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ABSTRACT

Humic acid is a heterogeneous organic compound that is carcinogenic in peat water and is very difficult to degrade
biologically. Water is a source of life, therefore the need for clean water is increasing. This study aims to carry out the
degradation of humic acid using the photocatalytic method. Photocatalysis is the degradation of humic acid using light in the
presence of a photocatalyst in the reaction process. The photocatalyst used in this study was 7% Cu doped ZnO. The Cu
doped ZnO used with a band gap of 2.57 eV and a particle size of 27 nm. In this study, the humic acid degradation process
used a hexagonal photo reactor with various stirring speeds of 500, 1000, 1500 rpm and without stirring. The degradation
process is carried out using outdoor light (direct sun). The light intensity can be measured using lightmeters on the front and
rear of the reactor. The degradation process uses variations in irradiation time of 1, 2, 3, 4 and 5 hours. The degradation
results were measured using a UV-Vis spectrophotometer to see the absorbance before and before degradation. The results of
this study obtained the highest percentage degradation at the speed of each stirring of 500 rpm of 90.09% at 5 hours of
irradiation, 1000 rpm of 97.37% at 5 hours of irradiation, 1500 rpm of 97.79% at 5 hours of irradiation. hours and without
stirring of 71.71% at 5 hours of irradiation. The maximum degradation concentration in this study was obtained at a stirring
speed of 1500 rpm and an irradiation time of 5 hours. The speed and irradiation time have an influence on the degradation
results obtained.
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1. INTRODUCTION

Peat water is surface water that is found in peat areas.[1][2] The properties of peat water have
a high acidity, color intensity brownish red, ion particles and high organic compound.[3][4] One of
them is humic acid (HA). Humic acid (HA) is a heterogeneous organic compound with high
molecular weight which is difficult to degraded biologically.[5][6] If HA is found in drinking water, it
can interfere with water quality and health. Characteristic of drinking water is contamined the color is
brownish red and low pH.[29] HA is precursor of disenfection by products (DBPs) such as
trihalomethanes (THMSs) and haloacetic acids (HAAs), which are mutagenic end carsinogenic. Many
experiements method to removal HA in drinking water, such as filtration, coagulation,

electrocoagulation, adsorption, photocatalysis and others.[30]

Photocatalysis a efficient method to elimination HA in water.[7] Photocatalysis is reaction

photolysis using catalyst in the process.[9] Catalyst will be active when exposed light.[10][11]
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Catalyst used degradation HA is ZnO, because it cheap, low cost and synthesis process is
easy.[12][13] Addition, ZnO has characteristic of band gap 3.37 eV, high production -OH.[14][15]
High band gap energy of ZnO make ther are not applied in visible light.[16] Therefore, it is necessary
to modify ZnO so that it can be applied to visible light. Modification is done by doped with metal
ions. The metals ion that is suitable for use is Cu, because it is known to reduce the ZnO band gap
energy.[27][28] Low band gap from ZnO can make it applied in visible light.[22][23]

2. LITERATURE REVIEW

ZnO doped Cu with nano particles size make its activity better. Small particles sizes increases
surface area and many active cite. The produce ZnO doped Cu in nano particles with sol-gel method.

Photodegradation of HA using visible light is starting to develop using a modified catalyst.[17]
This study goals to degrade HA using nano ZnO doped Cu in visible light for paet water
treatment.[26]

To the best of our knowledge the visible light photocatalysis of microplastics particles and in
water flow system in order to mimic the real situation as in water treatment facilities and wastewater
treatment plants has not been reported.[8] Therefore, this work investigates the photocatalytic
degradation of microplastics spherical particles suspended in water by visible light irradiation of ZnO
NRs immobilized onto glass fibers substrates (photocatalyst) in a flow through system.[18][19] PP
microplastics with an average particle size of 154.8 = 1.4 um was selected as pollutant model because
it is a major aquatic pollutant due to its lower density than water.[20][21] Thus PP has the potential of
being mistaken as a feed even by smaller aquatic animals and fishes which search for food on surface
of water complicated by the fact that the half-life of PP is a few hundred years. Furthermore, the
photocatalytic activity of ZnO NRs is evaluated by considering the evolution of the carbonyl index
parameter and the main water soluble by-products formed during the degradation process was
identified using GC-MS.[24][25]

