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ABSTRACT - REZUMAT

A new method: the usage of natural zeolite as a killer chemical for hydrogen peroxide during
the hydrogen peroxide bleaching

In the study, the usage possibility of natural zeolite as hydrogen peroxide Killer during the hydrogen peroxide bleaching
was investigated. Natural zeolite from Gordes region with 30 um particle size was used during the hydrogen peroxide
bleaching of the cotton fabric as a hydrogen peroxide kKiller agent. ICP-MS elemental analysis of the natural zeolite was
performed. Hydrogen peroxide concentration of the bleaching liquor was performed by quantitative analysis. It was seen
that natural zeolite is so efficient to decrease in hydrogen peroxide concentration in the bleaching bath. It is thought that
natural zeolite can be an alternative to antiperoxide enzymes and the other hydrogen peroxide killers which are
commonly used in the industry.
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Metoda noua: utilizarea zeolitul natural pentru eliminarea chimica a peroxidului de hidrogen in timpul albirii

In acest studiu s-a investigat posibilitatea utilizarii zeolitului natural ca agent de eliminare a peroxidului de hidrogen in
timpul albirii. Zeolitul natural din regiunea Gérdes cu dimensiunea particulelor de 30 um a fost utilizat in timpul albirii cu
peroxid de hidrogen a tesaturii de bumbac. A fost efectuata analiza ICP-MS a zeolitului natural. Concentratia de peroxid
de hidrogen a flotei de albire a fost determinata prin analiza cantitativd. S-a observat ca, zeolitul natural este foarte
eficient pentru a scadea concentratia de peroxid de hidrogen in baia de albire. Se considera ca, zeolitul natural poate fi
o alternativa la enzimele antiperoxid si la ceilalti agenti de eliminare a peroxidului de hidrogen, care sunt utilizate
frecvent in industrie.

Cuvinte-cheie: zeolit natural, peroxid de hidrogen, albire, enzime antiperoxid, titrare cu peroxid de hidrogen, ICP-MS

INTRODUCTION

Hydrogen peroxide is commonly used in many prac-
tices such as bleaching, disinfection and oxidation.
Hydrogen peroxide is an attractive oxidizing agent
because its reaction products are water and oxygen.
The most commonly used bleaching method in textile
industry is hydrogen peroxide bleaching because it
produces acceptable reaction products toxicological-
ly and environmentally [1-3].

Even though numerous studies on the degradation of
the hydrogen peroxide were done, the reaction still
could not be figured out completely [4-5]. But the
common opinion is that the ionic degradation prod-
ucts of the hydrogen peroxide have bleaching effect
and radical degradation products cause damage.
Dannacher and Schlenker suggested that the perhy-
droxyl radical ion has a bleaching effect. Hydrogen
peroxide does not have bleaching effect in acidic
environment, bleaching can be realized only by means
of particular auxiliary products. Especially alkali envi-
ronment is required for the conventional peroxide
bleaching. When the alkali is added to the hydrogen
peroxide solution, perhydroxyl anions occur and the
bleaching happens. Sodium hydroxide activates
hydrogen peroxide. Because H* ion which is needed
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for HO,  release neutralizes with the alkali. When
activator and stabilizer are added to the environment
in hydrogen peroxide, it is possible to realize the pro-
cess at a lower temperature, at lower pH, in a short-
er period and with lower peroxide considerations and
in more moderate conditions with more control and
without damaging the fabric. Also, the risk of damage
of the fabric is reduced by removing the hydrogen
peroxide from the environment by means of various
chemicals or antiperoxide enzymes quickly in the end
of the process, and efficiency and quality of the next
dying process is enhanced [5-8].

Zeolite is a mineral which is abundantly found in
nature and of which handling is easier and cheaper
compared to other minerals. Zeolite mineral is a
remarkable mineral due to its high ion exchanging
capacity, adsorption capacity and other features and
its usage area gets larger every passing day. Today,
its main usage areas are contamination control, ener-
gy production, agriculture and stock raising, mining
and metallurgy, paper industry, health sector, deter-
gent industry, besides, it is thought that its usage
area will get larger as a results of the studies carried
out in this respect [9].

Due to outstanding characteristics of zeolite which is
abundantly found in our country, it is important to
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investigate the usage areas of the zeolite the field of
textile finishing and improve the implementation
opportunities, in terms of enabling the eco-friendly
textile production and turning our rich zeolite reserve
into added-value [9].

