— 10pm JEOL 2/14/2017
X 1,000 15.0kV SEI LM WD 8.0mm 11:39:56

—————— 10pm JEOL 2/14/2017
X 2,000 15.0kV SEI SEM WD 7.8mm  11:41:17

(d)

Sekil 3. Flde edilen selilloz mikrokristallerin a) 100, b)500, ¢)1000 ve d)2000 biiyiitmeli SEM
mikrograflari

SONUC

Calismada, telef pamuk liflerinden asit hidrolizi ile SMK’ler sentezlenmistir. Pamuk telefinin 6nce ve
hidroliz sonrasi i¢in alinan FTIR spektrumlari, SMK’lerin olustugunu dogrulamaktadir. Optik
mikroskop goriintiileri ve SEM mikrograflarinda mikrokristal yapilar goriintiilenmistir. Bu sentez

yontemi ile pamuk telefleri baska uygulama alanlarinda kullanilmak iizere degerlendirilmistir.
Sentezlenen SMK’lerinin tekstil ve polimer uygulamalarinda kullanilmasi planlanmaktadir.
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ABSTRACT

In this study, the synthesis and characterization of thermoresponsive polymer was carried out. This
polymer was intended for use in the production of smart textile materials which could respond to
environmental conditions. For this aim, N- vinylcaprolactam as a thermoresponsive monomer was
used for the polymer synthesis. In the study, unlike literature, monomer was hydrolyzed in the mixing
ethylene glycol and monomer (1/1 mol) in toluene prior to polymerization. In the hydrolysis reaction
of the monomer, its ring structure was opened and new monomer with different functional group and
molecular weight was obtained. The hydrolyzed new monomer (VCL-EG) was polymerized in the oil
bath at 80 © C for 8 hours by the free radical polymerization method. In the polymerization, 2,2'-
Azobis (2-methylpropionitrile) (AIBN) and toluene was used as initiator and solvent, respectively.
FTIR (Fourier Transform Infrared Spectroscopy) analysis was performed to investigate the chemical
structure of the synthesized polymer. According to the results of FTIR analysis, the characteristic
peaks belong to carbon carbon double bond (C=C) in the spectrum of monomer were completely
disappeared in the IR spectra of the synthesized polymer. This finding proved that polymer synthesis
was successfully carried out by carbon-carbon double bond opening. The thermoresponsive properties
of the synthesized polymer were investigated by turbidity test in a temperature range of 20-40 °C by
increasing the temperature 1 °C. The results of turbidity test showed that the lowest critical solution
temperature of the synthesized polymer was almost 34-35 °C. From this temperature, turbidity was
started in aqueous polymer solution as a result of the presence of dominant hydrophobic groups in
polymer structure. Namely, thermoresponsive property of the polymer was observed. Below the LCST
value polymer solution became transparent because of the dominant hydrophilic group of the polymer
structure in the water. According to the preliminary results of this study, thermoresponsible polymer
has been successfully produced.

Key words: Smart Polymer, Thermoresponsive Polymer, N-Vinylcaprolactam, Free radical
polymerization

INTRODUCTION

In recent years, smart polymers take place among the attracted polymers by the researchers. Smart
polymers response to environmental stimulations such as heat, pH, light wave, ionic concentration,
etc,. They switch from one state to another state by responding to the stimulus [1]. A sample of smart
polymers is thermoresponsive polymer and it has an important place. These polymers exhibit
reversible transition at a particular temperature that is called the lowest critical solution temperature
(LCST). They have both hydrophobic and hydrophilic groups on their structure. Below the lowest
critical solution temperature, the hydrophilic interactions in the polymer become dominant and
polymer become water soluble. On the other hand, above the lowest critical solution temperature,
hydrophobic interactions predominate and polymer becomes insoluble in the water [2].
Thermoresponsive polymers have been generally synthesized by free radical polymerization [3-5],
bulk polymerization [6] and atom transfer radical polymerization (ATRP) [7]. In this study, PVCL-EG
(Poly(N-Vinylcaprolactam-Ethylene glycol)) polymer was produced by using free radical addition



polymerization . The thermoresponsive behaviour and chemical structure of synthesized polymer was
investigated.

EXPERIMENTAL
Material

N-Vinylcaprolactam (Sigma-Aldrich) was used as monomer while ethylene glycol was used to
hydrolyse the monomer. 2,2'-Azobis (2-methylpropionitrile) (AIBN) (Sigma-Aldrich) was used as
initiator. Toluene was used as solvent in the synthesis of PVCL-EG polymer.

Synthesis of PVCL-EG Polymer

Poly (Vinylcaprolactam-Ethylene glycol) (PVCL-EG) polymer was synthesized by using free radical
addition polymerization method. The polymerization was carried out in oil bath at 80 °C for 8 hours.
The polymer reaction can be summarized as follows: First, the monomer was hydrolyzed in the
mixture of ethylene glycol and monomer (1/1 mol) in 30 ml of toluene. 1n this step, the monomer (1 g)
was dissolved in toluene and then ethylene glycol was added to this solution. The prepared mixture of
ethylene glycol and monomer in toluene was stirred at room temperature for 5 hours and then stirring
continued at 50 °C for 15 minutes. The hydrolyzed monomer (VCL-EG) was obtained at the end of
this process. Second, 0.08 g of AIBN solution in toluene (5 ml) was added slowly to the hydrolyzed
monomer solution. Prepared solution was poured to test tubes and was degassed with nitrogen for 2
minutes. The test tubes were placed in the oil bath and polymer reaction was started. After 8 hours, the
polymer reaction was terminated and toluene was removed to obtain powder polymer.

Characterization of PVCL-EG Polymer

The chemical structures of PVCL-EG polymer was analyzed by FTIR spectroscopy. FTIR spectral
measurements of polymer were performed on a KBr disk using Perkin Elmer Spectrum BX instrument
and FT-IR spectra were picked up between 4000 cm™ to 400 cm™ in the absorbance.

Turbidity test was carried to determine the thermoresponsive properties of PVCL-EG polymer. A 1%
PVCL-EG polymer solution in distilled water was prepared for this test. Turbidity behavior of PVCL-
EG polymer solution was observed at the temperature range of 20-40 °C by increasing the temperature
from 20 °C to 40 °C. An image showing a color change every 5 © C was recorded.

In the other method used to investigate thermoresponsible property of the polymer, LCST value of the
synthesized polymer was identified. In the process, the solution was heated from 30 °C to 40 °C by
rising the temperature 1 °C. LCST value of the polymer was determined based on the color change of
the solution against to temperature change. The temperature at which polymer solution began to
become cloudy was determined as the LCST value.

RESULTS and DISCUSSION

In this part, the findings obtained from PVCL-EG polymer characterization were given. Chemical
characterization of the PVCL-EG polymer was carried out using FT-IR spectroscopy. The FTIR
spectra of VCL-EG monomer and PVCL-EG polymer were given in Figure 1. In the IR spectrum of
VCL-EG monomer, the characteristic carbonyl peak (C=0) was at 1670 cm™ and the peak of carbon-
carbon double band was observed at 1624 cm™. According to the IR spectrum of the PVCL-EG
polymer, the carbon-carbon double bond peak disappeared and the near C=O stretching peak at 1628
cm’™ broaden. The peaks at the 2931 cm™ and 2858 cm™ corresponded to the aliphatic C-H stretching
in the IR spectrum of VCL-EG monomer appeared at 2939 cm™ and 2855 cm™ in IR spectrum of
PVCL-EG polymer. Additionally, new broad peak at 3447 cm™ was placed in the spectrum of the
polymer. This peak was due to O-H and N-H stretching. The CH, peaks arisen at 1480, 1441 and 1422
cm™ in the spectra of polymer was due to increasing in group of CH, in polymer structure. Carbon
carbon double peak (C=C) observed at 987 cm™ in the spectrum of monomer was invisible in the
spectra of polymer. The disappearance of C=C peak at 1624 and 987 cm™ were proofs of the synthesis
of the PVCL-EG polymer successfully.
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Figure 1. FT-IR spectra of VCL-EG monomer and PVCL-EG polymer

The thermoresponsive behaviour of PVCL-EG polymer at different temperatures was showed in
Figure 2. The transparent polymer solution gradually became white while the temperature increased.
Finally, the polymer solution became completely opaque at 40 °C. Because the PVCL-EG polymer
was insoluble in water at approximate 35°C due to its dominant hydrophobic interactions, polymer
solution started to be cloudy at almost this temperature. According to the turbidity test, it was possible
to state that PVCL-EG was exhibited thermoresponsive behavior.

Figure 2. Thermoresponsive behaviour of PVCL-EG polymer solution at different temperature

The polymer solution was heated from 30 °C to 40 °C with 1°C increment to determine LCST value.
During the test, the photo of PVCL-EG polymer solution at each temperature was taken (Figure 3). As
seen from photographs, the polymer solution was begun to be cloudy at almost 34-35 °C. These results



indicated that LCST value of PVCL-EG polymer was almost 34-35 °C that was close to human body
temperature.

Figure 3. Determination of LCST value from turbidity test of PVCL-EG polymer solution

CONCLUSIONS

In this study, synthesis of PVCL-EG that was a thermoresponsive polymer was carried out. According
to the analysis results, it was concluded that PVCL-EG polymer was successfully produced by free
radical additional polymerization method. The LCST value of the polymer was determined as almost
34-35°C using the turbidity test. According to the determined LCST wvalue, it was possible to use this
polymer in textile industry to produce the fabric that was capable to manage the moisture depending
on the temperature change.
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Fotokromik boyalarin tekstil sanayinde kullanim
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OZET

Akallr tekstiller, cevresel kosullardaki degisimleri algilayip buna tepki verebilen malzemelerdir. Akilli
tekstil triinlerinden birisi olan fotokromik tekstiller ise ortamdaki UV 1sik siddetindeki artigi
algilayarak renk degistirebilmekte ve UV 151tk kaynagi wuzaklastirildiginda ilk haline geri
donebilmektedir. Fonksiyonel tekstil iirlinlerine olan ilginin artmas: ile birlikte fotokromik tekstil
malzemeleri de son yillarda daha dikkat ¢ekici olmaya baslamistir. Bu ¢calisma kapsaminda fotokromik
boyalarin tekstil sektdriinde kullanim olanaklari, uygulamalarda yasanan problemler ve ¢oziim
onerileri hakkinda genel bilgiler verilmistir.

