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INTERMEDIATE STATUS IN BOROSILICATE GLASS PRODUCTION 
EXECUTIVE SUMMARY


In its draft background documents on boric acid and diboron trioxide, it is stated that “Some uses appear not to be in the scope of authorisation, such as uses as intermediate in the manufacture of other substances (including in the glass and ceramic/frit sectors)”[footnoteRef:1]. [1:  ECHA Draft Background Document on Boric Acid and ECHA Draft Background Document on Diboron Trioxide, Documents developed in the context of ECHA’s sixth Recommendation for the inclusion of substances in Annex XIV, 1 September 2014, both references under p. 2(4)] 


The aim of the present document is to provide technical information with regard to the use of Borates in the production of Borosilicate Glass and their intermediate status under EU REACH Regulation (1907/2006/EC). 

Glass is a UVCB substance under the REACH Regulation[footnoteRef:2], and so is borosilicate glass.  Indeed, the UK REACH Competent Authority underlined that “glass is considered to refer to those materials commonly called glasses”.[footnoteRef:3]  [2:  REACH Annex V, Entry 11]  [3:  UK REACH Competent Authority Information Leaflet Number 8 – Exemptions, in www.hse.gov.uk/reach/resources/exemptions.pdf] 


Borosilicate glass is an inorganic material obtained from different inorganic raw materials which react at high temperature (“hot end”) to form this new substance. During this process the chemical bonds of all the raw materials are broken and the atoms are completely rearranged to form a new random network, where different cations are linked together by oxygen (bridges). The ingredients are melted and react at high temperature (ca 1350°-1500°C) in tank furnaces or pot furnaces. The manufactured Borosilicate Glass melt is then cooled down and delivered in gobs (portions of molten glass). In a further step (“cold end”), the final articles are produced.

Exemption as transported isolated intermediate, in the glass production
Borates that are used in the manufacture of borosilicate glass meet the definition of intermediates inasmuch as they are 
· transformed into a new substance, namely borosilicate glass. A recent ECHA document is reaffirming that “the manufacture of a substance is not subject to the authorisation requirement”.[footnoteRef:4]  [4:  CA/103/204 Q&A on the scope of certain authorization exempting provisions, 7 November 2014] 

· transported isolated intermediates, since they are produced elsewhere and transformed at the glass manufacturers’ site. 

This is consistent with the ECHA document on “Clarification of the concept of intermediates under REACH”[footnoteRef:5].  [5:  CA/04/2010 Clarification of the concept of intermediates, February 2010 and April 2010] 


Exemption for food contact material applications (Art. 56(5)
Certain borosilicate glassware are used for food contact materials applications and as such comply with Art. 56(5) on substances classified as hazardous to human health used for food contact materials (Reg. 1935/2004).  These applications are therefore out of the scope of authorization.


Conclusion

Borates are used as transported isolated intermediates (in the meaning of Article 3(15) REACH) in the manufacture of the substance borosilicate glass.  This use should therefore not be subject to authorization.
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Certain borolisicate glassware are used for food contact materials applications and as such comply with Art. 56(5) on substances classified as hazardous to human health used for food contact materials (Reg. 1935/2004).  These applications are therefore out of the scope of authorization.


1. [bookmark: _Toc310193492]
Definition of Borosilicate glass

Borosilicate Glass is a UVCB substance, as recognized in the REACH Regulation : “According to the scientific literature, glass is the state of a substance rather than a substance as such.  For legislative purposes, it can best be defined through its starting materials and production process, similar to many other UVCB substances”[footnoteRef:6]. The UK REACH Competent Authority further clarified that “glass is to be considered to refer to those materials commonly called glasses”[footnoteRef:7]. [6:  REACH Regulation, Annex V and Guidance for Annex V, Entry 11, pp. .38-39.]  [7:  UK REACH Competent Authority Information Leaflet Number 8 – Exemptions, in www.hse.gov.uk/reach/resources/exemptions.pdf, p.5] 


Borosilicate glass is therefore a substance of variable composition, which for simplicity is expressed by convention in terms of the oxides of the constituents’ elements (SiO2, Na2O, K2O, B, etc.). 

Although conventionally glass compositions are expressed as oxides of the different components, glass has a non-crystalline or vitreous inorganic macromolecular structure, which does not contain the individual different oxides; i. the different oxides (SiO2, Na2O, K2O, B, etc.) are not present as such.. 

