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Abstract

The purpose of the current study is to experimentally investigate the reduction of sodium adsorption ratio

(SAR) from a concentrated stream of reversed osmosis (RO) using natural zeolites. In order to reduce the salinity
of solution, experiments were carried out using zeolites of varying concentration, pretreatment of adsorbents, and
the addition of Ethylenediaminetetraacetic acid (EDTA). The results show that both zeolites can be used in an
RO brine treatment; however, Rhyolitic tuff is more effective than clinoptilolite for the reduction of water salin-
ity. The experiments show that Rhyolitic tuff decreases salinity of RO concentrate to nearly one — third of the
initial value. Statistical analyses show that the effect of zeolite concentration is negligible. Furthermore, the addi-

tion of EDTA and pretreatment of zeolite increase the SAR values.
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INTRODUCTION

Reverse osmosis (RO), is a well-known mem-
brane technology for treatment of wastewater and
production of potable or irrigation water. The main
challenge of RO is the concentrated waste produced
during the process [SUBRAMANI, JACANGELO 2014].
Several materials and technologies are employed for
further treatment of reverse osmosis concentrate in
order to reduce the rejected volume or treat it for re-
use in other applications.

JING et al. [2009] evaluated the cost of the total
dissolved solids removal by electricity and investi-
gated ion treatment of wastewater produced in poly-
mer-flooding. They revealed that electricity greatly

increases the energy consumption; however, the flow
rate effects on energy consumption are negligible.
MOHAMMADESMAEILI et al. [2010] evaluated the RO
concentrate treatment using soda-lime softening proc-
ess and showed that efficiency of seawater desalina-
tion using soda-lime is 80 to 90%. NKWONTA and
OCHIENG [2010] designed a pilot plant for wastewater
pretreatment using charcoal and gravel. They demon-
strated that the roughness of the filter enhances effi-
ciency of the pretreatment process for mine water.
They also showed that, in general, charcoal outper-
forms gravel.

MRAYED et al. [2011] evaluated the effectiveness
and flexibility of nano filtration (NF), in producing
irrigation water from reverse osmosis concentrates.
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They showed that poly acrylic acid (PAA) increased
the ion adsorption capacity of Koch membrane; how-
ever, it did not affect rejected volume of ions by the
NF270 element. RAWAJFEH et al. [2011] investigated
the influence of a three layered porous media, com-
posed of tripoli, pozzolana, and feldspar, on seawater
pre-treatment. They showed that the composite media
had a significant capacity to adsorb the seawater ions.
GHYSELBRECHT et al. [2012] investigated the treat-
ment of RO concentrated volume by a combination of
an electro dialysis and willow field. They showed that
the combination of electrodialysis and willow field is
appropriate for treating RO concentrate. TABATABAEI
et al. [2012] investigated the ability of clinoptilolite to
decrease the chemical and biological index of leachate
in the compost factory. They showed that clay loam
soil texture with pre-treatment is effective in treating
waste water. HASSANPOUR ASLANIA et al. [2013] ex-
perimentally investigated the influence of zeolite and
activated carbon on decreasing dissolved solids in
water; their results indicated that the efficiency of
various treatment methods depends on the concentra-
tions of chemical contaminants in the water.

Most industries, especially oil and gas refineries,
utilize RO plants to provide highly purified water for
various plants and equipment, such as reboilers. The
main problem associated with RO plants is the con-
centrated volume, i.e. when a concentrated stream of
RO is discharged back into the source of water, or
over a land surface, it can cause considerable envi-
ronmental damage. The sodium adsorption ratio,
SAR, is one criterion of the suitability of water for
irrigation. In order to reuse RO concentrate, its salin-
ity must be reduced to prevent long term damages to
the environment, soil and underground water.

In this work, samples of RO concentrate in a re-
finery are considered. The refinery is fed from a near-
by road; the road is just one of the water sources for
agricultural irrigation. Disposal of RO concentrate
back to the road can increase the salinity of soil near
the road. This study examines the treatment and reuse
of RO concentrate. For this purpose, application of
natural zeolites in the SAR, and TDS reduction are
investigated. The objective of the work is threefold: to
assess the impact of two types of natural zeolites, ad-
sorption time, and the addition of ethylenediamine-
tetraacetic acid (EDTA).

EXPERIMENTAL SET UP

Reverse osmosis is a water purification technol-
ogy based on membranes. Reverse osmosis is most
commonly known for the production of drinking wa-
ter from seawater. The main problem of reverse os-
mosis is the salty by-product. In this study, natural
zeolites were chosen to adsorb salt particles in the
water. Zeolites have high cation exchange capacity
and ion selectivity, which makes them appropriate for
removal of different ions from water and wastewater.

The utility plant of a gas refinery produces about
50 m’day ' of concentrated salty wastewater. The

concentrated stream from the plant is discharged to
a nearby road which supplies the feed water for the
plant. Any increase in water salinity destroys the agri-
cultural field surrounding the road. The properties of
RO concentrate are shown in Table 1.