ABSTRACT

Smart textiles are the materials that can perceive and respond to changes in environmental conditions.
Photochromic textiles, which are one of the smart textile products, can change color by sensing the
increase in UV light intensity in the environment and return to their original state when the UV light
source is removed. Photochromic textile materials have become more attractive in recent years with
the increasing interest in functional textile products. In this study, general information about the usage
possibilities of photochromic dyes in the textile sector, the problems and the solution proposal in the
applications are given.

GIRIS

Geligen teknolojiyle birlikte yasam standartlar1 yiikselmekte ve buna paralel olarak insanlarin tekstil
malzemelerinden beklentileri degismektedir. Artan rekabet kosullar igerisinde fonksiyonel 6zellik
kazandirilmig tekstil iirlinleri sektdrdeki firmalara rekabet giicii kazandirmaktadir. Bu kapsamda
gliniimiizde tekstil malzemelerinin saglamlik, estetik, tasarim ve modaya uygunluk gibi 6zelliklerinin
yani sira fonksiyonel ozellikleri de dnemli olmaya baslamistir. Fonksiyonel tekstillerden biri olan ve

dis etkenlerle (UV 15181, sicaklik, elektriksel etki, pH vb.) renk degistirebilen kromik malzemeler gerek
moda efekti almak amaciyla gerekse akilli tekstillerin elde edilmesinde kullanilabilmektedir.

AKILLI TEKSTILLER VE KROMIiZM

Tekstil iiriinlerinden beklenen oOzelliklerin degismesi ve teknolojinin gelismesine bagli olarak
fonksiyonel tekstil {irlinlerine olan ihtiya¢ giin gectikge artmaktadir. Bu kapsamda, ¢evredeki herhangi
bir etkiyi veya degisimi algilayan ve buna tepki verebilen akilli tekstiller giin gectik¢e daha ¢ok dikkat
cekmektedir. Akilli tekstil iirinlerine faz degistiren maddeler, sekil hafizali malzemeler, kromik
malzemeler ve iletken maddeler 6rnek olarak verilebilmektedir. Akilli tekstil malzemelerinden birisi
olan kromik malzemeler ortam kosullarindaki c¢esitli faktorlerin degisikligine bagli olarak tersinir bir
sekilde renk degistirme 6zelligine sahiptir.

Kromizm, renk degistirebilen malzemeler ile ilgili olarak kullanilan genel bir terimdir ve son ek olarak
kullanilmaktadir. Renk degistirme 6zelliklerinden dolay1 kromik malzemeler “bukalemun malzemeler”
olarak da isimlendirilmektedirler. Renk degistirme olayi, disaridan bir uyaricinin etkisi ile meydana
gelmektedir. Bu etkiyi saglayan dis etkilere gore ¢esitli kromizm tiirleri bulunmaktadir (Tablo 1) [1].

Kromizm 19001i yillardan beri arastirilmakta ve baglica uygulamalari, boya, giines gozligii, cam ve
bir¢ok optik uygulamalar gibi fotokromizm, termokromizm ve elektrokromizm alanindadir. Tekstil
alaninda bu tiirler arasindan daha ¢ok fotokromizm ve termokromizm uygulamalar1 kullanim alanm
bulmustur



Tablo 1. Kromizm tiirleri [1]

Kromizim tiirii Renk degisimini saglayan dis etki
Fotokromizm Isik etkisi ile

Termokromizm Is1 etkisi ile

Elektrokromizm Elektrik akimi etkisi ile
Piezokromizm Mekanik basing etkisi ile
Solvatokromizm S1vi temas etkisi ile
Iyonokromizm Iyon etkisi ile

Halokromizm pH degisikligi etkisi ile
Tribokromizm Mekanik siirtiinme etkisi ile
Asidokromizm Asit etkisi ile

Kemokromizm Ozel kimyasal maddelerin etkisi ile

FOTOKROMIK BOYALAR VE KULLANIM ALANLARI

Fotokromik malzemeler, karanlik bir ortamda renksiz durumdadirlar ve giines 15181 ya da ultraviyole
(UV) 1511 uygulandiginda malzemenin molekiiler yapisi degiserek renklenmektedir. ilgili 151k kaynagi
uzaklastirildiginda ise renk kaybolmaktadir (Sekil 1) [2].

/%/x( hv, \
D =

\%"‘N\ 0
Sekil 1. Fotokromik boyanin UV 1s1k etkisi (hv,) ile yapisinin degisimi [3].

Fotokromik boyalarin bircok farkli smifi olmakla birlikte en yaygin kullanima sahip olan sinifi,
perisiklik reaksiyonlara dayali fotokromizm gdsteren bilesiklerdir. Halka agilmasi/kapanmasi
reaksiyonu sonucu fotokromizm etkisi gosteren bu bilesikler spiropiranlar, spirooksazinler,
naftopiranlar, diariletenler ve fulgidler olmak iizere 5 gruba ayrilmaktadirlar [4].

Fotokromik boyalar kullanilarak elde edilen iiriinler i¢erisinde en bilineni fotokromik gozliiklerdir. Bu
tiir gozliikler UV 151k siddetindeki artisla birlikte kararmakta ve boylece goze gelen 15181 azaltmaktadir
(Sekil 2). Fotokromik boyalar ayrica pencere camlarinda da kullanilabilmekte ve fotokromik
gozliikklere benzer sekilde UV 1s1k siddetindeki artigla birlikte cam kararip bina igerisine giren giines
151811 azaltmaktadir [5].

Fotokromik boyalarin genel olarak optik alaninda kullanimi yaygin olmakla birlikte plastik ve
kozmetik sanayinde de kullanimi mevcuttur [6, 7]. Ayrica bu boyalarin ticari kullanimlarindan bir
digeri de serigrafi, fleksografi, kuru ofset gibi farkli proseslerle kumas veya kagit gibi malzemeler
iizerine aktarilarak farkli efektler elde edilebilen baski miirekkepleridir [5].



Sekil 2. Fotokromik gozliigiin UV 151k siddetindeki artis ile renk degisimi [8]

Tekstil alaninda fotokromik boyalarin kullanimi 1990’11 yillara dayanmakla birlikte glinlimiizde de
ticari anlamda kullanimina ait 6rnekler bulunmaktadir [9, 10]. Son yillarda moda endiistrisi tarafindan
farkli efektler elde etmek amaciyla kullanilabilen bu boyalar sentetik liflerin iiretimleri sirasinda
polimer matriks igerisine yerlestirilerek fotokromik iplik seklinde de iiretilebilmektedir (Sekil 3) [10,

11]. Ayrica parga bask: teknigiyle kumas ylizeyine aktarilarak fotokromik tisort gibi tirlinler de elde
edilmektedir (Sekil 4) [9, 10].

100% hand made

Indoors

Sekil 3. Fotokromik iplik ile oriilmiis el yapimi sandaletin UV 1s1k ile igslem 6ncesi (solda) ve sonrasi
(sagda) goriintiileri [10].

Sekil 4. Fotokromik boya ile baski1 yapilan tisortiin UV 151k ile islem Oncesi (solda) ve sonrasi (sagda)

goriintiileri [10]



FOTOKROMIK BOYALARIN TEKSTIiL ALANINDA KULLANIMINDA YASANAN
SORUNLAR VE COZUM OLANAKLARI

Tekstil sanayi i¢in {iretilmeyen fotokromik boyalar daha ¢ok optik sanayi tarafindan kullanilmaktadir.
Son zamanlarda tekstil sanayi i¢in de ilgi ¢ekici olan fotokromik boyalar moda amagli ya da
fonksiyonellik amaci ile kullanilabilme potansiyeline sahiptir. Ancak bu boyalarin her ne kadar tekstil
alaninda uygulamalar1 olsa da hassas yapilarindan dolay1 tekstil malzemelerine aplikasyonlarda bazi
problemlerle karsilasilmaktadir.

Genel olarak fotokromik boyalarin yapisal bakimdan nétr karakterli olmalari, suda ¢oziiniirliiklerinin
diisiik olmasi, tekstil malzemelerine afinitesinin zayif olmasi, kaynama sicakligi {izerindeki
sicakliklarda uzun siire islem sonucunda bozulmasi gibi 6zelliklerinden dolay1 tekstil malzemelerine
aplikasyonlarinda sorunlar yasanabilmektedir [12-14].

Fotokromik boyalarin tekstil alaninda kullaniminda yasanan problemlerin ¢6ziimii i¢in kapsiilleme,
sol-jel, elektrolif ¢ekimi gibi teknolojilerden faydalanilmaktadir [15-17]. Bu teknolojilerdeki genel
amaglar fotokromik boyalarin suda homojen dagilimini saglamak ve matris icerisine hapsederek ¢evre
kosullarindan zarar gormesini engellemektir. Boylece fotokromik boyalarin tekstil malzemelerinde
kullanim1 gelistirilebilmektedir.

Fotokromik boyalarin uygulamalarinda yasanan bir diger problem ise genel olarak bu boyalarin
yorulma direnglerinin (fatigue resistance) diisiik olmasidir. Fotokromik boyalar UV 1s1gina maruz
kaldikca halka agilmasi/kapanmasi reaksiyonu vermekte ve zaman igerisinde tekrarlayan reaksiyonlar
sonucu fotokromik boyanin yorulma direncine bagli olarak renk degistirme reaksiyonu
gerceklesmeyebilmektedir. Bu kapsamda, farkli stabilizatorlerin kullanimi ile bu boyalarin yorulma
direngleri gelistirilebilmektedir[18].

SONUC

Tekstil sanayinde rekabet giin gectik¢e artmakta ve katma degeri yliksek iirlin iiretimi bu kapsamda
daha da 6nem kazanmaktadir. Akilli tekstiller katma degeri ve dolayisiyla rekabet giicli yiiksek
malzemelerdir. Fotokromik malzemeler de bu alanda dikkat ¢ekici iiriinlerden biri haline gelmistir
ancak uygulamalarda yasanan problemler bu boyalarin tekstil sektdriinde kullanimini kisitlamaktadir.
Bu kapsamda yapilacak calismalar dogrultusunda yasanan problemlerin ¢oziilmesi ile fotokromik
boyalarin tekstil sektoriinde kullaniminin ilgi ¢ekiciciliginin devam edecegi diistiniilmektedir.
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ABSTRACT

Organic dyes are widely used in industries such as textiles, paper, printing, pharmaceutical, paints,
leather, rubber, plastics, cosmetics, food, and drug etc, to color their products. Dyes may also be
classified on the basis of their solubility: soluble dyes which include acid, mordant, metal complex,
direct, basic and reactive dyes; and insoluble dyes including azoic, sulfur, vat and disperse dyes.
Besides this, either a major azo linkage or an anthraquinone unit also characterizes dyes chemically.
Due to their chemical structures, dyes are resistant to fading on exposure to light, water and many
chemicals and, therefore, are difficult to be decolorized once released into the aquatic environment.
Many of the organic dyes are hazardous and may affect aquatic life and even the food chain.