3. EXPERIMENTAL

Material and Methods

The tools and materials used in this study are beaker, measuring cup, volumetric flask 1 L,
analytical balance, stirring rod, hexagonal cell phone reactor, drop pipette, humic acid, aquades,
Zn(CH;3C00),.H,0, Cu(CH;C0O0),.H,0, isopropanol, MEA (monoetanolamin), XRD, UV-Vis
Spectrophotometer, DRS UV-Vis Spectra.
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General procedure
Synthesis of Nano ZnO doped Cu with sol gel method

2.743 grams of Zn(CH3C0OO0),.H,0 dissolved with 50 ml of isopropanol in 100 mL beaker glass
and covered with aluminium foil. Stir it a magnetic for 40 minutes. Added 0,68 grams
Cu(CH3CO0),.H,0 as doping material to doping 7%, again covered with aluminium foil and strirred
using a magnetic stirrer for 40 minutes. After that, Added MEA (monoetanolamin) 1.4 mL and
stirring was continued for 90 minutes resulting in soles. The soles were left for one night, after which
they were put into a vaporizer cup, dried in an oven at 110 °C for 1 hour. The gel formed is put into
the furnace, heated at temperature of 500 °C for 2 hours. The formed product is stored in the desicator,
and crushed. After that it was tested with XRD and DRS UV-Vis Spectra.

Design Reactor

The design of the reactor begins with providing a transparent glass with a thickness of 3 mm
and then cutting the glass with a height of 15 cm and a width of 7 cm then the glass is glued to form a
hexagon. The glass that has been formed is then in the upper part of the hole as the entry point of the

stirrer, the stirrer is connected to the dynamo so that the stirrer can rotate in figure 1.

cable hole Plat Cu

Plat Al Paking
Figure 1. Design reactor

Information :
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The connection between the dynamo and the stirrer
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Degradation HA using ZnO doped Cu 7%

Preparation samples by weighing 0.02 grams of HA and then dissolving it in 1000 mL of
distilled water. Then measure the absorbance using a UV-Vis spectrophotometer. Added 0.06 grams
of 7% Cu-doped ZnO catalyst into the mobile hexagonal reactor, then added 200 mL of 20 ppm HA
solution, carried out the degradation process using variations in irradiation time of 1, 2, 3, 4 and 5
hours and stirring speed of 500, 1000, 1500 rpm and without stirring, then measure the absorbance of

HA using a UV-Vis spectrophotometer.

4. RESULTS AND DISCUSSION
Synthesis of Nano ZnO doped Cu with sol gel method

Nano ZnO doped Cu was synthesized with a doped 7% to producing a bluish-gray color, the
presence of a blue color indicated the presence of Cu contained in ZnO. Nano ZnO doped Cu. Nano

ZnO doped Cu has a yielding and soft texture can be seen in figure 2.

Figure 1. ZnO doped Cu 7%

Nano ZnO doped Cu was tested using XRD and UV-Vis DRS Spectrophotometer. XRD test
results show the nano size of 7% ZnO doped Cu is 27 nm. A nanomaterial is a material with a size in
the range from 1-100 nm. catalysts in nano size will improve performance due to the increase in
surface area and active sites. Measurements using a DRS UV-Vis spectrophotometer showed the

results of a band gap catalyst. band gap of 7% Cu doped ZnO catalyst is 2.57 eV.
Design Reactor

The reactor is where the photocatalysis process takes place. In this study, the photocatalytic
reactor used was a mobile hexagonal reactor. In this reactor, light enters from all directions, but

measurements for light intensity are carried out from the front and back of the reactor.

Degradation HA using ZnO doped Cu 7%
Testing HA 20 ppm using a UV-Vis spectrophotometer to see the maximum wavelength and
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initial absorbance of the HA solution, the maximum wavelength was obtained at 269 nm can be seen

in figure 3.
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Figure 2. Maximum wavelength HA

This research was conducted using a hexagonal Degration mobile reactor with several

variations of treatment to get maximum results. Variations carried out were stirring speeds of 500,

1000, 1500 and without stirring with variations in irradiation time of 1, 2, 3, 4 and 5 hours. The result

degradation showed a decrease in concentration of HA, according to the following figure 4.

