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Abstract 

Despite that boron is an essential micronutrient for plants, the line between deficiency 
and excess is narrow, and excessive amount of boron could have negative effects. 
Therefore, Boron has increasingly become a concern in recent years due to its adverse 
effects on agriculture with very low concentration as 0.5 mg/L for sensitive crops such 
as citrus. The recommended values according to the irrigation water standards of Food 
and Agricultural Organization are between 0.5-15 mg/l depending on the type of 
agricultural crops. 

Meanwhile, many Gaza water wells contain high concentrations of boron (> 0.5 mg/L ) 
and  the sewage contains boron concentration of around 4 mg/l, and despite that 
seawater desalination is practiced on a small scale, but the Boron content in the 
permeate water of the first pass Reverse Osmosis in seawater desalination plants is 
considered high (1.9 mg/l). Accordingly and due to the strategic plan of the Palestinian 
Water Authority, which totally depends on the desalinated water for domestic water 
supply and wastewater reuse for irrigation, the boron concentrations will increase 
massively in the wastewater and will lead to a boron problem.  Therefore, in order to be 
able to utilize this wastewater for irrigation, the maximum content of boron in 
desalinated water needs to be reduced to less than 0.5 mg/L before being pumped for 
the domestic usages 

The ion exchange Amberlite IRA-743 resin was employed for batch and column-mode 
sorption test for Boron removal. Batch-mode sorption study was performed using 
various amounts of Amberlite IRA-743 resin and with contacted with 100 mL of the 
Boric acid H3BO3 solution (C0= 100 mg B/L) with 4 days continuous shaking. 
Approximately 1 g resin/L was found to be the optimum resin amount for boron 
removal. The equilibrium capacity of the resin was estimated to be 6.8 g/L resemble 
with maximum manufacturer capacity of 7g/l.  

While, Column-mode sorption test have been carried out using 50 mL of wet-settled 
volume of resin at Specific velocity of 16 h-1 to study the operation capacity of the 
resin for Boron removal from Natural Seawater Reverse Osmosis permeate. The 
permeate has been taken from the desalination plant of Gaza Power Station where 
Boron concentration is 1.90 mg/l and pH value is 6.7. High removal efficiency of 96% 
with operation capacity of 3.8 g B/L of resin has been obtained. The breakthrough point 
of 0.5 mg B/L was reached after 1600 BV of continuous operation with a resin capacity 
of 2.77 g/l resin. The exhausted point has been reached after 3400 BV with resin 
capacity of 3.82 g/l resin. Boron loaded onto the exhausted resin was eluted 
quantitatively from the resin using less than 2 BV of 10% H2SO4 solution at Specific 
velocity 2 h-1. Elution efficiency value was 84%.  The resin was tested for two sorption 
cycle in order to investigate the reusability of the resin. The removal efficiency of the 
second sorption test remained almost the same after regeneration step with efficiency of 
almost 94%. 

It clear from this study that the Ion Exchange method used is effective in Boron 
removal from permeate water of Seawater Reverse Osmosis and that is how the 
negative effects of irrigation water can be reduced.  
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Chapter 1 Introduction: 

1.1 Background 

Boron is generally distributed in the environment, occurring naturally or due to 

anthropogenic contamination. It mainly occurs in the form of boric acid or borate salts 

[1]. Naturally occurring boron is found in soil with an average concentration of 10 mg/kg, 

in ocean waters with a concentration of 4.6 mg/L and in most of fresh water at a 

concentration of 0.01 mg/L [2]. 

Though boron is an essential micronutrient for plants and animals including humans, the 

line between deficiency and excess is narrow and excessive amount of boron could have 

negative effect on health. The regulation for boron in drinking water varies greatly from 

country to other. Boron has been classified by the European Union as a pollutant of 

drinking water in national and international drinking water directives [3]. The WHO has 

recommended a health based guideline value of 2.4 mg/L in drinking water supplies[4]. 

Among the serious health effects of boron in drinking water is its probable effect on the 

male reproductive organ [4], Moreover, boron has increasingly become a concern in 

recent years due to its adverse effects on agriculture at concentration as low as 0.5 mg/L 

for sensitive crops such as citrus and avocado and between 1-4 mg/L for tolerant crops 

like onion and carrots. The recommended values according FAO irrigation water standard 

are between 0.5-15 mg/l depending on the type of agricultural crops[5]. 

In the last years, many Mediterranean countries that mainly depend on the Reverse 

Osmosis RO technologies to desalinate water and reusing the treated wastewater for 

irrigation purposes have been suffering from high boron concentration in the permeate 

water [6]–[8] . Whereas conventional water and wastewater treatment technologies like 

slow sand, rapid sand, coagulation and sedimentation are surrendered in front of a small 

size and the neutral charge of boron compound. Even the advanced techniques of water 

treatment such as electro-dialysis and common RO membrane cannot remove boron to the 

level needed for irrigation [9]. 

In neighboring countries the problem has enormously immerged. Israel strategy is 

primary based on relying on desalination plants to supply the residential consumption and 

on the reuse of treated wastewater in agriculture sector. Recently after wide 

implementation of this strategy, some serious limitations had been discovered during field 

practice. One of the critical problems is that some types of plants had negatively affected 

due to using the treated wastewater that contains high concentration of Boron resulting 

from seawater desalination for irrigation purposes. Currently, this problem has been taken 

into consideration and all existing and proposed Seawater desalination plants in Israel are 

removing Boron using special methods to reach about 0.3 mg/l in some plants [6]–[8], 

[10]–[16] . 
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Many special technologies can reduce the Boron content from the desalinated water. 

Among this methods, the use of ion exchange process seems to have one of the highest 

significance [1], [17]–[23]. Boron selective resin can remove boron efficiently; almost 

100% from seawater reverse osmosis permeate with boron concentration of 1.8 mg/L 

[17]. However, it is not economical for high levels of boron due to expensive regeneration 

process. The boron removal efficiency of this method depends on many conditions such 

as water salinity, feed water pH value, temperature, Initial boron concentration, flow rate 

and H/D ratio. Therefore, this method feasibility varies from a place to another depending 

on the different conditions. 

 

1.2 Problem statement 

Gaza Strip is a small and densely populated area in the Middle East in which groundwater 
is the main water source. Gaza has several water problems where there is a large gap 
between water resources and demand. According to the Palestinian water authority 
(PWA) strategic plan to solve the water shortage in Gaza strip (GETAP, 2011), large 
scale desalination plant has to be constructed in future to cover needs of the citizens to the 
potable water (See Appendix I), in addition to the mainly dependant on the treatment 
wastewater in irrigation and infiltration basin [24]. 

Gaza water wells contain high concentrations of boron and this was clear after performing 
boron tests on some wells covering different regions recently by CMWU lab. The tests 
show that many water wells contains boron with concentration > 0.5 mg/L, the following 
table shows the concentration at some Gaza wells.   

Table  1-1 Boron Concentration in some Gaza strip wells 

Area Well name 
Boron Concentration 

mg/L 
Gaza Taftesh 0.69 

Al-Moghraqa F-208 0.64 
Qarrara k-19 0.55 

Khanyounis Waledeen 1.63 
 
According to a study on the source of boron in the Mediterranean area including Gaza 
coastal aquifer, the rocks at the aquifer is the source of boron and not the seawater 
intrusion, therefore those above results were expected to be high. As an output of the 
study, a map was prepared to show the concentration of boron all over Gaza Strip as 
follows [25], [26]:  
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Figure  1-1 Boron distribution in the Gaza Coastal Aquifer [25], [26] 

The high Concentration of Boron on the Aquifer would be also due to the excessive 
use of fertilizers and herbicides in Agriculture. 

Sewage water contains boron concentration of around 4 mg/l and this was found 
after performing a test on a sample from Khanyounis Wastewater Treatment Plant 
by CMWU lab. The source of this boron is expected to be either the drinking water or 
the hygienic products which are used domestically. The impact of these hygienic 
products could be reduced through the suitable legislations to prevent the usage and 
importing those materials which contain high concentrations of boron similar to the 
actions taken by some neighbouring countries.   

Desalination is already practiced in Gaza strip but on a small scale. There are only 
two seawater Desalination plants all over Gaza strip, Deir El-Balah Seawater 
Desalination plant (DSWDP) serves people in Middle area in general and with 
productive capacity of 600 cubic meters per day.  The second Seawater Desalination 
Plant (GPS-SWDP) exists at the Central Electricity Generating Plant in Gaza Strip and 
the produced water is used for electricity production purposes (Figure  1-2). 

  

 
Figure  1-2 The Gaza Power Station Seawater Desalination plant [27] 
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The Boron content in desalinated water in both the DSWDP and GPS-SWDP, have 

been removed using Reverse osmosis technologies. Double pass RO units have been 

used in the plants. For both plants, The Boron content in the permeate water of the 

first pass RO is approximately 1.8 mg/l. Second Pass brackish water RO units have 

been used to reduce Boron concentration in the first pass permeate to about 0.7 

mg/l. In the GPS-SWDP, additional stage (ion exchange unit) used to remove the 

remaining salinity and boron to produce water with Boron concentration of 0.12 

mg/l. 

Due to the proposed strategic plan of the PWA, which mainly depends on the 

desalinated water for domestic water supply and wastewater reuse for irrigation, 

the boron concentrations will increase massively in the wastewater and will lead to 

a boron problem and more specially it would harm the corps fields which will be fed 

by the treated wastewater. 

Therefore, the boron must be removed for the desalinated water before being 

pumped for the domestic usages.  

1.3 Objectives of the Study 

The main goal of this research is to study the efficiency of Ion Exchange method to 

remove Boron content from SWRO permeate Gaza Power Station by establish a 

laboratory experiment . 

The study is intended to achieve the following specific objectives: 

1. Investigate the efficiency of GPS-SWDP including (first and second pass RO and 

Ion Exchange) units for removing Boron content from desalinated water. 

2. Studying the effectiveness of the Ion Exchange method to remove Boron content 

by implementing lab experiment and laboratory tests without changing properties 

of treated water. 
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Chapter 2 Literature Review 

This chapter aims to provide a literature review and background information about the 

nature of boron, its availability and chemical composition as well as its effect on human, 

animals and plants. Besides studying the standards for drinking and irrigation waters, this 

chapter thoroughly analyse the ion exchange technology for Boron removal and the 

affecting circumstances and conditions of the removal process. 

2.1 Boron 

Boron is a chemical element with atomic number of 5 and the chemical symbol is B [28]. 

Boron is a naturally occurring element [9] but it is never found in the elemental form in 

nature. It exists as a mixture of the 10B (19.78%) and 11B (80.22%) isotopes [2].  

It was first obtained by Moissan in 1895 by reduction of boric anhydride (B2O3) with 

magnesium in a thermite-type reaction. This is still used today for obtaining large 

quantities of impure boron[17]. Boron is ubiquitous in the environment, occurring 

naturally in over 80 minerals and in the earth’s crust. 

2.1.1 Boron in Environment  

In the environment, boron is combined with oxygen and other elements in compounds 

called borates. Borates are widely found in nature, and are present in oceans, sedimentary 

rocks, coal, shale and some soils [9]. Boron is primarily obtained from boron mines, 

located in arid regions of Turkey and the USA, and also in Argentina, Chile, Russia, 

China, and Peru [2] 

Tourmalines which are aluminum borosilicates are the most widespread boron minerals 

but they are not economical source of usable boron. Economical minerals of boron 

include borax (tincal), colemanite, kernite and ulexite. Table 1 presents the major boron 

minerals, their structural formula and boric oxide (B2O3) content.  

Boron enters the environment mainly from the weathering of boron-containing rocks, 

from seawater in the form of boric acid vapour and from volcanic and other geothermal 

activity such as geothermal steam [9]. 

Boron is also released, though to a lesser extent, from human activities. These include the 

use of borate-containing fertilizers and herbicides, urban wastewater containing 

detergents and cleaning products, the burning of plant-based products such as wood, coal, 

or oil, and the release of waste from borate mining and processing. Borates also reach the 

environment due to the use of borates and perborates in the home and in industry, by 

escaping from treated wood or paper, and from sewage and sewage sludge disposal [2], 

[28]. 
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Table  2-1 - Common boron mineral [29] 

 

Boron can also be found in different final products made from these boron minerals, 

including fibre-glass, borosilicate glass, fire retardants, laundry bleach, agricultural 

fertilizers and herbicides, and many others[9]. 