Finnegan et al. analyzed the degradation of hydro-
gen peroxide by adding zeolite and sodium citrate to
the environment in the process of hydrogen peroxide
bleaching in one of the study they performed in 1998.
It was reported that the zeolite could not prevent the
degradation of the hydrogen peroxide degradation in
an alkali environment, besides it accelerated the
degradation by interact with hydrogen peroxide. It
was suggested that the manganese cations which
are a transfer product between manganese ions of
the sodium citrate and zeolite helped the movement
of the manganese cations towards the zeolite struc-
ture. It was also stated that the change of the sodi-
um citrate quantities in the environment changed the
manganese -citrate complex quantities [10].

In this study, the effect of the peroxide on the hydro-
gen peroxide bleaching was examined.

MATERIAL AND METHOD

In this study, natural zeolite consisting 90% clinop-
tilolite, originating from Gordes region, with 30 pm
particle size was used. Weighing 5 g, 139 g/m?,
100% cotton raw jersey fabric was used in the pro-
cess. The process was carried out by using the pre-
scription written below and adopting the process con-
ditions and process graphic (table 1). In this way, the
peroxide killer effect of the zeolite was analyzed. The
processes were carried out in Termal branded sam-
ple dyeing machine.

During the process, hydrogen peroxide quantity in
the bath assessed iodometrically with 15 minute-
intervals.

Method

In the stage I, 10 ml bleach flotte whose concentra-
tion will be analyzed is acidified with 40 ml, 10% sul-
furic acid solution (H,SO,) in an erlenmayer. After
that, 2-drops of 10% potassium iodide (KI) solution
are added and kept in dark for 5 minutes after 2-3
pieces of ammonium molybdate ((NH,);Mo0.0,,
4H,0) particle added. Meanwhile, H,O, in the flotte
oxidizes an equivalent quantity of iodide (I”) to molec-
ular iodine (l,). In the stage Il, the solution remains
colorless until the first thiosulphate drops to the bath
even though starch is added. However, a dark blue-
black color is seen as soon as the thiosulphate is
dropped. Until the color is disappeared, H,O, con-
centration in the flotte is calculated by titrating with
0.1 N sodium thiosulphate solution and based on the
thiosulphate quantity spent. Every 1 ml 0.1 N sodium
thiosulphate solution spent corresponds to 1.7008
mg H,O, and 0.8 mg active oxygen [11].

RESULTS AND DISCUSSION

When table 3 and figure 1 indicating the peroxide
quantity depending on time from different prescrip-
tions are examined, it is seen that the peroxide con-
traction decreased rapidly during first 15 minutes and
the decrease rate in peroxide concentration reduces
with the extension of the time. However, the degra-
dation rate of hydrogen peroxide in R3 prescription
consisting NaOH and zeolite along with the hydrogen
peroxide in first 15 minutes is higher than the all other
prescriptions. In first 15 minutes, a significant part of

Table 1

PROCESS PRESCRIPTIONS AND PROCESS TERMS

Prescription 1 Prescription 2

Prescription 3 Prescription 4

6 ml/l Hydrogen peroxide 6 ml/l Hydrogen peroxide

2,5 g/l NaOH 2,5 g/l NaOH
pH11 1 g/l stabilizer
FO 1/40 pH11

60 min. at 95°C FO 1/40

60 min. at 95°C

6 ml/l Hydrogen peroxide 6 ml/l Hydrogen peroxide

2,5 g/l NaOH 30 g/l Zeolite
30 g/l Zeolite pH 6

pH11 FO 1/40

FO 1/40 60 min. at 95°C

60 min. at 95°C

Following Processes

10 min. rinse at 95°C
10 min. rinse at 95°C
5 min. cold rinse

Table 2
ICP-MS ELEMENTAL ANALYSIS RESULTS OF THE NATURAL ZEOLITE
Pb Ca Mn Ag Zn Cu Na Fe Mg Al K
mg/10 g | mg/10 g | mg/10 g |mg/10 g| mg/10 g| mg/g |mg/10 g| mg/10 g| mg/10 g| mg/10 g | mg/10 g
Natural | 57| 8907 | 380 ; . - | 2085 | 13450 | 72,52 | 539,84 | 300,76
zeolite
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As a result of applying the data acquired as conse-
quence of the titration to number (1) equality, the
functions in figures 2-5 are obtained and the values
at table 3 obtained as a result of these function lines.

