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Providing clean water all over the world at low cost to meet human 
needs is a big challenge in the current century. As the world strives 
to keep pace with the increasing demand for clean water as quickly 
as possible due to the permanent increase in population density and 
the deterioration of the state of water and its quality in addition to 
climate changes. The requirement for developing technological 
innovations incorporated water managing can't be exaggerated. As 
reached by previous researchers, nanotechnology possesses vast 
capabilities to improve water treatment and purify it from organic 
and inorganic pollutants through the safe use of unconventional 
water sources. This review covers the methods that have been 
examined both laboratory and commercially in purifying and 
treating water. This research provides a discussion of the used 
methods, advantages and their limitations and also covers a study of 
nanomaterials used as photocatalysts, whether manufactured or 
under study. This is done by studying and reviewing the chemical 
and physical properties of these nanomaterials and their 
applications in treating water pollution. 
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Introduction:  
Water is the most fundamental substance for all life on earth and a valuable asset for 

human development. the most essential humanitarian challenges included the credible access 

to clean water for the 21st century [1]. Growth of industry worldwide has massively expanded 

the waste by-products generation and cumulation. Conventional removal procedures of 

industrial wastes increased the groundwater toxicity [2]. Human society is confronting a main 

environmental issue as a result of the mentioned methods used by factories to dump their 

waste and their role in polluting water [3]. Globally, WHO has reported that about 3.7 million 

of population have passed away in 21st century because of ecological contamination. Water 

pollution by organic chemical compounds is counted to be a difficult issue since it influences 

the earth, living beings, and human wellbeing, yet in addition as a result of economic activities 

regarding with water usage [4]. Several water contaminants with organic compounds 

assuming the significant role [5]. Numerous sorts of organic chemical compounds, for 

example, pesticides, phenols, polycilic-aromatic hydrocarbons (PAHs), aliphatic and 
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hetercyclic compositions and industrial and rural productions just as the individuals living 

could be the wastewater sources imperiling water safety [6]. Where the simpler the pollutant 

structure, the easily degraded in environment [7] like methanol and polysaccharide [8], while 

persistent organic pollutants are hardly to degrade [9] ‘Fig. 1’. The latter pollutants kind is a 

lipid soluble and cancer-causing, teratogenic, and neurotoxic [10]. In summary, various 

nanoscale materials have been developed like zeolites, nano sorbents, nano catalysts, 

dendrimers and nanostructured catalytic membranes to be useful in disinfection diseases 

resulting microorganisms, organic and inorganic solutes and removal of toxic substances from 

water. There are several efficient processes called membrane processes [11], the principle of 

which is to work with pressure-driven filtration [12] to remove large amounts of pollutants 

such as microfiltration [13], ultrafiltration [14], reverse osmosis [15] and nanofiltration [16]. 

And so, remedying of risky waste materials from water has become a subject the global 

priority, in this review we are focusing on water contaminations and the most valuable 

technique to limit it. This work will discuss the adopted methods, advantages and their 

limitations and also covers a study of nanomaterials used as photocatalysts, whether 

manufactured or under study. 

 
Fig 1. Persistent organic pollutants in China's surface water systems [10].  

1. Nanotechnology for water purification 

Nanotechnology providing an efficient innovative solution in treating of water pollution 

issues identified with quantity and quality. Nanomaterials such as carbon nanotubes and 

dendrimers contribute to develop of progressively productive treatment processes among the 

developed water systems [17]. The advanced trade and non-trade techniques are used day-

by-day, since the invention of nanotechnology in water purification till now proves its 

effectiveness in water treatment [18]. Advancements in researches of using the 

nanotechnology have made it conceivable to create financially achievable and naturally stable 

treatment innovations for viably treating water meeting the standards of water quality [19]. 
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Sufficiently, many issues of water quality can be addressed by various nanoparticle types or 

nanofibers. Nanoparticles treat water because it can penetrate deeper [20]; for example 

removing Hg from Erbo river as illustrated in ‘Fig. 2’  [21]. Nanomaterials are characterized by 

several features that help in water purification , such merts are as follows: 

a. Nanotechnology utilizes materials of at least one-dimension size < 100 nm as seen in the 

scanning electronic microscopic pictures in ‘Fig. 3’ [22]. 