It’s used in composite structural materials, high-temperature abrasives, steel-making, 

catalysts, jet and rocket fuel and in controlling heavy metals in waste water discharges. In 

the past, boric acid, borates, and perborates have been used as mild antiseptics or in 

eyewashes, mouthwashes, burn dressings, and nappy rash powders. Borax is used 

extensively as a cleaning compound, and borates are applied as agricultural fertilisers. 

Boron compounds are also used as algicides, herbicides, and insecticides [30]. 

In the case of a seawater source the typical boron concentration in the raw water is 4.5 

mg/L [28], [31], [32]. Depending on location and seasonal effects, the boron 

concentration can reach up to 7 mg/L, e.g. in the Arabian Gulf [33]. 

The amount of boron in groundwater and surface water depends on such factors as the 

geochemical nature of the drainage area, proximity to marine coastal regions, and inputs 

from industrial and municipal effluents. Concentrations of boron in groundwater 

throughout the world range widely, from <0.3 to >100 mg/L[9]. For most of domestic 

wastewater the average concentration of boron range from (0.5-2 mg/l)[28]. 
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2.1.2 Boron Chemistry 

Boron appears in group 13 (IIIA) in the periodic table and is the only non-metal of this 
group [9].  

Boron is usually present in waters as boric acid, Boric acid is a very weak acid which 
dissociates according to: 

H3BO3 + H2O = H2BO3
- + H3O

+       pKa = 9.14         Equation  2-1 

H2BO3
- + H2O = HBO3

2- + H3O
+       pKa = 12.74         Equation  2-2 

HBO3
2- + H2O = BO3

3- + H3O
+       pKa = 13.80         Equation  2-3 

 
Figure  2-1 Boron species as a function of pH [9] 

Its concentration is usually expressed as “total boron” [B], which includes all species and 
is expressed in terms of the molecular weight of the boron atom.  

[B] = [H3BO3] + [H2BO3
-
] + [HBO3

2-
] + [BO3

3-
]   as mg B/L         Equation  2-4 

However, the second and third dissociations are not important to explain the reactions 

taking place in environments with a pH under 13 [31]. From this it can be inferred that, in 

order to explain the majority of practical cases in waters, soils, solids, etc., the species 

boric acid (H3BO3 or B(OH)3) and borate B(OH)4
-  are enough [17], [18]. 

Borate carries a net negative charge, while boric acid is neutral. These two forms can 

interconvert rapidly, so the two forms are in chemical equilibrium with each other. The 

exact percentage of boric acid and borate in any aqueous system is basically dependent on 

pH, temperature, and salinity 

In general, the dissociation of boric acid in seawater can be described by the chemical 

equilibrium reaction between the two species:[28] 

B(OH)3 + H2O ↔ B(OH)4 
-
 + H

+
   pKa = 9.2 at 25

o
C 

where Ka is the dissociation constant of boric acid. It can be given as: 
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Ka = [H ]x[B(OH)4- ]/[B(OH)3 ]   Equation  2-5 

2.1.3 Effects of boron for plants  

Boron role in plant growth 

Boron is one of the seven essential micronutrient elements required for the normal growth 
of most plants [34].  Its unique character is the exceptionally narrow concentration band 
in irrigation water, which is optimal for plant growth [35].  

Boron complexation plays an important role in boron uptake and fixation. Although boric 
acid is the permeable specie, it also plays an important role in polyols translocation, 
especially of sugars in plants. Boron also plays a key role in the development, cell 
elongation, structural integrity, and stability of dicotyledonous plant cell walls via ester 
formation with the cis-diol groups in furanosidal and rhamnogalacturonan-II, contained in 
the pectic fraction of the cell wall. Intensive Boron translocation and fixation seems to be 
the mechanism of its accumulation in salt resistant plants as well as in green algae and 
seaweeds. Natural boron complexation with natural polyhydric antioxidants such as 
flavonols has been observed in turmeric (curcum) and other flavour and fragrance plants. 
Boron complexation with malic acid has also been reported in wines. Complexation of 
boron with synthetic resins is the basis of ion exchange (IX), one of the technologies 
available for boron removal from water and which is used in this research. 

Boron deficiency and toxicity 

There is a relatively narrow range of boron concentrations between the level required for 

growth and its toxic level. Its overdose or under dose may cause toxicity or deficiency 

symptoms, respectively [36]. Figure  2-2 show the difference between deficiency and 

toxicity of Boron. 

When boron deficiency is present, stem and root apical meristems often die. Root tips 

often become swollen and discoloured. Leaves show various symptoms which include 

drying, thickening, distorting, wilting, necrosis, abnormalities related to the breakdown of 

internal tissues, poor budding , chlorotic and necrotic spotting and in general inhibits  

plant growth[3]. Fruit symptoms are most indicative of boron deficiency and include 

darkish-colored spots in the fruit and sometimes in the central core [23], [35].  

If boron concentration in irrigation water is only slightly higher than minimum, this will 

give a negative effect on plant growth and will present signs of boron toxicity. [23], [35]. 

The initial stages of boron toxicity include yellowing of leaf tips progressing into the leaf 

blade. Death of chlorotic tissue occurs followed by leaf loss. This ultimately results in a 

loss of photosynthetic capacity and a loss in plant productivity [18].  Boric acid kills 

weeds by disrupting normal plant functions and causing water loss[37]. 
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Figure  2-2 Grape leaf symptoms of:  boron deficiency (left), boron toxicity (right) 

Boron tolerance 

Boron toxicity can affect nearly all crops [23]. There are some plants that are more 

sensitive to boron than others [1]. Sensitive plants can tolerate irrigation waters with only 

0.3 mg/L boron, while very tolerant plants may be able to survive for 4 mg/L of boron 

concentration [18]. 

Citrus plantations are susceptible to excess boron concentrations in irrigation water. The 

optimal boron concentration range is 0.3 ppm minimum to 0.5 ppm maximum for lemon 

and blackberry. The corresponding value for red pepper, pea, carrot, radish, potato, and 

cucumber is 2 mg/L [17], [23], [35]. The degree of tolerance depends on the type of 

agricultural crops as can be seen in the following Table  2-2 [5]. 

Table  2-2 - Boron tolerance for many Agricultural crops [5]. 

Tolerance 
Concentrati
on (mg/L) 

Agricultural Crop 

Very sensitive <0.5 Blackberry, citrus 

Sensitive 0.5 – 1.0 Peach. cherry. plum. grape, cowpea, onion, garlic, Sweet, potato, wheat, 
barley. sunflower, mung bean, sesame, lupin, strawberry, Jerusalem 
artichoke, kidney beans, lime beans 

Moderately sensitive 1.0 – 2.0 Capsicum, pea, carrot, radish potato, cucumber 

Moderately tolerant 2.0 – 4.0 Lettuce. cabbage. celery. turnip, bluegrass, oat, corn, artichoke, tobacco, 
mustard, clover, squash, musk melon 

Tolerant 4.0 – 6.0 Sorghum. tomato, alfalfa purple, vetch, parsley, red beet, sugar-beet 

Very tolerant 6.0 – 15.0 asparagus 

2.1.4 Effects of boron on human and animals 

The toxic action of boron in animals is not known. Effects of boric acid on human health 
and the environment depend on how much boric acid are present and the length and 
frequency of exposure. Effects also depend on the health of a person and/or certain 
environmental factors. The US-EPA currently classifies boric acid as a group E 
carcinogen . This means that boric acid is not considered to cause cancer based on results 
from animal studies. Long-term consumption of water and food products with increased 
boron content results in malfunctioning of cardiacvascular, nervous, alimentary, and 
sexual systems of humans and animals. Blood composition undergoes changes, physical 
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and intellectual progress of children decelerates and risk at birth increases. The effects of 
boron on major mineral metabolism and its potential role as an inhibitor of osteoporosis 
in humans have been investigated. Findings from human experiments show that boron is a 
dynamic trace element that can affect the metabolism or utilization of numerous 
substances involved in life processes, including calcium, copper, magnesium, nitrogen, 
glucose, triglycerides, reactive oxygen, and estrogen. Boron is eliminated from the body 
mainly by the kidneys. The acute lethal dose of boric acid has been estimated to be 15 to 
20 g for adults, 5 to 6 g for infants and 1 to 3 g for newborns [20]. Children, the elderly, 
and individuals with kidney problems are most susceptible to the acute toxic effects of 
boron. 

2.2 Guidelines and Regulations 

The World Health Organization (WHO) defines boron level of 2.4 mg/l as the non-

observed effect level (NOEL) for drinking water [4]. It is noticed that the WHO guideline 

for boron is not a mandatory water quality parameter; and that's why, the regulation for 

boron in drinking water varies greatly from country to other. The following table presents 

some different guidelines.  

Table  2-3 Boron Drinking water Guidelines through the world  

Country/Organization Drinking Water Unit 

WHO 2.4 mg/L 

EU 1 mg/L 

Canada 5 mg/L 

Australia 0.3 mg/L 

Israel 0.5 mg/L 

Oman 0.5 mg/L 

The specification of Desalinated Drinking Water in Private Plant in Jordan set maximum 

limit of 0.3 mg/L for Boron concentration. In Palestine, there is No limit for Boron in 

Drinking Water. However the Palestinian Standards for Treated Wastewater set 

maximum of 0.7 mg/L for water used in citrus irrigation. 
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2.3 Ion Exchange Technology for Boron Removal  

2.3.1 General 

Among several methods of boron removal from permeate water, the use of ion 

exchange process seems to have one of the highest significance [1], [17]–[23]. Ion 

exchange shares many characteristics with adsorption, such as mass transfer from 

the fluid to the solid phase; there are, however, some significant differences. In ion 

exchange, the ions removed from the liquid phase are replaced by ions from the 

solid phase. Therefore, there actually occurs an exchange of ions and not only a 

removal in the latter process [38]. The Solid phases that called “Resins” are 

polymers carrying fixed functional groups. Functional groups are charged acidic 

(cation exchangers) or basic (anion exchangers) or chelating group attaching to the 

polymer matrix. The charge of the group is normally compensated by an 

exchangeable ion[9], [22]. 

In contrast to an ion exchange resin, A chelating resin has a functional group that is 

capable of forming a chelate (complex) with a salt ion.  The specific salts that can 

form chelates with the functional group can be captured. Salt ion capture by 

chelation has much higher selectivity than with strongly acidic or weakly acidic ion 

exchange resins.  As salt valence increases, selectivity increases. 

The ion exchange system consists of a vessel containing beds of resin pellets and 

strainer systems to retain the pellets, as shown in Figure  2-3. A minimum contact 

time is provided. A modulating valve controls the flow of water to the treatment 

system so that treated and untreated water can be blended to achieve a desired salt 

concentration[39].  

 

 

Figure  2-3 Typical Ion Exchange Unit [40] 
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2.3.2 Boron Principles 

Boron-specific ion exchange resins BSR were typically developed for the 

removal of boron and other weak acids in high purity applications, such as the 

semiconductor industry [33]. Many compounds with vicinal diol groups, such as 

tiron, chromotropic acid and N-methyl-D-glucamine (NMDG) are usually considered 

to be the efficient ligands for the boron chelation in BSR. Furthermore, NMDG is 

always regarded as the most efficient ligands and polymer-supported NMDG 

chelating resins have been made to remove or recover boron from water [41]. The 

resins (BSR) used today are basically the same [13]. As shown in Figure  2-4, these 

resins have a macro porous polystyrene backbone and a very specific functional 

group based on N-methyl glucamine, which has a tertiary amine end and a polyol 

end, and makes a very stable complex with boric acid, as shown in Figure  2-5. This 

complex formation is not pure ion exchange, and therefore does not require the 

boric acid to be ionised in the water. Because this complexing resin is so specific, it 

removes only Boron from water and has no significant effect on the concentration of 

other ions.  

 

Figure  2-4 Structure of selective resin N-methyl glucamine [42] 

 

Figure  2-5 Complex between boric acid and a methyl glucamine resin [13] 

 

2.3.3 BSR Types 

There are currently different resins on the market used for the elimination of boron 

in water. Although these resins come from different companies, they are composed 

of the same active group. These are crosslinked macroporous polystyrene resins, 

with the active group N-methyl-D-glucamine (NMG). The NMG of the resin captures 

the boron via a covalent bond. The borate ion is complexed by two sorbitol 
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groups[38], [43].  The most commonly used BSRs are tabulated in Error! Reference 

source not found..  

