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Abstract


   Glass is an amorphous commonly transparent and hard material. Therefore, it has been used in various applications. Glaze on ceramic was the first known type of glass, and the first plant for glass was in Egypt at Tell El-Amarna, south of Egypt. It subjected to many developments through that time till recent age. The old glass compositions were based on soda – Ca-silica then Na–Al glass appears till reached to N-containg glasses and certain compositions that able to crystallize to give what is known glass ceramics. The developed glasses and glass ceramics become essential needs in our life and in the industrial areas. Depending on the chemical composition glass and glass ceramics can be classified as: Ordinary – amorphous glasses, Bioactive glasses, Glass–ceramics, metallic glasses and Chalcogenide glasses. These materials are characterized by applicable mechanical and chemical in addition to electrical properties that enabled these materials to have a wide spectrum of applications. Applications of different types include : Float glass, tinted glass, Reflective glass, optical lenses, Enameles, photosensitive glass, Pattern glass , mirrors, Glass Wool, communication fibers, Optical lenses, glass for Photovoltaic,  glass for X-ray protection, Electrically heated glass, Electrochromic glass, Liquid crystal glazing, Self-cleaning glass, Tempered glass, Fire-resistant glass, Sealing glass , Bioglass, Radiation sensitive glasses . Glass as a material will always exist in human life.









1. Introduction
	Glass products have applications in scientific field and design engineering, in which plastics and metals can not be used. After the discovery of glass it passes through the time with drastic changes and developments both in composition and applications.
	The Roman sailor noticed that during, cooking their   meal on a beach, which contains nature raw materials of sodium in addition to the sand grains, a liquid began to flow and that was the origin of man-made glass [1].  
 	Glaze on ceramic was the first known type of glass, and the first plant for glass was in Egypt at Tell El-Amarna, south of Egypt (Fig.1) [2]. Glass manufacture based on soda lime glass was developed In Murano Island, near Venice. New glasses were developed where transparent glass, referred as glass–ceramics were used as cookware. In 1950s, a new revolutionary production method for float glass production was introduced followed by development of fiber glasses for laser communication in 1970s. Glasses that can immobilize radioactive wastes were also developed during the 1970s. [1]. Such progress in the development of glass since its discovery is continuing in the present time and become a part of our life as will be seen in the following items.
2. Glass: compositions and preparation
	Glass is a solid material with a randomized three-dimensional structure called amorphous or glassy state which is characterized by XRD hump (Fig.2) and glass transition temperature (Fig.3) [3]. 
	Glasses are prepared from oxides (Table 1) that introduced during fabrication as such or in other forms such as carbonates, hydroxides or salts where they are mixed and melted at a high temperature in the range 1100C to 1550C according to the composition of the glass.  Essentially, these oxides reduce the melting temperature of the mixture because the silica sand has a softens near 1770 C. The formed melt is shaped [4]  and cooled to room temperature with certain rate in a process called “annealing” to avoid formation of strains in the glass articles.
[image: http://www-scf.usc.edu/~cipolla/AmarnaMap.jpg]

Fig.1 A map showing ancient Egyptian sites and Tell El-Amarna [2]  
[image: ]








	Fig. 2 X-ray diffraction patterns of cristobalite, 
silica gel, and vitreous silica 

	Fig. 3   Volume –temperature relationships for glass, liquids,  supercooled liquids and crystals




The above method of glass preparation is referred as"melt-quenching technique" (Fig. 4). Other techniques such as vapor deposition (CVD) and sol-gel processes are possible; however, the melt-quenching technique is the only method for obtaining bulk glasses of acceptable size [5, 6].
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Fig. 4  Schematic illustration of melt quenching technique

   
Table 1 Oxides used in the fabrication of glass and their functions

	No.
	Oxide function
	Oxide

	1
	Main glass former oxides

	SiO2 , B2O3
GeO2,P2O5

	2
	Needs certain conditions to form glass  
	Al2O3; Bi2O3;
WO3; MoO3

	3
	Intermediate oxides that form glass with former oxides 
	TiO2; ZrO2
PbO; ZnO;

	4
	Modifier oxides: they modify the glass properties.

	MgO, CaO, Na2O,
K2O




3. Classification of glasses based on the chemical composition
		A simplified classification of glass and glass–ceramics based on their chemical composition is as follows:
3.1. Ordinary – amorphous glasses: 
	These glasses include:  Silica glass, Na–Ca silicate glass, borate glass, borosilicate glass, lead silicate, alumina silicate, Bi- silicate glass, Ca-B-Al glass, phosphate glass and Germanium glass. These glasses are of high commercial spectrum. Commercial glasses are based on silica sand and raw materials for oxides (Table 1) of different functions such as Na2O and CaO. 
3.2. Bioactive glasses: 
		


