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ABSTRACT

Studies on the degradation of Congo red compounds using ZnO/Zeolite catalysts by
photolysis have been done. Congo red compounds are dyes used for textile dyes whose wastes
will be harmful to society. ZnO/Zeolite is a simultaneous catalyst between degradation and adsorption.
From the result of research of 10 mg/L Congo red got a percentage of degradation without catalyst
13.83%, 0.2 g ZnO/Zeolite, 0.97%, 0.007 g ZnO, 58.86%, with irradiation time 60 min. and
degradation of Congo red waste was, 52.68%. The result of degradation of Congo red waste was
52,68% with 60 min. irradiation time. The FTIR Congo red analysis shows a shift in the number of
waves which means there has been degradation. While the characterization of ZnO/Zeolite catalyst
by FTIR, XRD, and SEM shows that there is no change of structure of ZnO /Zeolite catalyst before
and after degradation.
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INTRODUCTION

Zeolite is one of the many mineral
resources contained in the earth of Indonesia
whose utilization has not been maximized. In
Indonesia, zeolite can be found in large quantities
with almost pure form and low price. Natural zeolite
has a pretty good potential in water and sewage
treatment1-2. Natural zeolites are found in Indonesia
such as Java and Sumatra. From the research that

has been done is found zeolite type clinoptilolite-Ca in
Lubuk Salasiah area, West Sumatera2-3. This zeolite

has been used as an adsorbent material of some
dyestuffs. In some articles, it is stated that zeolites
can carry TiO2, CuO, and ZnO catalysts. This result

can increase the percentage of degradation in
processing organic waste, such as textile dyes and
pesticides, so that simple compounds such as CO2

and H2O
3-5 .
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The rapid growth of the textile industry in
Indonesia is making more and more industrial waste
to be handled with special treatment. In the region
of West Sumatra which is famous for its artwork
weaving is one of the industries that use dyes as
material dyes. Textile industry’s liquid waste is
mainly produced from the coloring process (dyeing).
Liquid waste generated from this process causes
environmental pollution because it is discharged
into aquatic bodies without first processing. The
aquatic bodies are unable to degrade the dyestuff
so that the watershed becomes colored and can
not support the aquatic life system5-7.  Reactive dye
is a dye that is widely used for textile dyeing. Textile
dyes are one of the most bio-degraded pollutants,
generally made of azo compounds and derivatives
which are benzene groups. One of the most widely
used azo dyes is Congo red. The dye is very soluble
in water and can not be biologically degraded
(recalcitrance). Azo compounds if too long in the
environment will be a source of disease because it
is carcinogenic and mutagenic, therefore it is
necessary to find an effective method to describe
the waste3,8-9.

A way to overcome the waste of organic

compounds can be done by degradation.
Degradation is a method of breaking down harmful
compounds into simple and harmless compounds
such as CO2 and H2O

4. Degradation is processed
using photolysis method. As for increasing the
degradation result can be used ZnO/ Zeolite catalyst.
To improve the ability of ZnO in degradation can be
embedded in the zeolite4-10.

MATERIAL AND METHODS

Materials
The materials used are dyes Congo red,

ZnO, Zeolite Clinoptilolite-Ca West Sumatera,
NaCl, HCl, AgNO3, and NaOH. Device used
Spectrophotometer UV-Vis, UV lamp 10 watts with
λ = 365 nm, magnetic stirrer, and furnace.

EXPERIMENTAL

ZnO/Zeolite synthetic
Zeolites are activated by using HCl

saturated with NaCl. Then 25 g of zeolite added
without space then slowly enter 1 g of ZnO while

stirring. The result of the mixture was filtered and in
the oven at a temperature of 100 oC. The powder
formed was crushed and saturated at 240 mesh.
The sieve was calcined at 400 oC for 24 hours.

Effect of optimum condition
Determination of optimum concentration of
congo red

Created Congo red concentration of 5, 10,
15, 20, and 25 mg / L then irradiated under UV lamp
for 15 minutes. The irradiation results were then
measured using a UV-Vis spectrophotometer
( λ = 496 nm).

Determination of effect of degradation time
without  catalyst  addition

20 mL Congo red 10 mg/L liquid was put
into 5 tubes, then each tube was photolysis with
variations of 5, 15, 30, 45, 60, and 75 min. under
UV light. The degradation results were measured
by a UV-Vis spectrophotometer.

Determination of effect of addition of amount of
ZnO/Zeolite catalyst

20 mL Congo red 10 mg/L liquid is put into
5 tubes. To the tube was added ZnO/Zeolite catalyst
as much as 0.04; 0.06; 0.12; 0.16; 0.2; and 0.24 g.
Then it is photolysis during the optimum time of 60
minutes. Then centrifuged for 15 min. and the filtrate
was measured with a UV-Vis spectrophotometer.

Determination of time effect after addition of
ZnO/Zeolite catalyst

20 mL Congo red 10 mg/L liquid is inserted
into 5 tubes. Into the tube was added ZnO/Zeolite
catalyst with an optimum mass that is 0,2 g then do
it photolysis with variation of time 5, 15, 30, 45, and
60 minutes. Then centrifuged for 15 min. and the
filtrate was measured with a UV-Vis spectrophotometer.