 

Table  2-4 The availably BSR on the market 

company Manufacturer 
Product 

name 

Mean diameter 

(μm) 

Total capacity 

(eq/L) 

Purolite International Purolite® S108  425 - 630  0.6 

  
S110 300 - 850 ≥ 0.8 

Rohm & Haas Corporation 

(Dow Chemical Company) 
Amberlite™  PWA10  300–1200 ≥ 0.7 

  
IRA743 500–700 0.7 

Mitsubishi Corporation Diaion CRB02 118-300 0.6 

  
CRB03 350-550 ≥ 0.7 

  
CRB05 ≥ 350 ≥ 0.95 

JACOBI CARBONS Resinex™ BR-1 300-1250 
2.6 mg B/ml 

resin 

THERMAX TULSION® CH99 300 - 1200 0.8 

RESINTECH Inc RESINTECH® SIR-150 350 - 1190 ≥ 0.7 

Lanxess Lewatit® MK-51 500-600 ≥ 0.8 

 

 

2.3.4 Boron Removal Efficiency 

Many studies have examined the Boron removal from various solution (seawater 

model, SWRO permeate, geothermal water, wastewater, aqueous solution …etc.) and 

most of them have reported the efficiency to be about 90-98 % [44]. Yılmaz et al. 

[45] and Hanay et al. [46] can obtained 99 % of Boron removal under optimum 

conditions. Some studies proved that boron specific ion-exchanger resin has the 

capacity of almost 100 % removal of boron under high pH conditions[13], [17], [37], 

[47], [48]. 

A typical performance profile of IX unit is shown in Figure  2-6, under conditions 

frequently found in desalination projects.  The curve shows that the residual boron 

is well below 50 µg/L (0.05 mg/L), the detection level in most of experiments is 

being less than 20 µg/L [13].  



  14 

 

 

Figure  2-6: Boron removal profile with ion exchange [49] 

 

2.3.5 Parameters that effect the removal 

In general the two most important parameters in Ion Exchange process are the 

operating capacity and the kinetic capability[33]. The operating capacity will 

determine the frequency of regeneration and the chemical consumption. The kinetic 

capability will have a major influence on the flow velocity and hence on the size and 

the cost of the ion exchange unit. The mobility and hydratized radius of ions also 

affects salt transport in an ion exchange process [19]. 

Several different kinetic models can be used to describe the boron sorption kinetic, 

which are as follows: Langmuir pseudo-first and pseudo-second-order, Elovich 

equation and parabolic diffusion model, etc [50].  

Many studies investigate the effects of several experimental parameters on the 

performance of Boron removal from various solutions by batch and column 

operation [1], [14], [21]–[23], [35], [36], [38], [43], [51]–[55], these parameters can 

be divided into three components: 

� The properties of Resin used (types, size, quantity, capacity, No of recycle, 

effectiveness of regeneration …etc.) 

� The properties of treated solution (pH, temp, initial Boron concentration 

…etc.) 

� The operation parameters (Space Velocity, H/D, presence of other ions …. 

etc.)  

The batch sorption test is usually carried out to find the optimum amount of resin 
and to study the kinetic characteristics and parameters such as pH and temperature 
that are necessary for optimising the performance of the resin[50].  

In regard to resin used, each type of resin has its own size and capacity that affects 

the removal process. The reported sorption capacities of some commercial resins 

are shown in Table  2-5. As resin diameter decreases, the rate of boron removal will 

increase due to the improvement of diffusion rate with increased surface area [21], 

[55]. The increase in resin dosage increased the removal of boron due to increasing 
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sorbent surface area and dosage[51]. Because the amount of absorbents is limited in 

treated solution, optimisation of resin amount is used to prevent the use of 

unnecessary amounts of BSR [50], [55], [56]. 

A small decrease in resin capacity after many cycles could be considered due to 

some degradation of active sites on the resin during the recycle studies in the field 

by the influence of high temperature applied during sorption and regeneration steps 

[23].  Also the effectiveness of regeneration and solution used to regenerate the 

resin can affect the capacity of the resin. 

Table  2-5 Reported sorption capacities of some commercial Resins 

Resin Type 

Sorption 

Capacity  

mg B / g resin 

comments Reference 

Diaion CRB02 9.68 0.01 M H3BO3 , Boron Removal 49.3 % , 0.25 g resin, 50 
cm3 solution, 30°C, 48 h 

[22] 

 6.69 geothermal brine ,  Boron Removal 98.1 % , 0.25 g resin, 
50 cm3 solution, 30°C, 48 h 

[22] 

 2.45 Breakthrough point 90 BV , after ten cycles of sorption–
elution 

[23] 

 2.89 Breakthrough point 106 BV ,before any sorption–elution 
cycle 

[23] 

  8 Boron Concentration 20 mg B/L, pH 9.0 , T 30 C , contact 
time = 2 days 

[57] 

Dowex(XUS 
43594.00) 

8 Boron Concentration 20 mg B/L, pH 9.0 , T 30 C , contact 
time = 2 days 

[57] 

Purolite S108 5.58 0.01 M H3BO3 , Boron Removal 28.4% , 0.25 g resin, 50 
cm3 solution, 30°C, 48 h 

[22] 

  6.38 geothermal brine ,  Boron Removal 93.6 % , 0.25 g resin, 
50 cm3 solution, 30°C, 48 h 

[22] 

Amberlite IRA-
743 

7.5 (0.7 mmol/g) pH 7.0 , T 20 C , contact time = 3 days [58] 

  6.7 pH 8 within a time period of 1 h [59] 

Dowex 2×8 16.98 Batch study, Boron Concentration 600mg B/L, pH 9 and 
25°C 

[51] 

  21 (15 mg B/mL 
resin ) 

Column Expermint (0.7cm internal diameter and 15cm 
length), Boron Concentration 600mg B/L, pH 5.8, flow 
rate 39 mL/h 

[54] 

  

Some studies show that the amount of boron absorbed at equilibrium increase with 

the increment of initial boron concentration[1], [51]. However, there is another 

show that Boron absorbed decrease as the initial boron concentration increase[55], 

[60]. 

The esters are formed and dissociate spontaneously in a variety of pH dependent 

equilibrium. Due to the release of acidic protons during complexation, there is a 

concomitant decrease of pH, which tends to reverse the reaction and thus, in order 

to maintain stable complexes there is a need to avoid a pH decrease[17], [22], [60]. 

Many studies reported removal of boron is optimised at around pH 9–9.5 [51], [55]. 
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The increase in temperature showed slightly increasing percentage of boron 
removal [55], [60]. However, the opposite result was obtained by Ozturk and Kose 
[51]. They investigated boron removal from aqueous solution of 600 mg B/L 
concentration by using Dowex 2 × 8. Their work, at temperatures from 25 to 45 °C 
concluded that boron rejection decreased as the temperature increased. There is no 
significant effect found when changing stirring speed [55], [60]. 
 

The studies to discover the effect of experimental parameters on boron removal 
have also been performed in column mode operation. In column mode operation, 
breakthrough capacity is considered as the key factor indicating the performance of 
a boron removal process as it is directly related to the boron uptake capacity of 
resins [50]. 

In regard to the effect of space velocity (SV: bed volume/h), it was found that the 
breakthrough capacity reduces as the space velocity (flow rate) increases due to the 
decrease in the contact time between resin and solution containing boron [21], [22], 
[54], [60]. Similarly, the improvement of the breakthrough capacity can be achieved 
by increasing the Height/Diameter (H/D) ratio [60] due to the increase in contact 
time and the enhancement of liquid distribution in the column [50] so guidelines for 
specific flow rates and minimum bed depth should be strictly followed to achieve 
consistent performance. 

The effect of increasing ionic strength was reported by some researcher [51], [60] to 
decrease boron rejection while in another studies [1] found that there was no 
significant effect on the removal of boron. This disagreement may be due to different 
experimental condition or different types of resin used [50]. 

The results of several researches are tabulated in Table  2-6 and Table  2-7, this 
researches show an agreement in the effect of flow rate and the pH in solution. 
However there is disagreement in the results obtained for the effects of 
concentration of boron, temperature and ionic strength. 

Studies on boron removal by the use of BSRs have mainly focused on finding 
optimised experimental parameters, and kinetic characteristics. From the studies on 
experimental parameters and kinetics, it can be concluded that contact time 
between BSRs and solution is the crucial factor governing the performance of 
processes, while the surface area of BSRs governs sorption kinetics. That is, due to 
the increase in contact time, the removal of boron improves with the increase in H/D 
ratio and the decrease in flow rate. Similarly, due to the increase in the surface area 
of smaller size BSRs, the sorption rate is faster[50]. 
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Table  2-6 The effects of each parameter on Boron Removal by BSRs 

Experimental 

Parameters  

Effect on 

Boron 

Removal 

Solution Used Resin Type comments Reference 

Initial boron 
concentration 
increases 

Increases model sol Amberlite IRA743 20-210 mg B/L [1] 

 aqueous solutions Dowex 2×8 100-1000 mg B/L, 25C, pH 9, 24 
hr 

[51] 

Decreases  synthetic 
wastewater 

Amberlite IRA743 50-1000 mg B/L, solid/liquid 
20/500 g/ml 

[55] 

 refined brine XSC-800 40, 50, and 100 mg B/L, flow 
rate 16 BV/h, 293 K, pH 10, H/D 
ratio 15 

[60] 

pH increases Increases  refined brine XSC-800 pH 4–12, concentration of 
boron 40 mg B/L, flow rate 16 
BV/h, H/D ratio of 15 

[60] 

Table  2-7 The effects of each parameter on breakthrough capacity of BSRs 

Experimental 

Parameters  

Effect on 

Breack through 

Capacity 

Solution 

Used 
Resin Type comments Reference 

Feed 
temperature 
increases 

Increases  refined brine XSC-800 293–323 K, concentration of boron 
40 mg/L, flow rate 16 BV/h, pH 10, 
H/D ratio 15 

[60] 

  synthetic 
wastewater 

Amberlite 
IRA743 

283–313 K, concentration of boron 
100 mg/L, solid/liquid 20/500 g/ml 

[55] 

Decreases aqueous 
solutions 

Dowex 2×8 25–45 C, concentration of boron 
600 mg/L, pH 9 

[51] 

Flow rate / 
space velocity  
increases 

Decreases SWRO 
permeate 

Diaion CRB02 
Dowex XUS 
43594.00 

15 and 20 BV/h, concentration of 
boron 1.5–1.6 mg B/L 

[21] 

 Geothermal 
wastewater 

Diaion CRB02 SV 15 and 25 h-1 , concentration of 
boron 30.2 mg/L ,pH 9.3 , column 
geometry (ID 0.7 cm, resin Volume 3 
cm3) 

[22] 

  refined brine XSC-800 5, 16, and 30 BV/h, concentration of 
boron 40 mg/L, 293 K, pH 10 

[60] 

  aqueous 
solutions 

Dowex 2×8 39 and 45 mL/h, concentration of 
boron 600 mg/L, pH 5.8 

[54] 

The ratio of H/D 
increases 

Increases  refined brine XSC-800 10, 12, and 15 H/D, concentration of 
boron 40 mg B/L, Flow rate 16 BV/h, 
pH 10 

[60] 

Ionic strength 
increases 

No effects Drinking water Amberlite 
IRA743 

0–0.1 mol NaCl/L, concentration of 
boron 20 mg B/L, pH 5.5–8 

[1] 

Decreases  refined brine XSC-800 50, 75, and 100 g NaCl/L, concentration 
of boron 40 mg B/L, Flow rate 16 BV/h, 
pH 10, H/D ratio 15 

[60] 

  aqueous 
solutions 

Dowex 2×8  Na2SO4 , CaCl2 and NaCl addition, 

concentration of boron 600 mgB/l, pH 5.5 
[51] 
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2.3.6 Regeneration 

Once the resins become "saturated" and cannot bind the boron, it must be 

regenerated (regeneration occurs either on a time cycle or on demand). This 

requires a process of essentially "stripping" the resin of the removed ions and 

getting them back to a state where they can once again be exchanged [39]. Acids like 

hydrochloric acid and sulfuric acid are usually used to desorb the adsorbed metal 

ions.  This utilizes the fact that these metal chelates are less stable at low pH and are 

more readily decomposed. In the case of sorbent elution by acid wash, the fixed bed 

system seems to not show any problem [18]. Typical elution curve of boron is given 

in Figure  2-7. 

