ELLIS HORWOOD SERIES IN INFORMATION SCIENCE

COMMUNICATION, STORAGE AND RETRIEVAL OF CHEMICAL INFORMATION
Editors: J. E. ASH, P, A, CHUBB, S. E. WARD, S. M. WELFORD, P, WILLETT

CHEMICAL INFORMATION SYSTEMS
J. ASH, Information Services Consultant and E. HYDE, IC{ Pharmaceuticsls Division

CHEMICAL NOMENCLATURE USAGE
R. LEES and A. SMITH, Laborstory of the Government Chemist, London

DESIGN, CONSTRUCTION AND REFURBISHMENT OF LABORATORIES )
Editors: R. LEES and A. SM(TH, Laboratory of the Government Chemist, London

HANDBOGCK OF LABORATORY WASTE DISPOSAL

M. J. PITT, Loughborough University of Technology and E. PITT, University of Aston in
Birmingham

4 2 343 Par

HANDBOOK OF

LABORATORY
WASTE DISPOSAL

MARTIN J. PITT, M.Phil, Inst.Chem.E.

Particle Technology Group, Department of Chemical Engineering
Loughborough University of Technology

and

EVA PITT, B.Sc,Ph.D.

Cancer Research Campaign Group Lgbor.atories
Department of Pharmacy, University of Aston in Birmingham

ELLIS HORWOOD LIMITED
. Publighers - Chichester

Halsted Press: a division of

j4——~—322

= D00 ZH



o ‘

p—

First published in 1985 by
ELLIS HORWOOD LIMITED

Market Cross House, Cooper Street, Chichester, West Sussex, PO19 1EB, England

The publisher’s colophon is reproduced from James Gillison's drawing of the

ancient Market Cross, Chichester.

Distributors:

Australia, New Zealand, South-east Asia:
Jacaranda-Wiley Ltd., Jacaranda Press,

Table of Contents

JOHN WILEY & SONS INC., Personal Acknowledgements
G.P.O. Box 859, Brisbane, Queensland 4001, Australia Chapter

Canada: 1 Introduction

JOHN WILEY & SONS CANADA LIMITED 2 The Legal Situation

22 Worcester Road, Rexdale, Ontario, Canada. 3 Organization

Europe, Africa: 4 Sources of Information
JOHN WILEY & SONS LIMITED 5 Laboratory Drainage
Baffins Lane, Chichester, West Sussex, England. 6 Fumff Extraction_ .
North and South America and the rest of the world: 7 Bum.l ng and Incineration
Halsted Press: a division of 8 Outside Contractors
JOHN WILEY & SONS 9 Chemicals

605 Third Avenue, New York, N.Y. 10158 US.A. - 10 Biological Materials
11 Radioactive Substances
12 Special Problems
— Carcinogens, Teratogens and Cytotoxic Agents
— Explosives
— Unidentified Material
© 1985 M. J. Pitt and E. Pl(t/Eu.ll Horwood Limited . Cleanng out a ‘Dead’ Store
British Library Cataloguing in Publication Data -— Small Laboratories and Mobile Units
mdw Jf b disoonl 13 Educational Institutions
ok o ratory waste disposal. — 1
(Ellis Horwood series in Information Science) 14 Materials Recovery
1. Chemical laboratories ~ Waste disposal 15 Emergency Procedures
L Title 1L Pitt, Eva
42", . . .
s42.1 Qpst Appendix A Addresses in the UK, Eire, USA and Canada

Library of Congress Card No. 85-7615

ISBN 0853126348 (Ellis Horwood Limited)
ISBN 0-470-20202-5 (Halsted Press)

Printed in Great Britain by Butler & Tanner, Frome, Somerset
COPYRIGHT NOTICE —

Appendix B Commercial Products
Appendix C Chemical Tables
Appendix D  Glossary of Abbreviations