b. Higher surface to volume ratio of nanoparticles improves the reactivity with pollutants 

[23], and offering treatment and remedying, detecting and pollution preventing [24].  

c. There are different types of nanomaterials: 

i. Zero dimensional nanoparticles (at a single point has a fixed length, breadth and height) 

such as nano dots like carbon-based quantum dot used in water purification [25]. 

ii. One dimensional nanoparticle where it can have just one parameter for instance 

graphene [26]. 

iii. Two dimensional where it only possess length and breadth for instance carbon nanotubes 

[27]. 

iv. Three dimensional where it has all the parameters, for example, length, expansiveness 

and stature for instance graphene based hybrid materials for treating water [28]. 

 

  
Fig 2. Hg removal from Erbo river: A. result of treating by Hg with Au-nanoparticles and B. 

40×magnified optical microscope image [21]. 

 
Fig 3. Scanning electron microscopic images of Au spherical nanoparticles [22]. 
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The nanoparticles are of various shape, size and structure [29]. The forms of crystalline or 

amorphous nanoparticles differ from each other shape, including cylindrical, conical, 

spherical, flat and others with a regular or irregular surface with respect to surface variation 

[30]. Various union strategies are either being advanced or improved to upgrade the 

properties for low cost productions. Modification of these methods is to accomplish process 

explicit nanoparticles to expand their optical, mechanical, physical and concoction properties 

[22]. The nanoparticles are currently utilized in each item like from cooking vessel, hardware 

to renewable energies, aerospace industry and etc.  

Nanotechnology is the key for a perfect and maintainable future. Different types of 

nanoscale materials such as titanium dioxide [31], carbon nanotubes [32], zinc oxide and 

doped-zinc oxide and so forth [33] were examined and used commercially and by researchers 

in water treatment are illustrated in ‘Fig. 4’ with different analysis methods [34]. 

Nanomaterials has been used in water purification and laboratory experiments have been 

conducted on these materials to remove pollutants from the water, and they have given 

successful results such as graphene oxide to remove toxic ions pollutants [35], graphene 

based material used to remove heavy metal radionuclides [36], carbon nanotubes used to 

remove heavy metals and organic contaminants [27], the bioactive nanoparticles to remove 

the bacteria, the biomimetic membranes to remove salts from water and so on. Above, 

membrane techniques are mentioned as a method of water treatment.  

Nanomaterials contributed to the development of these filtration processes and made 

them more efficient and on the other hand made them affordable in terms of cost [37]. 

Nanoparticles have been as often as possible utilized in membrane fabricating by either 

blending gathering nanoparticles into porous membrane to allow controlling the permeability 

and fouling resistance in different structures and significant functionalities [38]. Finally, 

nanofibrous media [39] have also been used to improve the filtration systems due to their 

high permeability and small pore size properties [40]. They are synthesized by a new and 

efficient fabrication process, namely, electrospinning and may exhibit different properties 

depending on the selected polymers [41].  

2. Water purification methods 

During the past three decades, the problems of chemical and biological pollutants in 

water have received wide attention from researchers all over the world in this field in order 

to reduce the amount of pollutants and toxins in the water in several ways [42]. The 

conventional methods ‘Fig. 5’are distillation method [42], chemical transformation, 

coagulation and flocculation, biological treatment [43], ultraviolet treatment, reverse osmosis 

[15], nanofiltration [40], ultrafiltration, microfiltration and carbon filter. The comparison 

between the nanofiltration and reverse osmosis membranes in water purification application 

two methods proves that the first method is more affordable than the second one. Both 

methods are efficient in salts, ions, bacteria, molds and minerals removal. In water 

purification processes, ultrafiltration membranes are used, colloids and large particles are 

removed as shown in ‘Fig. 6’ [14]. On the other hand, microfiltration membrane is considered 

as the most mature process depending on liquid filtration.  
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There are still some challenges for scientists to improve the manufacture of these 

methods and get rid of their weaknesses in terms of reducing osmotic pressure, the problem 

of limited porosity and others [44]. Basically, a membrane is a barrier which separates two 

phases from each other by restricting movement of components through it in a selective style 