 
Figure  2-7 Typical elution curve of boron 

Two-stage regeneration is generally advised: the acid stage (sulphuric acid l0%.50 
g/l) to elute boron and the basic stage (sodium hydroxide 4%. 65 g/l or ammonium 
hydroxide 4%.50g/l) to remove acid salts (e.g. sulphate). This regeneration method 
was given by Kunin and Preuss (1964) and used by most of other authors [1], [14], 
[21]–[23], [35], [36], [38], [43], [51]–[55]. 

Nadav et al.[35] Show that regeneration with sulfuric acid and polishing with soda 
caustic gives far better results relative to regeneration with sulfuric acid alone. This 
result is rather expected because the polishing with soda caustic improves the gross 
uniformity of the resins’ chemical potential. However, this mode was expected to be 
less cost-effective regarding regeneration. 

Kabay et al. [23] carried out recycle tests with a boron selective resin, Diaion CRB02. 
The resin was tested for 10 sorption–washing–elution–washing–regeneration–
washing cycles in geothermal field. In the research 5% H2SO4 and 4% NaOH were 
used for elution and regeneration respectively. It was observed that the 
breakthrough capacity of resin decreased slightly between cycles 2 and 7, and 
reached a plateau between cycles 7 and 10. The capacity reduction could be 
considered due to degradation caused by the influence of high temperature, around 
70 °C, applied during the whole process. The similar recycle tests were done by Kose 
and Ozturk [54] using a strong base anion exchange resin, Dowex 2 × 8. The boron 
on the resin was eluted with 0.5 M HCl and regenerated with 2 % NaOH. From the 3 
cycle tests, it was observed that the boron capacity was increased after the first cycle 
while there was no noticeable change after the 2nd and 3rd cycles.  
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Huge amounts of chemicals are used to regenerate the saturated BSRs used in the 
boron removal process. This is problematic in terms of not only the volumes of 
reagents used, but also the cost incurred. To illustrate this, it may be necessary to 
use 4 Bed Volumes (BV) of 0.25 M HCl and 4 BV of 0.25 M NaOH. For a system having 
a 10 m3 bed, suitable for treating 3800 m3 of water at 5 mg B/L, this means that 40 
m3 of HCl and 40 m3 of NaOH are required. Thus, a key point for the implementation 
of the boron removal by BSRs is to minimise the regenerant volumes required [1], 
[50].  

Elution studies showed that the boron can be easily eluted by HCl indicating that the 
resin can be reused [51] but special efforts have to be made in the separation of the 
eluted boron from the regenerated acid [1].  

 

2.3.7 Cost 

The cost for the removal of the boron from the seawater RO permeate will be 
composed of the following components  [35]:  

Implementation costs: this cost depending mainly on the size of the facility (scale 

factor) and the type of resin selected that depending on market conditions. On the 

other hand, there is a need to have at least one column in reserve to regenerate the 

resins without stopping the process.  

Operating costs: 

Cost of replacing resins: The replacement rate has been found to range between 

10% and 16%, with an average life between 6 and 10 years.  

Cost of chemicals: The chemicals used in the process are a base and an acid to 

regenerate the resin and neutralize the product water recharge. Various products 

can be used for both the acidification and for the basification. The cost per cubic 

meter produced depends on the frequency of regeneration. The cost of permeate 

required for the rinsing of the resin and for the dilution of the concentrated 

chemicals is included in the chemicals cost. 

Energy costs: To calculate the energy cost, factors such as working pressure, power 

consumption of the metering pumps and energy prices should take into account. But 

in general the energy cost is totally lower than the others cost so some studies 

neglected it. 

Maintenance costs: Maintenance costs can be considered as a rate of the 

implementation cost with almost 20 years of plant operation and including 

depreciation of the equipment. 

Disposal costs: The costs of different disposal methods for concentrate or waste 

disposal are very site dependent; consequently, the cost models developed have to 
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be considered for a preliminary level estimate only. The disposal methods include: 

seawater discharge, discharge to sewers, deep- well injection, evaporation ponds, 

spray irrigation and zero liquid discharge. IX technology has the minimum waste, 

although this waste is highly concentrated with boron and requires careful disposal 

[39]. 

Nadav et al [35] show that using ion exchange method for complementary RO 

desalination adds additional cost of US cent 4-6/m3 of permeate dependent on the 

cost of the resin, the chemicals, and the operation and maintenance. Another Cost 

Analysis study [61] for the removal of boron by BSR show that the cost may reach to 

7.4 US cent/m3 including (Acid and base, Energy, Maintenance, CAPEX, Antiscalant 

for the first pass RO, and  CO2 for post-treatment step). Chillón Arias et al [43] 

investigate the costs of the design of a large-scale plant with a water flow rate of 16 

BV/h and energy rate applied is 0.1 $/kWh. They concluded that, the overall cost for 

the removal of boron in desalinated water using the ion exchange process can vary 

between 4.7 and 13 cent $/m3. Also they show that there are no significant 

differences between reducing boron to 0.5 mg/L or below the detection limit. 

 

2.3.8 Advantages and Limitations 

There are many advantages to use the ion exchange system. Besides its simplicity of 
operation [39] and low pumping energy required [13], a boron-specific ion-
exchange resin offers very good selected ion exchange efficiency for boron [59]. 
They are effective for solutions over a wide range of pH values and over a wide 
range of boron concentrations. This complex formation is not pure ion exchange and 
therefore does not require ionization of boric acid. The resin performance is not 
affected highly by temperature variations, by pH value or by the background salinity 
of the water to be treated [19]. Furthermore, the high boron rejection of the resin 
results in a larger by-pass [13] 

However, these organic resins have some drawbacks, for example, instability in 
harsh chemical environments, easy swelling, weak mechanical strength and thermal 
instability of the polymer matrices [36], [41]. And one of the main limitation of this 
method is the very expensive of resins [28], [39], [59] that make its use unfeasible.  

Total operation costs are relatively high because a large amount of acid and base as 
a part of the BSRs regeneration process is required [9], [28], [39], [50]. consequently 
it is not economical for high levels of boron due to expensive regeneration process 
[9]. In addition, the regenerate from this system is a source environmental pollution 
of boron [9], [39], therefore it requires careful disposal. 

Finally, the Boron removal by ion exchange with BSRs shows the highest 
performance with conventional column mode operation. However, a large amount of 
acid and base as a part of the BSRs regeneration process is required. It is necessary 
to find an effective regeneration process with low consumption of chemicals, as well 



  21 

 

as an increasing sorption capability, in order to make BSR processes a more 
favourable option for the removal of boron [50]. This process makes economic sense 
compared to other processes only where there is just a small amount of Boron to be 
removed from the Solution [39]. 
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Chapter 3 Materials and Methods 

3.1 Introduction 

The main principle of this research is to study one of the most alternative technologies 

used around the world for Boron removal from SWRO permeate. 

The methodology of this research is set up on two basic steps as follow:  

� Evaluate the existing SWRO Gaza Power station (SWRO-GPS) performance for 

boron removal under the current operating conditions and at all treatment stages. 

� Study Boron removal by Ion Exchange method using natural SWRO permeate and 

without any change on pH value. 

 

3.2 SWRO Desalination Plant of Gaza Power Station 

The first step in this research is studying the performance efficiency of the existing 

SWRO of the Gaza Power Station (GPS) for boron removal. 

A filed visit was made to the SWRO plant to better understand the different stages of the 

water treatment. During the site visit, as a first step, all the necessary data, designs and the 

operation conditions were recorded and gathered for further analysis[27]. As a second 

step, the water samples were collected from raw, feed and product water and complete 

and accurate water analysis was done. The Electrical Conductivity and pH value were 

analysed at the site, while the boron concentration analysis was made at dedicated lab for 

Boron analysis. All information and samples collected in the interval between January to 

April 2014. 

3.2.1 Plant profile (Data collection) 

Since 1999 there has been a one single power generation plant in Gaza Strip. This plant 

located in the middle of Gaza strip at Nuseirat town (Figure  3-1). The power plant 

generates around 140MW distributed all over Gaza Strip [62]. A Sea Water Desalination 

Plant (SWDP) was constructed within the Power Generation Plant as part of its operation 

to produce electricity. SWDP treats the water on three different stages considering the 

different needs at each stage. The first stage, the plant works as a RO plant with a 

production capacity of 35m3/hr. Part of this treated water is used for facilities, services 

and land irrigation around the plant, while the other is treated in a second stage RO 

followed by ion exchange stage to produce demineralized water which can be used in 

power generation (gas turbine) and cooling. 
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Figure  3-1 location of Gaza Power Station 

Treatment stages: 

The Seawater Desalination Plant operates as the following stages:  

• Seawater intake (Raw water) 

• Seawater pretreatment stage 

• Seawater Reverse Osmosis Desalination Plant (First stage RO) 

• Service water RO units (Second stage RO) 

• Demineralization units (Ion exchange unit)  

• Brine disposal 

Simple diagrams of the plant and treatment stages are given in Figure  3-2 and Figure  3-3. 

 
Figure  3-2 The GPS-SWDP diagram 
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Figure  3-3 Treatment stages of SWDP of Gaza power station  

3.2.1.1 Seawater intake (Raw water) 

Three kilometres distant from the Power Generation Plant, a water pumping station 

(Cooling pumping station) with a capacity of 400 cubic meters per day is used to pump 

raw seawater. The seawater is pumped for 600 m distance from the shore line (Figure  3-4) 

and stored in the first bit storage tank (capacity: 600m3) located on the shore. Raw 

seawater disinfection is done by dosing Cl2 as NaOCl which is generated at the site in 

order to destroy organic materials and bacteria. The raw seawater is to be delivered 

through a pressure pipe (DN 32”) to the raw water tank which has a capacity of 200 m3 

and is installed at the plant site. 

Part of the pumped raw seawater is used for cooling of the Power Generation Plant 

(cooling tower) and the other part is desalinated to be used for the power generation. 

Chlorine addition 

Source  

(Seawater intake) 

Tank 
Media 

filtration 
HP pump SWRO 

Chemical cleaning 

Concentrate Sea 

Anti-scalant dose 

tank 

Permeate 

BWRO 

IX 

Product water 

Service usage 
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Figure  3-4 location of cooling pumping station 

3.2.1.2 Seawater pre-treatment stage 

The seawater pre-treatment consists of: 

• Raw water storage tank (main cooling basin ) 

• Raw water booster pumps 

• Two sand filters and one bag filter 

• Filtered water tank (intermediate tank) 

• Sodium bisulphate dosing (SBS) 

• Antiscalant dosing station 

The raw seawater is delivered into the raw water storage tank which serves as break and 

storage tank located in the desalination plant. From the raw water tank, the water pump to 

the pre-treatment system with three Raw water booster pumps, each  with a flow of 60 

m³/h, a pressure of 3 bar and 15kw operation power, where one of this pumps is stand by. 

For the filtration of the seawater, two sand filters (Figure  3-5) and one bag filter operating 

in series are provided to remove any suspended particles of organic and inorganic nature 

which may be present in the raw seawater. The Filtered water is delivered into the 

intermediate tank located on RO unit container and which serves as First Pass RO feed 

water tank (Figure  3-6).  

The pre-treatment system includes also Antiscalant dosing which used to prevent scaling 

in membrane surface. After that, Sodium bisulphate (SBS) is added in order to remove 

chlorine from the feed water before entering RO. 

Zahra cross 

The Pump Station 

Water Intake  

600m distance 
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Figure  3-5 plant two sand filters 

 

 

Figure  3-6 feed water tank of the First Pass RO 

Plant Sand Filters 

Feed water Tank 
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3.2.1.3 First stage Reverse Osmosis 

The first RO stage consists of three separated units (Containers); each unit operates 

separately from the others. For each unit, feed water is taken from intermediate tank and 

divided into two streams. One stream goes to the seawater RO pumps and the other 

stream goes to the pressure exchanger. The high-pressure pumps pressurize Seawater to 

the required operation pressure of 72 bar and feeds it into the RO module. 

The RO unit has equipped with Polyamide Thin-Film Composite RO membrane elements 

of 8 inch diameter and 40 inch length.  These elements are manufactured by Hydranautics 

and named 8040SWC3 and recently, one year ago, was superseded with SW30 HR that 

manufactured by Filmtec. Six piece of this RO membrane elements installed in the 

pressure vessels. In total five of these pressure vessels are arranged in parallel RO block 

to achieve the required output. Figure  3-7 shown one of the SWRO modules.  