Aﬂtfi&h;: geurv'ed. No part of this publication may be reproduced, stored in a retrieval
system, insmitted, in any form or by any means, electronic, mechanical, photocopying,

recording Or otherwise, without the gmission of Ellis Horwood Limited. Market Crase




R

CHAPTER 14

Materials Recovery

14.1 GENERAL COMMENTS

The salvaging of worthwhile material from waste has much to recommend it,:
providing it does not interfere with the safe and efficient operation of the
laboratory. Management should realistically cost the time and effort:
involved, compared with the costs of disposal and purchase. For example,
complex distillation process may not be justified to recover a cheap solvent
in modest quantities. On the other hand, a chemically and physically
identical process may be well worth while to recover a deuterated or *C
labelled version of the same solvent.

The hoarding of items which are unlikely to be used is not uncommon,
generally on the grounds that ‘it is a pity to throw it away’. Such practices are
not economically justified, and can detract from the safety and efficiency of .
the laboratory by cluttering the place with broken apparatus, unwanted
chemicals and often a large amount of combustible plastic and cardboard.

It is suggested that the following items are not kept, unless an actual
financial saving can be demonstrated, and there is no hazard in retention. . °

(1) Non-functioning electronic apparatus where replacement parts are no
longer available.

(2) Electric devices which cannot easily be made to conform to current °
legal safety requirements.

(3) Gas cylinders near to (or past) their regular pressure testing date. (See
section 9.4.) ‘

(4) Pan'ﬁ“?d gas QYli!!QQ.@ which are unlikelv tn he nsed far any snazifia

‘ Scrap Metal » ‘

(5) Boxes, bottles and used containers beyond the obvious uses in the next
two weeks. . .

(6) Used disposable plastic items such as syringes and single-use pipettes.
It is impractical and unsafe to try to clean them and defeats the
advantage of disposables. ‘ 3

(7) Rubber and plastic items (tubing, gloves, etc.) which are visibly
perishing with age or usage. '

(8) Chemicals and assay kits or other limited life items which are well past
their stated expiry date. =

(9) Obviously degraded chemicals.

(10) Bottles or jars of chemicals which have been more than t.hree-quartcrs
emptied and where the residue is worth less thar.l £.1 stcrl}ng or §1 US.

(11) Damaged glassware which cannot be repaired thhm the institution (or
where experience has shown that it will not be) in a reasonable time to
a safe standard. . ‘

(12) Exceptionally hazardous substances beyond the immediate need for
them.

14.2 GLASSWARE

Many technicians and scientists have the skill to make small_re;.)a‘xrs to
glassware using a simple gas torch. However, it is important that 1.nd1v1duals
do not attempt repairs beyond their skill or facilities. .Work w1th. ground
glass joints or with more complex items normally requires inspection byla
professional glassblower, who is able to judge whether the item can be safely
repaired.

CAUTION: items for use under vacuum must be propefly annealed bef(;re
use. It is preferable if they are also inspected with a polarized light viewer for
strains. Annealing is also recommended for repaired apparatus where a
breakage would be costly or dangerous. :

It is usually easy and worth while repairing sma_ll chip§ in the vtvo'fho;
measuring receivers such as beakers and measuring cyhndesrs. i ;
diamond saw it is possible to cut down a damageq (say) 100 cm mea§urllt§
cylinder to give a squat 50 cm® one. However, it is generally lmpracm:a_n
repair calibrated items such as volumetric flasks, pipettes or flow measuring
tubes. N .

Items with ground glass joints are usually worth repainng owing ;O,:hz
value of the joints themselves. Even if the apparatus s to0 badl)f broken,
glassblower may be able to cut off joints for use in making other items.

ibili hat items
| ibility of the laboratory to ensure t '
CAUTIO=N' " ls' thf ’respons 1 y 1 . --3 £--- =F ka=ful Rhﬂmlﬂals ar
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14.3 SCRAP METAL

