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Solvents
The major safety risks in connection with solvents are:

(1) Fire and fire spread, 

(2) explosion, 

(3) toxicity, 

(4) chemical compatibility, 

(5) manual handling. 

Definitions and abbreviations
Flash point (fpt): The lowest temperature at which sufficient vapour is produced from a liquid sample for momentary or flash ignition to occur.

Flash points are used to assign the flammability phrases associated with a substance. Thus: 

R12 – Extremely flammable (F+) substances that have a fpt ≤ 0oC and a boiling point (bp) ≤ 35oC. Also may have the Hazard Statements H220, H222, H224.
R11 – Highly flammable (F) substances with a fpt between 0oc and 21oC. H225.
R10  – Flammable (F-) substances that have a fpt between 21o and 55oC. H223.
Lower Flammable or Explosive Limit (LFL/LEL) – The smallest concentration of flammable vapour or gas in air that is capable of being ignited and propagating flame under test conditions.

Upper Flammable or Explosive Limit (UFL/UEL) – The greatest concentration of flammable vapour or gas in air that is capable of being ignited and propagating flame under test conditions.

The flammable range is the range of temperature between the LFL and UFL.

Minimum ignition temperature – The temperature at which the vapour will spontaneously ignite in air.

Please also see P & M Sheet 001 Chemical Handling and Assessment, for details of R and S Phrases and H and P Statements.
1. General
Many solvents fall into the extremely flammable, highly flammable or flammable classifications under the Chemicals (Hazard Information and Packaging for Supply) Regulations 2002 (CHIP). In addition, they are usually highly mobile liquids which once ignited will promote rapid fire spread. During the combustion process, more vapour is released and thus there is also potential for explosions.
Awareness of the fpt and minimum ignition temperature of any substances being used is essential. These data must be recorded in the additional information column of the Chemical Risk Assessment (CRA).
2. Use of extremely and highly flammable solvents

Potential sources of ignition to be considered when using and storing extremely and highly flammable (F+ and F) substances are: naked flames, hot surfaces, hot work (e.g. welding, hot air guns), friction, electrical sparks and incompatible chemicals. Good laboratory practice as outlined below will generally be sufficient to control the risks associated with the use of F+ and F substances.

· Naked flames or hot air guns must not be used within 1-2 metre radius of the area where the F+/F substances are handled. 

· Good handling techniques must used to minimise spills (use funnels, syringes, transfer lines as necessary). 

· Ensure all equipment, including glassware, is sound and adequately supported/secured. Position electrical equipment away from splashes.
· For quantities in excess of 100ml, work in trays or bunds to contain any spillages.
· Ensure the work area is tidy and free of extraneous equipment and/or stored chemicals/solvents.

· Work in a fume hood or in/under other local ventilation systems or a very well ventilated area.

· Always carry Winchesters by hand in a safety carrier or in a trolley.
· Always cap containers containing F+ and F solvents when they are not in use (this includes waste solvent containers when they are not actually being used to receive waste).

· Know where the nearest fire fighting equipment is and what other emergency measures there are and how to use them. 

· Flammable solvents must not be placed in ovens, incubators, refrigerators, freezers or other electrical equipment other than that which has been spark proofed. Spark proof equipment should be labelled as such.
· Flammable solvents should not be used for cleaning or drying glassware.

· Equipment that could have a build up of static electricity must be earth bonded. 
· Steam or water baths should be used for heating where possible.
· Do not mix incompatible solvents together.

3. Storage of flammable solvents
The Highly Flammable Liquids Regulations 1972 state that the maximum amount of extremely and highly flammable (F+ and F) liquids, i.e. liquids with a flash point below 32 C, which may be stored in any laboratory is 50 litres. Amounts of F+ and F liquid not exceeding 500 ml may be stored in a closed container on the open bench. These should be limited in number. Containers containing F+, F and F- liquids should be labelled to this effect. In addition, the Petroleum Regulations Acts 1928 and 1936 state that the maximum amount of petroleum-based flammable liquid stored must not exceed 15 litres otherwise a licence must be obtained.

The amount of solvent stored in any laboratory should be restricted to an absolute minimum, i.e. not more than one day's supply. Larger supplies are kept in the Department's licensed flammable solvent store and are available daily, from 11.30 a.m. - 12.30 p.m.

Fire-resistant storage cupboards should be located away from the doors and fire escape routes and should be located near fume cupboards. The contents of the cupboard should be clearly listed. If sodium dried solvents are to be stored a warning notice should be displayed on the cupboard.

4. Purification of Solvents

Refer to Purification of Laboratory Chemicals, D. D. Perrin, C. L. L. Chai, W. L. F. Armarego and D. L Perrin (Butterworth-Heineman Ltd. 2003) or similar titles, for suitable methods of solvent purification. For each procedure a generic Chemical Risk Assessment of the hazards associated both with the solvent and drying reagent must be carried out. 

Solvent Stills

Fires in chemistry laboratories often originate from the purification of F+ and F solvents. A common method of purifying solvents is by distilling them, often under inert atmosphere, over drying agents. Of particular hazard, due to the flammable nature of both solvent and drying reagent and the possible presence of peroxides, are stills used for the drying of ether solvents (e.g. THF, diethyl ether) over sodium, potassium or sodium/potassium alloy. If only small quantities of pure anhydrous solvent are required it may be cost effective and less dangerous to buy these solvents directly from a supplier. For most purposes (e.g. Grignard reactions) the use of common inorganic drying reagents such as anhydrous magnesium sulphate (stirred overnight and filtered) are sufficient. However, if a still has to be used the following procedures must be followed.