 

Figure  3-7 First Pass RO module 

The RO unit rejects approximately 99.8% of the salts in the seawater at a temperature of 

25°C and a water recovery of approximately 33%. The remaining 67% is neutral 

concentrate which will to led to pressure exchanger. In this pressure exchanger 

(Figure  3-8), the high pressure brine stream reject from the RO unit is led through a 

turbine pump where the pressure energy is recovered (95%) before it is discharged 

without pressure. 
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Figure  3-8 SWRO pressure exchanger 

The three units do not work at all in the same time but it work as required and with 

maximum of two units. Each unit of three has a capacity of 16 m3/ hour and it operates 

separately from the others. The operating condition of each unit is shown in Table  3-1. 

Table  3-1 First Pass RO operating conditions 

Value Unit Description 

3 No. Number of units 

5 No. Number of Vessels 

Phoenix 1200 psi Co. Pressure Vessels 

6 / vessel elements Number of membranes 

Filmtec Co. manufacture 

SW30HR model Type of membranes 

33 % Recovery 

50 m3/h Feed Water Flow Rate 

34 m3/h Brine Flow 

16 m
3
/h permeate water flow 

25 °C Feed Water Temperature 

72 bar RO inlet pressure 

69 bar RO concentrate pressure 

3 bar RO differential pressure 

After having passed the RO membranes, the permeate will be led to service water tank. 

The produced water is used for the daily uses of the facilities, services and land irrigation 

around the power plant. The major amount is treated and desalinated as for the second 

and third stages.  

The brine of the first stage is mixed with the out used cooling water and then pumped to 

the sea with a 300 m distant from the shoreline so that it wouldn’t affect the quality of the 

intake seawater for desalination. 
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3.2.1.4 Second stage Reverse Osmosis 

After desalinated the seawater with the First Pass RO, the desalinated water is taken to 

Second Pass RO to continue removing the residual salt to less than 5 TDS. The 

desalinated water is pumped from the service tank to Second Pass RO by three separated 

pumps. 

The Second Pass RO consists also of three separated units; each unit operates separately 

from the others.The three units does not work at all in the same time but it work as 

required and with maximum of two units 

After the water has passed the bag filter to protect the RO element from particles and after 

Antiscalant dosing, the high-pressure pump pressurizes the First Pass permeate to the 

required operation pressure of 15 bar and feeds the water into the RO unit. 

The RO unit has equipped with Polyamide Thin-Film Composite RO membrane elements 

of 8 inch diameter and 40 inch length.  These elements are manufactured by filmtec and 

named BW30-400. Three piece of this RO membrane elements is installed in the pressure 

vessels. In total three of these pressure vessels are mounted in arrays RO block to achieve 

the required output (Figure  3-9). The two first pressure vessels are installed in parallel 

and the third in series.  

 

Figure  3-9 Second Pass RO module 

Each unit of three has a capacity of 17 m3/ hour. The operating condition of each unit 

shown in Table  3-2. 

Table  3-2 Second Pass RO operating conditions 

Value Unit Description 

3 No. Number of units 
3 pieces No. Number of Vessels 
Phoenix 600 psi Co. Pressure Vessels 
3 elements Number of membranes 
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The RO-unit rejects app. 99% of the salts in the water with water recovery of 85%. 

Recovery of 85% means that 85% of the feed water is turned into permeate. The 

remaining 15% (the concentrate) contains all the salts of the feed water is divided into 

two streams, one for circulation and one is led back to Seawater intermediate tank that 

located in the first stage RO container. 

The permeate water of this stage goes to intermediate tank (capacity 1 m3) located in the 

same container in order to continue treatment by ion exchange stage.  

3.2.1.5 Ion exchange stage  

The permeate of the second stage RO is still have some minerals that has not removed by 

double stage RO. To remove these minerals, water can be demineralised by ion exchange. 

An ion exchange plant of a three-bed unit consist of 3 tanks work in series, the first one 

containing a strong cation exchanger where the positive ions in the water (cations), e.g. 

sodium, potassium, calcium, magnesium are replaced by hydrogen ions (H+), the second 

containing a strong anion exchanger where chloride, sulphate, carbonic acid and silica are 

replaced by hydroxide ions (OH-) and then third containing a polishing mix-bed 

exchanger. The Mix-bed filter is an ion exchanger which contains a resin, type DOW-

MB5O. When the water passes this ion exchange resin, the ions that have not been 

removed by the demineralisation unit (cation and anion) are removed here. After this 

process, the deionised water will be getting as end product.  

Regeneration of Exchanger  

When the capacity of the plant is dropping, the cation exchanger and the anion exchanger 

are brought back to their original form by adding respectively diluted hydrochloric acid 

and caustic soda solution. This process is called REGENERATION. The mix-bed 

exchanger is disposable mixed-bed resin (manual change of its resin).  

For cation exchanger, Hydrochloric acid (HCL) of 30-33% is sucked into the strong 

cation exchanger by an ejector and diluted with deionized driving water to an app. 6% 

solution. For anion exchanger, Caustic soda (NaOH) of 25-27% is sucked into the strong 

anion exchanger by an ejector and diluted with deionized driving water to an app. 2-4% 

solution. The solutions enter the cation and anion vessels at the top and leave it from the 

bottom out to Neutralization. The effluent chemicals from each regeneration will go to a 

filmtec Co. manufacture 
BW30-400 model Type of membranes 
85 % Recovery 
20 m3/h Feed Water Flow Rate 
3 m3/h Brine Flow 
17 m3/h permeate water flow 
20 °C Feed Water Temperature 
15 bar RO inlet pressure 
13 bar RO concentrate pressure 
2 bar RO differential pressure 
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separate neutralisation tank. In this tank the two stream will be mixed and neutralised to a 

pH value between 6,0-9,0 before it can be transported to sewerage system.  

Table  3-3 illustrated the design and operation parameters of the ion exchange stages 

(cation, anion and Mix-bed units). 

Table  3-3 The design parameters of the ion exchange stage. 

 Cation unit Anion unit Mix bed unit 

Vessel Design    

Booster pump 20 ـــــــــــــــــــــــــــــــــــــــــــــm3/hour  ـــــــــــــــــــــــــــــــــــــــــــــ 
Design pressure 10,5 ـــــــــــــــــــــــــــــــــــــــــــــــ bar ـــــــــــــــــــــــــــــــــــــــــــــــــ   

Design temp 50 ـــــــــــــــــــــــــــــــــــــــــــــــــ°C ــــــــــــــــــــــــــــــــــــــــــــــــــــــ   

vessel height 1900 ـــــــــــــــــــــــــــــــــــــــــــــــmm ــــــــــــــــــــــــــــــــــــــــــــــــ   

Diameter 620mm 770mm 770mm 

    

Flow capacity 13 ــــــــــــــــــــــــــــــــــــــــــــm
3
/hour ـــــــــــــــــــــــــــــــــــــــــــــــ   

    

Quality of Demineralized water    

pH 9.0-5 ــــــــــــــــــــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــــــــــــــــــــ   

Conductivity 0.2> ـــــــــــــــــــــــــــــــــــــــــــــµS/cm ـــــــــــــــــــــــــــــــــــــــــــــ   

    

Inlet water quality ـــــــــــــــــــــــــــــــــــ TDS 5-10 ppm at 15°C  ـــــــــــــــــــــــــــــــــــ  

    

Resin used    

Type Strong cation 

DOW 600+IF62 

Strong anion 

DOW A625+IF62 
DOW MB50 

Amount 410 liter 650 liter 500 liter 

    

Regeneration    

Solution HCL 30-33% NaOH 25-27% Disposable mixed-

bed resin Amount 70 liter 125 liter 

Diluted concentration App. 6% App. 2-4%  --- 

 
The specified conductivity of the water is used as a measure of quality on the water. After 

passing the plant, the water has a very high quality with the conductivity below <0,2 

µS/cm. The produced demineralized water is used in power generation (gas turbine) and 

cooling. 

 
 

3.2.2 Sample collection and analysis 

To be able to study the removal of Boron at SWRO desalination plant of Gaza power 
station, water samples were collected and a complete and accurate water analysis was 
done.  

These samples were collected from different sampling points as shown in Figure  3-10. 
The samples have taken from feed and permeate water of each stage (first, second and Ion 
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exchange stage) of the plant (Figure  3-11). These samples have tested for Boron 
concentration, Conductivity and pH value according to Table  3-4. 

The Conductivity has been recorded on site using the main control panel. pH values have 
tested also on site using the accurate pH meter (Type: SWAN pH meter) of the power 
station (Figure  3-12). And the Boron concentrations have been tested using ICP-AES 
method on CMWU laboratory as described in section 3.4. 

 
Figure  3-10 Samples collection location for the Existing units 

 

Figure  3-11 Samples collection from SWDP of Gaza Power Station 
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Figure  3-12 testing the Samples pH Value using SWAN pH meter 

 

Table  3-4 Tests Type in each treatment stage for SWDP of GPS 

Water Type 

Test Type 

Boron 
Concentration 

mg/l 

salinty 
TDS 

pH Full chemistry 

Raw water seawater ● ○ *  

First Pass RO 
Feed water ● ○ *  
Permeate water ● ○ * Ƒ 

Second Pass RO 
Feed water ● ○ *  
Permeate water ● ○ *  

Ion Exchange product water ● ○ *  
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3.3 Lab experiment for Boron removal by Ion Exchange 

method 

In this section, in depth study and analysis was performed to reduce Boron content from 

natural SWRO permeate using ion exchange method and without changing any properties 

of this feed water (such as pH value and TDS). This study was executed using 

commercially available chelating resin containing N-methyl glucamine group (Amberlite 

IRA743) that specifically used to remove borate and boric acid under a variety of 

conditions. 

Batch study was conducted to get the optimum amount of the selected resin needed to 

remove Boron from feed water. Then, the Column study was conducted to get the 

operation capacity of the resin according to manufactory suggested operation conditions. 

3.3.1 Resin used 

There are many types worldwide of resin selective for boron. Following a vigorous 

market survey, it was found that an ion exchange resin Amberlite IRA 743 may comply 

with our demands. 

The resin was purchased from Supelco Company through Biotech medical supplies, 

Ramallah. It was produced by Rohm and Haas USA, with the commercial name 

“Amberlite, IRA 743". The purchased 250 grams of Amberlite IRA 743 is shown in 

Figure  3-13. The datasheet of the Resin is shown in Appendix II. 

 
Figure  3-13 Amberlite IRA 743 250 gram 

 

 

Structure: 
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Amberlite IRA743 is a macroporous polstyrenic resin with methyl glucamine 

functionality. The characteristics of the resin are given in (Table  3-5). The active group is 

essentially a weak base (tertiary amine) with a "sugar tail". A developed formula is shown 

in Figure  3-14. 

Table  3-5 Amberlite IRA743 properties [49] 

 
 

 

Figure  3-14 A developed formula for the structure of Amberlite IRA743 [49] 

The uptake of boron as borate [B(OH)4]— is a curious mechanism, as it involves 

protonation of the amine, de-protonation of the polyol sugar tail, shedding of water and 

formation of an ester. The Figure  3-15 is believed to be the final result: 

 

Figure  3-15 uptake of Boron on Amberlite IRA743 [49] 

Operating capacity: 

According to Rohm and Haas datasheet[49], the selectivity for boron is very high. The 

theoretical retention capacity reaches 7 g/I, But the practical capacity depends on flow 

rate and it drops rapidly as flow rate increases as shown in Figure  3-16 due to mass 

transfer limitations.  
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Figure  3-16 practical capacity of AMBERLITE IRA743 [49] 

Regeneration:  

According to manufactory (Datasheet, 2002), Sulfuric acid (10%) at a level of 50g 

H2SO4/L has been found to give good regeneration of Amberlite IRA-743 resin. Lower 

sulfuric acid concentrations give less complete regeneration even though the total dosage 

is increased. Following the elution of the borate with sulfuric acid, the sulfate is removed 

by treatment with either caustic or ammonia. This is accomplished by treating the 

Amberlite IRA-743 resin with 4% NaOH or 4% NH4OH at a level of 65g NaOH/L or 50g 

NH4OH/L. The suggested operating conditions of the resin are illustrated in Table  3-6. 

Table  3-6 Amberlite IRA-743 suggested operating conditions 

 

 

3.3.2 Batchmode sorption test 

The batch sorption test is usually carried out to find the optimum amount of resin and to 
study the kinetic characteristics and parameters (such as pH and temperature) that are 
necessary for optimising the performance of the resin[50]. In our research we just study 
the optimum amount of resin to remove Boron content from Boric acid H3BO3 solution. 

Due to the low concentration of the first pass RO permeate and high capacity of the resin, 
we made the batch study on Boric acid H3BO3 solution prepared on the lab with 100 mg 
B/l concentration instead of the permeate water. 

