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Abstract. ZnO is one of the widely used semiconductors due to its high photocatalytic activity. The 

inactivity of ZnO in the visible range could be enhanced by combining the ZnO with Al. In this 

study, the photocatalytic activity of ZnO-Al2O3 on Remazol Red RB was investigated. The effect of 

the ratio mass of ZnO-Al2O3 (1:0.05, 1:0.07, and 1:0.10) was also evaluated. The photocatalyst would 

be characterized using XRD, SEM-EDX, and UV-Vis DRS. The characterization showed that 

photocatalysts were successfully synthesized. The XRD analysis showed that the optimum ratio 

mass of ZnO-Al2O3 was achieved by 1:0.05, with the smallest crystal size of 13.3 nm. The SEM 

analysis showed that the surface of ZnO-Al2O3 (1:0.05) was easily granulated with smaller particle 

sizes than ZnO, and the shape tends to clump with the composites. The EDX analysis of ZnO-Al2O3 

confirmed the presence of Zn, O, and Al elements. The photodegradation study showed that the 

optimum conditions were obtained at a contact time of 180 minutes at pH 6 with 91.04% dye 

removal. In addition, the effect of the initial concentration of the dye was achieved at 50 ppm with 

a dye removal of 89.26%. The study showed that the ZnO-Al2O3 exhibited adequate removal of 

Remazol red RB. 
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INTRODUCTION 

 

Synthetic dyes are commonly used in the 

industrial world due to the fact that they are 

not easily biodegradable in the environment 

(Khan et al., 2020). Different methods such as 

adsorption (Tejada, Villabona, and Gonzalez, 

2021), coagulation (Mcyotto et al., 2021), and 

Advanced Oxidation Processes (AOP) (Luna-

Sanguino et al., 2020) have been used in 

processing dye waste in order to prevent 

environmental pollution. The main advantage 

of the AOP method using photocatalysts is 

that organic pollutants are converted into 
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CO2, H2O, and inorganic ions more optimally 

(M’Arimi et al., 2020).  

ZrO2, TiO2, SiO2, WO3, and ZnO are 

examples of semiconductors used for the 

photocatalysis process (Moradipour et al., 

2020). ZnO is a widely used semiconductor 

due to its wide band gap, low cost, great 

physicochemical properties, and 

photocatalytic activity (Elhalil et al., 2018; S. 

Stojadinović et al., 2015). However, the 

disadvantage is that it is only initiated in UV 

light (Stevan Stojadinović et al., 2020). In 

order to increase its photocatalytic activity, 

Combination with metals or non-metals was 

carried out to form composites (Cheshme 

khavar, Mahjoub, and Bayat Rizi, 2017). A thin 

layer of ZnO was combined with certain 

elements to improve its electrical and optical 

properties (Nasr et al., 2018). Furthermore, 

one of the promising semiconductors for 

enhanced photocatalytic activity is Aluminum 

(Al) (Luo et al., 2017). The properties of Al, 

such as high conductivity and low resistivity, 

which were achieved through composite, 

could hypothetically increase the 

photocatalytic activity of ZnO. Al also 

provides unique adsorption properties as 

well as low-cost material (Liu et al., 2015). 

Furthermore, it may also be used to increase 

the surface area of semiconductors 

(Munawaroh, Wahyuningsih, and Ramelan, 

2017).  

Remazol Red RB is one of the azo dyes 

which are potentially toxic and carcinogenic 

(Saksono, Putri, and Suminar, 2017). 

According to Zhang et al. (2017), 

nanoparticles containing 20% Al in ZnO-Al 

showed good degradation capacity in methyl 

orange, with a significant decrease in the 

concentration of methyl orange from 200 to 

2.7 mg/L and showed as well as significant 

degradation thoroughly under irradiation of 

30 minutes. The potential of ZnO-Al2O3 as a 

dye's removal is extensively studied and 

shows a remarkable due to its high 

adsorption ability. Tajizadegan et al. (2015) 

showed that the ZnO–Al2O3 has a high methyl 

orange removal efficiency compared to the 

single metal oxide form, which corresponds 

to the unique morphology of the ZnO 

activated as well as high surface area. 

