupok obmamaror oOpasmsl, o0padoTaH-
HbBIC [IPY KOHILCHTPAIUK XKUAKOTO cTekia, papHoit 100 r/i, u npomennme TepMUYECKYO
06pabotky npu 160 °C. Tak xe mprMEHEH METO]I IEKTPOHHOW MUKPOCKOIINH, PE3yibTa-
TBI KOTOPOT'O JIOKA3bIBAIOT HAJIH4NE (DYHKINOHATIBHOTO MOKPHITHA M (PUKCAIUH KPACHTEIL
B ero o0bveme. Pe3ynbTaThl HecaenoBaHus MOTYT OBITh IPUMEHEHBI B OTACIOYHOM IIPOM3-
BOJICTBE TEKCTUJIBHBIX IETUTIOI030COAEPKAIIUX MAaTePUATIOB.

KiroueBble cjioBa: CUIMKAT HAaTpHs, 30Jb-Tellb, KOJOPUPOBAHHUE, PACTHTEIbHBIC
Kpacureliy.
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