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ABSTRACT 

Zeolites are commonly used as membrane material because they are easily available as natural form. Many 

zeolites are found in volcanoes. Zeolite can be used as a nanomembrane material with pore size about 0.001μm. The 
purpose of this study is to find the rejection value and the best flux value that can be produced used restaurant wastewater. 

Variation of concentration that used were pure wastewater mixed with tap water using ratio 100%, 75% : 25% and 50% : 

50%. On restaurant wastewater, the highest flux value on each variation of concentration 100%, 75% and 50% are 7,64 

L/m
2
.hour, 11,89 L/m

2
.hour and 13,59 L/m

2
.hour. The highest rejection value of turbidity was reached 88,84% for 100% 

concentration, 70,00% for 75% concentration and 77,50% for 50% concentration.   
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1. INTRODUCTION 

Organic content can be filtered by nanofiltration 

membranes with pore size of 0.001 microns (Damayanti et 

al., 2010; Damayanti et al., 2011
a
; Damayanti et al., 

2011
b
). Another function of nanofiltration is to soften 

water and filter micro pollutants (Damayanti et al., 2013
a
; 

Damayanti et al., 2013
b
). For this reason, the use of 

nanofiltration membranes is wastewater filtration 

(Damayanti et al., 2016; Damayanti et al., 2017; Gomes et 

al., 2010) including restaurant wastewater. 

Zeolite is one of the ingredients that can be used 

for the manufacture of membranes because it easily forms 

suspensions and does not expand (Dong et al., 2006). In 

addition to filtering waste water, zeolite-based membranes 

are also widely used for gas separation such as 

hydrocarbon gases, dehydrated solvents, accelerating 

catalysts for chemical conversion, remediation of 

pollutants, also as clean water production (Cui et al., 

2008). 

The pore structure of zeolite has a special shape 

so that it can be used to separate substances with small 

molecular sizes (Shan et al., 2004). Indonesia has an 

abundant amount of zeolite due to the availability of many 

volcanoes, especially on Java, so the cost of making 

zeolite membranes will be cheap. In this study, the 

performance test of zeolite nanofiltration membranes to 

treat restaurant wastewater. Membrane performance is 

measured based on membrane flux values and rejection 

values. In general, this study aims to find alternative 

laundry wastewater and restaurant care with a membrane 

filtration system with zeolite base material. This system is 

expected to reduce pollutants contained in restaurant 

wastewater. 

 

2. METHODS 

 

A. Synthesis of zeolite  

Zeolite membranes prepared with zeolite 

synthesis. The initial phase to prepare a porcelain cup that 

has been put into oven for 1 hour and weigh zeolite and 

KOH 12% : 88% in the ratio of 1: 4 (10 g zeolite and 73.3 

g of KOH). Mixtured of zeolite and KOH was weighed 

and placed in a porcelain dish in the furnace for 4 hours at 

a temperature of 360
o
C. Let the sample cool and after 

burned in the furnace allowed to reach room temperature. 

Then insert the sample into a 1000 mL beaker diluted with 

500 mL of distilled water and precipitation. The 

precipitate from the reaction is taken and removed. The 

solution is then titrated with stirring at a temperature of 50 

° C to pH 1-2. The results of the titration will form 

yellowish gel deposits. Yellowish gel will be washed 10 

times with distilled water until it turns into a white gel. 

The white gel produced is pumped vacuum, the liquid is 

removed and the results are ovened for 24 hours, so that 

the shape changes to powder. The powder is a zeolite 

membrane forming material, brownish and smooth. 

 
B. Preparation of membrane  

Preparation of membrane contained two steps, 

were manufacture and printing solution and the 

membrane. The first step made membranes synthesized 

zeolite powder weigh as much as 3 grams and 6 grams. 

Zeolite powder was put into a centrifuge bottle and then 

added 35 mL of 2-Propanol. The mixture in a centrifuge 

for 10 minutes at a speed of 600 rpm. After the above 

supernatant fluid discarded. White precipitate was put into 

a glass beaker which contains a mixture of 3.5 g of NH4Cl 

and 200 mL of distilled water and then stirred using a 

magnetic stirrer for 1 hour.  