Similarly, Lei et al. (2017) revealed that ZnO-

Al2O3 provided a high adsorption capacity of 

up to 397 mg/g towards congo red removal, 

which was indicated as a highly effective dye 

removal. According to the literature review, 

the study of photodegradation on Remazol 

Red RB using ZnO-Al2O3 yet have been well 

studied. Therefore, this study will examine the 

photocatalytic activity of ZnO-Al2O3 towards 

Remazol Red RB. The effect on the mass ratio 

of Al to ZnO was also investigated. The 

photocatalyst was characterized using XRD, 

SEM-EDX, and UV-VIS DRS in order to see the 

physicochemical changes after modification 

was performed. 

 

MATERIALS AND METHODS 

 

Materials 

The materials used in this study were 

zinc acetate dehydrate (Zn(CH3COO)2·2H2O, 

99.5%, Merck), aluminum sulfate 

octadecahydrate (Al2(SO4)3·18H2O, 98%, 

Pudak), methanol (CH3OH, technical grade), 

ammonium hydroxide (NH4OH, 28-30%, 

Merck), aquadest, sodium hydroxide (NaOH, 

97%, Merck), hydrochloric acid (HCl, 37%, 

Merck), sodium chloride (NaCl, 99.5%, Merck) 

and Remazol Red RB dyes. Zinc acetate 

dehydrates, aluminum sulfate 

octadecahydrate, methanol, and ammonium 

hydroxide were used for ZnO-Al2O3 synthesis, 

while sodium hydroxide, hydrochloric acid, 

and sodium chloride were used for pHpzc 

determination. 
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Synthesis of ZnO 

2.195 grams of Zn(CH3COO)2·2H2O was 

dissolved in 100 mL of methanol and stirred 

for 2 hours. The NH4OH solution was added 

dropwise until a pH of 7 was obtained. 

Furthermore, the resulting gel was separated 

and dried in an oven at 110°C for 24 hours to 

remove water molecules. The obtained 

powder was then characterized using XRD, 

UV-Vis DRS, and SEM-EDX (Ajala et al., 2018). 

 

Synthesis of ZnO-Al2O3 

The variation of mass ratio of 

Zn(CH3COO)2·2H2O and Al2(SO4)3·18H2O are 

shown in Table 1.  

 

Table 1. Mass Ratio of ZnO-Al2O3 

Composite 

ZnO-Al2O3 

ratio 

Zn(CH3COO)2.

2H2O (g) 

Al2(SO4)3·

18H2O 

(g) 

1:0.05 2.195 0.333 

1:0.07 2.195 0.466 

1:0.10 2.195 0.66 

 

2.195 g of Zn(CH3COO)2·2H2O was 

dissolved in 100 mL of methanol (Solution I). 

An amount of Al2(SO4)3·18H2O (Table 1) was 

dissolved in 100 mL of methanol (Solution II). 

The two solutions were combined and stirred 

constantly for 2 hours at 70°C. Afterward, the 

ammonia solution was added dropwise till a 

pH of 7 was obtained. The resulting gel was 

separated and dried for 24 hours at 110°C in 

the oven. Last, the dried powder was 

calcinated in the muffle furnace for 2 hours at 

a temperature of 600°C. The obtained 

powder was then characterized using XRD, 

UV-Vis DRS, and SEM-EDX. In addition, the 

material from the best characterization 

results was used in the photodegradation 

process of Remazol Red RB. 

 

Point of Zero Change (PHpzc) 

Determination 

The determination of the pHpzc value 

was carried out with 50 mL of 0.1 M NaCl. The 

initial pH was adjusted from a value range of 

4 to 10 by adding 0.1 M NaOH and 0.1 M HCl. 

Afterward, each NaCl solution that had 

adjusted the pH was initially added with 

composite ZnO-Al2O3 and stirred using a 

shaker for 24 hours before calculating the 

final pH of each solution. 