The aim of this study is to investigate the effects of the influential parameters such as particle size,
contact time, adsorbent dosage and initial dye ions concentration on removal of crystal violet dye ions
from aqueous solutions using clinoptilolite material. The equilibrium adsorption data were analyzed
by Freundlich and Temkin adsorption isotherm models. The results indicate that clinoptilolite is good
adsorbents for crystal violet dye ions in aqueous solutions. Also, initial dye concentration is the most
significant factor that affects the removal of crystal violet.

Key Words: Crystal violet, adsorption, clinoptilolite, isotherm, kinetic
INTRODUCTION

Chemical industries such as textile, plastic, paper, printing, leather and food industries use different
dyestuffs and pigments for colouring its products. Hence, their presence in wastewater is unwarranted,
and it is desirable to remove coloring material from effluents, before their discharge in the
environment, not only for aesthetic reasons [5]. Most of the dyes are stable against photo degradation,
bio-degradation, and oxidizing agents. Several methods have been used for removing dyes from
wastewater include adsorption, chemical oxidation, coagulation, biological and membrane processes
[9]. These methods are expensive. Among these methods, adsorption is widely used for their removal
from wastewater. In recent years, it is recognized that adsorption using low-cost adsorbents has been
proved to be an effective and economic method to treat wastewaters [7]. These adsorbents are perlite,
biomaterial, recycled alum sludge, bentonite, zeolites, diatomite, clay, bottom and fly ash, fungi, red
mud, peat and bean wastes, rice husk and bagasse pith, might be more appropriate.

Crystal violet which has been shown to have harmful effects on living organisms for short periods of
exposure. The aim of the present investigations was to evaluate the removal efficiency of crystal violet
from aqueous solutions using clinoptilolite [8] The effects of particle size, contact time, adsorbent
dosage and initial dye concentration on the adsorption percentage have been investigated to optimize
the conditions leading to maximum removal efficiency [10]. The different kinetics and adsorption
isotherm models were applied to fit the experimental data.



MATERIALS AND METHODS

Materials

Clinoptilolite samples were collected from the Rota Mining Company open pit mine in Manisa-Gdrdes
in Western Anatolia. The crystalline phase composition of the natural clinoptilolite used in this work
was characterized by X-ray diffractometry (XRD). As it can be seen from Fig. 1, X-ray diffraction
analysis showed that this material was almost 95% clinoptilolite (CaSi;Al,O;5.6H,0) and the
remainder consisted heulandite (KNa,Ca,Si,9A1,07,.4H,0). SEM analysis shows that the former
volcanic shards have been pseudo morfed by the crystals of clinoptilolite minerals. As seen from the
Fig. 1, the inner shards exhibit drusy textures. The size of the clinoptilolite crystalys are generally 1-
100um [6]. The specific surface area of natural clinoptilolite was 95m2/g. The chemical composition
and main characteristics of the sample are presented in Table 1. As seen in the Table 1, natural
clinoptilolite contained significant levels of SiO, (71.0 %) and Al,O5 (11.8 %), while the contents of

other metal oxides were less than 10 %.

1- Clinoptiloltte (KNaxC ay(Sig9A )0y 24H,0)
P 1= Heulandite (Ca(3Al)014 6H,0)

2-Theta(deg)

(1-a)

NTUT 15,0k 12201

i
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Fig 1. XRD spectra and scanning electron microscopic (SEM) micrograph of natural clinoptilolite.

Table 1. Chemical composition and physical properties of natural clinoptilolite sample (wt%).

Major components (%) Minor components ppm
Si0, 71.00 As <50
TiO, 0.10 Cd <5
AlLOs 11.80 Zn 52

Fe,O5* 1.70 Pb <50
CaO 3.40 Se <50
MgO 1.40 Mn 164
K,O 2.40 Mo <5
Na,O 0.40 Ni <10
SO3 0.12 Cr 12
LOI 6.87 Cu <10
Si/Al 4.69 Co <10

*Iron oxides are presented as Fe,O3




Experimental Study

The stock solution of 1000 mg/L was prepared by dissolving accurately weighed amounts of crystal
violet dye in separate 1000 mL deionized water. The experimental solution was prepared by diluting
the stock solution with distilled water when necessary. Adsorption experiments were performed by
shaking different amounts of clinoptilolite samples in a 50 mL of aqueous solutions of crystal violet
dye. The adsorption experiments were performed for initial crystal violet concentrations of 10, 30, 70,
100, 200 and 300 mg/L. The contact time ranges between 5-240 min. The solutions were stirred at
150 rpm for 120 min. at 23°C. The concentration of crystal violet in each aqueous solution was
measured on UV/Vis Spectrophotometer by measuring absorbance at Ay, of 590 nm.

RESULTS AND DISCUSSION
Effect of particle size on crystal violet dye removal

The samples were broken and sieved into the following particle sizes (mesh): -8+10, -10+16,-16+20, -
20435, -35+45, -45+65. The adsorption characteristics of cinoptilolite with respect to particle sizes are
given Fig 2. Fig shows that decreasing in particle size of clinoptilolite causes an increase adsorption
loading and adsorption efficiency. Generally, the finer particle yields a higher adsorption capacity than
the coarse one due to the higher specific surface area of the former [2,4,1].
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Fig 2. Effects of particle size on crystal violet removal (Cy: 50 mg/L).

Effect of contact time on crystal violet dye removal

Figure 3 shows the effect of contact time on the removal of crystal violet dye using clinoptilolite. The
contact time ranges between 1-240 min. The results showed that the adsorption of crystal violet dye
increases with time rapidly and saturation in about 120 min. The % adsorption for 2 g/L, 6 g/L, 10 g/L
increases from 4.8% to 39.1%, from 22.5% to 95.5%, from 20.7% to 99.8% for 1 and 240 min,
respectively.
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Fig 3. Effect of contact time on crystal violet dye adsorption
(Co: 50 mg/L, particle size: -35+45 mesh).

Effect of adsorbent dosage on crystal violet dye removal

The effect of variation of adsorbent dosage on the removal of dye ions by clinoptilolite is shown Fig.4.
As it can be seen from Fig. 4 that while the removal efficiency of dye ions increased with the increase
adsorbent dosage, but the amount of dye ions adsorbed by unit weight of the adsorbed decrease

(Fig.4).
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Fig 4. Effect of adsorbent dosage on crystal violet dye adsorption.

The removal efficiency for 2 g/L of clinoptilolite sample was found to be 29.8% but as the
clinoptilolite dosage was increased to 10 g/L removal efficiency was obtained to be 99.1%. This result
was anticipated because of for a fixed initial solute concentration, increasing amount of adsorbent
provides greater surface area. From Fig. 4, the decrease the adsorbed amount with the increase in
adsorbent dosage may result from the electrostatic interactions, interference between binding sites, and
reduced mixing at higher adsorbent densities. Also, the reason for decrease in the sorption capacity
was due to the increasing interface area when the suspension was diluted [1,3].



Effect of initial dye concentration on Crystal violet removal

The dye concentration was varied from 10 to 300 mg/L. The results are presented in Fig. 5, which
shows that the equilibrium concentration of dye increased with increasing adsorbate concentration.
When the initial dye concentration was increased from 10 to 300 mg/L, the removal for 2, 6 and 10 g/L
decreased from 93.3 to 9.4%, from 99.9 to 25.0%, from 94.8 to 41.4%, respectively. It can be
explained by the saturation of the sorption sites on the adsorbent as the concentration of the dye
increased. The maximum adsorption capacities of 2, 6 and 10 g/L. were found to be 14.1, 12.4 and
12.68 mg/g, respectively.
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Fig 5. Effect of initial dye concentration on crystal violet dye adsorption.

Adsorption isotherms

The sorption data have been subjected to different sorption isotherms. The amount of clinoptilolite
adsorbed is determined as a function of the concentration at a constant temperature, and the resulting
function is called an adsorption isotherm. In this research, in order to determine the mechanism of
crystal violet adsorption on clinoptilolite the experimental data were applied to the Freundlich and
Temkin isotherm equations.

Freundlich isotherm

The Freundlich isotherm is an empirical model that is based on adsorption on heteregenous surface is
given by (1),

logg, = 10gK+llogCe (1)
n

where g, the amount of dye adsorbed per gram of adsorbent at equilibrium (mg/g), C, is the
equilibrium concentration in mg/L, K is roughly an indicator of the adsorption capacity (mg/g), 1/n is
a characteristic constant for the adsorption system (g/L).

Temkin isotherm
The derivation of the Temkin isotherm assumes that the fall in the heat of sorption is linear rather than
logarithmic, as implied in the freundlich equation. Temkin isotherm model is given in Eq. (2):

.= In(4C,) o

g, =BIn4A+BInC, (3)



Where B=In(RT)/b, q. (mg/g) and C. (mg/L) are the amounts of adsorbed dye per unit weight of
adsorbent and unadsorbed dye concentration in solution at equilibrium, respectively. Also, T the
absolute temperature in K and R is the universal gas constant, 8.314 J/mol K. The constant B is related
to the heat of adsorption.

The corresponding Freundlich and Temkin parameters along with correlation coefficients are given
Table 2. It was found that the experimental data are better fitted with the Freundlich equation. The
Freundlich model predicts mathematically an infinite surface coverage of the adsorbent by the
adsorbate, indicating the formation of multilayers on the surface.

Table 2. Adsorption isotherm parameters.

Clinoptilolite

2 g/L 6 g/L 10 g/L

Freundlich isotherm
n 7.751 6.211 3.200
50 mg/L K; 5.400 5333 2.750
R 0.571 0.984 0.755

Temkin isotherm

B 5.882 7.004 3.726
50 mg/L A 1.186 1.128 1.538
R 0.488 0.871 0.928

Adsorption kinetics

To describe the changes in the sorption studied dye with time, several kinetics models were tested. The
rate constant of each dye removal from polluted water by use natural material was determined using
pseudo-second-order and interparticle diffusion models. The kinetic parameters for the adsorption
process were studied. The contact time was changed between 1 and 240 min.