Table 1. Degradation of HA without stirring using ZnO doped Cu 7%

Time (Hours)

Front luks (LX)

Rear luks (LX)

ABS %D
1 0.369 68.75 10842.11 6494.33
2 0.365 69.09 11044.25 8.950.50
3 0.345 70.78 17385.11 12750.13
4 0.340 71.21 14597.62 11925.16
5 0.334 71.71 18080.03 15681.13

Table 2. Degration of HA at 500 rpm using ZnO doped Cu 7%

Time (Hours)

Front luks (LX)

Rear luks (LX)

ABS %D
1 0.151 87.21 11174.06 8908.71
2 0.123 89.58 14533.08 11047.25
3 0.128 89.16 11409.16 8897.16
4 0.123 89.58 15293.70 12893.91
5 0.117 90.09 17625.83 12985.87
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Table 3. Degration of HA at 1000 rpm using ZnO doped Cu 7%

Time (Hours)

Front luks (LX)

Rear luks (LX)

ABS %D
1 0.086 92.71 13236.66 9471
2 0.032 97.29 15910.25 12017.91
3 0.040 96.61 13539.16 10408.88
4 0.031 97.37 21088 14979.16
5 0.031 97.37 18166.26 15358.76

Table 4. Degradation of HA at 1500 rpm using ZnO doped Cu 7%

Time (Hours)

Front luks (LX)

Rear luks (LX)

ABS %D
1 0.054 95.42 14751 11632.33
2 0.047 96.02 18177.33 14223.16
3 0.033 97.02 17304.22 13675.50
4 0.040 96.61 15664.75 12360.70
5 0.026 97.79 20125.33 16949.66

1) Degradation of HA without stirring
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Figure 4. Degradation of HA without Stirring
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2) Degration of HA at speed 500 rpm

90,5

90,0 90.09%

89.59% 89.50%
. 0

89,5
89,0 89.16%

88,5

%D

88,0

87,5
87.21%
87,0

0 1 2 3 4 5 6

Time (hours)

Figure 5. Degradation of HA at Speed 500 rpm

3) Degration of HA at speed 1000 rpm

98
97.37%

97.29% 97.37%

97

96.61%
96

95

%D

94

93
92.71%

92

0 1 2 3 4 5 6

Time (hours)

Figure 6. Degradation of HA at Speed 1000 rpm

4) Degration of HA at speed 1500 rpm
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Figure 7. The degradation graph HA using ZnO doped Cu
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The significant difference in results using agitation indicates that there is an effect of stirring on
the performance of the catalyst. The concentration of degradation obtained is linear with the length of
irradiation time [18]. The longer the irradiation time, the higher the results. This is because the
formation of hydroxide radicals in the reaction process increases with the longer irradiation.
Photodegradation using a 7% Cu-doped ZnO photocatalyst occurs due to the excitation of electrons
from the conduction band to the valence band of a catalyst. This excitation will produce a highly
reactive hydroxyl radical that is useful in the degradation process. When there is excitation of
electrons from the valence band to the conduction band, the excited electrons will react with oxygen
to form superoxide anions. While one electron in the valence band will bind directly to water
molecules which will produce hydroxyl radicals (*OH) which are useful in the degradation process
and produce H*. Then this superoxide anion will bind to the H" in the solution to produce hydrogen
peroxide which is also useful for the formation of hydroxide radicals. In addition, in photodegradation
using this photocatalyst, photolysis reactions also occur in it which will also produce hydroxide
radicals. The hydroxide radicals formed are useful for breaking bonds in HA which produce simple

molecules such as CO, dan H,O0.

5. CONCLUSION

The percentage of degradation is strongly influenced by light intencity, increasing light intencity in the
process will make the degradation increase. The speed of stirring wil also affect the degradation result, with the

safter stirring the percentage of degradation also increase.
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