	Bioactive glasses are type of glasses that when in contact with body tissues, develops layers between the implant glass and host tissue. They mostly contain SiO2, P2O5, CaO, MgO and alkali oxides. The reaction rate of the bioactive glass with the contact tissues is controlled by changing its the chemical composition, which enables its usage for clinical applications [7].
3.3. Glass–ceramics:
	  Glass–ceramics are made by controlled crystallization of specially formulated compositions that may contain nucleating agents such as TiO2, ZrO2, P2O5 that initiate the crystallization process [8]. These types of materials are applicable in high temperature conditions. Their excellent mechanical and physical properties permit the usage of these types for industrial applications and as electrical insulators [4]. 

3.4. Metallic and chalcogenide glasses: 
		Bulk metallic glasses (MGs) are considered as materials from metals with disorder structure. Chalcogenide glasses are glasses that contain one or more of the elements sulfur, selenium and tellurium in disorder structure with covalent bonding. They are prepared from the liquid state by too fast cooling such that no crystals are formed and the material remained in the glassy state. They are commonly referred as ‘‘metallic glasses’’ or ‘‘bulk metallic glasses’’. The metallic glass Pd–Cu–Si and Pd–Ni–P alloys were prepared by melting and quenching in water. Amorphous steel have been introduced with higher strengths than conventional steel. The characteristic properties of these glassy alloys are they became soft and flow upon heating. Therefore they are easily processed, such as by injection molding, in similar manner as polymers. Bulk metallic glasses have found applications in medical devices, and as cases for electronic equipment [4].	 
4. Structure of inorganic oxide glasses 

4.1. Silica and silicate glasses
  
Fig. 5 shows the network units of silica glasses. 

[image: نتيجة بحث الصور عن ‪silicate glass‬‏]
Fig. 5 Network units of silicate glasses

  4.2. Multicomponent silicate glass:

	Fig.6 shows two-dimensional schematic representation of (a) a crystalline structure of quartz; (b) a simple silica glass; and (c) a multicomponent silicate glass.
 






[image: Image result for structure of glasses]
Fig.6  Two-dimensional schematic representation of (a) a crystalline structure of        quartz; (b) a simple silica glass; and (c) a multicomponent silicate glass[9]
4.3. Borate glass 
	In  borate glasses several group structures may be formed(Fig.7): the  isolated diborate  groups,   loose diborate , chain or ring type meta- and pentaborate groups,   six-member boraterings with one or two  triangles replaced by a  tetrahedral,  boroxol rings, triborat, tetra-borate, ortho-borate, pyroborategroups and linked  triangles with onefree vertex[10,11]. Examples of such groups are shown in (Fig.8).
[image: نتيجة بحث الصور عن ‪borate glasses‬‏]

Fig.7 Some network units of borate glasses: a) boroxol, 
         b) pentaborate, c) triborate and d) diborate groups 

4.4. Phosphate glass

The structural groups of phosphate glasses are shown in Fig.8.

[image: C:\Users\family\Documents\Bandicam\bandicam 2017-12-04 18-21-02-388.jpg]

Fig. 8 Structural groups in phosphate glasses [12]

5. Properties of glass
	Generally, the chemical composition of the glass essentially determines its mechanical and physical properties. The  most important properties of glass  are:  the  hardness is high (more than metals),high  tensile strength ( 24–69 MPa), they are brittle yet with low ductility, have both  low coefficient  of thermal expansion and low coefficient of thermal conductivity, considered as electrical insulators  and resist most chemicals , solvents and acidic and alkaline solution and some types resist variation in temperature . Tables 2and 3 list a comparison of some selected properties of other materials with glassy materials [4].















Table 2 Mechanical properties of glasses in comparison with other engineering materials.