Table 1. Properties of concentrated stream of reverse osmo-
sis

Property Value
pH 8.2
SAR, meq-1™ 154
TDS, ppm 675
Ca*', ppm as CaCO; 12.5
MALK, ppm as CaCOs 760
LSI 0.2065

Explanations: SAR = sodium adsorption ratio, TDS = total dis-
solved solids, MALK = Mycoplasma alkalescens, LSI = Langelier
saturation index.

Source: own study.

In order to study SAR as dependent covariate,
experiments were designed in three categories:
(1) — variety of natural zeolite,

(2) — concentration of zeolite,
(3) — the presence or absence of EDTA.

For this purpose, 2 types of natural zeolites in 24
samples (12 clinoptilolite samples and 12 rhyolitic
tuff samples) were tested and results statistically pro-
cessed. For the second parameter, the concentration of
zeolite had three levels: 5, 7 and 10 gr of each zeolite
per 50 cm’ of concentrate. In the third parameter, the
presence or absence of EDTA is a Bernoulli variable
with two levels (with or without). The experiments
were designed in batch and well mixed systems. Table
2 summarizes the experimental design of the study.

Table 2. The variables and values used for the design of
experiments

Factor Number Levels
of level
Zeolite 2 clinoptilolite | tuff
Concentratlg)n, 3 5 7 10
g per 50 cm
EDTA 2 without EDTA (0) | with EDTA (1)

Explanation: EDTA = ethylenediaminetetraacetic acid.
Source: own study.

In the first set of experiments, zeolites were add-
ed to the RO concentrate and mixed for 48 hours.
Then, the mixtures were filtered and SAR values were
then measured. In the second set of experiments,
EDTA was added to the mixture while the container
was vibrated. Figure 1 shows the schematic of the
process for both methods.

The zeolites used as an adsorbent in the study
were obtained from West Azarbayjan in Iran. The
samples were characterized by X-ray diffractometer
and chemical analysis. Figures 2 and 3 depict X-ray
diffraction patterns for clinoptilolite and rhyolitic tuff,
respectively. The chemical composition of the zeolites
used in the study is shown in Table 3.
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Fig. 1. A scheme of studied process; RO = reverse osmosis; source: own elaboration
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Fig. 2. Representative X-ray diffraction patterns for clinoptilolite; source: own study
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Fig. 3. Representative X-ray diffraction patterns for rhyolitic tuff; source: own study
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Table 3. Chemical analysis of zeolites

Zeolite Content, %
SlOz A1203 Na20 MgO KQO TlOz MHO CHO P205 F6203 SO} LOI
Clinoptilolite 68.45 9.65 2.59 1.06 1.28 0.21 0.02 1.45 0.03 1.25 0.00 13.77
Rhyolitic tuff 61.46 10.43 0.86 2.31 1.52 0.30 0.03 4.55 0.06 2.28 0.00 15.90
Source: own study.
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Fig. 4. Sodium adsorption ratio values for clinoptilolite
samples; source: own study

As shown in Figure 4, clinoptilolite decreased the
sodium adsorption ratio from 153.9 to 82.5 at 5 g of
zeolite per 50 cm® RO concentrate. The SAR values
for 7 gr and 10 gr of zeolite per 50 cm® RO concen-
trate were 111.5 and 112.5, respectively. In addition,
Figure 2 reveals that pretreatment lowered the level of
ion adsorption. In other words, it reduced SAR rejec-
tion value, i.e. at concentrations of 10g per 50 cm® of
rejected volume, SAR value was reduced from 153.9
to 88.8.

Figure 5 shows the SAR values after contact with
rhyolitic tuff. The figure illustrates that rhyolitic tuff
significantly boosts SAR rejection. In other words,
rhyolitic tuff performed extremely well for removing
Na” from RO concentrated samples, i.e. it decreased
the sodium adsorption ratio from 153.9 to 49.2, 40.5,
and 42.6 for 5, 7, and 10 gr zeolite per 50 cm’® RO
concentrate, respectively. In addition, SAR values in
the presence of treated zeolite decreased to 50.3, 55,
and 54.7 for 5, 7, and 10 gr of rhyolitic tuff per 50
cm’ RO concentrate, respectively.

Figures 4 and 5 show that pretreatment has an
adverse effect on the results from both zeolites. Ap-
parently treatment of zeolites caused an increase in
their ion content, so the capability of SAR removal
was decreased.

than the concentration.