Determination of time effect after addition of
ZnO catalyst

20 mL Congo red 10 mg/L liquid is inserted
into 5 tubes. Into the tube was added ZnO catalyst
as much as 0.007 g ZnO (1/26 of 0.2 g ZnO/Zeolite)
then it was photolysis with variation of time

5, 15, 30, 45, and 60 minutes. Then centrifuged for
15 min. and the filtrate was measured with a UV-Vis
spectrophotometer.
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Determination of time effect after addition of
Zeolite catalyst

20 mL Congo red 10 mg/L liquid is inserted
into 5 tubes. To the tube was added zeolite catalyst
as much as 0,192 g of zeolite (25/26 from 0,2 g
ZnO/Zeolite) then it was photolysis with variation of
time 5, 15, 30, 45, and 60 minutes. Then centrifuged
for 15 min. and the filtrate was measured with a
UV-Vis spectrophotometer.

RESULT AND DISCUSSION

Effect concentration optimum Congo Red
20 mL of Congo red solution is photolysis

with variations of concentrations of 5, 10, 15; 20;
and 25 mg/L for 15 min. obtained percentage of
degradation in Figure 1.

the greater the percentage of degradation. The
result of degradation can be seen in Figure 2.

Fig. 1. Optimum Concentration of Congo Red
Degradation

Figure 1, shows that the higher concentration
percent degradation is greater, but the
concentration of very large percentage of
degradation decreases. This is due to the large
concentration degraded with time for 15 min. the
ability of UV rays to photolysis progressively smaller.
Here the largest percentage of degradation
obtained at a concentration of 10 mg/L with a time
of irradiation of 15 min. was 3.907%.

Determination of effect of degradation without
catalyst addition

The degradation of Congo red compound
to 10 mg/L of 20 mL with UV light was done with
time variation 5; 15; 30; 45; 60; and 75 minutes.
Photolysis is a process of breaking water molecules
into OH and H+ radicals, where OH radicals will
play a role to attack the clusters present in Congo
red compounds8,11 The more OH radicals formed

Fig. 2. Time Influence Against Percent Congo Red
Degradation

Figure. 2, shows that the longer the

degradation percentage of photolysis increases,
the longer the irradiation time of OH radical
formation becomes greater, so the ability to attack

the clusters present in the Congo red compounds
is greater. From the result of research got
percentage degradation 14,539% with time
irradiation 60 minutes.

Determination of effect of ZnO/Zeolite catalyst
on congo red degradation presentation

The influence of degradation time without
a catalyst has not been able to produce perfect
degradation, therefore it is necessary to add a

catalyst called photocatalysis. The catalyst used
herein is ZnO/Zeolite which is expected to be
degraded more and more. The result of degradation

can be seen in Figure 3.

Fig. 3. Influence of ZnO / Zeolite Mass on Percent
Congo Red Degradation
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Photolysis accompanied by a catalyst is
called by photocatalysis. Here there will be a
process of phototransformation between the
irradiation with the catalyst. This will result in OH
through the oxidation of the surface of the hydroxide
anion and the adsorption of molecules of organic
compounds on the semiconductor surface.
ZnO/Zeolite is a supported catalyst between
ZnO and Zeolite, here shows the occurrence of a
simultaneous degradation process with adsorption.
ZnO is a catalyst and zeolite as an adsorbent8-12.
Fig. 3 shows 10 mg/L of Congo red compound as
much as 20 mL. For 60 min. showed a percent
increase in degradation proportional to the addition
of the catalyst. Where the largest percentage of
degradation in mass 0.2 g  ZnO/Zeolite percent
degradation 97.16%.

Comparison of Congo red degradation results using
ZnO/Zeolite, ZnO, Zeolite, and without  catalyst

atmosphere of UV light and without UV light. Can
be seen in Figure 5.

(a)

(b)

(c)

(d)

Fig. 4. Comparison of degradation results using (a)
0.2 g ZnO / zeolite, (b) 0.007 g ZnO, (c) 0.192 g

zeolite and (d) without catalyst

Figure. 4, shows the comparison of
Congo red degradation results using 0.2 g of
ZnO/Zeolite, 0.007 g ZnO, 0.192 g of zeolite, and
without catalyst. From the degradation results, it can
be seen that ZnO support with zeolite can increase
the percentage of degradation very significantly.
This is due to the occurrence of photolysis and
adsorption, and also zeolite is expanding the
surface of ZnO so that the ability of ZnO to multiply
the formation of OH radical is greater. For the use of
ZnO/Zeolite percent degradation obtained 97,16%,
ZnO 58,86%, zeolite 34,75% and without catalyst
13,829% during 60 min. irradiation time.

Determination of degradation percentage Congo
red   without  UV and with UV light

The use of ZnO/Zeolite as a degradation
of Congo red compounds is also carried out in an

(a)
(b)

Fig. 5. Degradation percentage by ZnO/zeolite (a)
without UV light, (b) by UV light

Figure 5, shows that Congo red is more
degraded by the use of ZnO/Zeolite and is affected
by UV light. This is due to the presence of UV rays
the formation of OH radicals more and more, while
the effect of ZnO/Zeolite is the occurrence of synergy
between degradation and adsorption. ZnO/Zeolite
use without UV light is a synergy between
degradation and adsorption alone and is not aided
by UV rays to increase OH radicals.