	Material
	Flexural
strength
(MPa)
	Compressive
strength
(MPa)

	Hardness,
HV

	Young modulus
of elasticity,
E (GPa)

	Amorphous silica glass

	98

	1860
	600
	69

	Crystalline glass–ceramic

	103

	344
	250
	64

	Plastic (polycarbonate)

	89. 6
	
	
	2.28

	Carbon steel

	275
	275
	100
	200

	Cemented carbide
	1400

	4000
	1000
	612





[bookmark: _GoBack]Table 3 Physical properties of glasses in comparison with other engineering materials.

	Material
	Density
(kg/m3)

	Thermal conductivity
(W/m C)

	Coefficient of thermal
expansion, 20–100 C
(x10-6 m/m C)
	Electrical
resistivity
(m)

	Silica (amorphous glass)

	2304
	34
	1
	107

	Crystalline glass–ceramic

	2592
	33
	9.4
	1012

	Plastic  (polycarbonate)

	1296
	0.2
	6.7
	8x1014

	Carbon steel

	8064
	47
	11.9
	20

	Cemented carbide

	16000
	86
	7.4
	6x10-8



	
	The optical properties of glasses permit their application for lenses and windows. High silica glasses are characterized by very low coefficient of thermal expansion, which makes them resistant for thermal shocks suitable for laboratory glass instruments and light bulbs. Glass ceramics have good shock resistance. 
6.  Types of various glasses based on their applications
	Types of glasses are numerous ,  starting from  float glass to  security types to special glass types like electrochromic and photovoltaic glass are listed in (Table. 4) with  some areas of their application; such as Automotive , construction, Physics, chemistry and electronic applications. More details about the famous applications of these types are given in item (7).
7. Developments in glass and glass–ceramics
7.1. Development in Compositions 
	Hampshire [13] revealed some advances in the domain of oxynitride glasses. The nitrogen content and also cation ratios were found to affect drastically the structural of the glass, consequently its   properties. The main conclusions were oxynitride glasses based on the systems M–Si–O–N, M–Si–Al–O–N and M–Si–Mg–O–N can be prepared by normal melting processes. As nitrogen content increases, properties such as the hardness increases while thermal expansion coefficient decreases due to the increase in cross-linking of nitrogen within the glass network. The chemical durability and physical and mechanical properties of phosphate glasses were increased as a result of dissolved Nitrogen in those glasses [13]. Fujimoto [14] describes a new infrared luminescence from bismuth (Bi)-doped glass which found applications such as laser oscillation [[14] or optical amplification [15]. 
	The applications of glasses were extended as a result of development of their compositions where glasses for windows or bottles were developed to suite antinuclear radiation containers or in machine controls by using photosensitive glasses, or for imaging technologies and energy-saving [16].
	Revolutionary flexible glass-ceramic material, such as LaZr2O7 (LZO) and Yttrium silicate 
(Y2SiO5 known, as (ZircoFlex)), was developed to be used as heat shield material. The ceramic material being sprayed onto surfaces of the aluminum backing foils (see Fig. 9). Such applications for ZircoFlex™ are used in automotive industry to protect sensitive components from heat [4].

Table 4    Types of various glasses and areas of applications.

	General classification
	Type of glass
	Automotive
	Aerospace,
Architecture, construction
	Physics
/chemistry/
electronics


	Common glasses
	Float glass
	
	X
	

	
	Body tinted glass
	
	x
	

	
	Reflective glass
	x
	
	x

	
	Enamels
	
	x
	

	
	Pattern glass
	
	x
	x

	
	Mirror
	
	x
	

	
	Glass Wool
	
	
	

	
	Glass fibers
	
	
	

	
	Optical glass
	
	
	

	
		Sealing glass
	x



		
	



	
	

	Special glass types
	Photovoltaic glass
	x
	x
	X

	
	Glass for X-ray protection 
	X
	x
	x

	
	Electrically heated glass
	X
	x
	x

	
	Electrochromic glass
	x
	x
	X

	
	Liquid crystal glazing
	x
	
	x

	
	Self-cleaning glass
	x
	x
	x

	
	Sand-blasted glass
	
	x
	

	
	Acid-etched glass
	
	x
	x

	
	Tempered glass
	x
	x
	x

	
	Laminated glass
	x
	x
	x

	
	Fire-resistant glass
	x
	x
	x

	
	Wired glass
	x
	x
	x

	
	Alarm glass
	x
	x
	x

	
	Antireflective glass
	x
	x
	x

	
	Bioglass
	
	
	x

	
	Radiation sensitive glasses
	
	x
	x
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			 (a)  						(b)

Fig. 9 Flexible ceramic ZircoFlex™ on Al-foil (a) and on a steel (b)[4] 
7.2. Developments in applications 
7.2.1. Glasses and solar energy
	Solar energy systems (Fig .10) include photochemical reactions and their scales vary from large plant to small portable units [16]. Solar systems are improved by introducing crystalline, semiconductor nanostructures materials, such as CdSe/ZnS. These materials absorb light and emit photons of lower frequencies.    Solar collectors can be integrated in building facades (Fig.10).