Pseudo-second order model

Pseudo-second-order model is given as:
t 1 t
—= +

a9, k4. q,

“4)

Where ¢, is amount of the solute sorbed at equilibrium (mg/g), k> (g/mg min) is the rate constant of the
second-order kinetic equations for ion-exchange.

Interparticle diffusion model

The rate parameter for interparticle diffusion equation is given using the following equation:

q =kt +C (5)



Where C is the intercept and k;, is the interparticle diffusion rate constant (mg/g min'?). Consistent
with Eq. (5), the values of g, correlated linearly with values of ¢ and the rate constant kq directly
evaluated from slope of the regression line.

The values of kinetic constants for dye adsorption on clsinoptilolite are presented in Table 3. These

results clearly showed that the pseodu-second-order kinetics model provided the data better than
interparticle diffusion models.

Table 3. Adsorption kinetic parameters.

Crystal violet
Pseudo-second order model
qe 22.727 10.638
2 g/L K’ 0.001 0.003
R’ 0.920 0.959
qe 8.196 8.264
6 g/L K 0.029 0.005
R’ 0.990 0.979
qe 4.950 5.154
10 g/L K’ 0.117 0.025
R’ 0.990 0.990
Interparticle diffusion model
k; 1.140 0.587
2 g/L C 2.955 1.051
R’ 0.980 0.980
k; 0.352 0.428
6 g/L C 3.816 1.617
R’ 0.689 0.971
k; 0.115 0.255
10 g/L C 3.536 1.804
R’ 0.483 0.770
CONCLUSION

Clinoptilolite is found to be a promising adsorbent for the removal of crystal violet dye ions from
industrial wastewater. Adsorption of the crystal violet is dependent on the particle size, adsorbent
dosage, contact time and initial dye concentration.

As the clinoptilolite amounts increased, the removal efficiencies increased, but on the other hand the
adsorbed amount on the clinoptilolite decreased with the increasing clinoptilolite amounts. The
removal efficiency for 2 g/L of clinoptilolite sample was found to be 29.8% but as the clinoptilolite



dosage was increased to 10 g/L removal efficiency was obtained to be 99.1%. These results show that
removal efficiency was increased with increasing amounts of the clinoptilolite. When the initial dye
concentration was increased from 10 to 300 mg/L, the removal for 2, 6 and 10 g/L decreased from
93.3 t0 9.4%, from 99.9 to 25.0%, from 94.8 to 41.4%, respectively. The experimental data were well
fitted to the Freundlich equation, with good correlation coefficients. The adsorption kinetics of crystal
violet dye on clinoptilolite well describe by pseudo-second-order model. The present study concludes
that clinoptilolite can be effectively used as an adsorbent for the removal of dye ions from aqueous
solution.

REFERENCES

[1] Witek-Krowiak, A., Szafran, R.G., Modelski, S., 2011. Biosorption of heavy metals from aqueous
solutions onto peanut shell as a low-cost biosorbent. Desalination 265, 126—134.

[2] APHA; AWWA; WPCF, Standart Methods for the Examination of Water and wastewater, 16th
ed., American Public Health Association/American Water Works Association/Water Environment
Federation, (1985) Washington, DC.

[3] Bosco, S.M.D., Jimenez, R.S. & Carvalho, W.A. Removal of toxic metals from wastewater by
Brazilian natural scolecite, Journal of Colloid and Interface Science 281 (2005) 424-431.

[4] Keane, M.A. The removal of copper and nickel from aqueous solution using Y zeolite ion
exchangers, Colloids and Surface A: Physicochemical and Engineering Aspects, 138 (1998) 11-20.

[5] Sprynskyy, M., Lebedynets, M., Terzyk, A.P., Kowalczyk, P., Namie$nik, J., Buszewski, B.,
2005. Ammonium sorption from aqueous solutions by the natural zeolite Transcarpathian clinoptilolite
studied under dynamic conditions, J. Colloid. Interface Sci. 284(2), 408—415.

[6] Rodriquez-Iznaga, 1., Gomez, A., Rodriquez-Fuentes, G., Benitez-Aguilar, A. & Serrano-Ballon, J.
Natural clinoptilolite as an exchanger of Ni*" and NH," ions under hydrothermal conditions and high
ammonia concentration, Microporous and Mesoporous Materials 53 (2002) 71-80.

[7]Petrus, R. & Warchol, J. lon exchange equilibria between clinoptilolite and aqueous solutions of
Na'/Cu?®*, Na"/Cd*"and Na'/Pb*", Microporous and Mesoporous Materials 61 (2003) 137-146.

[8] Sersela, R. Natural zeolites: processing, present and possible application, Zeolites: Synthesis,
Structure, Technology and Application, Ed. Drazaj, Hocevar & Pejovnik, Yugoslavia, (1985) 503-513.

[9] Coruh, S. The removal of zinc ions by natural and conditioned clinoptilolites, Desalination 225
(2008) 41-57.

[10] Leppert, D. Heavy metal sorption with clinoptilolite zeolite: alternatives fro treating contaminated
soil and water, Minning Engineering, 42 (1990) 463-468.

Responsible writer :

Semra CORUH

Ondokuz Mayis University

Department of Environmental Engineering
e-mail: semcoruh@omu.edu.tr




OZON GAZIYLA RENKSIZLESTIRILMIiS BOYAMA
SUYUNUN REAKTIF BOYAMA PROSESINDE
KULLANIMININ ARASTIRILMASI

Tek. Miih. Elif Aylin AKCUL', Ogr. Gor. Dr. Burcu SANCAR BESEN?, Dog¢.Dr. Onur BALCI', Kimya
Miih. Fulden YUKSEL', Tek. Miih. Giinel YILDIZ'

1Kahmmanmaras Siitcii fmam Universitesi, Miihendislik-Mimarlik Fakiiltesi,

Tekstil Mithendisligi B6limii, Avsar Kampusu, Kahramanmarag

“Balikesir Universitesi, Balikesir Meslek Yiiksekokulu, Tekstil, Giyim, Ayakkabi ve Deri Boliimii, Balikesir
Sorumlu yazar: elifaylin.eaa@gmail.com

OZET

Bu c¢alismada, reaktif boyarmaddeler ile yapilan boyamalar sonrasi ortaya ¢ikan, life baglanmamis
boyarmadde (genelde hidrolizat) ve yardime1 kimyasal iceren suyun atiga gonderilmesi yerine, ozon
gaz1 ile renksizlestirilerek, reaktif boyama ve ard yikama islemlerinde yeniden kullanilabilirligi
arastirilmistir. Bu amagla, trikromik reaktif boyama ¢6zeltisi hazirlanmis ve boyama sonrasi kalan atik
suyu simiile etmek amaciyla (lif tarafindan ¢ekilen boyarmadde miktarini) seyreltilmistir. Bu renkli
atik su, ozon gazi ile renksizlestirilerek, belirlenen {i¢ farkli reaktif boyama recetesinde (agik-orta-
koyu) boyama suyu olarak tekrar kullanilmistir. Calismada ayrica karsilastirma yapmak amaciyla ayni
boyamalar yumusak su ile de tekrarlanmistir. Boyanan kumas numunelerinin CIELab degerleri, renk
farklar1 ve yikamaya, suya ve tere karsi renk haslik performanslar: tiim numuneler i¢in 6l¢iilmiis ve
klasik boyamalar ile atik sulu boyamalar arasinda kiyaslama yapilmistir. Yumusak su ve
renksizlestirilmis atik su kullanilarak yapilan boyamalar arasindaki renk farki degerlerinin, recete ve
iceriklerine bagl olarak farklilik gdsterdigi goriilmektedir. Atik su ile yapilan boyamalarin, yumusak
su kullanilanlara gore daha acik oldugu tespit edilmistir Calisma sonucunda reaktif boyama atik
suyunun ozonlama ile renksizlestirilerek boyamada yeniden kullaniminin miimkiin oldugu
gorilmiistiir.

1. GIiRiS

Tekstil terbiye sektdrii, hammadde fark etmeksizin yogun su ve kimyasal tiiketiminin gerceklestigi,
yogun renklendirme islemleri sebebiyle yiiksek miktarlarda ve gesitlilikte boyarmaddenin kullanildigi
cevre kirletici bir sektordiir. Yasal sinirlamalar ve agirlasan rekabet kosullari; {ireticileri, daha ucuz,
farkli ve daha temiz iriinler iiretmeye itmistir. Bu kosullara uyum saglayabilmek i¢in ireticilerin
iretimlerini, daha az kimyasal, su ve enerji kullanarak gerceklestirmeleri gerekmektedir. Bu nedenle
bu calismada, reaktif boyama suyu ozon gaziyla renksizlestirilerek boyama ve yikama islemlerinde
yeniden kullanilabilirligi arastirilmistir. Flordan sonra, diinyanin en giiclii oksitleyicisi olarak bilinen
ozon (O3) gazi, uzun yillardan beri renk agma, agartma maddesi olarak bilinmektedir ve atik sularin
renksizlestirilmesinde yaygin bir sekilde kullanilmaktadir [Giines, 2012; Sancar ve Balci, 2013].
Dogal bir materyal olmasi, kararsiz yapisindan dolayi, islem sonrasinda hizla oksijene par¢alanmasi,
higbir zararli ara iiriin ve reaksiyona yol agmamasi, zamandan, sudan ve enerjiden tasarruf saglamasi,
ozonun dénemini ve cazibesini arttirmaktadir [Peringek ve Dereli, 2006; Giiliimser ve digerleri, 2009].

2. MATERYAL VE METOT
2.1. Materyal

Calismada renksizlestirilecek boyama suyunu hazirlamak amaciyla Sunfix Yellow SPD, Sunfix Red
SPD ve Sunfix Navy Blue SPD reaktif boyarmaddeleri; renksizlestirilen suyun tekrar



kullanilabilirligini arastirmak amaciyla Sunfix Yellow S4GL, Sunzol Turkuaz Blue G, Setazol Blue
PLF, Sunfix Yellow SPD Conc. ve Sunfix Red Conc. Reaktif boyarmaddeleri kullanilmistir. Ayrica
boyama flottelerini hazirlamak i¢in sodyum kloriir (elektrolit) ve soda kullanilmistir. Hazirlanan
reaktif boyama suyunu (Tablo 1) renksizlestirmek i¢in saatte 50 gram ozon iireten bir ozon jeneratorii
kullanilmistir. Ozonlama caligmalar1 2 litre hacme sahip, alt tarafinda tas difiizér bulunan reaksiyon
tankinda gercgeklestirilmistir. Boyama caligsmalarinda ise %100 pamuklu 6rme kumas (siiprem)
kullanilmastir.