The next stage is the mixing of sediment mixing 

zeolite with NH4Cl solution, distilled water, PVA (Poly 

Vinyl Alcohol) and PEG (Poly Ethylene glycol). At this 

stage the resulting sediment was mixed with 5 mL of PEG 

and PVA: zeolite with a ratio of 1: 3 mixture solution was 

heated in a glass beaker filled with water so that the 

solution does not burn as long heating time. The solution 

was heated until all ingredients are mixed with the smooth 

and thickened. After the solution thickens printed using a 

small petri dish and left for 30 hours to dry. Membrane 

dried brownish and is flexible. 

mailto:lia@its.ac.id
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C. Membrane reactor  
In this study used three variations of the 

concentration of the wastewater. Variation of 100% 

consists of 100% wastewater. Variations of 75% consists 

of 75% wastewater and 25% tap waters. Variations of 50% 

consists of 50% water and 50% water taps waste. 

Membrane tested was cut a circle with a diameter of 3 cm 

then placed in the cross flow reactor as can be seen in 

Figure-1.  

 

 
 

Figure-1. Crossflow Reactor. 

 

Testing method used is based on the ISO 06-

6989.25-2005. While the analysis of phosphate in laundry 

wastewater using tin chloride method. Testing method 

used is based on the ISO 06-6989.31-2005. Analysis of 

oils and grease in restaurant wastewater using gravimetric 

methods. The principle of this method is the oil and grease 

in the test sample is extracted with an organic solvent in a 

separating funnel. Extract oil and grease separated from 

the organic solvent by distillation. Residue left in the 

distillation flask is weighed as oil and grease. 

 

D. Analysis of membrane morphology  

Morphological analysis was conducted using 

SEM EDX (Scanning Electron Microscopy with Energy 

Dispersive X-ray Spectroscopy). SEM EDX analysis 

performed to determine the elemental composition of the 

pore membrane and the membrane.  

 

3. RESULTS AND DISCUSSIONS 

 

A. Effect of the concentration of the waste water to the  

     flux value in restaurant waste  
Flux value is the sum of the volume permeate 

flux passing through a unit area of membrane surface at a 

specified time in the presence of a thrust pressure 

membrane flux value is a function of pore size, porosity, 

thickness and structure of the membrane. Flux values 

affect the efficiency of the membrane separation process 

that depends on the structure of the membrane such as 

pore size distribution, pore shape, porosity. 

J = 
𝑣 𝐴 𝑋 𝑡 

 

J   = Flux (L/m
2
.hour) 

V  = Volume of permeate (L)  

A  = Membrane surface area (m
2
)  

t  = Time (hour) 

 

While the results of research on restaurant 

wastewater graphic flux membrane in the variation 

concentration of restaurant wastewater shown in Figure-3.  

 

 
 

Figure-2. Graphic flux membrane in the variation 

concentration in restaurant wastewater. 

 

Based on Figure-2  found that membrane flux 

values will decrease with the increasing concentration of 

the waste. The longer the time of operation, the particles 

are retained by the membrane the more that will form the 

accumulation of particles (layer cake). This resulted in a 

narrowing of the pore is formed so that the smaller the 

resulting flux (Nur et al., 2013). Concentration of waste 

(feed) that passes through the membrane also affects the 

performance of membrane filtration due to different loads. 

Variation of effluent concentration is inversely 

proportional to the value of flux. That is, the greater the 

concentration of waste water, the smaller the resulting 

flux. This is caused by the buildup of solute at the 

membrane surface which can form a gel layer can lower 

the value of the permeate flux across the membrane. This 

flux impairment due to the osmotic pressure in the area 

where the gel layer formed increases (Azfah et al., 2012). 

Based on the data obtained that the average flux value of 

the waste with a concentration of 100% was 2, 96 and 2.35 

L/m
2
.hour. While the variation of wastewater 

concentration of 75% and 50%, respectively flux value 

was 4.84 L/m
2
.hour; 4.10 L/m

2
.hour and 6.22 L/m

2
.hour; 

5.47 L/m
2
.hour. Nanofiltration membranes can operate at a 

pressure of 5-20 bar and has a range of flux values from 

1.4 to 12 L/m
2
.hour (Mulder, 1996).  
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B. Effect the concentration of wastewater rejection  

     value for turbidity parameter in restaurant  

     wastewater  

Rejection value describes the permselektivitas 

rejection of a membrane. Permselektivitas is a measure of 

the ability of the membrane to withstand a species or skip 

a particular species. The higher value indicates rejection 

membranes have a high degree of selectivity. Rejection 

value calculation using the formula. 

 

R = 1- 
𝐶𝑝 𝐶𝑓  𝑥 100% 

 

Where:  

R   = rejection value (%) 

Cp  = permeate concentration  

Cf  = feed concentration 

 

R values range from 0 to 1. If the value of R = 1 

means the contaminants completely retained by the 

membrane. Determination of membrane rejection rate 

associated with the membrane porosity. Porosity is the 

ratio of the area of the membrane pore size. The smaller 

size of the membrane, the higher resulting porosity and 

vice versa. If rejection membranes showed 100% means 

that the membrane having a perfect rejection and vice 

versa, if the value is 0%, indicating solution and solutes 

pass through the membrane freely. 