	Fig. 10 Solar energy systems  


[image: Related image]     

7.2.2. Glasses and water purification
Glass as substrates makes use of solar energy to be used for photo catalytic decontamination in water or as tubes to carryout desalination as well. The photo catalytic process is performed on the glass surface on which titania was deposited. To facilitate the conductivity, indium doped tin oxide being painted on the glass surface. Glass surfaces are used due to their transparency to UV- light [4].
7.2.3. Glass for water desalination and hydrogen production
	Solar collection systems  should include glass covers  that are transparent  to solar light and to  act as condensation surfaces in single or double basin solar stills (Fig. 11a ) [16]. Amorphous silicone carbide (SiC:H) was used as photo electrode (Fig. 11b ) for production of hydrogen by solar energy  [17].  

	(a)


.[image: C:\Users\family\Documents\Bandicam\bandicam 2017-12-04 21-15-51-889.jpg]
[bookmark: Glasses_and_water_purification][bookmark: Glass_for_water_desalination_and_hydroge][bookmark: Glasses_and_wind_energy][bookmark: _bookmark0][bookmark: _bookmark1]
	                                (b)



[image: Image result for water splitting photoelectrodes]


Fig. 11 (a) Double basin solar still for desalination (adapted and modiﬁed from and [16]),
(b) Principles of photo electrode for hydrogen production [17].
7.2.4. Glasses for wind energy
	The production of energy from winds include a wind turbine attached to three blades (Fig. 12)    made of fiber glass/resin composite material. The presence of these glass fibers is to provide ultra-high strength, high-modulus glass compositions for these applications [18]. Fibers made of   basalt or E-glass fibers can be used for this application.

[image: cali wind farm]
Fig. 12 Wind energy system
7.2.5. Fast ionic conduction glasses 

These glassy materials (Table 4)  are used as solid electrolytes in batteries, or as sensors or electrochromic displays [19]. Their constitutions include various oxides of glass former with oxides of silver, lithium, sodium and potassium and chloride, iodide, bromide or fluoride salts [20–24].
[bookmark: 5_Conclusions][bookmark: References]7.2.6. Glasses as energy storage systems

 	Glass and Glass–ceramics may act as dielectric materials in super-capacitors to store energy or act as electrolytes in solid oxide fuel cells or in lithium batteries [26]. Super-capacitors of lithium aluminum silicate glass–ceramic with ZrO2 and TiO2 nucleating agents were developed [27].
	Hydrogen gas as fuel for a clean energy can safely store in hollow glass micro-spheres (Fig .13). Glass as storage material for hydrogen is cheap, strong and non-explosive material. Furthermore it can be recycled [16]. 


Table 4    Some important cation (Ag+, Li+, Na+, Cu+) & anion (F-) conducting glasses along with their conductivity values[25].
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Table 4 ( Continued).
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[image: C:\Users\family\Documents\Bandicam\bandicam 2017-12-03 21-20-54-090.jpg]
	
7.2.7. Glasses as immobilizers for nuclear wastes
	Glass is the material l of choice for waste forms safely stores the radioactive materials. It is prepared with compositions that impart high chemical and mechanical properties that make stable towards radiation and high temperature. Generally, borosilicate glass is one of the types of glasses which are used as immobilizers.
	Radioactive waste materials are immobilized by mixing it with a frit of borosilicate glass then they are melted at temperature below 1200 C. The melt   is cast into stainless steel containers that are welded shut, and moved to geological repositories (Fig. 14) [28].
  	As an alternative for nuclear waste immobilizers Iron phosphate glasses are used. It has been found that chemical and mechanical properties of iron phosphate glasses are better than that of borosilicate (Fig. 15) [4]. 
7.2.8. Glasses for Low-melting applications

