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SOL-GEL TECHNIQUE IN ECO-FRIENDLY COLORATION
OF CELLULOSIC MATERIALS

Abstract. At this work, modified variant of sol-gel method is presented, which pro-
vides for carrying out of polycondensation not in the impregnation bath, but in the pores
of cotton fibers. It is possible due to consistent impregnation in solution of precursor and
colorant and catalyst of hydrolysis. The possibility of obtaining silica coating by this
method has been proved by the results of scanning electron microscopy and energy dis-
persive analysis. An influence of treatment conditions on tensile properties and coloration
intensity is studied. It was revealed that higher temperature of heat treatment leads to an
increase of color fastness.

Key words: sol-gel, silica, sodium silicate, citric acid, cellulose, plant colorants,
continuous dyeing, madder, chlorophyll

Introduction. The sol-gel technology is an effective method of introducing
and fixing functional agents on the surface of substrates of various types. There
are several advantages of using sol-gel technology in the functional finishing of
textile materials, such as the possibility of high processing speed and the absence
of damage to substrate materials. There are some papers about functional
finishing of cellulose textile materials [1-16], which have proved the efficiency of
fixing functional agents on the surface of cellulose fiber by using of a sol-gel
method. The sol-gel technology implies obtaining functional coating on fiber,
which consist metal (silica, aluminum, titan or zinc) oxide matrix and functional
particles [17, 18]. Essential factors that limited using of sol-gel technology in
mass production are the high cost of alkosilanes, which also requires the use of
organic additives. At previous studies the existence of economically more
advantageous ways of replacing alkosilanes by water-soluble silicates are
explained. The most common water-soluble silicate is sodium or potassium liquid
glass. There are several works about using of sol-gel method in dyeing of textile
materials [19-21], where researchers applied an a colloidal sol-gel method with
the use of aqueous solutions of sodium liquid glass (sodium silicate). Also, an
eco-friendly method of dyeing involves the use of natural dyes. Application of
plant colorants in textile materials dyeing is best known from antic period,
however this type of dye implies the applying of a periodic dyeing method. So, in
this research, extract of madder and chlorophyll copper complex choosen as
colorants, these substances are commonly used in pharmaceutical and food in-
dustry. At this paper we suggest an environment-friendly 2 bath included conti-
nuous dyeing method of cotton fabrics, which is based on sol-gel process. General
purpose of this research is development of safely and efficiently dyeing
technology from economical point of view.
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EXPERIMENTAL PART

Materials. 100% bleached cotton fabric, article 1030, with size 200x200mm
and surface density of 147 g/m? was purchased from Blakit (“BCPA” JSC, Belo-
russia). As precursors of sol-gel process an aqueous solution of sodium silicate
(liquid glass of Na,SiOs in the mass ratio of water: Na,SiO; equal to 9: 1) with a
density of 1.36 g/m?, and as a catalyst of hydrolysis, citric acid (2-hydroxypro-
pane-1,2,3-tricarboxylic acid) were chosen. At the research extract of madder
(purchased from Vifitech, Russia) and chlorophyll copper complex (purchased
from Ecoplant, Russia) were selected as colorants. AIK(SO,), was used as a mor-
dant.

Preparation of samples. Samples of cotton fabric with size 200x200mm and
were washed in distilled water at 40 °C, dried in a oven and kept in a desiccators
for 24 hours to conditional mass achievement. After this a dyeing solution was
prepared (bath module is 5:1), which consisted colorant (2% o.w.f.), diluted in
NaOH 1% (1/5 of required volume of dyeing solution) and water glass (50-
100 g/l). At next, tissue samples were impregnated in bath with a dye solution.
Impregnation was carried out at a temperature of 65-70 °C for one minute, fol-
lowed by padding. After this, the dyed samples were immersed in second bath,
containing an aqueous solution of citric acid (20 - 50 g/I) at a temperature of 65-
70 °C for one minute, followed by padding. After, cloths were dried at a tem-
perature of 70-80 °C for 5 minutes and heat treated by heat at temperatures of
120-160 °C. Further, samples were washed with solution, which consist a
surfactant (2 g/l) at 50 °C, and rinsed in distilled water.