Graphs of the parameter values of membrane 

rejection turbidity in wastewater concentration variations 

can be seen in Figure-3. 

At the restaurant waste obtained rejection values 

different opacities. Graph rejection turbidity values on 

restaurant waste is shown in Figure-3. 

 

 
 

Figure-3. Graphic value rejection turbidity in restaurant 

wastewater. 

 

Based on the image can be seen that the 

membrane rejection rate will increase along with the 

increase of operating time, be it on the effluent 

concentration of 100%, 75% and 50%. This could be due 

to the length of time of operation, the fouling that occurs 

on the surface and inside the membrane is also increasing, 

and makes more and more cake formed on the membrane 

surface. Cake will serve as an additional filter to filter 

waste water before it comes in contact with the membrane 

surface. This will make it increasingly difficult for the 

organic components pass through the membrane so that 

the rejection rate increases (Karamah and Lopez, 2000). 

Membrane having the highest rejection rate is the 

membrane in 100% effluent concentration variations. This 

is because the rate of cake formation on the membrane 

lining the faster when bypassed with a feed solution 

having a high concentration. Based on research Puspayana 

and Damayanti (2013), the more concentrated or turbid 

wastewater, the impurities will be attached to the 

membrane surface more and more. The more impurities 

attached on the membrane surface it will form a layer cake 

that will help minimize the size of the membrane and the 

membrane performance in merejeksi turbidity. Therefore, 

the value of the membrane rejection at 100% effluent 

concentration is greater than the value of the membrane 

rejection at a concentration of 75% or 50%. 

According to Mulder (1996), a membrane-based 

separation processes separation process by retaining one of 

the components and skip the other components. the 

process with a pressure thrust, when the thrust force 

working on the feed side then some parts of dissolved 

solids are retained on the membrane will pass while the 

solvent to penetrate the membrane. This causes the 

permeate concentration becomes lower than the feed 

concentration of the basic concept of separation with 

membranes. Accumulation of solid particles called 

concentration polarization/fouling will be retained on the 

surface of the membrane thus increasing the concentration 

of solids on the membrane surface. The concentration 

polarization will greatly affect the selectivity. 

In the span of 80 minutes of operation during 

rejection rate remains constant. This indicates that the rate 

of fouling is still not too high so that the membrane is still 

able to filter wastewater. 

 

C. Analysis of membrane morphology 

Analysis of the morphology of the membrane 

using a Scanning Electron Microscopy with Energy 

Dispersive X-ray Spectroscopy (SEM EDX). SEM 

analysis performed before and after membrane filtration is 

used to process wastewater. Membranes were used for 

SEM analysis performed on membranes that have the 

highest rejection rate analysis results of SEM Photos waste 

laundry membranes is shown in Figure-5 to Figure-6. 
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Figure-4. SEM images of membrane before use 

magnification 10,000 times. 

 

 
 

Figure-5. SEM images restaurant wastewater after 

filtration magnification 10,000 times. 

 

In Figures 5 to 6 shows the SEM images. 

Membrane looks different in the both pictures due of 

membrane fouling phenomenon. The pores blockage in 

membrane also due to a buildup of material on the 

membrane surface.  

 

4. CONCLUSIONS 

Based on the research that has been done 

obtained several conclusions that:  

a) At the restaurant wastewater highest flux value at 

100% effluent concentration variation is 7, L/m
2
.jam. 

At a concentration of 75% of waste was 11.89 

L/m
2
.jam. 50% effluent concentration was 13.59 

L/m
2
.jam. 

b) Laundry waste rejection highest value for turbidity 

parameters on the variation of wastewater 

concentration of 100%, 75% and 50% is 88.46%; 

87.82%; 87.58%. Laundry waste rejection highest 

value for the parameter in the variation of the 

concentration of phosphate in waste water 100%, 75% 

and 50% is 82.97%; 82.90%; 81.85%.  

c) The highest value of the waste rejection for turbidity 

parameters on the variation of wastewater 

concentration of 100%, 75% and 50% is 88.84%; 

70.00%, 77.50%. Rejection values for the parameters 

of the highest household waste oil and grease on the 

variation of wastewater concentration of 100%, 75% 

and 50% is 91.22%; 84.44%; 77.18%. 
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