7.2.8.1. Solder glasses
	These type of glasses are characterized by low melting temperature they also called
sealing glasses. Their softening temperatures are generally below 550 C that permits their application in sealing, as insulating coatings and enameling purposes. The compositions of most of commercial solder glasses were based on lead-containing compositions. Recently, Ca-aluminoborate and borosilicate of compositions (Wt %) 41.24 B2O-30.2Al2O3-11.94 MgO- 16.62CaO and 8.0 B2O -20.0 Al2O3 -4.95 SiO2-7.0MgO-12.0CaO- 6.0SrO- 2.0 La2O3 – 0.05 CoO, respectively, were developed [30]. However, the industry forced to use lead-free compositions due to the toxicity of PbO [31]. 

[image: http://www.glass-bubble.com/upfiles/1308538865T32_1.jpg]
Fig .13 Hollow glass microspheres 

[image: Related image][image: C:\Users\family\Desktop\shutterstock_231559162-890x395_c.jpg]


Fig.14 Storage of High-Level Radioactive Nuclear Waste 

[image: C:\Users\family\Documents\Bandicam\bandicam 2017-12-02 19-33-00-165.jpg]
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Fig.15 A comparison of the waste loading achieved in iron phosphate (IP) and that calculated for borosilicate (BS) glass waste forms for three nuclear wastes [29], 
(LAW)=low-activity waste, (HLW) = high level waste, (SBW)= sodium bearing waste 

[image: C:\Users\family\Documents\Bandicam\bandicam 2017-12-05 18-49-02-475.jpg]



Fig. 16 Enameling of aluminum

7.2.8.2. Overgrazing and enameling
	These glasses, such as borophosphate ones, are characterized by low temperature melting and can be used for overgrazing of ceramic articles and enameling of aluminum (Fig. 16) [32-38].  
7.2.8.3. Vitrification of high level radioactive waste

	High level radioactive wastes are immobilized in Lead iron phosphate glasses [39-41].  Other systems based on SnO–ZnO–P2O5, alumino-phosphate and borophosphate systems were also developed [42- 47].  
7.2.9. Glasses and glass–ceramics for dental applications 
	Glass ceramics are based on glasses that can be crystallized by controlled crystallization to achieve certain properties suitable for medical application [48-50].
  	Glass-ceramics with varied compositions have been developed to be used in dentistry [51]. After using of lithium disilicate glass-ceramic, leucite glass-ceramics were used [52]. However, lithium disilicate-based materials have better mechanical properties (Table 5), therefore they applied to the production of all-ceramic fixed partial dentures (Fig. 17) [53].   The first lithium disilicate glass-ceramic (based on the system Li2O:2SiO2) (Table 6) was produced by melting , which was then ground to be used in the form a powder [54].

[image: ]
                           Fig. 17 Glass-ceramic teeth lithium disilicate glass-ceramics
                                          are ideal for fabricating single-tooth restorations [55].



Table 5 Mechanical properties for the traditional glass ceramics in the market [56-58].
	Material
	Flexural strength
(MPa)

	Fracture toughness
(MPa.m1/2)

	Hardness
(GPa)

	Leucite 
	164
	1.03
	6.5

	Lithium disilicate 

	365
	2.80
	5.3




Table 6 Composition of the glass-ceramic lithium raw powder [54] 
	Constituent
	SiO2
	Al2O3