Table 3
THE CHANGE OF THE HYDROGEN PEROXIDE
CONCENTRATIONS
Time | R-1H,0, | R-2H,0, | R-3H,0, | R4 H,0,
(min) (mg) (mg) (mg) (mg)

0 29.764 29.764 29.764 29.764
15 16.1576 17.008 2.5512 17.008
30 12.756 15.3072 1.7008 13.6064
45 11.9056 12.756 1.7008 12.756
60 9.3544 11.0552 1.7008 10.2048
35
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Fig. 1. Peroxide Quantity in the Baths Acquired
by means of Peroxide Titration

the peroxide in the bath is degraded in R3 prescrip-
tion. The degradation rates and characteristics of R1,
R2 and R4 prescriptions are quite similar. The most
significant difference of R4 prescription from R3 is its
pH. Alkalinity of the R3 prescription (pH11) acceler-
ates the degradation rate together with zeolite.
Degradation rate of peroxide of R4 is lower compar-
ing to R3 prescription, because weak acidic environ-
ment (pH6) of R4 enables the stabilization of hydro-
gen peroxide in spite of zeolite.

Here H,O, oxides zeolite with its oxidizing effect and
degrades itself, turns into water, on the other hand,
the cage structure of zeolite dissolves as a result of
oxidizing [12]. Regarding the antiperoxide enzymes
and chemicals, it is intended to neutralize H,O, as
soon as possible in the end of the process in order to
protect the cotton fabric from being damaged and
eliminate their decreasing effects on dye efficiency,
after H,O, bleaching.

H,O, concentration in the bath was assessed iodi-
metrically in every 15 minutes and point data are
evaluated by means of regression analysis and the
curves in the figures 2—5 were acquired. Due to the
fact that the line functions having the highest correla-
tion coefficient was chosen while determining the line
expressing the degradation ideally, the lines acquired
can be as logarithmic, exponential or polynomial
function. This shows that hydrogen peroxide can be
dissolved in different ways depending on the process
terms and flotte content [13].

In(C,/C,) = —k-t (1)
In this equality, kK shows rate constant of the reaction,

C, — original concentration of the product reacting,
C, — the concentration in the end of the t time.
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Fig. 2. Determining the reaction rate constant of the
degradation of H,O, in Prescription 1
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Fig. 3. Determining the reaction rate constant of the
degradation of H,O, in Prescription 2
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Fig. 4. Determining the reaction rate constant of the
degradation of H,O, in Prescription 3
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Fig. 5. Determining the reaction rate constant of the
degradation of H,O, in Prescription 4
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Table 4

REACTION RATE CONSTANTS OF H,0,

DEGRADATION IN PRESCRIPTIONS
Prescriptions PH k (sn~")-10

1 11 1.34
2 11 1

3 11 7.98

4 6 1.16

According to the table 4, rate constant in Prescription
2 was calculated as 1 when there were NaOH, H,O,,
and stabilizer in flotte. In prescription 3, the degrada-
tion of H,O, accelerated and rate constant reached
1.34 when there were only NaOH and H,0, in flotte
in Prescription 2. There was NaOH, H,0O, and zeolite
in flotte in Prescription 3. In this case, the degrada-
tion of H,O, accelerated and rate constant reached
7.98. When Prescription 2 and Prescription 3 were
reviewed it was seen that average zeolite addition
accelerated the degradation of H,O, almost 6 times
more. This situation shows us clearly that zeolite can
be used as H,O, killer in H,O, bleaching. When
Prescription 4 was reviewed, pH was 6 and the rate

constant was 1.16 in this case when there were H,O,,
and zeolite in flotte, because there was not any alka-
li addition. When Prescription 3 and 4 were reviewed,
it was seen that the rate constant of degradation of
H,O, decreased rather a lot comparing to the alkali
environment when any alkali was not added to the
environment.

CONCLUSIONS

Zeolite is a natural mineral that is water-insoluble.
The fact that zeolite is water-insoluble is a big prob-
lem during its usage in textile finishing processes
because any homogeneous application cannot be
done on the surface of the textile material.

This study shows us that we can use the natural zeo-
lite as hydrogen peroxide killer in hydrogen peroxide
bleaching process, however, there is a need of opti-
mization in terms of preparing the prescriptions, and
a mechanism design which will have a special place
in the machine and which will enable the zeolite to
move through flotte without dissolving in bleaching
bath.

And use of the natural zeolite as hydrogen peroxide
killer in hydrogen peroxide bleaching process is a
better alternative because Turkey has a large amount
of zeolite reserve.
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