Various amounts of Amberlite IRA-743 resin (0.01-1 g) as shown in Figure  3-17 was 
contacted with 100 mL of the Boric acid H3BO3 solution (Co= 100 mg B/L) with 

Figure 3-16  
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continuous shaking in order to find the optimum amount of resin for boron removal from 
H3BO3 solution. Boric acid solution (100 mg B/L) was prepared by dissolving boric acid 
powder (oxford product) in the distilled water. 

All Batch mixtures were stored in polyethylene-polypropylene containers as shown in 
Figure  3-18. The batch experiment was performed at a constant shaking rate of 200 rpm 
using shaking incubator in 18.9°C temperature for 96 hours (4 days) as illustrated in 
Figure  3-19. 

 
Figure  3-17 weighting of different amount of Resin 

 
Figure  3-18 containers of Batch mixtures  

 
Figure  3-19 shaking incubator 
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After 96 hours of continuous shaking, the concentration of Boron in solution was 
determined (Ce) in order to find the equilibrium concentration of Boron. All Boron tests 
were performed using ICP-AES method as described is section 3.4. 
The amount of adsorption of Boron ions at equilibrium (capacity), �ₑ (g/l), was calculated 
by using the following (Equation 3-1) in batch sorption system:  

�� =
������	
���

������
																								Equation  3-1 

Where �ₑ (g/l) is the amount of Boron adsorbed at equilibrium. Co and Cₑ (mg/L) are the 
liquid-phase concentrations of B ions at initial and equilibrium conditions, respectively. 
����� (L) is the volume of the solution, and ������ (ml) is the mass of Resin used. 

The removal efficiency of the B ion was calculated by dividing the residual Boron 
concentration after equilibrium by initial Boron concentration and the result is calculated 
on percentage basis as shown in the following Equation 3-2. 

)�*��+� �,,�-���-. % =
������	

��
                        Equation  3-2 

3.3.3 Column mode sorption test 

The studies to discover the effect of experimental parameters on boron removal have also 
been performed in column mode operation. The operating parameters established by the 
manufacturers for both their operation and regeneration were used (See Table  3-6). 

In column mode operation, breakthrough capacity is considered as the key factor 
indicating the performance of a boron removal process as it is directly related to the boron 
uptake capacity of resins [50].  

3.3.3.1 Configuration 

The column was made of glass and had an inner diameter of 0.76cm and 70cm height. 
Cotton was placed at the bottom of the column. Over the cotton, a one centimetre layer of 
filtration sand was placed to prevent loss of resin and to prevent impurities from entering 
the cotton thus there is no blockage. At the end bottom of the column there was a 
stopcock to control the operation flow rate. 

The implemented Column is shown in Figure  3-20. The column was packed with 50mL 
of wet-settled volume of resin. The resin beads were immersed in Soda NaOH for 48 
hours and washed in distilled water before being packed into the column. 

Figure  3-21represents simple schematic diagram of the fixed-bed adsorption Column.  
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Figure  3-20 the implemented Column setup 

 
Figure  3-21 Simple Schematic diagram of packed bed column  

Feed water  

Natural Seawater Reverse Osmosis (SWRO) permeates is obtained from the desalination 
plant of Gaza power station. The Boron concentration of the feed water was 1.90 mg/l. 
The water pH was 6.7. The chemical compositions of the SWRO permeate used in this 
study is presented in Table  3-7. 

Resin bed 

1 cm of sand 

Cotton 

Stopcock 
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Table  3-7 - SWRO permeate chemical compositions 

Component Unit Concentration 

Nitrite (No3) mg/L 0.44 

Potassium mg/L 6.34 

Sodium mg/L mg/L 115.65 

Alkalinity 
mg/L as 
CaCO3 

2.40 

chlorides mg/L 189.92 

Calcium mg/L LOD 

Hardness 
mg/L as 
CaCO3 

LOD 

Magnesium mg/L LOD 

Sulfate mg/L 5.56 

TDS mg/L 325 

pH - 6.73 

Boron (B) mg/L 1.90 

 

3.3.3.2 Operation 
Before starting the process, deionised water was delivered down-flow by gravity to the 
column at a flow rate of SV 10 h-1 (SV: space velocity defined as bed volumes per hour) 
until the pH value of the effluent equal the pH value of the influent deionised water (pH 
smaller than 8 ). 

Then, the feed water was delivered down-flow by gravity to the column at a flow rate of 
SV 16 h-1.  The water flow is affected by the water level inside the storage tank; therefore, 
the whole time of the flow process was monitored in addition to using small stopcock to 
control the feed water flow rate. 

The electricity shortage for all days in Gaza including the 10 days of the experiment has 
led to avoid the usage of a water pump during the experiment. The experiment was 
performed at room temperature that range between 19-21 C° 

Samples were taken from the outlet of the column at intervals. About 73 samples were 
collected to be test. All samples were stored in new 100ml polyethylene-polypropylene 
containers as shown in Figure  3-22. 
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Figure  3-22 Samples collected from column mode sorption test 

The measurements of pH value and salinity of the samples were performed immediately 
for all samples. The pH value was tested using potable pH meter (type: wagtech 
international). The salinity was tested using potable EC/TDS meter (type: HANNA) as 
illustrated in Figure  3-23. 

 
Figure  3-23 the used instruments for pH and salinity analysis 

Boron content was determined using ICP-AES as described in section 3.4. Only 20 
selected samples was tests for Boron concentration due to high testing cost (40$/sample). 
Breakthrough curves were obtained by analysis of each sample. The breakthrough point 
was considered as the point where the boron concentration reached to 0.5 mg/L.  

The volume of treated water in the ion exchange process is referred to as the bed volume 
used in the process, in order to analyse and compare the results obtained in different 
trials. The bed volume can be calculated as following (equation 3-3): 

pH meter 

EC/TDS meter 

Sample Analysis using pH meter 



  42 

 

0
 =

1��+1�2	3+1��


�����
																								Equation	 3-3	

3.3.3.3 Elution and Regeneration 
After the column reached exhaustion point and there was no further sorption occurred, the 

boron-loaded resin was eluted using sulfuric acid (H2SO4) and then the resin was 

regenerated using caustic soda (NaOH) to recover its ability to adsorb boron. The elution 

and regeneration processes have been conducted using the recommended conditions by 

the manufacturer (Appendix I) and at room temperature. 

Pre-Elution process 

Before starting the elution process, the column was washed with 4BV deionized water at 

the same operation flow rate of SV 16 h-1 down-flow until the pH of effluent from the 

outlet column was almost the same of influent deionized water. This step was performed 

to remove the residual feed water even do not affect the elution calculations. 

 

 

Elution process  

The elution of boron from the resin was carried out using 10% H2SO4 acid solution 

passed through the column at SV 2 h-1 (down-flow). The concentration was taken 

according to manufacturer recommended but the speed was taken according to other type 

of resin data sheet because there is no recommended value. The elution profile was 

obtained by analysing 5 ml of fractions collected at intervals. 

Generally, the absence of boron in the effluent indicated the completion of elution 

process. But in our experiment, because it was not possible to test the samples in the same 

moment, the elution process was continue for almost 7 hours to ensure the absence of 

Boron in the effluent. 

At the end of the elution process, the bed was washed with deionized water to remove the 

residual of the acid solution. The column was washed with 4BV deionized water at the 

same elution flow rate of SV 2 h-1 down-flow until the pH of effluent from the outlet 

column was almost the same of influent deionized water. 

Regeneration process  

The regeneration of boron from the resin was carried out using 4% NaOH solution passed 

through the column at SV 2 h-1 (down-flow). The concentration was taken according to 

manufacturer recommended but the speed was taken according to other type of resin data 

sheet. This process aims to replace the absorbed sulflric  

At the end of the regeneration process, the bed was washed with deionized water to 

remove the residual of the basic solution. Initially, the column was washed with 2BV 

deionized water at the same regeneration flow rate of SV 2 h-1 down-flow (slow rinse) 

until the pH of effluent from the outlet column was almost the same of influent deionized 

water. Finally, the column was washed with 5BV deionized water at the flow rate of SV 

10 h-1 down-flow (fast rinse). 
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3.3.3.4 Second cycle operation 

After the regeneration process, another loading cycle was then carried out. The 

experiment was remade according to the same operational conditions for the first time 

experiment to ensure the success of the regeneration process. However, the operation 

process was made for half a day and this is due to the high needed time consumption of 

around 10 days as well as the high cost of the lab tests for boron samples.   

Only 4 samples were collected and testing. The forth samples was testing for pH value 

immediately in the lab and Boron concentration was testing as described in section 3.4.  

 

3.3.3.5 Calculation equations  

The boron removal efficiency has been calculated using the following equation: 

0����	)�*��+�	4,,�-���-.	%	 = 5 −	
4,,���1	0����	���-��1�+1���

7�,���1	0����	���-��1�+1���	
									Equation	 3-4	

The capacity of the resin has been calculated by dividing the total mass of Boron 

adsorbed in the column by the quantity of resin on the bed (50 ml) as illustrated in 

equation (3-5). The area above the breakthrough curve is equal to the mass of Boron 

adsorbed in the column and can be calculated according to equation (3-6) as following: 

-+9+-�1.	�,	�����	 = 	
	*+��	�,	0����	+2���:�2

0�2	���*�
					 	 Equation	 3-5	

<+��	�,	0����	+2���:�2 = 	= �-> − -		2�



>
														 Equation	 3-6	

The elution efficiency can be calculated according to equation (3-7)  

4�1���	4,,�-���-.	%	 = 	
*+��	�,	0����	��1�2	

*+��	�,	0����	+2���:�2	
										 Equation	 3-7	

3.4 Analytical Techniques of Boron Analysis 

The boron analysis was performed using atomic emission spectroscopy by inductively 

coupled plasma (ICP-AES). The equipment used was from SPECTRO GENESIS 

company that has a detection limit of 1.25 µg /L 

This method consists of an ICP source consisting of a flowing stream of argon gas 

ionized by an applied radio frequency field and a spectrometer. The field is inductively 

coupled to the ionized gas by a quartz "torch" that confines the plasma. A sample aerosol 

is injected into the plasma, subjecting the constituent atoms to temperature of about 6,000 

to 8,000 Kelvin. Ionization of a high percentage of atoms produces ionic emission spectra 

[9]. Prior to analysis, trace metal grade nitric acid was added to samples stored in 

polyethylene containers to meet quality standard precautions. 

For elution Samples, the samples were diluted to get accurate results. Figure  3-24 show 

the equipment used for Boron analysis. 
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Figure  3-24 analysis the samples for Boron concentration 
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Chapter 4 Results and Discussion 

4.1 Introduction 

This chapter presents the analysis results of the current station’s boron removal efficiency 

under the normal conditions, in addition to analysing the efficiency of the Ionic Exchange 

method for boron removal without changing pH value and the efficiency of the 

regeneration and recycle processes. 

 

4.2 Boron removal at Seawater Desalination Plant of Gaza 

Power station (SWDP-GPS) 
The water samples were collected from raw, feed and product water of each stage (first, 

second and Ion exchange stage) of the plant and complete accurate water analyses for pH, 

Conductivity and Boron concentration were done as illustrated on Table  4-1.  

The Conductivity has been recorded on site using the main control panel. pH values have 
tested also on site using the accurate pH meter of the power station (Type: SWAN pH 
meter). And the Boron concentrations have been tested using ICP-AES method on 
CMWU laboratory as described in section 3.4. 

Table  4-1 Results of Samples analyssis for the SWDP-GPS 

The Boron concentration, TDS and the pH value of the Raw seawater are within the 
typical proportion of the Mediterranean Sea as shown in the following. 