2.2. Metot
Tablo 1’de goriilen recete ile hazirlanan reaktif boyama c¢ozeltisi, yumusak su ile %90 oraninda
seyreltilip, pH degeri 7 olarak ayarlanip, ozon jeneratorii (50 gram/saat) tarafindan iiretilen ozon

gazi/hava karisimi vasitastyla 30 dakika siire ile renksizlestirilmistir.

Tablo1. Atik boyama ¢dzeltisinin hazirlanmasinda kullanilan recete

Recete Konsantrasyon
Sunfix Yellow SPD % 0,95
Sunfix Red SPD %0,78
Sunfix Navy Blue %1,61
Soda 1g/l
Tuz 60 g/l

Renksizlestirilen atik boyama c¢dzeltisiyle, 3 farkli recete kullanilarak (Tablo 2) boyama flotteleri
hazirlanmis ve boyama islemi Sekil 1’de verilen grafik kullanilarak gerceklestirilmistir (yeniden
boyama uygulamasinda tuz ilavesi yapilmamistir). Karsilagtirma yapmak amaciyla boyamalar
yumusak su ile hazirlanan flotteler kullanilarak tekrarlanmistir. Renksizlestirilen atik su tuz ihtiva
ettigi ve iletkenlige sahip oldugu i¢in, tekrar boyamalarda receteden tuz gikarilmistir. Boyama sonrasi
kumaslar standart yikama islemlerine tabii tutulmustur.

Tablo 2. Boyama ¢ozelti receteleri

Deney No
R1 (Acik) R2 (A¢ik R3 (Orta)
Regete Konsantrasyon Regete Kon}sfsll:tras Regete Konsantrasyon
Sunfix Yellow % 0,01758 Sunfix Yellow Spd % 0,15000 Sunfix Yellow Spd % 0,95000
S4gl Conc. Conc.
Sunzol Turkuaz N Sunfix Yellow S4gl o Sunfiz Red Spd o
Blue G % 0,43800 94200 % 0,14000 Conc. % 0,78000
Setazol Blue PIf % 0,17270 Setazol Blue PIf % 0,00145 | Sunfiz IS\I;(;’Y Blue % 1,61000
Tuz Tuz Tuz
(Not. Atik su (Not. Atik su (Not. Atik su
boyamalarda 30¢/ boyamalarda 201 boyamalarda 60 /1
kullanilmamistir) kullanilmamistir) kullanilmamistir)
Soda 16,0000 g /1 Soda 1,00000 g/1 Soda 1,00000 g/1
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Sekil 1. Reaktif boyama grafigi

Calisma sonunda boyanan kumaslarin CIELab degerleri ve yikamaya, suya ve tere (asit ve baz) karsi
renk hasliklari uluslararasi standartlar kullanilarak dl¢iilmiistiir.

3. BULGULAR

Ozonlama ile renksizlestirilen atik boyama ¢o6zeltisi ve yumusak su kullanilarak boyanan kumas
numunelerinin CIELab degerleri Tablo 3’te verilmistir.

Tablo 3. Kumas numunelerinin CIELab degerleri

Deney No L a b’ Cc
Rl Yumusak Su 50,98 [ -19,00 | -35,22 | 25,90
Renk. Atik Su 52,31 | -18,13 | -16,6 | 24,59
R2 Yumusak Su 70,57 | 3,97 50,16 | 50,32
Renk. Atik Su 77,82 | -4,46 | 36,96 [ 37,23
R3 Yumusak Su 28,23 | 0,26 -5,76 5,77
Renk. Atik Su 32,93 | -4,02 -5,27 6,56

Tablo 3 incelendiginde, yumusak su ve renksizlestirilmis atik su kullanilarak yapilan boyamalar
arasindaki renk farki degerlerinin recete ve igeriklerine bagh olarak farklilik gosterdigi goriilmektedir.
Atik su ile yapilan boyamalarin, yumusak su kullanilanlara gére daha agik oldugu tespit edilmistir. Bu
sonugclar incelendiginde, recete ve iceriklerinde yapilabilecek degisiklerle renk farkliliklarinin ortadan
kaldirilabilecegini sdylemek miimkiindiir. Ozellikle iletkenlik ve tuz kullanimi incelenmesi gereken
konudur. Boyamalar sonras1 yapilan renk ve haslik dl¢timleri reaktif boyama atik suyunun ozonlama
ile renksizlestirilerek boyamada yeniden kullaniminin miimkiin oldugunu gdstermistir.

Ozonlama ile renksizlestirilen atik boyama ¢o6zeltisi ve yumusak su kullanilarak boyanan kumas
numunelerinin yikamaya karsi renk hasligi degerleri Tablo 4’te verilmistir.

Tablo 4. Yikamaya Kars1 Renk Haslig1 Performansi

Deney No Yiin |Akrilik| Polyester | Naylon | Pamuk | Asetat
Rl Yumusak Su 5 4/5 4/5 4/5 4 4/5
Atik Su 5 4 4 4 4 4/5
R2 Yumusak Su 5 4/5 4/5 4/5 4/5 4/5
Atik Su 5 4/5 4/5 4/5 4/5 5
R3 Yumusak Su 5 4/5 4/5 4/5 4 4/5
Atik Su 5 4/5 4/5 4 3/4 4/5




Tablo 4 incelendiginde, R1, R2 ve R3 receteleri ile boyamasi yapilan kumasin yikamaya kars1 renk
haslig1 sonuglarinda 6nemli degisiklikler goriilmemistir. Bazi lifler i¢in 2 mertebelerinde diistisler
tespit edilmistir.

Ozonlama ile renksizlestirilen atik boyama ¢o6zeltisi ve yumusak su kullanilarak boyanan kumas
numunelerinin suya karsi renk hasligi degerleri Tablo 5’te verilmistir.

Tablo 5. Suya Kars1 Renk Haslig1 Performansi

Deney No Yiin | Akrilik | Polyester | Naylon | Pamuk | Asetat
Rl Yumusak Su| 5 4/5 4/5 4/5 4/5 4/5
Atik Su 5 4/5 4/5 4/5 4/5 4/5
R Yumusak Su| 5 4/5 4/5 4/5 4/5 4/5
Atik Su 5 4/5 4/5 4/5 4/5 4/5
R3 Yumusak Su| 5 4/5 4/5 4/5 4 4/5
Atik Su 5 4/5 4/5 3 2/3 4/5

Tablo 5 incelendiginde, yumusak su ve renksizlestirilmis atik su kullanilarak yapilan boyamalarda R1
ve R2 regetesi ile boyamasi yapilan kumasin suya karsi renk haslig1 sonuclar: ele alindiginda farklilik
gozlenmezken, R3 regetesi ile boyamas1 yapilan kumasin suya karsi renk haslig1 sonuglarinda naylon
ve pamukta farkli miktarlarda haslik derecesinde diisiis gbzlenmesine karsi kabul degerleri arasindadir.

Ozonlama ile renksizlestirilen atik boyama ¢o6zeltisi ve yumusak su kullanilarak boyanan kumas
numunelerinin tere karsi renk haslig1 (bazik) degerleri Tablo 6’da verilmistir.

Tablo 6. Tere Kars1 Renk Haslig1 Performansi (Bazik)

Deney No Yiin |Akrilik| Polyester | Naylon |Pamuk| Asetat
Rl Yumusak Su 5 4/5 4/5 4/5 4/5 4/5
Atik Su 5 4/5 4/5 4/5 4/5 4/5
R2 Yumusak Su 5 4/5 4/5 4/5 4/5 4/5
Atik Su 5 4/5 4/5 4/5 4/5 4/5
R3 Yumusak Su 5 4/5 4/5 4/5 4/5 4/5
Atik Su 5 4/5 4/5 4/5 4/5 4/5

Tablo 6 incelendiginde, yumusak su ve renksizlestirilmis atik su kullanilarak yapilan boyamalarda R1,
R2 ve R3 receteleri ile yapilan boyamasi yapilan kumaslarin tere karsi renk hashigir (bazik)
sonuclarinda degisim gozlenmemistir.

Ozonlama ile renksizlestirilen atik boyama ¢o6zeltisi ve yumusak su kullanilarak boyanan kumas
numunelerinin tere karsi renk haslig (asidik) degerleri Tablo 7’°de verilmistir.



Tablo 7. Tere Kars1 Renk Haslig1 Performansi (Asidik)

Deney No Yiin |Akrilik| Polyester | Naylon | Pamuk | Asetat
R1 Yumusak Su 5 4/5 4/5 4/5 4/5 4/5
Atik Su 5 4/5 4/5 4/5 4/5 4/5
R2 Yumusak Su 5 4/5 4/5 4/5 4/5 4/5
Atik Su 5 4/5 4/5 4/5 4/5 4/5
R3 Yumusak Su 5 4/5 4/5 4,5 4/5 4/5
Atik Su 5 4/5 4/5 4/5 4/5 4/5

Tablo 6 incelendiginde, yumusak su ve renksizlestirilmis atik su kullanilarak yapilan boyamalarda R1,
R2 ve R3 regeteleri ile yapilan boyamasi yapilan kumaslarin tere karsi renk hashgi (asidik)
sonuclarinda degisim gozlenmemistir.