 

Photodegradation Studies 

The effect of time on the degradation 

process was carried out using a Remazol Red 

RB concentration with a variation of 10, 20, 

30, 40, and 50 ppm along with 0.50 g of ZnO-

Al2O3 photocatalyst. The solution was mixed 

with a photocatalyst and then stirred using a 

magnetic stirrer and subsequently irradiated 

using a 20 W UV lamp placed in a reactor with 

irradiation times of 15, 30, 45, 60, 75, and 

90 minutes. The mixture was separated from 

the solution by centrifugation for 20 minutes 

at 3000 rpm. Furthermore, the degradation 

solution was taken, and the absorbance was 

measured using a UV-Vis spectrophotometer 

(Orion Aquamate 8000) at 531 nm.   

The Remazol Red RB removal was 

calculated using the equation as follows: 

(Goudarzi & Salavati-Niasari, 2018): 

 D (%)= 
Co - Ct

Co
×100%  (4) 

where: 

D  =  Removal of Remazol Red RB (%) 

Co  =  Initial concentration of Remazol Red RB 

before degradation (ppm) 

Ct = Remazol Red RB concentration after 

degradation at time-t (ppm) 

 

Characterization of Photocatalyst 

A Rigaku Miniflex 600 was used for X-ray 

diffraction analysis of the photocatalyst with 
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Cu Kα radiation (λ=1.54059 Å and operated 

at 30 kV, 10 mA). The diffraction intensity was 

measured as function of the diffraction angle 

(2θ) in 5 to 80˚ intervals, with a step width of 

0.0200˚ and scan speed of 10 per minute. The 

morphology and surface of photocatalysts 

and the elemental content were observed 

using SEM-EDX (JEOL JSM-6510LA) with a 

voltage acceleration of 20kV and 3000-time 

magnification. The samples are coated with 

gold with a thickness of 48 nm. The UV-Vis 

DRS (Shimadzu UV–2450) with BaSO4 as a 

reference (λ=200-800 nm) was used to 

identify the band gap of the photocatalyst 

using the Tauc Plot equation as follows: 

(Pradhan, Alonso, and Bizarro, 2012). 

( h v) = A (hv - Eg) 1/2 (2) 

where:  

hv = Photon energy 

  = absorbance coefficient 

A  = absorbance 

Eg  = band gap energy 

 

RESULTS AND DISCUSSIONS 

 

Photocatalyst Characterization 

The XRD characterization of ZnO and 

ZnO-Al2O3 (1:0.05), (1:0.07), and (1:0.10) are 

shown in Figure 1. Figure 1(a) shows the 

result of the diffractogram of the ZnO 

material. The results of the 2θ ZnO angle 

characterization were compared with the 

JCPDS card data No. 36-1451. Based on the 

data obtained, the characteristic angle of 2θ 

ZnO includes 31.77°, 34.42°, 36.25°, 47.53°, 

and 56.50° with plane indexes of (100), (002), 

(101), (102), and (110), respectively 

(Sangeeta et al., 2017). The resulting ZnO 

showed similarity with a slight shift of the 

peaks at an angle of 2θ when compared to 

the JCPDS card No. 36-1451. The shift was 

between 31.76°, 34.45°, 36.23°, 47.54°, and 

56.58°. Subsequently, Figure 1 shows that the 

composite of ZnO-Al2O3 (1:0.05) had a typical 

peak at 2θ of 21.32°, 24.81°; 30.94°; which 

revealed identical peaks of ZnO (31°, 34°, and 

36°) compared to other composites.  

 

Fig. 1: The diffractogram of (a) ZnO (b) ZnO-

Al2O3 (1:0.05) (c) ZnO-Al2O3 (1:0.07) and (d) 

ZnO-Al2O3 (1:0.10) 

 

According to Murali et al. (2017) Al2O3 

diffraction pattern generally appears at an 

angle 2θ of 25° to 81° with a characteristic 

diffraction peak of about 25°. Figure 1 

revealed that the semiconductors, namely 

ZnO-Al2O3 (1:0.05), (1:0.07), and (1:0.10), 

showed the presence of peaks at an angle of 

about 31° to 36° from ZnO-Al2O3. This angle 

shifts as the Al concentration increases in the 

ZnO-Al2O3 semiconductor. The diffractogram 

pattern also tends to weaken with the 

addition of an increase in the percent 

concentration of Al. This is in accordance with 

Sa-nguanprang et al. (2019), which state that 

adding an Al semiconductor resulted in a 

wider peak in the diffractogram and a slight 

shift. This indicates that the crystal size and 

lattice parameters of ZnO were reduced. 