Research methods. The color stability determination of dyed samples
carried out, the PT-4 device and the gray standards scale were used in accordance
standart «I'OCT 9733.27-83» "Textile materials. Method of testing the color
fastness to friction". The color intensity K/S of samples calculated according to
equation from reflection coefficient R, which measured on a CarlZeiss spec-
trophotometer. The fact of the coating existence is one of the reasons of changing
mechanical properties 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 standart «['OCT 3813-72». "Textile materials. Fabrics and piece
goods. Methods for determining tensile properties”. For studying of sample’s sur-
face morphology scanning electron microscopy used (SEM).

RESULTS AND DISCUSSION

The result of color intensity determination is represented in table 1. The in-
tensity measurement of samples, which were colored by madder extract, clearly
show, that K/S value decreased versus high temperature of treatment, and reduced
with higher citric acid concentration. This fact can be explained by the destruction
of the colorant. K/S value of samples, which were colored by chlorophyll, has
shown direct proportional dependability from temperature of heat treatment,
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Table 1 — K/S value of colored and uncolored samples

No | Cuatergiass | Caciar | Temperature of KIS value
(Cwe) gL | g/L | treatment (Trw.), °C | colored by madder | Colored by chlorophyll

1 100 50 160 0.46152 0.24114
2 100 50 120 0.51376 0.23454
3 100 20 160 0.64314 0.19837
4 100 20 120 0.69955 0.18875
5 50 50 160 0.50088 0.20763
6 50 50 120 0.51779 0.19399
7 50 20 160 0.56889 0.18180
8 50 20 120 0.57339 0.17998
0 Untreated, uncolored 0.009713

water-glass concentration and acid concentration. Therefore, next conclusions can
be made: copper complex of chlorophyll has good thermal stability, in compa-
rison with madder extract; increasing of intensity with the highest temperature
and concentration of the liquid glass contributes to better fixation of the dye.

For identify patterns of color fixation from treatment parameters, PT-4
device and the gray standards scale were used. Result of color fastness test is
shown in table 2.

Table 2 — Results of testing the color fastness to wet/dry friction

N Cuwe, Cocics Trn Colored by madder Colored by chlorophyll
gL gL °C dry wet dry wet

1 100 50 160 5 4 5 4-5

2 100 50 120 5 3-4 5 4-5

3 100 20 160 5 3-4 5 4-5

4 100 20 120 5 3-4 5 4-5

5 50 50 160 5 4 5 4-5

6 50 50 120 5 4 5 4-5

7 50 20 160 5 4 5 4-5

8 50 20 120 5 4 5 4-5

It’s clearly shows, that increasing temperature of thermal fixation leads to
best color fixation results. But high treatment temperature can injure cellulosic
fibers. So, heating in temperature 120-160 °C of fabric is one of the reasons of
changing mechanical properties in comparison with the original fabric, tensile
strength had been measured consequently. Testing results are shown in table 3.
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Table 3 — Tensile strength of the treated and untreated samples

Number of regime Cwo., Cacids Tensile strength, N
g/iL giL Tru=160°C | Tu=120°C
Colored by madder extract

1 100 50 388 462

2 100 50 458 497

3 100 20 365 488

4 100 20 411 452

Coloured by chlorophyll copper complex

1 100 50 281 284

2 100 50 311 333

3 100 20 260 306

4 100 20 358 428
Untreated 0 0 232 232
Non-coloured, treated by AIK(SO,), 0 0 0 409

It can be seen, that with decreasing of treatment temperature and acid con-
centration and increasing of water glass, the tensile strength has been enhanced.

Thus, optimal parameters of treatment can be chosen depend on color rub-
bing test results and K/S value. So, results of research are shown, that C yater-glass=
=100 g/L, Cyig= 20 g/L and Tty =120 °C are better parameters for sol-gel dyeing
by madder extract. C water-giass= 100 g/L, Cqcig= 50 g/L and T+ =160 °C are better
parameters for sol-gel dyeing by chlorophyll copper complex.