4.SONUC

Calisma kapsaminda pamuklu kumaslarin boyanmasinda yaygin olarak (%65-70) oranlarinda
kullanilan reaktif boyama atik sulari i¢in bir ¢alisma yiiriitiilmiistiir. Calisma kapsaminda ozon gazi ile
renksizlestirilmis reaktif boyarmadde atig1, tekrar reaktif boyama denemelerin kullanilmaya
calisilmigtir. Yapilan calismada, renksizlestirilen suyun boyamada tekrar kullanilabilecegi, ancak
gerek icerdigi hidrolizat gerekse de diisiik elektrolit iceriginin rengin ac¢ik ¢ikmasina neden oldugunu
belirlenmistir. Boyamalarin haslik performans c¢iktilarinda 6nemli degisimler tespit edilmemistir.
Sonug¢ olarak, recete igeriginin modifikasyonu, iletkenlik degerinin diizeltilmesiyle boyamada
homojen sonuglar alinabilecegi diisliniilmektedir.
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OZET

Denim {iriin yikama igletmelerinde, atik su aritma tesisinin ¢ikis kismina kurulacak bir adsorpsiyon
kolonu ve adsorbent olarak zeolitin kullanilmasi ile uygulanacak adsorpsiyonla beraber atik suyun geri
kazaniminin saglanmasi, su tiiketimi agisindan olumlu sonuglari dogurabilir. Bu amagla yapilan
calismada, denim yikama atik suyunun, zeolitle adsorpsiyon yoOntemine gore aritilmasi islemi
uygulanmis, elde edilen etkin aritilmis atik suyun, temiz su ile 1:1 oraninda karistirilarak denim
yikama islemlerinde tekrar kullanimi arastirilmigtir. Yapilan ¢alismada, zeolitin denim yikama atik
suyu lzerindeki adsorplama kapasitesinin yam sira yapisal Ozellikleri de incelenmistir. Zeolitle
yapilan tiim ¢alismalar ve buradan elde edilen aritilmis suyun, denim yikamada geri kullanilmasiyla
beraber belirlenen ¢iktilar degerlendirildiginde, zeolitin, denim yikama atik suyunu, kolonla
adsorpsiyon yoOntemine gore aritmada adsorbent olarak kullanilmasinin uygun oldugu sonucuna
varilmistir.

Anahtar Kelimeler: Denim yikama, zeolit, adsorpsiyon, atik su
ABSTRACT

At denim product washing plants, setting up an adsorption column on the final draining zone of the
waste water treatment plant including zeolite as the adsorbent will provide better quality treated waste
water which will help re-use it in denim washing as input water. For this aim, zeolite was placed into
an adsorption column and the waste water was allowed to pass through the column in different flow
rates. The treated water was mixed with fresh water in certain ratios in order be re-used in laundry.
Specimens obtained from column adsorption were analyzed, data was discussed and adsorption
efficiency and re-use ability were determined. The result of the studies revealed that the treated water
has the potential to be used as denim washing input water. Additionally, denim garments washed with
the treated waste water can meet the physical requirements of denim garments. In this aspect, it can be
stated that method developed in this study contributes to solid waste management and natural source
management.

Anahtar Kelimeler: Denim washing, zeolite, adsorption, waste water
1. GIRIS

Tekstil endiistrisinin 6nemli bir kolu olan denim yikama islemleri i¢in kullanilacak suyun kalitesinin,
diger tekstil igletmelerine kiyasla diisiik olmasi kabul edilebilir bir durumdur. Bu nedenle, denim
yikama isletmelerinin atik suyunun aritilip yikama islemlerinde tekrar kullanimi, normal aritma
sistemlerine, ¢ok karmasik olmayan aritma yontemlerinin eklenmesi sayesinde miimkiin olabilir. Bir
denim {iriin yikama isletmesinde, atik su aritma tesisinin son kismina kurulacak bir adsorpsiyon
kolonu ve adsorbent olarak zeolitin kullanilmasi ve boylece atik suyun geri kazaniminin
saglanmasinin, su tiiketimi acisindan olumlu sonuglar doguracagi 6n goriilebilir.

Adsorpsiyon, klasik aritma yontemleriyle aritilmasi gii¢ olan zehirlilik, koku ve renk kirliligi yaratan
kimyasal maddelerin, bu maddeleri tutabilecek yapida olan kati maddelerin yiizeyinde kimyasal
ve/veya fiziksel baglarla tutulmasi islemidir. Tutma 6zelligi gosteren kati maddelere “adsorbent” adi
verilir. Adsorbent tarafindan tutulabilen maddeler ise “adsorbat” olarak adlandirilir [1].



Adsorpsiyon, fizikokimyasal atik su aritiminda ¢ok yaygin olarak kullanilan bir metottur. Uygulama
tipi genelde iki gesittir. Ilkinde, gdzenekli materyal ile atik suyun karigtirilmasi ve ¢alkalanmast,
ikincisinde ise gozenekli materyalin bir yataga konup lizerinden atik suyun gegirilmesi seklindedir. Bu
metot kullanilarak atik suda yer alan kirleticiler adsorplanir ve gdzenekli adsorbentin yiizeyine tasinir

(3]

Zeolitler genel anlamda igerisinde alkali ve toprak alkali elementler bulunan, kristal yapida, sulu
aliminyum silikatlardir. Biitlin zeolitlerin bilesimi kabaca feldspata benzer ve yapilar1 feldspatlar gibi
Silisyum oksit ve Aliiminyum oksitten olusan diizgiin dort yiizlii tabaka zincirlerinden meydana
gelmektedirler. Zeolitleri farkli kilan o6zellik, yapilarindaki kanala benzer bosluklardir. Bosluk
biiytikliikleri 2 — 4.3 A° arasinda olup, kanallarin biiyiiklik ve sekilleri zeolitin kimyasal yapis1 ve
kompozisyonuna baghdir [3].

Bu arastirmada, denim iirlin yikama isletmesinin atik su aritma tesisinin son kismina kurulacak bir
adsorpsiyon kolonunda, adsorbent olarak zeolitin kullanilmasi, atik suyun daha etkin aritilmasi ve atik
suyun geri kazanimi amag¢lanmistir. Bdylece, hem ¢ok su kullanilan hem de atik su yiikii fazla olan
denim iiriin yikama isletmelerinde atik su yiikii kismen azaltilabilecektir.

2. MATERYAL VE METOT

Denemelerde, adsorbent olarak zeolit tas1 kullanilmistir. Yapilan literatiir taramas1 géz oniine alinarak
zeolitin ¢ap1 400-700 um olarak belirlenmistir [3]. Adsorpsiyonun uygulanacagi adsorpsiyon kolonu
icin pleksiglas malzemeden, 9 cm ¢apinda ve boru seklinde bir kolon imal edilmistir. Atik su olarak,
denim yikama isletmesinin biyolojik aritma ¢ikis suyu (¢evreye desarj edilen su) kullanilmistir. Sistem
de, isletmenin biyolojik aritma ¢ikisina kurulmustur.

Sistem kurulumu i¢in 200 gr agirliginda, 400-700 pm ¢apinda zeolit, pleksiglas adsorpsiyon kolonuna
konulmustur. Yatak yiiksekligi 5 cm olmustur. Atik su, endiistriyel pompa ile, basing 0,8-1 bar
arasinda ve ortalama akis hiz1 da 46,4 ml/dk olacak sekilde pompalanmistir. Deneyin ilk giinlerinde
her 3 saatte bir, devam eden giinlerde her 6 saatte bir numune alinmistir. Deney sonucunda toplamda
35 numune alinmis ve deney toplam 11 giin araliksiz slirmiistiir. Deneyin ikinci, dokuzuncu ve
onbirinci giinlerinde sistemde tikanma baslamis ve tikanmay1 dnlemek i¢in ters yikama yapilmistir.

Deney sonunda toplamda 600 It adsorpsiyon uygulanmis su elde edilmistir. Bu suyun, denim yikama
islemlerinde daha kolay kullanilabilmesi i¢in temiz suyla seyreltilmesi planlanmis ve bu dogrultuda
1:1 oranda temiz su ile karistirilmistir. Deney sonrasi su analizi i¢in, temiz suyla karisima girmeden
once ve girdikten sonra numuneler alinmistir. Bunun yaninda, karsilastirma amagh olarak,
adsorpsiyona girmeden c¢evreye desarj edilen atik su ve denim yikamada kullanilan giris suyundan da
numuneler alinmstir.

Alinan su numunelerinin renk degerlerini belirlemek igin spektrofotometre kullanilarak, ¢ozeltiden
renk 6lgiimii (Pt-Co cinsinden) yapilmistir. Ayn1 su numunenelerinin diger 6zelliklerinin (KOI, BOI,
Siilfat, Klor vb.) belirlenmesi amaciyla su analizleri yapilmistir.

Ham ve adsorpsiyonda kullanilmis zeolit, BET ve SEM analizlerine tabi tutulmustur. Bu sayede
adsorbentin yapisal 6zellikleri hakkinda veriler elde edilmistir.

Adsorpsiyon uygulanan suyun denim yikamada tekrar kullanilabilirliginin belirlenmesi amaciyla,
adsorpsiyon uygulanmis su ile denim pantolonlarin yikanmasi saglanmistir. Yikama islemi olarak dort
farkli yikama tipi belirlenmistir: atik su ile rins, taglama, tint (direk boyarmadde ile boyama) ve
sodyum hipokloritle agartma. Cikan sonuglarin degerlendirilebilmesi icin pantolonlarin pH, siirtme
hasligi, gerilme dayanimi, kopma dayanimi, sararma, CIELab renk degerleri ve elastikiyet/geri
toplama 6zellikleri analiz edilmistir.

3. SONUCLAR VE TARTISMA

Uygulanan adsorpsiyon dncesi ve sonrasi alinan su numunelerine ait renk degerlerini gésteren grafik
Sekil 3-1’dedir.
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Sekil 3-1 Biyolojik aritma ¢ikisindan ve adsorpsiyon kolonundan ¢ikan aritilmis suyun renk degerleri

(Pt-C



Deney siiresince su numunelerinden alman renk ol¢iimii sonrasi yapilan analizlerde, adsorpsiyon
Oncesi giris atik suyunun renginin ortalama %77,68’inin adsorpsiyon sonrasi giderildigi goriilmistiir.
29.09-12:00 numunesi hari¢, sistemin ilk 8 giin iginde, artan bir etkinlikte renk gidermeyi
stirdlirdiigiinii, 8. giiniin sonunda ise etkinligin gittikge azaldig1 goriilmektedir. 9. ve 10. giinlerde
uygulanan ters yikama sayesinde sistem tekrar dengeye gelmistir ve renk giderme etkinliginin, son
numunenin alindigi giin dahi devam ettigi goriilmektedir. 29.09-12:00 numunesinin alindig1 giin,
isletmenin biyolojik aritma havuzunda meydana gelen bir arizadan kaynakli olarak giris suyunun ¢ok
fazla bakteri i¢cermesi ve etkin renk giderme olamamasi nedeniyle, renk giderme etkinligi diisiik
cikmistir. Tiim grafik incelendiginde, zeolitin etkin sekilde renk giderdigi ve 11. giin sonunda bile
adsorpsiyon kapasitesinin mevcut oldugunu goriilmektedir.