Many laboratories find themselves with substantial quantities of metal goods
which may have ascrap value. Even where the value is low (asis the case with
most steel) there is some satisfaction in receiving a small payment instead of .
giving it. When many kilograms of copper, brass, tin or some alloys are”
Involved, then there may be a useful sum involved. This most commonly
applies to electric motors, resistance boxes and the like. Some electronic
apparatus has significant quantities of precious metals, which specialist scap
de‘alcrs are prepared to extract. An unwanted stock of photographic film, :
prints or X-ray plates has some scrap value for its silver content. Lead from
acid batteries can be sold, and the same dealers are usually interested in
relatively small amounts of the elements antimony, arsenic and bismuth i
various forms. B
‘ It is rarely worth while a laboratory trying to separate out the metal from
1tems such as those mentioned above. The process can be hazardous and are -
better left to the scrap dealer. Asarule of thumb, no laboratory manager can
expect to get the better of a scrap dealer in a commercial transaction.

14.4 PRECIOUS METALS AND MERCURY

14.4.1 General Comments

Mercury, silver, platinum and palladium are frequently used in laboratories.
Gold, osmium, iridium, rhodium and ruthenium have specialized usage,
These metals are all regularly traded by precious-metal dealers. The
lanthanides (also called ‘rare earths’) are expensive but mainly of interestto
specialist chemical suppliers. '

Recovery procedures are of two kinds: (1) where the laboratory issaving a
metal for further use itself; and (2) where the material is to be sold. In the
latter case, some suppliers will accept waste of certain specifications and
make an allowance against future orders. This is usually easier than trying to
sell material on the open market.

In the first case, where a laboratory intends to re-use the element, it is
essential that the laboratory has sufficient knowledge of the chemistry to be
_able to prepare the desired compounds in the necessary quality. An example
Is the preparation of certain kinds of metal catalyst. '

' .In the second case it is mainly required to concentrate the metaland present
It in a form acceptable to the purchaser. Note that for metals of very high
valuez some companies will buy solutions, and most will buy precipitates
containing a few per cent of precious metal. It is by no means necessary to
prepare the metal, though it does of course command a higher price. '

14.4.2 Recovery from Solutions

A simple method whichis often overlooked s to evaporate down solutions of
: tenita tha cazid [ :
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up in further chemical solution. This is not always practical, and should not
be carried out where the likely solids are either explosive (as is the case with
some nitrogen compounds including cyanides) or volatile (as is often the
case with mercury, osmium and some ruthenium compounds, and many
metal-organic compounds). However, concentration by evaporation is
frequently a useful preliminary to chemical treatment.

Sodium borohydride is a particularly useful reagent since it will reduce
aqueous solutions of most valuable metals direct to the metals. This can be
applied to a wide range of solutions, often by simply stirring in an
appropriate quantity of borohydride solution (sometimes heating helps, and
for strongly basic solutions some acidification -is required). Metals
recoverable in this way are platinum, palladium, rhodium, gold, silver,
mercury. Less valuable metals which may be simultaneously produced are
lead, copper and cadmium. Note that other species present may also be
reduced — for example nitrate NO3 is reduced to ammonium NH
— which will require some equivalents of the borohydride. Some transition
metals may precipitate out as their borides.

Instead of production as a powder, the metal can be deposited onto a solid
(so-called electroless plating) such as a piece of the metal itself or copper
sheet or mesh. The solid should be clean, best of all etched with acid, and
usually gives best results if it is treated with (i.e. immersed in, or brushed
with) an aqueous solution of tin(II) chloride or palladium(lI) chloride
immediately prior to the borohydride process.

CAUTION: there may be a fire hazard from hydrogen production and some
metal powders may be pyrophoric (spontaneously combustible in air). The
presence of arsenic, antimony, bismuth, germanium, selenium, tellurium,
tin or very strong acid may in some cases result in toxic gases (the hydrides)
being given off.