Furthermore, the smaller crystal size 

correlated to the larger surface area crystal, 

which increases the photocatalytic properties 

of the composite. Along with the increase in 
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the active surface area of the catalyst 

material, the contact area between the 

catalyst particles and pollutants also 

increased. This resulted in a more effective 

pollutant decomposition process (Casillas et 

al., 2017). According to the calculation using 

the Debye-Scherrer formula, it was found that 

the smallest crystal size was obtained by 

ZnO-Al2O3 (1:0.05) with a 13.3 nm crystal size. 

Therefore, the composite that will be used in 

the application of Remazol Red RB dye 

photodegradation is ZnO-Al2O3 (1:0.05). 

Figure 2 (a) shows that the surface of 

ZnO had irregular granules with non-uniform 

size. Furthermore, Figure 2 (b) shows that the 

surface of ZnO-Al2O3 (1:0.05) had granules 

shaped with a smaller particle size than the 

constituent particles of ZnO and the shape 

tends to agglomerate.  

 

 

Fig. 2: The morphology surface at 3000x 

magnification of (a) ZnO and (b) ZnO-Al2O3 

(1:0.05) 

 

 

 

 

Table 2. The elemental content of ZnO and 

ZnO-Al2O3 (1:0.05) 

Elements ZnO 

(%) 

ZnO-

Al2O3 

(%) 

ZnO 

(g) 

ZnO-

Al2O3 

(g) 

Zn 70.45 50.16 0.7045 0.5016 

O 17.23 21.26 0.1723 0.2126 

Al - 5.28 - 0.0528 

 

The elemental contents of the ZnO-

Al2O3 composite (1:0.05) are shown in 

Table 2. According to Table 2, the 

constituent elements of Zn and O are 

70.45% and 17.23%, respectively. The ZnO-

Al2O3 (1:0.05) composite consisting of the 

elements Zn, Al, and O were 50.16%, 21.26%, 

and 5.28%, respectively. These elements 

indicate that the modification was 

successfully carried out (Qaderi et al., 2021). 

Furthermore, the percentage value indicates 

that ZnO and ZnO-Al2O3 (1:0.05) were 

successfully synthesized but not optimal. This 

was possible due to the presence of 

impurities such as carbon. 

In general, semiconductor materials 

have two energy bands, namely the valence 

and conduction bands, and the distance 

between them is called the energy band gap. 

When an electron in the valence band 

absorbs the appropriate photon energy, the 

electron becomes excited to the conduction 

band. Furthermore, this electron transmits a 

certain amount of energy when it returns to 

its ground state. The energy transmitted by 

the material is proportional to the width of 

the energy band gap (Shenouda et al., 2020). 

In addition, the UV-Vis DRS characterization 

for determining the band gap of the 

photocatalyst is shown in Figure 3.   
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(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 3: UV-Vis DRS curve of (a) ZnO (b) ZnO-

Al2O3 (1:0.05) (c) ZnO-Al2O3 (1:0.07) and (d) 

ZnO-Al2O3 (1:0.10) 

 

Figure 3 (a) shows the energy band gap 

value of the ZnO composite, which is the 

result of the intersection of the line between 

E (hv) on the x-axis, and (αhv)2 on the y-axis 

and the energy band gap (Eg) was 5.01 eV. 

Figure 3 (b) shows the energy band gap value 

of the ZnO-Al2O3 composites 1:0.05, 1:0.07, 

1:0.10 was 3.16 eV, 3.15 eV, and 2.96 eV, 

respectively. 

ZnO has a band gap energy of 3.37 eV 

(Benhaoua et al., 2014). Furthermore, the 

difference between the experimental and 

literature Eg values is probably due to 

calcination parameter processes such as 

temperature and holding time, which 

correlated with the product characteristics 

differently (Alibe et al., 2018; Lhimr et al., 

2021). Furthermore, the difference between 

the two increased pure and impure ZnO band 

gaps was also reported by Akhtar et al. (2015). 