Atik suya ait kimyasal oksijen ihtiyaci (KOI) degerleri ve degerlerin yiizde degisimleri Sekil 3-2 ve 3-
3’te yer almaktadir.
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Sekil 3-2 Adsorpsiyon 6ncesi ve sonras1 KOI degerleri arasi yiizde fark



Su numunelerinden aliman KOI 6lciimii sonrasi giris ve ¢ikis suyu arasindaki KOI degisiminin
ortalama 24,66% oldugu goriilmiistir. Elde edilen bu deger, KOI gidermeden etkin olarak
nitelendirilebilir. Grafikler incelendiginde, adsorpsiyona giren atik suyun rejiminin sik¢a degisiklik
gosterdigi goriilmektedir. Belirli bir donem, atik sudaki boyarmadde molekiillerinden daha biiyiik
molekiillii atik kimyasallarin yer aldig1 atik sularda, renk giderimi daha fazla olmaktadir. Bu nedenle,
renk giderimi/KOI arasindaki giderilme derecesi, tamamen atik suyun icerdigi atik kimyasal gesidine,
yiizdesine ve o kimyasalin sahip oldugu molekiillerin biiyiikliigiine baghidir. KOI’nin yiizde degisim
grafigi incelendiginde ise, KOI gideriminin dalgali sekilde siirdiigii ve sistemin adsorpsiyon
kapasitesini heniliz doldurmadig: goriilmektedir. Deney sonrasi alinan su numunelerenine uygulanmis
detayl1 su analizi sonuglar1 Tablo 3-1’de yer almaktadir.

Tablo 3-1 Su analizi sonuglar1

Numune No/ Olgiilen Konsantrasyon
PARAMETRE
1 No: 2 No: 3 No: 4 No:
Kloriir (CI') 69 mg/L 206 mg/L 154 mg/L 208 mg/L
Kimyasal Oksijen
ihtiyact (KOT) < 6,07 mg/L < 6,07 mg/L 12 mg/L 20 mg/L
Toplam Coziinmiis Kati
Madde (TDS) 782 mg/L 1533 mg/L 1240 mg/L 1632 mg/L
Askida Kati  Madde
(AKM) 5 mg/L 7 mg/L 8 mg/L 22 mg/L
Yag ve Gres <4 mg/L <4 mg/L <4 mg/L <4 mg/L
Siilfit (SO;) < 1,45 mg/L < 1,45 mg/L < 1,45 mg/L < 1,45 mg/L
Siilfiir (%) <0,79 mg/L <0,79 mg/L <0,79 mg/L <0,79 mg/L
Amonyum (NH,") < 0,24 mg/L < 0,24 mg/L < 0,24 mg/L < 0,24 mg/L
Bulamikhk 0,06 NTU 1,22 NTU 1,32 NTU 7,01 NTU
Biyokimyasal  Oksijen
ihtiyact (BOIs) <4 mg/L <4 mg/L 7 mg/L 12 mg/L
Sodyum (Na) 62 mg/L 153 mg/L 117 mg/L 158 mg/L
Adsorblanabilen
Organik Halojenler 25,2 pg/L 67,8 pg/L 43,7 pg/L 66,7 pg/L
(AOX)




(Numune Numaralar1: 1 No: Isletme Girig Suyu (Temiz Su), 2 No: Aritilan Atik su , 3 No: Arrtilan Atik su +
%350 Sulandirilmig Atik su, 4 No: Dereye Verilen Su (Cikis Suyu)).

Belirlenen su numunelerinin detayli su analizleri iki ayr1 basamakta incelenebilir. Birinci basamak,
zeolitin yeterince adsorpsiyon yapip yapmadigini degerlendirmemizi saglayacaktir. 2 ve 4 numarali
numunelere bakildiginda, zeolitle aritilan atik sudaki KOI, askida kati madde (AKM), bulaniklik ve
biyolojik oksijen ihtiyac1 (BOI) degerlerinin, 4 numaral1 dereye verilen atik suyun degerlerinden en az
%50 daha diistik oldugu ve etkin sekilde giderildigi goriilmektedir. Diger parametrelerin ise birbirine
yakin oldugu gézlemlenmektedir.

Parametrelerin degerlerinden yola gikilarak, zeolitin adsorpsiyonu sayesinde atik suyun degerlerinde
iyilesme yasandig1 gézlemlenmektedir.

Ikinci basamakta ise aritilan atik suyun denim yikama islemlerinde tekrar kullanilabilirligini
degerlendirmemizi saglayacaktir. %50 sulandirilan atik su (3 numara) ve dereye verilen isletme atik
suyunun (4 numara) degerleri karsilastirildiginda, tiim sonuglarda, zeolitle aritilan atik suyun
degerlerinin, dereye verilen atik suyun degerlerinden daha diisiik oldugu, dolayisiyla zeolitin etkin
sekilde adsorpsiyon yapip suyu temizledigi belirtilebilir. Isletme giris suyu ve %50 sulandirilmis
arttilmig atik su degerleri karsilastirildiginda, isletme giris suyu degerlerinin tiim parametrelerde atik
sudan daha iyi oldugu goriilmektedir.

Adsorpsiyona ugrayan atik suyun %50 oraninda temiz suyla karistirilmasiyla beraber elde edilen son
su, denim yikamada geri kazanilacak sekilde tekrar yikamada kullanilmistir. Geri kazanilan ve normal
suyla yikanan denim pantolonlara ait renk absorbans 6l¢limii sonuglar1 Tablo 3-2’dedir.

Tablo 3-2 Geri kazanilmis suyla yikanan pantolonlara ait renk degerleri

Numune L* a* b*
Standart 25,52 1,21 -8,35
Atik Su - Rinse 22,45 0,61 -12,57
Normal - Rinse 20,19 1,07 -10,73
Atik Su - Taslama 25,19 -0,46 -13,79
Normal - Taslama 24,04 -0,19 -12,77
Atik Su - Tint 21,32 0,46 -10,82
Normal - Tint 19,42 0,96 -9,87
Atik Su - Hipo 37,09 -2,48 -19,19
Normal - Hipo 33,8 -1,57 -19,91

Degerler incelendiginde, hem atik su hem de temiz su ile yikanan denim pantolonlara ait Slgiilen
parametrelerin cogunda birbirine yakin degerler elde edildigi, sadece taglamada ve hipokloritle
agartmada bazi degerlerin birbirinden uzak ¢iktig1 goriilmektedir. Atik su ile yapilan taglama islemi



sonrast renk degerleri Olciillen pantolondaki *a degeri, normal suyla yikanan pantolondaki *a
degerinden daha diisiik ¢ikmistir. Bu da, atik suyla yikanan pantolonun daha yesil/daha az kizil tonda
renge sahip olmasina neden olmustur. Benzer sekilde, atik su ile yapilan hipoklorit agartmasi sonucu
elde edilen renk, normal suyla yapilan hipoklorit agartmasina gdére daha yesil/daha az kizil tonda
cikmistir. Bunlarin yaninda, atik su ile yapilan hipoklorit agartmasi sonucu elde edilen parlaklik
degeri, normal suyla yikananla elde edilene gore daha yiiksektir. Bu nedenle, atik suyla agartma
islemine giren pantolonun rengi daha aciktir. Bu durum, atik suda yer alan ve tamamen adsorbe
edilemeyen baz1 yiizey aktif ve oksidatif maddelerin, pantolonlardaki indigoya zarar vererek
parcalanmasina ve sonucta rengin daha ¢ok a¢ilmasina neden olmasiyla agiklanmaktadir.

Geri kazanilan ve normal suyla yikanan denim pantolonlara uygulanan temel fiziksel testlerin
sonuglar1 Tablo 3-3’tedir.

Tablo 3-3 Geri Kazanilmis suyla ve temiz suyla yikanan pantolonlara ait fiziksel testlerin sonuglari

];{;r:,l::sl Gerilme Siirtme Elastikiye | Sararm H

y Dayanim (kg) Hashg t (%) a P

(grH

Cozgii | Atki | Cozgii | Atk Kl‘l“ Y;‘
AtkSu o3 1 4720 | 896 3926 4 | 12| 2933 3/4 8.2
Rinse
Normal Su | o 3 | 4ga9 | 8942 | 39 | a5 | 12| 2867 3/4 8.5
Rinse
AtkSu - oo0s a6 | 8675 | 35961 4 | 2 | 2867 3/4 8.9
Taslama
Normal Su | (o) | 406 | 858 |4032 | 45 | 2 30,00 4 9.0
Taslama
Atk Su 6523 | 5001 | 87,45 |38,12| 4 2 30,67 4 9.4
Tint
N"rT“;‘:tlS“ 6523 | 4664 | 82,01 |37.99| 45 | 2 30,67 3/4 9.2
Atk Su 6523 | 4392 | 8326 |3957| 4/5 | 34| 2933 3/4 75
Agartma
Normal Su
y 6523 | 4479 | 91,54 | 37,04 | 4/5 | 23| 30,00 3/4 72
Agartma




Tabloda yer alan sonuglar degerlendirildiginde, atik suyla yikanan tiim pantolonlarin atki yirtilma
dayanimlarinin, tint iglemi hari¢, temiz suyla yikananlara gore daha diisiik oldugu goriilmektedir. Bu
durumun sebebi, atik suda tamamen giderilememis bazi oksidatif maddelerin yer almasi ve bu
maddelerin liflerin yapisina zarar vererek dayanimlarini azaltmasidir. Bu nedenin benzer sonucu, atik
suyla taslama islemine giren pantolonlarin atki gerilme dayaniminda da goriilmektedir. Denim
yikamalarda daha ¢ok dikkate alinan kuru siirtme hasliklar1 degerlendirildiginde ise, atik su kullanilan
rinse, taslama ve tint islemlerinde yer alan pantolonlarin kuru siirtme hasliklarinin, normal suyla
yikanan pantolonlara gore yarim puan daha diisiik oldugu goriilmektedir. Bunun sebebi, atik suda yer
alan ve tamamen giderilememis bazi yiizey aktif maddelerin, lif icinde yer alan indigo
boyarmaddelerini lifin ylizeyine dogru ¢ekmeleri ve yiizeyde daha ¢ok goriinmeye baslayan indigonun
daha diisiikk kuru siirtme hasligina sebep olmasiyla agiklanmaktadir. Elastikiyet ve sararma test
sonugclari, her iki tip suyla yikanan pantolonlar i¢in benzer sonuclar gostermistir.