 

Table  4-2: the comparison between the Sample Seawater collected and the typical 

Mediterranean Sea proportion 

Water Type 

Flow 

rate 

m
3
/h 

Test Type 

Operation 

Conditions 

Boron 

Concentration 

mg/l 

Conductivity 

µS/cm 

Salinity 

TDS 

ppm 

pH 

Raw water seawater - 4.58 --- 41,268 8.1 
600m from 

shoreline 

First stage RO 

Feed water 56 4.56 64,200 41,080 7.92 Pressure = 55 bar 

Temp 19  C° 

Recovery 23 % 

Permeate 

water 
12.7 1.75 891 570 7.37 

Second stage 

RO 

Feed water 23 1.721 864 553 7.59 Pressure = 14 bar 

Temp 20 C° 

Recovery 76% 

Permeate 

water 
17.5 0.69 3.9 2.5 7.32 

Ion Exchange 
Permeate 

water 
11.5 0.12 0.06 0.038 7 Pressure = 1.8 bar 
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 Raw Seawater Mediterranean Sea Ref 

Salinity TDS ( ppm ) 41,268 40,000 – 50,000  

pH value 8.1 7.5 – 8.5  

Boron Concentration 

(mg/l) 
4.58 4.5-5.5  

 

It is noticed as per Table  4-3 that the recovery of the SWRO unit is 25 %, so it can 
produces 12.7 m3/hr out of 56 m3/hr feed water. The water recovery of the Second pass 
RO is estimated as 74%. The water recovery for both first and second pass RO is lower 
than the design recovery. This is due to the use of membranes for more than a year and 
the formation of fouling and scaling in this period. 

Table  4-3 first and second pass RO Recovery 

Treatment stage 

Feed  

Water 

m
3
/hour 

Permeate  

Water 

m
3
/hour 

 Recovery 

First Pass RO (SWRO) 56 12.7 23% 

Second Pass RO (BWRO) 23 17.5 76% 

The TDS concentration of the first pass RO permeate is 570 ppm so that the salt rejection 
is estimate as 98.6%. The second pass RO can reject almost 99.6% of the salt to get 
permeate Conductivity of 3.9 µS/cm. In the final treatment stage of Ion exchange, the salt 
rejection reaches to about 98.6% and the Conductivity of the permeate is 0.06 µS/cm. 

Table  4-4 Salt rejection of the SWDP-GPS 

Treatment stage Feed Water 

TDS as ppm 

Permeate Water 

TDS as ppm 

Salt 

 Rejection 

First Pass RO (SWRO) 41,080 570 98.6% 

Second Pass RO (BWRO) 553 2.5 99.5% 

Ion exchange stage 2.5 0.038 98.6% 

Table  4-5 illustrated the Boron rejection by the three treatment stages. For the first pass 
RO, with a feed boron concentration of 4.56 mg B/L and a pH of 7.9, the permeate 
concentration was 1.75 mg B/L corresponding to a boron rejection of 61.6%.  

The Boron rejection for the second pass RO is estimated as 59.7% where a feed boron 
concentration of 1.72 mg B/L, pH of 7.6 and permeate concentration of 0.69 mg B/L. 
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It is noticed that, however the membrane used in the first and second pass RO is 
manufactured to be high rejection of Boron element, we found that the Boron rejection is 
up to 62%. This lower boron rejection can be due to low applied pressure [33], [37], or 
scaling occurred after long time in operation. The Boron rejection can also be increased 
by increase the pH of the feed water  [63]. 

In the third stage of treatment, the ion exchange process has removed 82.6% of the 
remaining Boron. In general, this removal is considered high because of using a strong 
anion exchanger and mix-bed filter that capable of removing most of anions in the 
solution. 

Table  4-5 Boron removal of the SWDP-GPS 

Treatment stage 
Feed  

water 

Permeate  

water 

Boron 

 Rejection 

First Pass RO (SWRO) 4.56 1.75 61.6% 

Second Pass RO (BWRO) 1.72 0.69 59.7% 

Ion exchange stage 0.69 0.12 82.6% 

Despite that the first pass permeate was according to the WHO guideline [4], it was not in 
accordance to the European standards [3].  

The first and second pass permeate were not in accordance to the FAO standards for 
irrigation for some crops like citrus and avocado [5]. Therefore, there should be some 
considerations and cautions at the time of using this water to irrigate the sensitive crops 
and the boron concentration should be reduced to the accepted and suitable levels. 

The boron removal efficiency can be increased by increasing the pH value (increasing the 
alkalinity) of the feed water for the second pass RO [17], [33]. The boron removal 
efficiency can also be increased by increasing the operational pressure at the first Pass RO 
[17], [48].   
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4.3 Removal of Boron by Ion exchange Resin 

4.3.1 Batch sorption of Boron from H3BO3 solution by Boron selective 
Resin 

To find the optimum amount of resin concentration, which can completely remove boron 

from boric acid solution, a batch-mode sorption study was performed using various 

amounts of Amberlite IRA 743 resin. For this, 0.01-1 g of resin was agitated with 100 mL 

of H3BO3 solution containing 100 mg B/L for 96 hours with continuous shaking. The 

results are summarized in Table  4-6 

Table  4-6 The result of Batch mode sorption test 

The effect of resin concentration on boron removal from boric acid solution is presented 

on Figure  4-1. As shown in the Figure, The increase in resin dosage increased the 

removal of boron. Because the amount of adsorbents is limited in treated solution, 

optimisation of resin amount is used to prevent the use of unnecessary amounts of BSR 

[21], [29], [30].  

The optimum resin dosage of 1 g-resin/100 mL boric acid solution was needed to remove 

96% of boron with Amberlite IRA-743 resin. Therefore the equilibrium capacity of the 

resin was estimated according to equation (2) to be 6.8 g/L.  Noticed that the 

manufacturer set a maximum capacity of 7g/l, the results obtained seem reasonable. 

The  increase  in  adsorption  with  the  resin dosage  can  be  attributed  to  the 

availability  of  greater  surface  area  and  larger  number  of  adsorption  sites [22].  At 

dosage smaller that optimum dosage, the adsorbent surface becomes saturated with Boron 

and the residual Boron in the solution is large.  With  an  increase  in  dosage the  Boron 

removal  increases  due  to  increased  Boron  uptake  by  the  increased  amount  of 

adsorbent.  

At dosage near to optimum dosage, the incremental removal of Boron becomes very 

small as the surface resin saturation and the solution boron concentration come to near 

# 

Resin 

Quantity 

(gram) 

Resin 

Volume 

(ml) 

Co 

mg/l 

Ce 

mg/L 

Solution 

Volume 

ml 

Boron 

Adsorbed 

mg 

Removal 

% 

1 0 0.000 100 100.00 100 0.000 0.0 

2 0.0109 0.016 100 97.89 100 0.211 2.1 

3 0.024 0.034 100 94.37 100 0.563 5.6 

4 0.0491 0.070 100 90.00 100 1.000 10.0 

5 0.1058 0.151 100 88.03 100 1.197 12.0 

6 0.4962 0.709 100 9.15 100 9.085 90.8 

7 0.9877 1.411 100 3.96 100 9.604 96.0 
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equilibrium with each other.  After that, the removal efficiency becomes almost constant 

for the removal of Boron by the resin. 

 

Figure  4-1 the effect of resin concentration on boron removal from boric acid 

solution 

 

4.3.2 Column Sorption of Boron from Natural Seawater RO Permeate 
by Boron Selective Resins 

The behaviour of the Amberlite IRA 743 resin and its operation capacity was evaluation 
and analysed using column-mode operation. In column mode operation, breakthrough 
capacity is considered as the key factor indicating the performance of a boron removal 
process as it is directly related to the boron uptake capacity of resins [50].  

From the outlet of the column, 73 samples were collected to be test. All samples were test 
directly on the lab for pH value and Salinity. Only 20 selected samples were tests for 
Boron concentration. The result of all tested samples has been shown in Appendix III. 

Table  4-7 illustrate the Boron concentration and removal efficiency with respected to the 

bed volume. Also it shows the Boron uptake by the resin (resin capacity). 

The boron removal efficiency has been calculated using the equation (3-4): 

Example: sample No. 33  

ABCBD	EFGB�HI	JKKLMLFDMN	%	 � 1 6	
0.541

1.9	
� 	71.53	% 

The capacity of the resin and the total mass of Boron adsorbed in the column have been 

calculated according to equation (3-5) and equation (3-6) as following: 

R² = 0.8604
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Table  4-7: Analysis results of the collected Column samples  

sample 

 No. 

Time 

Cumulative 

(Hour) 

Flow  

Cumulative 
(ml) 

BV 
B 

(mg B/L) 

Removal 

Efficiency 

% 

Resin Capacity 

g/L resin 

Influent 0 0 0 1.9   0.000 

1 0.50 400 8 0.131 93.11 0.014 

5 4 3200 64 0.119 93.74 0.114 

9 14 11200 224 0.122 93.58 0.398 

16 42 34450 689 0.079 95.84 1.245 

20 59 48150 963 0.091 95.21 1.741 

23 74 58550 1171 0.121 93.63 2.111 

25 84 65650 1313 0.206 89.16 2.351 

28 90 70450 1409 0.326 82.84 2.502 

31 96 75250 1505 0.423 77.74 2.644 

33 105 82450 1649 0.541 71.53 2.840 

35 110 86450 1729 0.63 66.84 2.942 

37 114 89650 1793 0.714 62.42 3.017 

41 122 96050 1921 0.764 59.79 3.163 

45 132 103800 2076 0.854 55.05 3.325 

48 145 113900 2278 1.024 46.11 3.502 

50 152 119500 2390 1.061 44.16 3.596 

53 162 127500 2550 1.229 35.32 3.703 

68 214 161350 3227 1.755 7.63 3.801 

72 228 171800 3436 1.81 4.74 3.820 

73 232 175000 3500 1.82 4.21 3.825 

Table  4-7 show that we have been able to obtain high removal efficiency of 95.8% and it 

is considered a highly efficient value compared to second pass RO stages of existing 

desalination plant at Gaza Power Station. 

It is notable that the removal efficiency at the starting stages of the process was lower 

than 95.8%. This result might be because of flow channelling phenomenon’s [64], [65] 

which occur due to the presence of voids and cap within the resin so that Boron leakage 

take place. The removal efficiency improved in a short time soon after because of the 

down flow that makes the resin compacted. 

4.3.2.1 Breakthrough Curve 

The variation of boron concentration in the treated water has been studied compared to 

the volume treated, referring the volume of treated water to the bed volume. The process 

has been continued until the resin was exhausted so that the Boron concentration of 

effluent has almost the same concentration of the influent. 

The breakthrough curve of boron obtained using Amberlite IRA 743 resin at SV 16 h-1 

are given in Figure  4-2. The breakthrough point was considered as the point where the 
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boron concentration reached to 0.5 mg B/L. Exhaustion of the bed is assumed to have 

occurred when the effluent concentration of boron is almost equal to influent Boron 

concentration (1.9 mg/L in our case) 

 

Figure  4-2 Breakthrough curve of Amberlite IRA 743 for boron removal from 

natural SWRO permeate (C0=1.9 mg B/L, SV=16-1, pH= 6.7) 

Breakthrough of boron was obtained at ~1600 BV with less than 0.5 mg B/L 

concentration in the effluent. The column exhausted with almost 1.9 mg B/L after ~3400 

BV of treated water. 

The amount of boron retained per litre of resin (Resin capacity) against the volume 

treated per unit volume of bed is shown in Figure  4-3. From the above figure, we have 

been able to obtain a capacity of 4 g/L of resin. This capacity is worthy outcome and it 

shows that the resin has high ability to adsorbed Boron. 

According to equation (3-6) and Table  4-7, the total amount of Boron adsorbed on resin 

to the end of the process (at exhausted point) can be calculated as following: 

RBSHI	GHTT	BK	ABCBD	HUTBCVFU	 = 3.825	X	50 = 191	GY	A 
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Figure  4-3 Boron accumulated by the resin 

The manufacturer establishes retention capacity between 1 and 6 g B/L for flow 

conditions of operation between 2 and 30 BV/h (Figure  4-4) with expected leakage lower 

than 100 ppb (0.1 mg B/L). According to our working flow of 16 BV/h, the retention 

capacity of boron for this flow should be about 2 g B/L which is consistent with our 

experimental results for same leakage of 0.1 mg B/L. 

 

Figure  4-4 the practical capacity of AMBERLITE IRA743 (Data sheet, 2002) 
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Figure  4-5 variations of pH value during saturation 

 
Figure  4-6 variations of Boron concentration and pH value during saturation  

Figure  4-5 and Figure  4-6 show the Variations of pH value during the ion exchange 

process. It is noteworthy that the pH value increase in the beginning of the process and it 

decrease with saturation of resin and reaches the influent pH when the resin exhausted. 

This is very interesting from the point of view of process control.  

From the salinity tests (Appendix III), it seems that the process has not any effect on the 

salinity of the treated water. So it is just removal of the boron without removal of any 

other ions. 
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4.3.2.2 Elution Curve 

Boron loaded onto the resin was eluted quantitatively from the resin using less than 2 BV 

of 10% H2SO4 solution at SV 2 h-1. The elution profile was obtained by analysing 5 ml of 

fractions collected at intervals. The respective elution curve is given in Figure  4-7. 