For studying of surface morphology of treated and untreated samples
SEM/EDX method was used. Images of fibers structure are shown on figurel.
Surface images and EDX analysis is proving existence of silica oxide gel coating.

Conclusion.

1. The proposed coloring technology based on double-bath impregnation sol-
gel method allows to obtain barrier silica coatings, where natural dye is included,
it has been proved by images of SEM/EDX method.

2. The general advantages of this coloring method is that reaction of
polycondensation doesn’t proceeds in the bath, It occurs in the pores of cotton
fiber, therefore present method makes it possible to increase the storage time of
using solution up to several days without gelling and that the solution can be
recycled and reapplicated again.

3. At work an eco-friendly natural colorants and environment safely fixation
method of dyes through sol-gel process, applying of water-soluble precursor and
non-mineral acid, was used.

4. It was found that Cy.g = 100 g/, Cuiq= 20 g/l and T+ =120 °C are better
parameters for sol-gel dyeing by madder extract. Then Cy,c = 100 g/l, Cuig= 50 ¢/l
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Figure 1 -
SEM images of samples:
a — colored by chlorophyll,
b — colored by madder extract,
¢ — untreated cotton sample
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and Tty =160 °C are better parameters for sol-gel dyeing by chlorophyll copper
complex.

Therefore, the process can be carried out on common industrial dyeing ma-
chines. General disadvantage is possibility of coloring hydrophilic fibers only.
Results of this research can be used as basic for development of eco-friendly sol-
gel dyeing technology.
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Pesrome
@. P. Tawmyxamedos, A. XK. Kymowcanosa, I'. E. Kpuuesckuii

30JIb-TEJIb TEXHUKA
B OKOJIOTMYHOM KPAINEHWN HEJUTIOJIO3HBIX MATEPHUAJIOB

Onwucan JBYXBaHHBIH 30Jb-T€Jb METOJ KpallIeHHs EJUTIOI03HBIX TEKCTHIIbHBIX
MaTepuanoB. [IpeioskeH 3KoJIIOTHYecKH Oe30IacHBId CIIoco0 KpamleHUs LEeJUTIOI03HBIX
TEKCTWJIBHBIX MaTE€pHAJIOB C NPUMEHEHHE HATYPaIbHBIX KpacHuTeled pacTHTEIHHOTO
MPOUCXOXKACHHS (IKCTPAKT MapeHbl KPaCHUIbHOW M MEIHOTO KOMIUIEKCA XJIOPOQHILIA).
[IpemnokeHHBIH CIIOCO0 COCTOMT B ITOCIENOBATEIHHOM MPOMMUTKE OOpa3oB XJIOMYATO-
OyMa)XKHOI TKaHM CHadaja B IPEKypcope 30Jb-Tellb IPOLecca, a 3aTeM B KaTalu3atope
THIPOJIH3a, C MOCIEAYIOMEH CYIIKOW U TepMHudeckoi o0paboTkoil. MccnenoBano Bims-
HHE KOHIEHTpPAIMHU MIPEKypcopa 30Jb-Tellb epexoa U KaTalu3aTopa THIPOIN3a Ha KO-
JIOPUCTHYECKHE U NIPOYHOCTHBIE CBOMCTBA MONTYyYEeHHBIX 00pa3LoB. BrIABIEHO, 4TO ONTH-
MaJbHBIMH IIapaMeTpaMH IJIsl KpalleHWs SBIIAIOTCS. KOHLEHTPALUs JKHIKOTO CTEeKJa
Cw.c = 100 r/n, koHuentpanust tuMoHHO#N KUCIOTH Cyig =50 r/i1 u Temmeparypa Tepmo-
obpabotku Tty = 160 °C mist xiaopodumna u Cyg = 100 /i, Cyig = 20 t/n and Ty =
=120 °C pmnst mapeHbl KpacuibHOH. JInsl MCciienoBaHHMsS MOBEPXHOCTH 00pabdOTaHHBIX
BOJIOKOH TIPIMEHEH METOJI AJIEKTPOHHOH MHKPOCKOIINH, 1T0 Pe3yIbTaTaM KOTOPOTO J0Ka-
3bIBAETCS HaJMYME KPEMHE3EMHOTO TOKpBITHS. Pe3yrnbraThl MccieoBaHusI MOTYT OBITH
MIPUMEHEHBI B OTJIEJIOYHOM IPOM3BOJICTBE TEKCTHIJIBHBIX LEJUII0JIO30COAEPKALIUX Mare-
pHaoB.