[42]. Characteristically, membranes can be classified as isotropic or anisotropic. Isotropic 

membranes are uniform in composition and physical structure. They can be microporous; in 

which case their permeation fluxes are relatively high compared to when they are nonporous 

(dense) where their application is highly limited due to low permeation fluxes. Isotropic 

microporous membranes are widely applied in microfiltration membranes. Anisotropic 

membranes on the other handare non-uniformover the membrane area and are made up of 

different layers with different structures and composition. These membranes have a thin 

selective layer supported by a thicker and highly permeable layer. They are particularly 

applied in reverse osmosis (RO) processes [37].The major disadvantages associated with such 

purification methodologies are listed in Table below: 

Table 1. The major disadvantages of available water purification methods. 

Method Disadvantage 

Distillation 
It requires high energy and a large amount of water to remove pollutants, 

and most pollutants remain. Pollutants with a boiling point greater than 

100°C are difficult to remove. 

Chemical 

transformation 

It needs additional reagents. The compound can be of low quality, 

environmentally invalid, and difficult to activate in the harsh 

environment. 

Biological 

treatment 

It is difficult to monitor the sensitivity of major groups of microorganisms 

to the environmental conditions. It is may be damaged by the 

intermediates, time consuming and very expensive method 

Reverse 

osmosis 

It works to remove minerals and leave behind an acidic environment and 

requires a high amount of energy. This method does not work when 

chemical, chloramine, and volatile organic and others are required to be 

removed 

Nanofiltration 

In addition to the high energy required, this technique always requires 

pre-treatment. At a specific lifetime, the membranes are spoiled and this 

technique is expensive for this reason. 

Ultrafiltration 

This method requires high energies as well, and when applied to get rid of 

dissolved inorganic pollutants, the substances remain the same and are 

not affected. It is not easy to clean and is always exposed to particulate 

plugging 

Microfiltration 

It is not applicable on removal of nitrates, metals, organics and so forth 

and have low sensitivity to the microbes. membranes will suffer from 

spoiling and need a cleaning process regularly. 
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Fig 4. Examples of different types of nanomaterials including particles, crystals, tube, and belts 

[34]. 

 

 
Fig 5. Types of Filteration methods for water purification 
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Fig 6. prograss of filteration methods of pollutant removal [14]. 

 

3. Semiconductor photocatalysis 

Recently due to the potential energy and energy gap energy of each semiconducting 

material, these materials have received a significant interest in photocatalysis applications 

‘‘Fig. 7a’. [45]. The perfect semiconductor photocatalyst materials are defined by their core 

component enable the material to change its valence state reversibly to suit a hole and keep 

the semiconductor from being decomposed, for example, Ti3+ → Ti4+ in nonstoichiometric TiO2 

[46]. The photogenerated gaps ought to be highly oxidized to create hydroxyl radicals (∙OH) 

and the photogenerated electrons ought to decrease enough for production of superoxide 

from oxygen atoms [47]. Likewise, the semiconductor ought to have a suitable bandgap and 

more than one stable valence so the elements are not decomposed by holes production (e.g., 

Zn2+ in ZnO and Cd2+ in CdS are photo-corroded by holes production [48]. 

3.1. Mechanism of photocatalysis 

The semiconductor photocatalysts have a void or null region that extends from valence 

band (VB) to the conduction band (CB), that represented by the top of highest occupied 

molecular orbital (HOMO) to the bottom of lowest unoccupied molecular orbital (LUMO) [49]. 

This region known as band gap denoted by Eg. At illumination states, the semiconductor 

absorbs a photon of energy (hv). If the photon energy ≥ Eg, an electron is promoted from VB 

to CV leaving a hole instead in the original place ‘Fig. 7b’. The generated e--hole pairs then 

migrate to the photocatalyst material surface where several processes may occur like 

recombination, energy dissipation or reaction with donor or accepter electrons on 

semiconductor surfaces or other processes [50].  