Some solutions are only stable under acid conditions so the metal or its
oxide can be produced by careful treatment with alkali. Alternatively, an
insoluble compound can be precipitated out by the addition of .the
appropriate ion — for example, sulphide will precipitate mercury sulphxc.le;
chloride will precipitate silver chloride. Such processes are most effective
within a limited pH range and may be hindered by the presence of
complexes of the metal, such as cyanide complexes. Thioacetamide is more
convenient to use than hydrogen sulphide, though it is slower and is a weak
carcinogen. Zinc dithiol usually gives a better quality precipitate than
sulphide, with only marginal contamination by the zinc. -

For a relatively noble metal under neutral-to-acid conditions, 1t 1S often
possible to displace it from solution with a cheaper and less nobl<°r metal. For
example, iron is used to displace silver from solution in commercial recovery
from photographic and other waste.

Flertranlatina san ke sarriad ant mith aammarsis
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simple, and many laboratories can use existing d.c. apparatus to recover
small quantities, where electric efficiency and speed are not important. For -
example, a piece of silver or platinum foil may be built up (perhaps over a
period of years) 1o a saleable weight by the regular recovery of quite tiny -
amounts. A range of 2 to 4 volts is usually sufficient. A milliammeter is.
useful to indicate the rate of deposition: when this begins to fall off the .
solution is depleted, and the plating should be stopped. Best results are -
obtained from slow deposition. Graphite is suitable as the other electrode -
because it does not add metal to the system, though it can degrade in -
strong sulphuric acid. Lead is suitable in sulphuric acid and in some other °
solutions. The receiving electrode does not have to be identical to the
metal to be plated: both copper and stainless steel have been used
successfully. The process is usually most efficient within a particular pH
range. :
It is possible that liquid-liquid extraction might be appropriate for some
solutions. It should be considered if there is sufficient value in the meta] to -
warrant the extra trouble, and where other methods are not suitable,
Usually an organic complexing agent is used to form a compound with the
element, the compound being soluble in an organic solvent into which it
passes. (See section 9.3.6.4.) The appropriate reagenis are generally
expensive, and the chemistry involved is somewhat specialized, but it has -+
some possibility of giving a very clean separation from a complex “or
difficult solution. :
A promising alternative is certain plastic resins with a selective affinity -
for some metals. The solution can be passed through a bed of resin, or
beads can simply be stirred into a container and filtered off. The metal is
recovered by ashing the resin. At the time of writing, the authors know of
no resins readily available in laboratory quantities. However, there is very -
active commercial development for industrial recovery and pollution
control, and products are available in tonnage amounts. The resins are
generally referred to as ‘macroporous’ or ‘macroreticular’ and should not
be confused with ion-exchange resins. Unlike the latter they will absorb
valuable metals from solutions of as little as a few parts per million in the
presence of large amounts of many other ions. They typically contain
active aromatic groups such as vinyl pyridine linkages.

14.4.3 Recovery from Solids

Sludges, precipitates, collections from drains and floor sweepings from
spills (or vacuum cleaner contents) may well require some separation
before they can be sold or used. The exact process will require some
knowledge of the mixture, the chemistry of the metals involved, and a
good dose of commonsense. o

The following example illustrates some of the techniques which mightbe
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The solid is stirred with warm water and a little detergent. This dissolves
some dirt and chemicals, and suspends dust and similar material, which can
be decanted off after a few minutes settling. This can be repeated several
times, allowing the heavy metal particles time to settle to the bottom. The
process is then repeated with warm dilute nitric acid to dissolve out any
other metals such as iron. The remaining solid is filtered with ashless paper
and washed with water. It is then dried and heated in a furnace tq 450 °C go
burn off any organic residues. The solid is allowed to cool and dissolved in
aqua regia. The resulting solution is filtered through glass-fibre paper to
remove any sand. The relatively pure solution can now be recovered by
electroplating, precipitation or ashing.