Figure 6 shows the percentage of SAR reduction
for both zeolites without EDTA. As shown, maximum
reduction was 73.7%when using 7 g of rhyolitic tuff
per 50 cm® RO concentrate. Figure 6 illustrates that
the effects of concentration were negligible in all cas-
es, i.e. SAR reduction efficiency for tuff in three lev-
els of concentration was 68%, 73.7%, and 72.3%,
respectively. It is clear that concentration is not an
influential factor in adsorption; however, pretreatment
is an effective parameter in the capability of zeolites
to reduce SAR.
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Fig. 6. Percent of sodium adsorption ratio reduction for two
types of zeolites with or without pretreatment; source: own
study
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EXPERIMENTS WITH EDTA

To decrease the salinity of wastewater, in the
second stage, EDTA was added to the mixture of zeo-
lite and the concentrated stream from the RO plant.
Figure 7 depicts the variation of SAR for clinoptilolite
samples in the presence of EDTA. It is clear that the
SAR values increased in the presence of EDTA, even
more than the initial values in the concentrated stream
of RO. Treated clinoptilolite in the presence of EDTA
increased sodium adsorption ratio from 153.9 to
396.0, 410.5, and 401.7 for 5, 7, and 10 g zeolite per
50 cm® RO concentrate, respectively. A similar effect
was observed for tuff (Fig. 8).
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Fig. 7. Sodium adsorption ratio values for clinoptilolite
samples in the presence of EDTA; RO = reverse osmosis;
source: own study

Table 4. Results of ANOVA
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Fig. 8. Sodium adsorption ratio values for rhyolitic tuff
samples with EDTA; RO = reverse osmosis; source: own
study

STATISTICAL ANALYSIS

The statistical analysis was performed using the
analysis of variance (ANOVA). The ANOVA deter-
mines which factors significantly affect the response
variables (SAR). Table 4 represents the final results
obtained in the analysis of variance.

It is clear that the level in all concentrations of
zeolite was 0.05. In other words, the effects of con-
centration can be neglected in the experiments. In
addition, EDTA is an important factor; however, it
leads to an increase in SAR values.

Effect source Least squares Degree of freedom Mean squares F value Significance Inference
Intercept 1 1312693.600 497.033 0.000 significant
Zeolites 12489.844 1 12489.844 4.729 0.058 significant
Concentration 5253.223 2 2626.612 0.995 0.407
EDTA 347498.60 1 347498.600 131.567 0.000 significant
Zeolites x concentration 6233.710 2 3116.855 1.180 0.351
Zeolites x EDTA 1641.760 1 1641.760 0.622 0.451
Concentration x EDTA 6368.093 2 3184.047 1.206 0.344

Explanation: EDTA = Ethylenediaminetetraacetic acid.
Source: own study.

DISCUSSION

It is obvious that natural zeolites are suitable for
reducing the SAR from wastewater. Comparison of
two types of zeolites illustrated that rhyolitic tuff is
more effective than clinoptilolite. Furthermore, pre-
treatment of zeolites and addition of EDTA to the
mixture of wastewater and zeolite reduced the effi-
ciency of separation process. So, rhyolitic tuff without
pretreatment and EDTA is the best choice for remov-
ing the SAR value from wastewater.

CONCLUSION

In this paper, the application of natural zeolites
was investigated for salinity reduction in a concen-

trated stream of RO. Both zeolites were tested in two
set of experiments: (1) fresh zeolites, and (2) pre-
treated zeolites. The effect of adding EDTA was also
evaluated. This analysis proves that rhyolitic tuff is
more effective than clinoptilolite in Na" adsorption.
Furthermore, pretreatment of zeolites decreases rejec-
tion of water salinity. It was also observed that addi-
tion of EDTA increased SAR values. For both zeo-
lites, their concentration did not significantly affect
the SAR reduction. Statistical analysis confirmed the
obtained results.
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Obrobka koncentratu z odwrdconej osmozy z uzyciem naturalnych zeolitow

STRESZCZENIE

Celem przedstawionych badan byta eksperymentalna analiza zmniejszenia adsorpcji sodu z roztworu kon-

centratu z odwrdconej osmozy z uzyciem naturalnych zeolitow (klinoptilolitu i tufu ryolitowego). W celu
zmniejszenia zasolenia zastosowano roézne stgzenie zeolitow, wstepna obrobke adsorbentéow i dodatek kwasu
wersenowego (EDTA).Wyniki eksperymentow wykazaty, ze oba zeolity moga by¢ stosowane do obrobki solan-
ki pochodzacej z odwrdoconej osmozy, jednak tuf ryolitowy jest bardziej wydajny niz klinoptilolit w zmniejsza-
niu zasolenia — pierwszy zmniejszal zasolenie koncentratu z odwrdconej osmozy do jednej trzeciej wyjSciowej
warto$ci. Analizy statystyczne dowiodly, ze st¢zenie zeolitow mialo minimalny wptyw na wynik eksperymentu.
Dodatek EDTA i wstgpna obrobka zeolitu zwigkszata adsorpcje sodu z roztworu.

Stowa kluczowe: dodatek, zasolenie, zatezony roztwor z odwroconej osmozy, zeolit
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