KnroueBsble c10Ba: 307b-Telb, KPEMHHH, HATPUS CHIIMKAT, IMMOHHAS KHCJIOTA, Pac-
THUTEIILHBIC KPACUTEIH, HEIPEPHIBHOE KpaLleHHe, MapeHa, XJIOPO(pUILL.

Pe3rome
@. P. Tawmyxamedos, A. XK. Kymowcanosa, I'. E. Kpuuesckuii

HEJUIIOJIO3AI MATEPUAJITAPBIH DKOJIOT'MAJIBIK
bOAY KE3IHJAEI'T 30JIb-T'EJIb TEXHUKACBI

Makanazia eJuTioI03aIblK TOKBIMa MaTepHaIapsiH 00syFa apHaIFaH eKi BAHHAIBIK
30J1b-T€JIb OICI CHMATTAIIFaH. 3ePTTEYMiH HOTHKeIepi OOWBIHINA ©CIMIIK TaOUFU 00s-
FeImTap (OOSFBIMITBIH CHIFBIHABICH JKOHE XJIOPO(PWIMIH MBIC KEIIeHi) KOJIAHBLIATHIH
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LEIJUTFOJIO3ABIK TOKBIMA MaTepUAIaPbIH OOSYIbIH SKOJOTHSIIBIK KAyilci3 9iCi YCHIHBLI-
FaH. YCBIHBUIFaH O/IiC aJJIbIMEH 30JIb-TeJb MPOLECIHIH MPeKypCcopiapblHAa MaKTa-Mara
YJITUIepiH CIHIPLIiN, CoMaH KeWiH TMAPOJIM3 KaTalu3aTOpbIHAA CIHIpLTI, KeiiH KenTipy
JKOHE TEPMUSIIBIK OHJIEYACH TYpabl. AJBIHFAaH YITUIEpAiH Tyci MeH OepiKTiri Kacuerre-
piHE 30JIb-TEJIBIIK THUAPOJIU3 KATaIM3aTOPBIHBIH MPEKYPCOPJIBIK KOHIICHTPAUACHIHBIH
acepi 3epTreimi. OHuey mapaMeTpIiepiHiH TEKCTHIIb MAaTEPUAIBIHBIH (hHU3UKO-MEXaHUKA-
JIBIK KacHeTTepi, 00sly HHTEHCHUBTLIINT MeH OepikTiiiri 3epaenenred. Hotmkecinze, keneci
ONITHUMAJTBII MTapaMeTpiIep aHBIKTAIFAH: XJIOPOGHILT MBIC KOMILIEKC YIIIH - HATPHHA CHITH-
kart koHueHtpanusicel Cy g = 100 r/n, nuMOH KBIIKBUTEI KOHIIEHTpAnuschl Cyeig = 50 r/n
KOHE TepMmoeHzey Temmeparypackl Tty =160 °C; GosypurMmeHn Oosy mporeci yiriH -
Cw.c = 100 r/m, Cyig = 20 1/ and Tty = 120 °C. CoHbIMeH KaTap 3JIEKTPOHIBI MHKPO-
CKOTIHS SMICiH KOJJaHa OTHIPHINT (PYHKIMOHAIIB! KaOBIH MEH OOSFBINITHIH OEKiTLIreHi
3eplIeNieHreH. 3epTTey HOTHKEC! LEeJUTI0I03alIbl TeKCTIIb MaTepHalapblH OHICY OHIi-
picinze naiiianayra 6onaupl.

Tyiiin ce3aep: 30/b-T€jb, KPEMHUH, HATPHHA CHJIHKATHI, TUMOH KbIIIKBLIBI, OCIMIIIK
OostFBIIITAp, Y3/IKCI3 005y, OOSypHH, XJIOPOGHILI.
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