	La2O3

	MgO

	ZnO
	K2O

	Li2O

	P2O5
	Additives

	Weight %
	57–80
	0–5
	0.1–6
	0–5
	0–8
	0–13
	11–19
	0–11
	~ 8



	
	Yttria stabilized tetragonal zirconia polycrystal (Y-TZP) was developed and used for full-contour crowns restorations for monolithic (full-contour) restorations [50, 59, 60].
7.2.10. Bioactive glass-ceramics
	Certain glass-ceramic has bioactive properties and when implanted in human body a biologically active layer of hydroxyl apatite is formed and bonds to bone and teeth. They can be used for where high mechanical properties are required (such as as small-bone replacements). 
A type of highly bioactive glass-ceramic based on the Na2O-CaO-SiO2-P2O5 and contained about 30 to 50 percent crystalline phase of Na2O∙2CaO∙3SiO2 was developed [61].
	Heat-generating types of bioactive glass-ceramics were used in hyperthermic treatment of tumors. For instance, one based on the chemical composition CaO–SiO2–Fe2O3–B2O3–P2O5 was developed [62]. 
7.2.11. Glass-ceramic for commercial applications 
	A Glass ceramic was developed to be used in the aerospace industry as radomes to protect radar equipment in the nosecones of aircraft and rockets.  No glass or metal can y meet all of the specifications needed for these applications [63].
	Fotoceram is a type of glass ceramics which can be patterned by ultraviolet light and selectively crystallized by thermal treatments. The products can be applied in areas that need microchannels, ink-jet printer heads and acoustic systems in head-phones [63–67].
 	A range of glass-ceramics (in the system the Li2O–Al2O3–SiO2 (LAS) system) for consumer applications include those materials that resist thermal shock. LAS glass-ceramics can resists quick temperature changes of 800 °C to 1000 °C [55].
	The glass ceramic can be used as electrically insulating materials, transparent glass-ceramics: cookware and as bullet-proof vests. Machinable glass-ceramics can be shaped with ordinary metalworking tools. Glass ceramic can be used as construction materials for floor and wall tile [55, 66-68].
7.2.12. Borat glasses for Scientific and industrial applications 
	There are certain circumstances where silicate and borosilicate glasses are not satisfactory for scientific and industrial needs. Borate glasses offer certain advantages over silicate glasses that satisfy certain application as seen bellow.
7.2.12.1. Low-pressure sodium vapor lamps
	These types of lamps should be made from specific glass materials than not affected by sodium vapor. Therefor Silicate glasses are not suitable for this purpose (Fig.18). Special glasses were developed and lamps of Low-pressure sodium vapor were to illuminate some streets in south London [69, 70].
[image: Image result for sodium vapor lamps   IN road]
Fig.18 sodium vapor lamps

7.2.12. 2. Borat glasses for biomedical applications
	Certain borate glasses (Table 7) may have biodegradable (or bioresorbable) properties. These types of glass dissolve in human bodies when implanted to regenerate an intended tissue [71]. Another potential application of biodegradable glass is controlled drug delivery [72].
	Nanofibers glasses  based on the compositions 51.5–53 % B2O3, 20 % CaO, 6 % Na2O, 12 % K2O, 4 % P2O5, 5 % MgO, 0–0.4 % CuO, and 0–1 % ZnO (in wt%) and supported on small - size bandage were used as   wound healing (Fig. 19)  [73-75].
	A glass used in biomedical field as antimicrobial material, based on the composition  40–80 % B2O3, 0–70 % P2O5, 0–30 %Al2O3, 0–12 %Li2O, Na2O, K2O, and 1–30 %Ag2O (wt%), was developed [75]. One of the biomedical applications of such glass powders is antimicrobial additives for teeth restoration materials [76]. 
Table 7 Borate glass compositions developed for biomedical applications [30]
	Composition (mol %)
	13-93B1a

	13-93B3b
	13-93B3/
D-Alk-3Ba,b
	2B–6Srb
	2B–12Srb
	H6Ba
	B18a
	H12a

	Na2O
	6.0
	6.0
	6.0/5.9
	6.6
	6.7
	15.0
	12.5
	8.0


	K2O
	7.9
	8.0
	8.0/7.9
	7.1
	6.9
	–
	–
	–


	MgO

	7.7
	8.0
	8.0/7.7
	1.9
	–
	–
	–
	–

	CaO

	22.3
	22.0
	22.0/22.2
	21.8
	17.7
	35.0
	35.0
	40.0

	SrO

	–
	–
	–
	5.8
	11.6
	–
	–
	–

	Al2O3

	–
	–
	–
	–
	–
	1.0
	3.5
	2.0

	SiO2

	36.3
	–
	–
	19.2
	18.8
	6.5
	6.5
	7.5

	P2O5

	1.6
	2.0
	2.0/1.7
	1.8
	1.9
	1.0
	1.0
	2.5

	B2O3

	18.2
	54.0
	54.0/54.6
	35.8
	36.4
	41.5
	41.5
	40.0



a Measured composition      b Nominal composition

[image: https://thinktechi.files.wordpress.com/2011/05/dermafuse.jpg?w=400&h=266]
(a)
[image: https://thinktechi.files.wordpress.com/2011/05/dermafuse-1.jpg?w=320&h=104]
(b)
Fig. 19 A glass nanofiber material that looks like cotton candy (a), has been shown to speed healing in difficult-to-treat wounds and (b)a special borate-based glass nanofibers with ads used for wounds healing.
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[bookmark: Conclusion]	Fig.20 Radiation types and the degree of penetration