In general, a hydroxyl radical is formed from water oxidizing by holes, then a chain of 

reactions will start that proceeds for organics oxidization while the electrons can be donated 

to electrons acceptors. Therefore, semiconductors are considered as a basic material in 

photosynthetic stimulation of decomposition of organic compounds and removal of ions to 
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treat water pollution, as when using TiO2 nanoparticles [51], which have demonstrated 

activity in photosynthesis, protective coatings and solar cells sensitive to dye [52]. The 

previous researches have proved the efficiency of the three phases of TiO2; anatase (A) [53], 

rutile (B) and brookite (B) [54]. For example, the sol-gel method and a hydrothermal 

technique were utilized to develop Fe3+ -modified TiO2 photocatalyst. The gained phase by 

the first method was highly crystalline anatase phase while a reduction in crystallinity was 

observed when the second method was applied [55]. 

 
Fig 7. a. band gap energies of some semiconducter materials used in photocatalysis application 

and b. photooxidative degradation of organic pollutants by using TiO2 nanoparticles [45]. 

 

4. Synthesis of undoped and doped nanoparticles used in photocatalysis 

applications 

Photocatalysis is an advanced oxidation process that is sustainable in treating and 

purifying water relying on nanomaterials, especially in modern technologies. The principle of 

photocatalysis work on the oxidative elimination of micro pollutants, organic pollutants and 

microbes and their degradation. Preparation of nanoparticles from metal and nonmetal 

doping [56], co-doping (with metal–metal, metal–nonmetal, and nonmetal–nonmetal) [57], 

and doping with different components confined to the tri-doping system to get better 

chemical and physical properties [58]. Herein, a historical survey of some recent reteaches 

about the topic of preparations of catalysis that reported in the last five years: 

In 2016, According to Singh and Hankins, membrane technology has the potential of 

bridging the economical and sustainability gap, amid possibilities of low or no chemical usage, 

environmental friendliness and easy accessibility to many. That is, membrane technology has 

proven to be a more favorable option in wastewater treatment processes in recent times [59]. 

In 2016, D. Ahirwar et al. have synthesized a highly crystallinity, porosity and purity 

mesoporous-TiO2 catalyst without using an acidic solution or a base by a modified sol-gel 

methodology. The researchers have gained a specific surface area about 226.25 m2/g, while 
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about 186, 210 and 192 m2/g by deblock copolymers Lutensol AT18, Lutensol AT25 and 

Lutensol AT50, respectively [60] . 

In 2016, X. Chem et al. have synthesized a mesoporous-TiO2 by using the reactant TiCl4 

and the biological source lignin as a template. The researchers have gained a surface area 

about 165.8 m2/g and a porosity volume of 0.312 cm3/g by hydrolysis/precipitation 

methodology. The researchers have interpreted that the crystal size obtained and the 

mesoporous-TiO2 structure is because of the two hydroxyl groups of lignin and surface 

hydroxyl resins of TiO2 precursors were interacted [61].  

In 2017, T. Kamal et al. have prepared porous cellulose acetate fiber by wet spinning 

technique and cellulose acetate sheets by doctor blade (tape casting) technique to produce a 

material with large surface area. They have synthesized silver (Ag) nanoparticles on 

immobilizing substrate by dipped both of cellulose acetate fiber and sheets in 0.1 M of 

aqueous AgNO3 and treated them with 0.1 M of NaBH4. The prepared materials were 

examined and utilized as catalysts. The Ag/cellulose acetate fiber assumed to be better 

catalysis in the hydrogenation process of 2,6- dinitrophenol when contrasted with the 

Ag/cellulose acetate sheets [62]. 

In 2017, S. Toston et al. have used super-crucial CO2 to prepare the photocatalyst 0.1 wt% 

Pt-TiO2 in. the purpose of their study is to use the photocatalysis for reducing CO2 into 

methane; the rate of methane production was 0.245 µmol/g-cat/h. The obtained 

photocatalyst characterized by crystalline structure, large surface area, porosity and able to 

absorb light in visible [63].  

In 2018, B. Niu et al. have studied the mesoporous-TiO2 due to its internal porosity and 

high surface area. They studied the mesoporous-TiO2 applications, especially in the field of 

photocatalysis, and explained its synthesis methods, including the sol-gel method, 

hydrothermal and solvothermal and others. The particles size of 70-110 nm of TiO2 

nanoparticles have prepared in a supercritical carbon dioxide system by hydrolysis of 

titanium tetraisopropoxide (TTIP) [64].  