The shift towards the conduction band was 

due to the addition of AI charges which 

resulted in the wide band gap. The curve and 

calculations show that the energy band gap 

decreases with increasing Al concentration in 

the ZnO-Al2O3 composite. This condition 

indicates the success of the synthesis of the 

Al2O3-ZnO composite. Furthermore, the 

smaller the band gap energy value, the lesser 

the energy needed by the photocatalyst to 

excite electrons from the valence to the 

conduction band. This gives more 

advantages to photocatalyst applications 

because it works over a wider range of 

wavelengths and can be applied to the visible 

light region (Modwi et al., 2018). 

 

pH Point Zero Charge (pHpzc) ZnO-Al2O3 

(1:0.05) 

pHpzc is the pH value at the surface of 

an uncharged oxide that is uncharged or in a 

neutral charge (Ngulube et al., 2017). When 

pH<pHpzc, the surface of the photocatalyst 

is positively charged, while at pH>pHpzc is 

negative (Stjepanović et al., 2021). 

Furthermore, photocatalysts with positive 

and negative charged surfaces were able to 

degrade both anionic and cationic pollutants. 
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(Elhalil et al., 2018). The pHpzc data is used to 

determine the appropriate pH state in the 

photodegradation application process. The 

pHpzc curve data is shown in Figure 4.  

 

Fig. 4: pHpzc of ZnO-Al2O3 (1:0.05) 

 

According to Figure 4, the pHpzc 

composite ZnO-Al2O3 (1:0.05) was at pH 6.87, 

indicating the presence of ZnO-Al2O3.  

The dye used in the photodegradation 

application process was an anionic dye called 

Remazol Red RB. Therefore, the pH of the 

solution below pHpzc is favorable. The pH 

range of this dye which had been measured 

previously, was pH 5-6. 

 

Photodegradation of Remazol Red RB 

Effect of Photodegradation Time  

Figure 5 shows the effect of 

photodegradation time on the removal of 

Remazol Red RB. 

 

Fig. 5:  Effect of photodegradation time on 

the removal of Remazol Red RB dye 

concentration reduction 

Figure 5 revealed that there was an 

increase in the removal of Remazol Red RB in 

the range of 30 to 180 minutes under 

conditions using UV lamp irradiation from 

82.50 to 91.04%. It can be seen that the 

maximum degradation occurred at 

180 minutes with a 91.04% percentage of 

removal. The increase in the removal of the 

concentration of Remazol Red RB was 

relatively constant. A similar trend was 

reported by a previous study (Alshabanat & 

Al-Anazy, 2018) using Polymer 

nanocomposite Films for congo red 

photodegradation. The removal of 

photodegradation is positively correlated to 

the production of OH•. Therefore, the more 

OH• produced, the more photodegradation 

occurs (Luo et al., 2017). According to 

Figure 5, at equilibrium conditions, the ability 

of the photocatalyst to excite electrons (e-) 

from the valence to the conduction band may 

not be increased. Therefore, either the 

amount of OH• remains constant, or the 

possibility of OH• produced is used to 

degrade intermediate products. 

Comparative control was also carried out 

on variations in photodegradation time, such 

as the treatment of Remazol Red RB dye, 

which was added to ZnO-Al2O3 (1:0.05) 

without being exposed to a UV lamp 

(comparative control I) and the Remazol Red 

RB exposed to UV light without composite 

(comparative control II). Figure 5 shows that 

in the comparison control I, there was also an 

increase in the removal of Remazol Red RB 

with a longer duration. The dye removal of 

comparative control I was slightly smaller 

than that of UV lamp irradiation, which was 

88.10%. Furthermore, the longer the 

irradiation contact time in the reaction 

system, the larger the amounts of adsorption 

products formed (Fajriati et al., 2019). 

However, this may block the contact between 
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the photocatalyst and UV light and also 

between the photocatalyst and the dye that 

has not been degraded. As a result, the 

photodegradation reaction is not very 

effective.  