· The still must be set up in a fume cupboard besides which must be placed a notice indicating which solvent and drying reagent(s) the still contains (e.g. THF/sodium/benzophenone) and an assessment of the hazards associated with each substance. The notice must also provide the date when the still was last cleaned.
· The stills must be set up in trays or bunds to contain any spillages in the event of glassware failure.

· Glassware must be sound (no chipped or cracked glassware must be used) and firmly clamped
· Fresh solvent should always be used when setting up a still. Ether solvents that have been stored for long periods are likely to contain dangerous levels of peroxide. It should be noted that distilled THF and diethyl ether will not contain stabilisers and that rapid peroxide build-up may occur. 
· The solvent must be pre-dried using a suitable drying reagent and deoxygenated by bubbling a stream of nitrogen through it. 
· During distillation the still should not be left unattended. 
· The still must never be allowed to reflux overnight. 
· A suitable electrical cut-off should be used so that power is cut to the heating mantle in the event of a water failure. 
· Thin walled rubber tubing must NOT be used for plumbing in condensers – use either pressure or polyvinyl chloride tubing.

· All water tubing must be wired on both to the tap and the condenser.

· Each still must have its own individual nitrogen supply valve and bubbler. Flexible connections should be made using translucent polyvinyl chloride tubing, and to be secured using a tie or wire to the supply valve, the still 'Tee' pieces and the bubbler. Flexible connections in the case of a tetrahydrofuran still should be made from P.T.F.E. tubing, which is resistant to this solvent. All exit tubing should be attached so as to minimise the danger of kinking and vented to a fume hood or the exterior of the building.

Sodium Wiring

If the solvent is to be dried by distillation over sodium wire, care must be taken during the addition of the sodium wire so that sparks do not ignite the solvent. All sources of ignition and any other flammable substances should be removed from the area prior to starting the procedure. This is a two-person procedure and inexperienced researchers should make sure that they are suitably aware of the hazards involved. If in doubt please consult Dr E M Armstrong (tel. 57851). It involves using a spotlessly clean and dry sodium press and pressing the pea-sized pieces of metal through using a slow, smooth motion. A gap of at least 15 cm should be maintained between the sodium die and the top of the vessel containing the solvent. Always make sure suitable fire powder extinguishers and a sand bucket are close by in case of accidents.

Any residues left after wiring and any sodium wire no longer required should be destroyed using the recommended procedures contained in P&M sheet 012 ‘Destruction of alkali metals’.

5. Solvent Purification System (SPS)
The School has recently invested in a solvent purification system in which the following solvents are purified by passing through columns of drying agents under nitrogen: Dichloromethane

Diethyl ether
Pentane

Tetrahydrofuran

Toluene

Solvents dried by the SPS tend to be drier than those produced by distillation methods and should be used in preference as it is safer.  Training on the use of the equipment is provided by Dr Clive Raynor. Special glassware is made by the glassblower for collecting the solvent and you will be required to complete a log of the amount of solvent taken. The water content of the solvents treated by the SPS are tested regularly by the Karl-Fisher method and the results are available in the log.
6. Disposal of solvents
Clean, water miscible, non toxic, non malodorous waste solvents may be flushed down the drain in small quantities with plenty of water to ensure the necessary degree of dilution. Water immiscible solvents must never be disposed of down the drain.

Clean water immiscible waste solvents containing no reactive or smelly contaminants should be separated into halogenated and non-halogenated waste and collected in appropriate containers, usually either 5 litre cans or polypropylene bottles, which should be loosely capped. These containers must be returned to the solvent store during normal opening hours where they are bulked into 25 litre drums in the fume cupboard for subsequent professional disposal. The Stores staff on duty must be informed before disposal can take place. A container should never be more than three quarters full to allow for thermal expansion of the waste. 

When transferring waste solvents to larger containers prior to disposal ensure that adequate personal protection is used: avoid inhalation of (toxic) fumes. In certain cases traces of reactive substances may be present in the waste solvents - you must always be aware of the potential for unexpected (exothermic) chemical reactions when mixing solvent wastes and take suitable safety precautions to minimise any risk of personal contamination/injury.

Solvents, of any type, that are contaminated with reactive or smelly or carcinogenic contaminants cannot be added to the bulk drums and must be disposed of separately in a clearly labelled container. The label should clearly identify the solvent, suspected contaminants and relevant hazard warnings. Please consult Stores for guidance.

Waste flammable solvents are subject to the storage regulations and should be disposed of regularly to prevent any build up of flammable solvents in the laboratory.

Please also see P&M Sheet 011

Solvent waste in Stores:

For each full drum of solvent waste, there will be one form attached showing itemised contents. When pouring into one of the drums in the solvent stores, please fill in one complete line on the attached form, making particularly sure that the drum number on the form is the same number on the drum and that your name and account number is legible. Use a separate line for each different chemical solvent. There will be two drums in the 
stores, i.e. one for halogenated solvents, and one for non-halogenated solvents.

Researcher signed …………………………. Supervisor Signed ………………………..

Researcher Name …………………………. Supervisor Name ………………………….

Date …………………..
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