7.2.12.3. Borat glasses for Radioactive waste immobilization, neutron and gamma-ray shielding
Currently, gamma, X rays and neutrons are used in some applications, e.g., food irradiation. Long exposure to these radiations which have high penetration (Fig.20) may cause dangerous diseases as cancer. Therefore it is important to select suitable shielding materials to protect people from these harmful radiations [77].
	Efforts have been made to use borate glasses for immobilization of radioactive waste [78–80]. CaBAl glass was studied for this purpose [78], yet, borophosphate glasses [79] and lead borate glasses [80] were found to be more successful. Lead borate glasses bismuth borate glasses (60Bi2O3–40B2O3) have good shielding effect for gamma –irradiation [81, 82]. For neutron shielding [81] borate glasses in the system (100 − x − y) Na2B4O7−xPbO−yNiO were developed [81].  Borate glasses high in cadmium oxide are considered as good slow-neutron absorbers [83]. Table 8 list further glass systems applied for radiation shielding [84].
7.2.12.4. Borate glasses for optical fibers and optoelectronic applications
	Borate glass can dissolve large concentrations of the rare earth elements such as La2O3, Nd2O3, and Sm2O3 [85]. This property enabled the development of special borate glass based on the composition (TeO2)0.7(B2O3)0.3]0.7(ZnO)0.3}1−x (La2O3 NPs)x, where  = 0.01, 0.02, 0.03, 0.04, and 0.05 molar fraction, is developed to be used as optical fibers  [86] [87],  in photonics devices [88], telecommunication [89] and for near-infrared fiber amplifiers [90]. Borate glasses have application in geological dating and personal radiation dosimetry [91]. Barium aluminoborate is developed for such application using luminescence technology [92].
















Table 8   Borate and phosphate glass systems applied for radiation shielding
               and year of their development [84].

	Years
	Glass compositions

	1986
	Pb-In P2O5 and Pb-ScP2O5 glasses

	2002
	xBi2O3-(1-x)B2O3 -xBi2O3-(1-x)B2O3

	2003
	ZnO-PbO-B2O3 glass systems

	2005
	High Pb-P2O5 glasses

	2006
	xPbO-(0.5-x)BaO-0.5B2O3

	2008
	BaO-B2O3-Flyash
xPbO-(1-x)SiO2

	2009
	xPbO-(100-x)B2O3

	2011
	BaO-B2O3-Flyash
lead sodium borate glass systems

	2012
	BaO-B2O3-Rice huck Ash
BaO-B2O3-Flyash glasses
BaO-Bi2O3–Borosilicate
BaO doped SiO2-B2O3-Al2O3-Na2O glass systems
P2O5-PbO-BaO

	2013
	Ba2+Cations doped Fe-Na P2O5 Glasses
(50-x)SiO2-15B2O3-2Al2O3-10CaO-23Na2O-xBi2O3
xLi2O-(50-x)B2O3-40PbO-10P2O5
Pb-Zn-B2O3glasses

	2014
	xBaO-5ZnO-5MgO-14Na2O-Li2O-(75-x)B2O3
10ZnO-xBi2O3-(90-x)B2O3
xPbO-(0.90-x)B2O3-0.10Al2O3

	2015
	PbO-BaO-P2O5 glass systems


	



	7.2.13.   Glasses as fertilizers 

	Glasses in the system SiO2-P2O5-K2O-MgO-CaO-MnO2 were synthesized by the melt-quenching technique. Increasing amount of MnO2 result in an increase in the degree of de-polymerization of the structure which enable the use of this type of glass as fertilizer for providing the soil with Mg , K , Ca, P and Mn ions (Fig. 21) [93].  
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Fig.21   Solubility of the chemical selected components of 
            silicate–phosphate glasses, in citric acid solution.