The complex nature of the vitreous state - thermodynamically as well as structurally - is not in equilibrium and can be considered as a frozen-in, supercooled liquid (or melt) below a characteristic temperature, the so-called glass temperature or transformation temperature.
Structurally the vitreous state is characterized as a non-crystalline solid, i.e. no lattice order (symmetry or periodicity) does exist. However, one can detect a near-range order on the nanometer scale, but no far-range order. 
The American Society of Testing and Materials (ASTM) has defined oxide-glass as “an inorganic product of fusion which has cooled to a rigid condition without crystallization”.
In producing oxide glasses the term “fusion” in the ASTM definition has to be questioned. The starting crystalline ingredients (batch components) of a glass composition do not merely fuse or melt, but undergo complicated chemical reactions and solution processes. The raw materials lose their identity (“mineralogical transformation”) during heat exposure due to mutual chemical reactions without any stoichiometric compound formation, thus resulting in a three-dimensional random network structure.
Spectroscopic techniques, such as solid state Nuclear Magnetic Resonance demonstrate the presence of B‐O‐Si bonds in these types of glass. Such bonds do not exist in the raw materials used to make the glass because borates and silicon oxides are added as separate raw materials.

Together with other types of glass of similar nature, borosilicate glass is classified in EINECS (European Inventory of Existing Commercial chemical Substances) under the entry “Glass, oxide, chemicals “ -  EC number 266-046-0 and CAS number 65997-17-3. 





2. [bookmark: _Toc310193493]Manufacturing of Borosilicate glass and Production of Borosilicate Glassware are two separate processes

In all factories, the manufacture of Borosilicate glass occur in two separate steps in the process:
· The “hot end” process is the manufacture of the Borosilicate Glass melt, which will be used to form a droplets, ribbon or gob (portion of molten glass). 
· The functionality of the glass and the final article are obtained during the following shaping in the “cold end “process, in which the Borosilicate article is produced. For clarification, the “cold end “process could include some further steps at relatively high temperatures, such as re-melting, welding, annealing, etc.


3. Manufacturing process of Borosilicate glass

The manufacture of Borosilicate glass is covered by the Industrial Emissions Directive  and is technically explained in the BREF-Document on Best Available Techniques in the manufacture of glass. 

Glass industry raw materials are largely solid inorganic compounds, either naturally occurring minerals or synthetic products. 

The raw materials are melted and react to be transformed into a new substance : a molten glass, at high temperature (ca 1350°-1550°C) in furnaces. The obtained Borosilicate Glass melt is then cooled down and delivered in gobs. In a further step, the Borosilicate glass is shaped by different forming techniques.

The process layout of the Borosilicate Production is reported in the following table:


↓

↓

↓


The main steps in the manufacturing process of Borosilicate glass are described next:

1. The raw materials (e.g. borates) are generally weighted automatically.
2. In most borosilicate manufacture, the different raw materials that are necessary to obtain the final desired composition of the Borosilicate glass, are individually fed from silos normally by screw feeders into the balance cone and then mixed automatically with all other raw materials. 
3. The melting process is mainly in big continuous melting tank furnaces for continuous industrial manufacture. In this case, continuous cold-top electric furnaces are often used. An electric furnace consists of a refractory lined box supported by a steel frame with electrodes inserted either from the side, from the top or, more usually, from the bottom of the furnace. The energy for melting is provided by resistive heating as the electric current passes through the melt. The furnace is operated continuously. The top of the glass bath is covered by a layer of batch material, which gradually heats and melts from the bottom side of the batch blanket upwards, hence the term “cold-top” melter. Fresh batch material is continuously charged on top of the melt surface, usually by a conveyor system that moves across the whole surface. Most electric furnaces are fitted with bag filter systems and have excellent environmental performance in terms of direct emissions.
4. The molten homogeneous substance is first gradually cooled down. During this cooling step, there is rapid cooling of the glass mass by contact with air.


4. [bookmark: _Toc310193494]Downstream uses of Borosilicate glass

Borosilicate glass is then shaped by a large variety of processes for various applications:
	Cookware
	Aerospace
	Military applications

	Solar thermal glass tubes
	Nuclear protection glass
	Radiation shielding glass for medical applications

	Display glass
	Pharmaceutical glass
	Laboratory glass

	Continuous filament fibre glass
	Insulation fibre glass
	Low dielectric fibre glass

	Lighting
	Optical and ophthalmic glass
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5. Properties of Borosilicate Glass

The main properties of Borosilicate Glass are:
· Lower coefficient of expansion
· Improved workability and productivity (lower viscosity during melting and forming processes)
· Improved thermal chock resistance
· Maximum chemical resistance (and durability) to water, acids, saline solutions, organics substances and also halogens such as chlorine and bromine
· Lower electrical conductivity
· Improved infrared absorption (for insulation wool)
· Reduced surface tension
· Reduced liquid t°,
· Improved optical properties
· X-ray protection

Glass is obtained by a mineralogical process, resulting in a chemical network (matrix) or macromolecular structure. Its constituents are closely linked together, which is totally different from the initial state (raw materials such as metals or oxides). The toxicological effect and all other properties of the final substance glass and its constituents is very different from the properties of the individual raw materials.  On this basis it is possible to state that: 
· no single element present in the glass can be characterized by its unique chemical identity and form;
· no single element present in the glass has maintained the form and the chemical characteristics/properties of the raw materials;

Glass is a macromolecular material, this substance ‘glass’ is prepared by thermal fusion reactions of a several raw materials forming a homogeneous melt. 