There was a difference in the dye 

removal between the process with UV lamp 

irradiation and the comparison control I. This 

is probably because, in the Remazol Red RB 

dye photodegradation process by ZnO-Al2O3 

(1:0.05), it undergoes an adsorption process 

before interacting with UV light. Furthermore, 

in comparison control II there was no change 

in the dye removal despite being exposed to 

the UV lamp. This shows that irradiation with 

UV lamps, even with varying contact times, 

without adding ZnO-Al2O3 (1:0.05) composite 

may not properly assist the Remazol Red RB 

dye degradation.  

Based on the data obtained in Figure 5, 

it was found that there was only a slight 

difference between the results from the 

treatment using UV lamp irradiation with 

added composites and without using it. This 

indicates that the synthesized ZnO-Al2O3 

composite had no significant effect with or 

without UV lamp irradiation. This also means 

that the composite acts more as an adsorbent 

than a photocatalyst. Tajizadegan et al. (2015) 

reported that Al2O3 had been used as an 

adsorbent in dye adsorption, while zinc oxide 

(ZnO) has generally been used as a 

photocatalyst in the photocatalytic 

degradation of dye compounds in the 

presence of an artificial UV light source. 

However, with the adsorption method, ZnO 

was also used as an adsorbent for dye 

removal. 

  

Effect of Variation in Initial Concentration 

of Remazol Red RB 

Figure 6 shows the effect of the initial 

dye concentration of Remazol Red RB on the 

removal of Remazol Red RB. 

From Figure 6, it can be seen that there 

was an increase in dye removal at 10 to 

50 ppm with UV lamp irradiation from 62.50 

to 89.26%. This is because the higher the 

concentration, the greater the amount of dye 

absorbed on the catalyst's surface. Similar to 

the effect of photodegradation time, 

comparative control was also carried out. 

 

Fig. 6: The effect of initial dye concentration 

on the removal of Remazol Red RB 

 

 

Fig. 7: The effect of irradiation on the 

removal of Remazol Red RB at the initial 

concentration of 20 ppm 

 

From comparison control I, it can be 

seen that there was also an increase in the 

removal of Remazol Red RB as the initial 

concentration increased. Furthermore, it 

rapidly increased from 10 to 20 ppm, while 

from 30 to 50 ppm, there was only a slight 
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increase in dye removal. A higher dye 

concentration indicates more dye molecules; 

therefore, more photocatalyst is required at a 

constant intensity of ultraviolet light. Thus, 

the number of hydroxyl radicals produced by 

the photocatalyst remains constant. 

Consequently, the hydroxyl radicals 

produced were insufficient to oxidize the 

dyes at higher concentrations (Vu et al., 

2020).  

The dye removal of comparison control I 

was smaller when compared to UV lamp 

irradiation. This was also similar to 

comparison control II, in which there was a 

decrease in dye removal. This demonstrates 

that irradiation with UV lamps without adding 

ZnO-Al2O3 (1:0.05) composite does not 

optimally promote Remazol Red RB 

degradation. According to Elhalil et al. (2018), 

it was reported that Ca-ZnO-Al2O3 exhibits 

more photocatalytic degradation of caffeine 

than photolysis (UV without photocatalyst). 

Furthermore, Modwi et al. (2018) also 

reported that there was no significant 

photodegradation of malachite green (MG) 

via photolysis. 

 

CONCLUSIONS 

 

The ZnO-Al2O3 composites with mass 

ratios 1:0.05, 1:0.07, and 1:0.10 were 

successfully synthesized. The XRD 

characterization showed a similarity with the 

typical peak of the JCPDS card No. 36-1451 at 

an angle of 2θ around 31°. The UV-Vis DRS 

characterization for the ZnO-Al2O3 composite 

(1:0.05) showed an energy band gap of 

3.16 eV. In addition, the surface morphology 

of the ZnO-Al2O3 (1:0.05) composite on the 

SEM characterization revealed that the 

surface formed a granule with a smaller 

particle size than the ZnO constituent. The 

EDX analysis of ZnO-Al2O3 revealed the 

presence of Zn, Al, and O elements by 

50.16%, 21.26%, and 5.28%, respectively. The 

optimum conditions for dye removal of 

Remazol Red RB dye in this study were at a 

contact time of 180 minutes as well as an 

initial concentration of 50 ppm, with the dye 

removal of each variable being 91.04% and 

89.26%. 
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