7.2.14. Radiation sensitive glasses
	This type of glasses includes: Photosensitive glasses, photocromic and Glass for radiation dosimetry.
7.2.14.1. Photosensitive glasses
 Photosensitive glasses are crystal-clear glasses  that belong to silicate glasses containing  Li2O that form lithium- metasilicate around metallic cooper formed by photochemical reaction followed by controlled heating . The formed lithium- metasilicate is removed by etching in HF acid, accordingly when a selective photochemical reactions are performed, these positions will be etched leaving the other regions unaffected (Fig. 23).  Photosensitive glass is used in printing and decoration [94-96].

[image: C:\Users\family\Documents\Bandicam\bandicam 2017-12-05 23-45-20-905.jpg]
Fig. 22 Photosensitive glass
7.2.14.2. Photochromic glasses 
	Photochromic glasses are type of glasses that affect by light.  Upon exposure to light the transparency of the glass decreases, on the other hand when the light is removed the original transparency is restored (Fig.23).  This type of glass can be used as a simple smart window; its transmittance is dimmed upon solar illumination but returns to its original value in the dark similar to photo reactive sunglasses [97].

[image:  ]
Fig.23 Photochromic glasses

7.2.14.3. Glass for radiation dosimetry
Glasses for dosimetry using thermoluminescence method based on Lithium borate glass systems co-doped with the oxides of dysprosium (Dy2O3) were studied One of the glass compositions is 30Li2O:70B2O3, 30Li2O:70B2O3:Dy2O3, and Li2B4O7:Dy2O3. [98].
7.2.15. Metallic and Chalcogenide glasses
	Metallic glasses (Fig.24) represent an essential milestone engineering materials for its high mechanical and magnetic properties [99-101]. 	Above their glass transition, metallic glasses exhibit unique softening behavior which enables these glasses to act as thermoplastics. Metallic glasses can be shaped into very small size articles [102]. Some of these glasses (Mg60Zn35Ca5) are used for implantation as screws into bones [103]. Ti-based metallic glasses are also used for this purpose. Other types of Ca or Zn or Sr-based metallic glasses are applied as biodegradable material for bones fracture repair [104]. Types with high magnetic and corrosion resistance properties of compositions based on Nd–Fe–Al alloys [105] Zirconium-based glasses, respectively, were also developed [106]. 
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Fig.24 Metallic glasses



	The composition of chalcogenide glasses are based on S, Se or/and Te elements with other elements such as As, Ge, P, Sb, Ga, In, Tl, lanthanides [107]. These glasses are new category of non-crystalline solids with covalent bonds, semiconducting   and photosensitive properties [108].   Chalcogenide glasses for optical and Fibers applications of different systems have been developed [109-111].
 8.  Contribution of Egyptian Researchers
	In Egypt a lot of work has been performed to develop and characterize different typs of glasses. At the NRC a lot of researches have been performed to prepare and characterize different glasses ( silicate, borate, phosphate and borophosphate ) and glass-ceramics  as candidate for  energy storage material [112-115], shielding material for gamma radiation [116 ,117], radiation  dosimetry  [118,119] ,dielectric materials  [120] , optical applications [121], biomaterials [122,123]. 
	At Alexandria University, Faculty of Science, tellurite glasses were developed [124 , 125].
At Al Azhar University, Faculty of Science borosilicate glasses were studied for Ultrasonic and smart windows applications [126, 127]. At Ain Shams University glasses for photonic applications were studied [128]. At Faculty of Science, Mansoura University, bioactive based tellurite and silicate glasses were developed [129] .Optical glasses were also developed [130]. At Faculty of Science, Menofia University glasses for optical and Luminescence applications were studied [131, 132]. At Benha University glasses for dielectric and laser were studied   [133, 134] 
9. Future directions and recommendations
	Researches to improve deficiencies in borate glasses due to their low chemical properties should be increased. Binary borate glasses with lead oxide seem to be chemically durable, yet this oxide is toxic and should be removed and alternative glasses should be applied. Ternary and more complex borate glasses are needed for advanced applications. Glass as a material for many new applications will be involved in combination with other materials. With the increasing sophistication of optoelectronic devices, there is an increasing need to combine optical and electronic devices for many applications such as transmission of audio, video, and data information. 	Increasing attention should be towards glass ceramics as thermal shielding. The applications of flexible ceramic as heat shield material will increase. Increasing attention should be towards ‘‘smart glasses’’ to reduce the energy consumption in the buildings by energy-preserving techniques. Sufficient attention should be directed towards glass research in fields that in relation to useful application for the human community.
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