In 2018, G. Liao et al. have reported a preparation of a nanocomposite of Ag nanoparticles 

with poly (styrene-N-isopropyl acrylamide-methacrylic acid). The prepared nanocomposite 

was examined as catalyst and they approved its efficiency and stability to reduce and absorb 

the methylene blue dye. Ag  nanoparticles showed highly superior to their bulk due to their 

antimicrobial and physicochemical characteristics and their mechanical properties [65]. 

In 2018, Lang et al. manufactured an Ag-rGO-TiO2 nanocomposite by depositing Ag 

nanocubes and TiO2 nanolayers on reduced graphene oxides surfaces. Besides, they have 

prepared Ag-TiO2 for comparing process. They noticed no photocatalytic activity for Ag-TiO2 

and TiO2 while the Ag-rGO-TiO2 nanocomposite has provided a hydrogen rate of 0.53 μmol g-1 

h-1 per mass unit under visible light with methanol water (20 vol% methanol). Moreover, a 

formed Schottky barrier on rGO-TiO2 surface reinforced the hot electron spreading from rGO 

to TiO2 [66]. 
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In 2019, X. Lin et al. have reported a synthesis method of a ternary heterostructure 

photocatalyst. The synthesis procedure included a co-anchoring process of the carbon nitride 

quantum dot and nitrogen-doped carbon quantum dot (CNQD and NCD) on BiVO4 

microspheres surfaces.  The synthesized compound exhibited an excellent activity under 

visible light as a photocatalyst to degrade a rhodamine B dye and tetracycline antibiotic. They 

have observed that BiVO4/CNQDs/NCDs showed better photoreactivity for degrading both 

RhB and TC if compared with pure samples. This study provided a useful results of ternary 

heterostructure photocatalysts application in water purification [67]. 

In 2019, M. Taherinia et al. have prepared a doped-TiO2 nanoparticles by sol-gel method 

and studied their photocatalytic activity at 450, 550 and 650 oC calcination temperature. The 

gained findings showed that the doped-TiO2 nanoparticles have increased surface reactivity 

when they solve the Ti precursor with acetic acid. A reduced photocatalytic activity of doped-

TiO2 was observed at the higher levels of temperature. This is due to the fact that the 

nanoparticles accumulate together, which leads to reduced surface area [68]. 

In 2019, Q. Gao et al. have manufactured a hydrogenated F-doping TiO2 using a two-step 

facial method. The researchers approved that the F-doping improved the UV-absorption by 

TiO2 and it can be increased by hydrogen treatment in visible region. Accordingly, the 

hydrogenated F-doping TiO2 showed preferred photocatalytic properties over pure, 

hydrogenated or F-doped TiO2, in either hydrogen generating or organic contaminant 

degradation [69]. 

In 2020, Z. Wanga et al. have presented an investigation of carbamazepine (CBZ) 

photocatalytic degradation by neodymium-doped antimony trioxide/titanium dioxide (Nd-

doped Sb2O3-TiO2) inside ultrapure water under UVC radiation. They have synthesized the 

catalyst samples by hydrothermal technique with 0-2% ratios of Nd. The obtained measured 

surface area at 1% Nd = 9.56 m2g-1 and the band gap energy = 3 eV. As a result from this 

experiment, 1% Nd-doped Sb2O3/TiO2 photocatalyst at catalyst dose of 0.5 g/L demonstrated 

the best photocatalytic action towards CBZ degradation. Finally, from quenching and trapping 

tests on each sample, it has been shown that OH radicals and ∙O2- were in charge of CBZ 

degradation [70]. 

In 2020, C. Noda et al. have synthesized a three component photocatalyst namely 

C3N4/rGO/C-TiO2 by the in-situ methodology. C3N4/rGO increased the surface contact and C-

TiO2 has crystallized over the mentioned surface to get a highly dispersed nanoparticles on 

C3N4/rGO surface. The most efficient and higher photocatalytic activity was obtained by the 

samples produced by in-situ method. By measuring the transient absorption, they found that 

the composite has possessed the longer life time than other components which provide it the 

ability to exhibit higher activity in photocatalytic response [71]. 