14.4.4 Silver

Because of its extensive use and considerable value, silver is the element
most commonly worth recovery. There are many commercial and personal
methods, of which the foliowing is only a selection of the more common.
For recovery from Chemical Oxygen Demand (COD) test solutions, the
following method has been recommended. The amount for one test 1s 51.11.2111,
but as it is routine in many laboratories it can accumulate useful quantities.
It can be applied to many other solutions of silver salts. N
The solutIi)gn is brought to about pH 2 (use test paper) by th(; addition of 6
mol dm™3 HNO; or dilution as appropriate. (Neutralization with base
may cause some silver to come out as colloidal oxide.) A near satgrated
solution of sodium chloride is stirred in, to precipitate out silver chloride. A
10% excess is adequate. The precipitate is filtered off .and washed W:lth
dilute H,S0,, then twice with de-ionized water, and dneq. The rcsgltmg
solid is saved until there is sufficient for recovery, when it is grqund into a
powder. The powder may be sold as such, or it may be dissolved in
photographic fixer and added to photographic solutions for recovery.
Otherwise the following method can be used. . i
100 g of the powdered silver chioride is mixed with SQ g.of granu!ated p;lc
(not zinc dust — the reaction may be too violent). This is then stirre ?’h o
500 cm?® of warm dilute (2 mol dm™) H,SO, in a fume cupboard. ede
zinc dissolves with vigorous evolution of hydrogen. The hquxad is decanted,
and the solid treated with a further 50 g of zinc and 500 cm” of stog a;
before. When the second batch of zinc has dissolved, then ?b.out Scm ] 8
concentrated H,S0, is added and the mixture heated with stirrng to 90 [1
The mixture is allowed to cool and the silver metal filtered off, and wcel
washed with de-ionized water until no sulphate is detected by the BaCl,
test. . )
Any residual silver chloride can be tested by dissolvm_g a s:‘.\mpl_cjj n
concentrated nitric acid, which should give a clear solution. Turbi 11:)'
indicates silver chloride, which can be removed by a further treatment of the

used. Suppose that the ;

l
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large-sci _1se of photographic solutions should really have a commercia)
electroplating unit. This can be rented and a service arranged whereb
payment is made each time electrodes are replaced (on a time or weight'
schedule). For smaller or intermittent users there are several systems
possible. Ciph
The simplest system is a replaceable cartridge which fits into the draj
line. It contains steel wool which exchanges with the silver, iron going into
solution and a sludge of silver falling to the bottom of the unit where itis-
collected. This is inexpensive and little .trouble. It requires an effluent
between pH 4 and pH 6.5, which is usually the case. (Below pH 4 the stee]
dissolves away; above pH 6.5 the process is not very efficient.) The initial
efficiency is high, but becomes lower as the cartridge nears exhaustion...

CAUTION: if a steel wool cartridge is removed before it is exhausted jt sh;&ld b .
not be allowed to dry out. The rusting reaction on its extended surface cait
generate sufficient heat to become a fire hazard.

'Another commercial device uses a different electrochemical principle.
ch and stainless steel are placed in electrical contact in the solution. The
zinc dissolves and silver is plated onto the stainless steel. The device is
usually placed in a fixing bath. As well as recovering silver it has the benefit
of extending the useful life of the thiosulphate fixing solution. -

Sll_Vf:r can be recovered on a batch basis from photographic solutions by
prempxtatipn. Sodium chloride will produce a mixed chloride and dichro-
mate precipitate from used ‘bleach-fix’ solutions. This can be sold -to a-
refiner direct, or dissolved in fixer for recovery by one of the above devices: -
Sodium sulphide will precipitate-out silver sulphide from alkaline fixers.:

CAUTION: on no account should sulphide and acid come into contact,ri;s
they liberate the extremely toxic gas, hydrogen sulphide. :

It is better not to add an excess of sodium sulphide as this could give rise to
smell and other problems with the effluent. It may take some days for the -
s¥lver sulphide to settle properly. This can be improved by stirring in some
silver sulphide (which was made previously) before adding the sodium
sulphide.