Determination of degradation percentage of
Congo red waste application with ZnO/Zeolite
addition

The optimum condition of Congo red
degradation was applied to Congo red waste
simulation. 20 x 20 cm white cotton cloth dipped
into 25 mg/L Congo red in 200 mL solution. The
remaining dye of the Congo red solution was
analyzed and degraded using the optimum
conditions. The results of degradation can be seen
in Figure 6.

Fig. 6. The Congo Red Wave Simulation Absorption
Spectrum (a) Congo Red 25 mg / L (b) Congo Red

Waste (c) After degradation
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Figure 6, shows that the remains of the
Congo red solution are 11.57 mg/L (b), whereas
(a) is the initial Congo red solution prior to dyeing
of 25 mg/L. The rest of the solution was degraded
where the degradation percentage was 52.68%.
This states that ZnO/Zeolite can be used to degrade
Congo red waste.

Analysis of functional groups of congo red
degradation results by FTIR

Congo red was analyzed with standard
FTIR, which was degraded without catalyst, with
Zeolite, ZnO, ZnO/Zeolite and congo red waste
applications shown in Figure 7.

Figure 7, shows that the Congo red
solution can be degraded using Zeolite, ZnO, and
ZnO/Zeolite catalysts. Compared to the above three
catalysts it turns out that ZnO/Zeolite produces many
new clusters which are evidenced by the number
of new peaks appearing, from the peak absorption
at 3500 cm-1 wave number is the OH stretching
model, the wave number 1700 cm-1 is C = O
Aromatic. From the spectrum can also be seen in
the number 1500-2500 cm-1 showing the
occurrence of more peak shifts in the use
of ZnO/Zeolite catalysts, and the application of
Congo red waste.

Characterization of the catalyst before and after
degradation by FTIR

The ZnO/Zeolite catalyst used as a Congo
red compound is characterized by FTIR, either

before degradation or after degradation can be
seen in Figure 8.

Figure 8 shows that ZnO/Zeolite catalysts
used before and after degradation did not undergo
structural changes. The mechanical and chemical
mixtures in van derr wals formation of Zn-O-Si are
unconjugated catalysts so that when photocatalytic
degradation is done at a time the catalyst will
escape the environment (Malinoskwa, et al., 2003).

Characterization of catalysts before and after
XRD degradation

The ZnO, Zeolite, and ZnO/Zeolite
catalysts prior to degradation and ZnO/Zeolite after
degradation were characterized by XRD can be
seen in Figure 9.

Fig. 9. Characterization catalyst by XRD (a) ZnO,
(b) Zeolite, (c) ZnO/zeolite before degradation,

(d) ZnO/zeolite after degradation

Figure 9, shows that the formation of a
ZnO/Zeolite clinoptilolite catalyst is the result of
supporting zeolite into ZnO. Fig. a shows the

Fig. 8. Characterization catalyst by FTIR (a) before
degradation, (b) after degradation

Fig. 7. Analysis degradation results by FTIR (a)
standard solution, (b) without catalyst, (c) with zeolite,

(d) ZnO, (e) ZnO / zeolite, (f) Congo Red waste
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spectrum of ZnO located at 2θ 20-30 and the zeolite
spectrum in Fig. b 20 - 40. Fig. c is the result of ZnO
support with zeolite clinoptilolite which is the catalyst
used prior to degradation. Fig. d is a ZnO/Zeolite
spectrum that has been used as a degradation of

Congo red compounds. It turns out the ZnO/Zeolite
structure has not changed before and after
degradation. This shows that ZnO/Zeolite can be
used as a catalyst in the degradation of Congo red
compounds.

Photo of SEM catalyst before and after degradation

(a)                                                                (b)

Fig. 10. Photos of SEM (a) ZnO/zeolite before degradation and
(b) ZnO/zeolite after degradation

SEM images of ZnO/Zeolite before and

after degradation are performed to look at
homogeneity and to see the pores of the catalyst.
From the picture, we can see that the structure is
very homogeneous and this is due to the bonding

between Zn-O-Si causing regular pores. From the
SEM photo, we can see that there is no change in
ZnO/Zeolite structure before and after degradation.

CONCLUSION

The natural zeolite of West Sumatra
clinoptilolite-ca type can be used as ZnO support.
The result of degradation of Congo red compound

using ZnO/Zeolite of 0.2 g is 97,17%, ZnO 0,007 g
is 58,86%, zeolite 0,192 g is 34,75%, and without

catalyst that is 13,829% with irradiation time

60 minute. The result of degradation of Congo red
waste was 52,68% with 60 min. irradiation time.
The FTIR Congo red analysis shows a shift in wave
numbers which means degradation. While the

characterization of ZnO/Zeolite catalyst by FTIR,
XRD, and SEM shows that there is no change of
structure of ZnO/Zeolite catalyst before and after

degradation.
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