Based on the inertness of glass, in October 2008, the EU Commission added glass to the list of substances exempted from certain provisions under REACH (ANNEX V of the REACH Regulation)[footnoteRef:8], in particular Title II (registration of the substances), Title V (downstream users) and Title VI (evaluation). To be exempted, the glass has to fulfil the following requirement:  “The following substances unless they meet the criteria for classification as dangerous according to Directive 67/548/EEC and provided that they do not contain constituents meeting the criteria as dangerous in accordance with Directive 67/548/EEC present in concentrations above the lowest of the applicable concentration limits set out in Directive 1999/45/EC or concentration limit set out in Annex 1 to Directive 67/548/EEC, unless conclusive scientific experimental data show that these constituents are not available throughout the life-cycle of the substance and those data have been ascertained to be adequate and reliable: Glass, ceramic frits”  [8: ) Commission Regulation (EC) No 987/2008 of 8 October 2008 amending Regulation (EC) No 1907/2006 of the European Parliament and of the Council on the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) as regards Annexes IV and V (1)
] 
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6. Use of borates as intermediate for borosilicate glass

6.1 - The context: intermediates according to REACH 

The term “intermediate” is defined in Article 3 (15) of REACH as “a substance that is manufactured for and consumed in or used for chemical processing in order to be transformed into another substance (hereinafter referred to as synthesis)”. REACH distinguishes between “non-isolated” and “isolated” intermediates which are further divided into on-site non transported and transported intermediates (Article 3 (15a to 15 c) REACH). 

Isolated intermediates are substances which are destined to undergo further chemical reaction on their own or after mixing with other substances. Isolated intermediates may be manufactured at the same site where the reaction takes place (“on-site isolated intermediates”), or transported to that site from another site (“transported isolated intermediates”). 

Certain borosilicate glassware are used for food contact materials applications and as such comply with Art. 56(5) on substances classified as hazardous to human health used for food contact materials (Reg. 1935).  These applications are therefore out of the scope of authorization.

6.2 - Raw Materials used

The oxides needed for the glass are added as a wide range of raw materials: naturally occurring minerals and man-made chemicals. The glass raw material batch may be formulated in different ways, and the properties of the glass depend only on the final composition, not on the individual raw materials that are used to synthesize glass via a melting and reaction process. 

6.3 - Batch Reactions (Refs 1,2,3,4,5)

For borosilicate glasses, it is possible to write a general equation to describe the batch reactions and conversion of a multi-component batch into a single melt:  [Ref 1]
 
a SiO2 [sand] + b Na2B4O7 [borax] + c Na2CO3 [soda] + d Al2O3 [alumina] ….. →x Si(m)B(n)Na(o)Al(p),……. O(s) [glass] + y CO2 ↑ + …..

6.4 - Glass Chemistry (Refs. 1-6)

Glass is homogeneous and amorphous; no individual components can be identified by analytical techniques such as optical microscopy, scanning electron microscopy and X-ray diffraction. Even if glass melt is allowed to crystallize by controlled slow cooling, which is generally not practised, then the crystalline phases produced are not the same as the original batch raw materials. Phase equilibria for all glass-making systems are published and can also be calculated for specific compositions using thermodynamic modelling; e.g. FactSage Gibbs energy minimization software.

Important effects can be measured and modelled and provide insights into the chemistry and properties of glass. Alkali oxides for example, added to silicate glass create non-bridging oxygens that affect network connectivity and thus important glass properties such as viscosity, chemical durability, electrical conductivity and thermal expansion. In alkali borates glasses, the addition of alkali progressively changes the coordination state of boron from 3 to 4; no non-bridging oxygens are created until excess alkali is added and making borate an important and unique component to technical glasses. In conclusion, published research on the bonding and molecular structure of glass clearly establishes the role of chemistry and chemical reaction routes in glass formation.
6.5 - Specific evidence on the structure of Borate containing glasses Chemistry 

The relatively recent progress in spectroscopic techniques, such as solid state NMR, has allowed gaining deeper insights in the structure of Borosilicate glasses. The papers given by ref. [2] demonstrate in particular the presence of B‐O‐Si bonds in these glasses.
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