Although the elution process has been continued for about 7 hours without stop, it is 

appeared that the elution of boron from the resin has been accomplished after less than an 

hour (using 1.5 BV of acid). This shows that the elution process does not consume much 

acid. 

The area below the elution curve represents the mass of Boron eluted from the resin and it 

has been calculated to approximately 160 mg B. 

 

 

Figure  4-7  Elution curve of boron Selective Resin (Amberlite IRA 743) 

 

4.3.2.3 Second cycle 
The second cycle of column sorption test is performed for only 12.5 hours. The pH value 

and Boron concentration has been recorded. The Table  4-8 illustrated the results of the 

samples testing.  

 

Table  4-8 samples analysis of second cycle sorption test 
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Influent 0 0 0 6.73 1.9 ---  0.000 

1 2 1600 32 ---  ---  ---  --- 

2 6 4800 96 10.05  ---  ---  --- 

3 10.5 8400 168 9.56 0.165 91.32 0.292 

4 12.5 10000 200 9.53 0.113 94.05 0.349 

From the samples results, it is shown that the regeneration process has been completed 

successfully so that the Boron concentration of the produced water is dropped 

dramatically after regeneration to reach a removal efficiency of almost 94% and the 

leakage value is estimated to be lower than 0.2 mg B/L. 

It is worth mentioning that the pH value increase in the beginning of the process and it 

decrease with saturation of resin as in the first cycle experiment. 

4.3.2.4 Summary data 

Table  4-9 illustrates the summary data for the Column Sorption of Boron from Natural 

Seawater RO Permeate by Amberlite IRA-743 Boron Selective Resin. 

We reach the breakthrough point after 1600 BV of continuous operation with a resin 

capacity of 2.77 g/l resin. The exhausted point has been reached after 3400 BV with resin 

capacity of 3.82 g/l resin. 

The column removed 190 mg of Boron. The elution steps can Eliminates 160 mg of 

Boron from the exhausted resin. The elution efficiency can be calculated according to 

equation (3-7) and it reaches to about 84.2%. This efficiency is consistent with other 

researchers[17]. 

Table  4-9 summary data for the Column Sorption of Boron from Natural Seawater 

RO Permeate 

Breakthrough 

volume  

(BV) 

Breakthrough 

capacity  

(g/l resin) 

Exhausted 

volume  (BV) 

Exhausted 

capacity  

(g/l resin) 

Elution Elution 

efficiency 

% mg 

sorbed 

mg 

eluted 

1600 2.77 3400 3.82 190 160 84.2% 

 

In summary, For the desired final concentration of boron below 0.5 mg/L, the operation 

will take about 100 hour (4 day) of continues operation at SV 16 with the saturation 

capacity of 2.77 g B/Lresin  to treat 1600 BV of SWRO solution with 1.9 mg B/L 

concentration as shown in Table  4-10. 
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Table  4-10 Summary for a boron concentration in treated water below 0.5 mg/L 

 

 

  

Parameter unit value 

Influent Boron concentration mg /L 1.9 

Flow rate BV/hr 16 

Start saturation L/Lresin 1600 

Retention (Resin capacity) g B /Lresin 2.77 

Regeneration cycle hour (day) 100 (4 day) 
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Chapter 5 Conclusions and Recommendations 

5.1.1 Conclusions 

This research was conducted to evaluate the removal of Boron element from the SWRO 

permeate using the ion exchange method. From the study, the results and the previous 

presented discussion, the following conclusions were drawn: 

• The seawater desalination plant of Gaza Power Station can remove salinity 
efficiently so that the water can be produced with TDS less than 0.04 ppm. 

• It is noticed that, however the membrane used in the first and second pass RO is 
manufactured to be high rejection of Boron element, we found that the Boron 
rejection is up to 62%. This lower boron rejection can be due to low applied 
pressure, or scaling occurred after long time in operation. The Boron rejection can 
also be increased by increase the pH of the feed water. 

• Despite that the first and second pass permeate were comply with the new WHO 
guideline of 2.4 mg/L, they were not in accordance to the FAO standards for 
irrigation for some crops like citrus and avocado (<0.5 mg/L).  

• The equilibrium capacity of the Amberlite IRA-743 was estimated to be 6.8 g/L in 

Batch mode sorption test resemble with maximum manufacturer capacity of 7g/l 

thus results obtained seem reasonable. 

• In column mode sorption test, Amberlite IRA-743 showed great performance for 

elimination of boron from natural seawater RO permeate with removal efficiency 

of 96%. An elution efficiency value was 84%. 

• For the desired final concentration of boron below 0.5 mg/L and before 

regeneration should be performed, the operation will take about 100 hour (4 day) 

of continues operation at SV 16 with the uptake capacity of 2.77 g B/Lresin  to treat 

1600 BV of SWRO solution with 1.9 mg B/L concentration.  

• The pH value increase in the beginning of the process and it decrease with 

saturation of resin and reaches the influent pH when the resin exhausted. This is 

very interesting from the point of view of process control. 

• Elution studies showed that the boron can be easily eluted by H2SO4 indicating 

that the resin can be reused but special efforts have to be made in the separation of 

the eluted boron from the acid eluents. 

• The resin can be used repeatedly without significant loosing of sorption capacity 

reflecting its feasibility for commercial application. 

• It clear from this study that the Ion Exchange method used is effective in Boron 

removal from permeate water of Seawater Reverse Osmosis and that is how the 

negative effects of irrigation water can be reduced.  
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5.1.2 Recommendations 

The following points present the recommendations of the study; 

• For the SWDP of Gaza Power Station, The boron removal efficiency can be 

increased by increasing the pH value (increasing the alkalinity) of the feed water 

for the second pass RO. The boron removal efficiency can also be increased by 

increasing the operational pressure at the first Pass RO.   

• There should be some considerations and cautions at the time of using the first and 

second pass RO permeate to irrigate the sensitive crops like citrus and avocado 

and the boron concentration should be reduced to the accepted and suitable levels. 

• It is highly recommended to make crops selection according to Boron 

Concentration in irrigation water. 

• It is highly recommended and needed to study the Ionic Exchange method as a 

pilot experiment to better understand its efficiency and operational characteristics. 

• Considering other methods of boron removal and specify its efficiency and 

economic feasibility, Such as removal by Activated Carbon produced from Olives 

Crushed Seeds, to specify the most suitable method to be used in Gaza Strip.   

• Studying the possibility of boron removal form wastewater treatment plants in 

order to use the treated wastewater for irrigation.  

• The necessity of performing studies and analysis of the effect of the high 

concentrations of boron in the sources of irrigation water, coming from both water 

wells and wastewater reuse, and specify the ability of different corps to resists 

boron effects.  

• The need of legislating the prevention and minimising of importing the hygienic 

and chemical materials which includes high concentration of boron to reduce 

boron concentration in the waste water.   
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Appendix I 

SUMMARY OF GETAP STUDY FOR WATER SOURCE 
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Appendix III 

The results of all tested samples collected from the Lab Experiment (Column-mode 
Sorption test)  

 

sample 

No.
hr

hr 

cont

flow

ml

Q 

cont
BV SV TDS pH B Eff

influent 0 0 0 0 0 325 6.73 1.9

1 0.50 0.50 400 400 8 16 507 11.14 0.131 93.11

2 0.50 1.00 400 800 16 16 442 11.05

3 1.00 2.00 800 1600 32 16 361 10.69

4 1.00 3.00 800 2400 48 16 345 10.5

5 1.00 4.00 800 3200 64 16 332 10.31 0.119 93.74

6 2.00 6.00 1600 4800 96 16 325 10.12

7 2.00 8.00 1600 6400 128 16 323 10.08

8 2.00 10.00 1600 8000 160 16 318 9.76

9 4.00 14.00 3200 11200 224 16 318 9.64 0.122 93.58

10 3.50 17.50 3350 14550 291 19.14 317 9.52

11 4.50 22.00 4000 18550 371 17.78 314 9.12

12 4.00 26.00 3200 21750 435 16 315 8.74

13 4.00 30.00 3200 24950 499 16 314 7.5

14 4.00 34.00 3200 28150 563 16 314 7.53

15 4.00 38.00 3000 31150 623 15 314 7.81

16 4.00 42.00 3300 34450 689 16.5 315 7.82 0.079 95.84

17 4.00 46.00 3300 37750 755 16.5 314 7.6

18 4.00 50.00 3200 40950 819 16 314 7.44

19 4.00 54.00 4000 44950 899 20 314 6.96

20 5.00 59.00 3200 48150 963 12.8 314 7.07 0.091 95.21

21 5.00 64.00 3200 51350 1027 12.8 314 7.16

22 5.50 69.50 4000 55350 1107 14.55 314 6.99

23 4.50 74.00 3200 58550 1171 14.22 314 6.86 0.121 93.63

24 6.00 80.00 4000 62550 1251 13.33 314 6.6

25 4.00 84.00 3100 65650 1313 15.5 314 6.43 0.206 89.16

26 2.00 86.00 1600 67250 1345 16 314 6.6

27 2.00 88.00 1600 68850 1377 16 314 6.67

28 2.00 90.00 1600 70450 1409 16 314 6.65 0.326 82.84

29 2.00 92.00 1600 72050 1441 16 315 6.59

30 2.00 94.00 1600 73650 1473 16 315 6.54

31 2.00 96.00 1600 75250 1505 16 316 6.52 0.423 77.74

32 4.00 100.00 3200 78450 1569 16 315 6.41

33 5.00 105.00 4000 82450 1649 16 314 6.31 0.541 71.53

34 3.00 108.00 2400 84850 1697 16 315 6.35

35 2.00 110.00 1600 86450 1729 16 314 6.35 0.63 66.84

36 2.00 112.00 1600 88050 1761 16 314 6.35

37 2.00 114.00 1600 89650 1793 16 314 6.38 0.714 62.42

38 2.00 116.00 1600 91250 1825 16 315 6.33

39 2.00 118.00 1600 92850 1857 16 315 6.32

40 2.00 120.00 1600 94450 1889 16 316 6.3

41 2.00 122.00 1600 96050 1921 16 315 6.17 0.764 59.79

42 2.00 124.00 1350 97400 1948 13.5 316 6.12

43 1.00 125.00 800 98200 1964 16 316 6.14

44 5.00 130.00 4000 102200 2044 16 315 6.09

45 2.00 132.00 1600 103800 2076 16 315 6.12 0.854 55.05

46 5.00 137.00 4000 107800 2156 16 314 6.24

47 3.00 140.00 2100 109900 2198 14 315 6.17

48 5.00 145.00 4000 113900 2278 16 316 6.1 1.024 46.11

49 3.00 148.00 2400 116300 2326 16 316 6.08

50 4.00 152.00 3200 119500 2390 16 318 6.09 1.061 44.16

51 1.00 153.00 800 120300 2406 16 318 6.12

52 5.00 158.00 4000 124300 2486 16 317 6.2

53 4.00 162.00 3200 127500 2550 16 316 6.26 1.229 35.32

54 4.00 166.00 3200 130700 2614 16 318 6.24

55 4.00 170.00 2300 133000 2660 11.5 317 6.29

56 2.00 172.00 1300 134300 2686 13 317 6.19

57 2.00 174.00 1200 135500 2710 12 317 6.24

58 8.00 182.00 3400 138900 2778 8.5 316 6.17

59 1.00 183.00 250 139150 2783 5 316 6.23

60 4.50 187.50 1800 140950 2819 8 316 6.37

61 2.50 190.00 1000 141950 2839 8 316 6.4

62 2.00 192.00 1800 143750 2875 18 318 6.45

63 4.00 196.00 3500 147250 2945 17.5 317 6.38

64 5.00 201.00 3600 150850 3017 14.4 317 6.45

65 3.00 204.00 2700 153550 3071 18 316 6.38

66 2.00 206.00 1400 154950 3099 14 318 6.3

67 4.00 210.00 3200 158150 3163 16 316 6.46

68 4.00 214.00 3200 161350 3227 16 317 6.32 1.755 7.63

69 4.00 218.00 3200 164550 3291 16 316 6.23

70 3.00 221.00 2400 166950 3339 16 316 6.29

71 6.00 227.00 4050 171000 3420 13.5 316 6.21

72 1.00 228.00 800 171800 3436 16 317 6.18 1.81 4.74

73 4.00 232.00 3200 175000 3500 16 316 6.4 1.82 4.21