In 2020, Becerra et al. have adopted the aerobic biological treatment as a secondary 

treatment after photocatalytic treatment of water contaminated with hlorpyrifos 

(insecticide), the results showed that the biological treatment chosen had a high removal 

efficiency [72]. 
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Conclusion: 

Nanotechnology has gained a momentum globally for water treatment. The extraordinary 

properties of nanomaterials and their assembly with momentum treatment advances present 

incredible chances in water treatment purposes. Numerous numbers of nanotechnologies are 

still in lab explore stage, some have advanced toward pilot testing or even commercialization. 

Among them, three classes appear to be a promise category in full scale application sooner 

rather than later dependent on their researching, developing, traditional accessibility and cost 

of the involved nanomaterials: nano-adsorbents, nanotechnology enabled membrane and 

nano-photocatalysts. Every one of the three classifications have commercial items, in spite of 

the fact that they have not been applied in huge scope of treating water. There are several 

methods that have been applied to the purification and treatment of water and the removal of 

organic and inorganic pollutants from it. These techniques were chosen according to their 

effectiveness and the simple tools required in them. These technologies and their limitations 

were explained in this review. The most acceptable methods are nanofiltration and 

microfiltration membrane methods. Nanofiltration requires low operating presser to provide 

high and high of permeate flux when using this membrane as a separation barrier. On the 

other hand, due to low pressure requirement in microfiltration membrane process, this 

method considered as an attractive separation technique for undesired particle removal in 

water purification processes. We conclude that it is necessary to have cooperation between 

industrial companies and research and development centers in order to get rid of the 

challenges facing nanotechnology, including the high cost problems and risks that affect the 

environment, nature and human health. 
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مراجعة :تطبيقات المواد النانوية في تنقية المياه  
 

 * 3شيماء عبد الستار سعود ،2شيماء باسم خلف ،1خالدة فرحان سهيل

  الجامعة التكنولوجية العلوم التطبيقية،قسم  الكيمياء التطبيقية، فرع  -1

 مركز الطاقة والطاقات المتجددة، الجامعة التكنولوجية -2

                                                                        (uotechnology.edu.iq@100234)التكنولوجية فرع التقنيات الاحيائية ،قسم العلوم التطبيقية،الجامعة  -3

 معلومات البحث:  الخلاصة:

إن توفير المياه النظيفة في جميع أنحاء العالم بتكلفة منخفضة لتلبية الاحتياجات البشرية 

على المياه  يشكل تحديا كبيرا في القرن الحالي. كما يسعى العالم لمواكبة الطلب المتزايد

النظيفة في أسرع وقت ممكن بسبب الزيادة الدائمة في الكثافة السكانية وتدهور حالة 

المياه وجودتها بالإضافة إلى التغيرات المناخية. لا يمكن المبالغة في شرط تطوير 

الابتكارات التكنولوجية إدارة المياه. وكما توصل إليه الباحثون السابقون، فإن تكنولوجيا 

نو تمتلك قدرات هائلة لتحسين معالجة المياه وتنقيتها من الملوثات العضوية وغير النا

العضوية من خلال الاستخدام الآمن لمصادر المياه غير التقليدية. يغطي هذا 

ً في تنقية المياه  ً وتجاريا الاستعراض الأساليب التي تم فحصها على حد سواء مختبريا

ة للأساليب المستخدمة، والمزايا والقيود المفروضة ومعالجتها. هذا البحث يقدم مناقش

عليها، ويغطي أيضا دراسة المواد النانوية المستخدمة كصورات ضوئية، سواء كانت 

مصنوعة أو قيد الدراسة. ويتم ذلك من خلال دراسة ومراجعة الخصائص الكيميائية 

 .مياهوالفيزيائية لهذه المواد النانوية وتطبيقاتها في معالجة تلوث ال

 24/12/2020 تأريخ الاستلام:

 10/02/2021تأريخ القبـــول: 

 الكلمات المفتاحية:

، المواد النانوية، تكنولوجيا النانو
، تلوث المياه، التحليل الضوئي

 الملوثات

 

 

 