Deney sonrasi elde edilen sularin ve yikanan pantolonlarin analizlerinin yaninda, ham zeolit ve
adsorpsiyonda kullanilmis zeolite ait SEM ve BET analizleri yapilmistir. Zeolitleri SEM goriintiileri
Sekil 3-4’te yer almaktadir.

ot
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Sekil 3-3 Ham zeolit (soldaki) ve adsorbent olarak kullanilmis zeolitin (sagdaki) SEM goriintiileri

Fotograflar incelendiginde, ham zeolitin uzayan kanal seklindeki yapidan ziyade, yap: taslar1 arasinda
yer alan bosluk seklinde olusum goriilmektedir. Yapida mikro ve mezo biiylikliikkte gdzenekler
gozlemlenmektedir. Adsorpsiyonda kullanilan zeolitin yapisinda, gozeneklerin atik kati maddelerde
dolmaya bagladigr net bir sekilde goriilmektedir. Gozeneklerde adsorpsiyon, katmanlar halinde
tutunmaktadir. Gozeneklerin belirli bir kisminin heniiz dolmadigi ve adsorpsiyon icin hala bos
kapasitesinin oldugu goézlemlenmektedir.

Ham zeolit ve adsorpsiyonda yer almis zeolitlere ait BET analizleri yapilmistir. Ham zeolite ve
adsorpsiyonda kullanilmis zeolite ait BET grafikleri sekil 3-5’te goriilmektedir.
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Sekil 3-4 Ham zeolite (soldaki) ve adsorpsiyonda kullanilmis zeolite (sagdaki) ait adsorpsiyon
grafigi

Ham zeolite ait grafik incelendiginde, BET analizi sirasindaki azot adsorpsiyonu ve desoprsiyonuna
ait degerler, ‘“histerisiz” olusumunu gostermektedir. Histerisiz olusumun yasandigi durumlar,
adsorbentin mikropor ve mezopor yap: igerdigini, monolayer adsorpsiyon yaptigmni ve kapilar
kondenzasyon olustugunu gostermektedir [4,5]. Histerisiz grafikleri incelendiginde, grafigin tip 3’e
benzedigi goriilmektedir. Tip 3 egrisi sergileyen adsorbentlerin, agregat halinde, yarik sekil ve yass1
katmanlara sahip bosluklara sahip oldugu belirlenmistir (15). Adsorpsiyonda kullanilmis zeolite ait
grafik incelendiginde, BET analizi sirasindaki azot adsorpsiyonu ve desoprsiyonuna ait degerler
histerisiz olusumunu gostermektedir [4,5]. Histerisiz grafikleri incelendiginde, grafigin tip 3’e
benzedigi goriilmektedir. Ham zeolitin BET analiz grafigi incelendiginde, grafikteki adsorpsiyon ve
desorpsiyon egrilerinin neredeyse ayni oldugu goriilmektedir. Bu durum, adsorpsiyonun hala devam
ettigini ve atik suda yer alan atik maddelerin zeolit i¢inde hala adsorbe edilebilecegini gostermektedir.

Ham zeolit ve adsorpsiyonda kullanilmis zeolite ait BET yiizey alanlar1 ve gdzenek alanlar1 Tablo
3.4’te yer almaktadir.
Tablo 3-4 Ham zeolit (solda) ve adsorpsiyonda kullanilmis zeolite (sagda) ait BET ylizey alani

degerleri
Summary Report Summary Report

Surface Area Surface Area

Single point surface area at p/p® = 0.200340664: 33.9609 m?%g

BET Surface Area:

Langmuir Surface Area:

t-Plot Micropore Area

t-Plot External Surface Area

35.0316 m?g
48.1128 m3g
- 4.2889 m3g

- 30.7428 m3/g

Single point surface area at p/p°® = 0.200286951:
BET Surface Area:

Langmuir Surface Area:

BJH Adsorption cumulative surface area of pores

18.7357 m?g
20.4225 m?g
29.1197 m¥g

t-Plot External Surface Area: 24.5838 m?/g

B vcar 17 000 A o 390,000 A widkh: 32.375 o between 17.000 A and 3000.000 A width: 23.606 m?g
BJH Desorption cumulative surface area of pores BJH Desorption cumulative surface area of pores
between 17.000 A and 3000.000 A width: 39.7072 m?g between 17.000 A and 3000.000 A width: 30.5269 m2g



Yiizey alam sonuglarma bakildiginda, ham zeolitin yiizey alanimin 35,0316 m?/g, adsorpsiyonda
kullamlan zeolitin yiizey alammin 20,4225 m?/g oldugu goriilmektedir. Rakamlar incelendiginde,
adsorpsiyonda kullanilmis zeolitin yiizey alaninin, ham zeolite gore 41,7% daha diisiikk oldugu
gozlemlenmistir. Bu sonug, zeolitin etkin sekilde atik sudaki kimyasallar yiizeyinde adsorbe ettiginin
gostergesidir. Rakamlar ayrica, zeolitin hala adsorpsiyon yapma kapasitesinin oldugunu
gostermektedir.

4. DEGERLENDIRME

Yapilan calismalar sonucunda, zeolitin, denim yikama atik suyunun adsorpsiyonla aritilmasi igleminde
adsorbent olarak kullanilmasi miimkiindiir. Zeolite ait yapilan malzeme analizlerinde, hem yiizeysel
hem de gozeneklerinin i¢ kisminda atik kimyasallar1 adsorbe ettigi gozlemlenmistir. Yapilan BET
analizleri sonucunda, zeolitin hem tekli hem de ¢oklu tabaka adsorpsiyon yaptigi, yapisinin, yassi ve
agregat seklinde katmanlardan olustugu ve yiiksek adsorpsiyon kapasitesine sahip oldugu
gozlemlenmistir. Zeolitle yapilan adsorpsiyon sonrasi atik suyun degerleri analiz edildiginde,
adsorpsiyonun etkisiyle atik sudaki zehirlilik ve atik kimyasallarin belirli oranlarda uzaklastirildig:
goriilmektedir. Aritilmis atik suyun 50% oraninda sulandirilmasiyla beraber, geri kazanilan suyla
yikanan pantolonlarin temel fiziksel 6zellikleri incelenmis; ¢ikan sonuglar degerlendirildiginde, hem
temiz hem de atik su ile yikanan pantolonlarin fiziksel 6zelliklerinin birbirine yakin oldugu, bazi
durumlarda, atik suyla yikanan pantolonlarin yirtilma dayanimlarinin sinirh oranda diisiik oldugu
goriilmustiir. Renk absorbans degerlerine bakildiginda ise, atik suyla yikanan pantolonlarin daha yesil
tonda oldugu ancak daha parlak/agik renk verdikleri gozlemlenmistir. Unutulmamalidir ki denim
yikama islemlerinde kullanilan temiz suyun, bir kumas terbiye fabrikasinda kullanilmasi istenen temiz
suyunki kadar (6rnegin ters osmoz sistemiyle aritilan su) etkin aritilmis olmasi istenmez. Denim
iriinler, sert su ve belirli orandaki atik icerigi olan temiz giris sularma toleranshidir. Bu durum,
adsorpsiyonla aritilan atik suyun denim yikamada tekrar kullanilmasina olanak saglamaktadir.

Zeolitle yapilan tiim c¢aligmalar ve buradan elde edilen atik suyun denim yikamada geri
kullanilmasiyla belirlenen ¢iktilar beraber degerlendirildiginde, zeolitin, denim yikama atik suyunu
kolonla adsorpsiyon yonteminde adsorbent olarak kullanilmas1 uygundur.
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Tekstil Boyar Maddeleri ve Yardimci Kimyasallarin Voltametrik
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OZET: Tekstil boyalar1 ve yardimei kimyasallarinin iiretimi ve pazarlanmasi konusunda Ulkemizde
son yillarda 6nemli gelismeler olmustur. igerigi ve etkime mekanizmasi tam olarak bilinmeyen bu
maddelerin nitel ve nicel karakterizasyonu onem kazanmaktadir. Yerli {iretimin gelismesi ve pazar
bulmasi, farkli tedarikcilerden temin edilen kimyasallarin hizli, giivenilir ve zahmetsiz esdegerlik
testlerinin  yapilabilmesi, degerlendirmelerin yapilmasma elverigli bir veri tabanina Onem
kazandirmaktadir.

Tekstil boyalarin yiizeye tutunma, renklenme, 1s1 ve 151k hasligi gibi 6zellikleri ¢ogunlukla elektron
alis verisi (redoks) ile ve/veya reaktif bolgelerinden kimyasal baglanma ile gerceklesmektedir. Klasik
olarak iglevsel ve kolorimetrik testlerle birlikte, elektron alig-veriglerinin karakterize edilebildigi
voltametrik davraniglarinin yani sira yapisal bilgileri igeren IR ve UV-Vis Spektroskopik bilgilerin bir
arada degerlendirilebilecegi bir veri tabani, pek c¢ok tiretici ve tedarikei igin 6nemli bir referans kaynak
olabilecektir.

Halen bir yiiksek lisans tezi kapsaminda siirdiiriilen deneysel ¢calismalarimizin ekibimizce gelistirilerek
bir TEYDEB projesi haline getirilerek TUBITAK a 6nerilmesinde son asamaya gelinmistir.

Anahtar kelimeler: Tekstil kimyasallari, veri taban1 hazirlanmasi, karakterizasyon

Creation of Data Base for Voltammetric and Spectroscopic
Characteristics of Textile Dyes and Auxiliary Chemicals

In recent years, significant progress have been about the production and the marketing of textile dyes
and auxiliaries in our country. Qualitative and quantitative characterization of these substances
became important because of their unknown content and action mechanisms. To development of
domestic production and market positioning, the fast, reliable and effortless equivalency testing of
chemicals from different suppliers gives importance to a database suitable for evaluations.

The properties of textile dyes such as adhesion to surface, coloration, heat and light fastness are mostly
based on electron exchange (redox), and / or is achieved by chemical bonding of the reactive sites. A
database in which information regarding voltammetric behaviors which can be characterized electron
exchange of substances using with classical functional and colorimetric assays and IR and UV-Vis
spectroscopic information providing structural information can be evaluated together, will be an
important reference source for many manufacturers and suppliers in overtime.