It‘is possible to convert the silver sulphide to metal, but it is more usual to
sell it to a refiner. :
The gilver in ﬁxing t_)aths may also be reduced directly to the metal by the
use of enher.sodxum dithionite or sodium borohydride. Note that the former
gives off toxic sulphur dioxide gas. Both in practice can give problems, with

the silver coming out as too fine particles which tend to stick to the walls of
the vessels.

CAU:I"ION: solutions of silver containing ammonia (e.g. mirror silvering
solutions, Tollen’s Reagent) should not be stored for recovery. They should

S’
be decomposed on the same day on which they are made, or explosive
compounds may form.

14.4.5 Mercury

Mercury can be a very troublesome material. Its compounds are highly toxic
and thus unwelcome in the environment. The elemental form is extremely
difficult to clean up if spilled (see also section 15.2). Note that tiny drops of
mercury metal, or even the vapour from mercury spillages can have a
devastating effect on delicate electric and electronic apparatus. It is
therefore wise to take particular care to avoid (or at least to contain)
spillages and to ensure that as much as is practicable is collected for
recycling.

Many university chemistry departments (and some physics departments)
operate mercury recovery procedures. They may be willing to accept small
quantities (say 10 g or more) from local schools or other laboratories. A
quantity of a kilogram or more may even have some value for a local scrap
merchant (see section 14.3).

CAUTION: the preparation of pure mercury metal from dirty mercury or its
compounds can be extremely hazardous. It should only be carried out by a
knowledgeable person with special facilities in a controlled environment,
such as a commercial refiner or the laboratory of a professional chemist.

This handbook does not set out to instruct such experts, and therefore
details of final refining are not given here.

Where an organization has many separate laboratories using mercury
metal (e.g. an academic institution, a group of schools, a research institute,
or group of industrial laboratories) it is strongly recommended that a
centralized mercury service be set up. If the organization has the necessary
facilities and expertise the mercury may be recovered in-house, otherwise
there should be an arrangement with a local refiner.

The mercury service has obvious economic and safety benefits, but can
also improve the scientific effectiveness of some work. In particular, it can
ensure that the liquid mercury in certain apparatus is in good condition and
therefore the apparatus works correctly. Old mercury usually has oxide ﬁl.m
(and often other contamination) which alters its electrical conductivity, its
flow properties, meniscus shape, etc.

The mercury service should have the following features.

(1) A central record of mercury purchase, waste removal and distribution.
This should be examined to see if there are any losses which may be QUc
to faulty equipment or practice. (The authors know of one institution
which discovered more than 100 kg in floor drains due to cracked
dashpots which were periodically topped up.)

(2) In issuing mereury. slens can he taken tn ensure that nsers are nronerly
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equip,_d (with trays, spill control aids, etc.,) and aware of the proper ;
procedures for safety and for returning used material.

(3) In addition, the amounts issued can be just as much as are required. It
will not then be necessary to have part used commercial contain
in the general laboratories.

(4) There should be a probable date when the mercury is to be returned for
eachissue. If thisis more than a year, the mercury should (if possible) be -
inspected annually. )

(5) Apparatus containing mercury metal should, where practical, be .
inspected annually by a competent person. If the mercury is dirty it

should be replaced. If the apparatus is unlikely to be used in the .
foreseeable future, consideration should be given to return of the
mercury to the secure central service store. (Possibly with the
apparatus.)

(6) The majority of users should not attempt to clean mercury themselves; -
The best technique is for the dirty mercury to be exchanged for a similar -
quantity of clean material. There is great merit in deciding that only
certain persons should actually handle mercury. In particular, it may be
possible to avoid spillages by people who are not experienced in its
unusual liquid properties. For example, it may be the procedure that

student reports that mercury appears dirty, and for a technician to
actually drain and refill the apparatus. ad

ers kept

Mercury metal waste is best collected in strong polyethylene or-
polypropylene bottles or jars, which have been made without 2 seam °
(because the seam may burst). Glass jars should only be used for items such
as broken thermometers, where the pieces and droplets are collected under -
water for proper treatment later.

The isolated user can sometimes clean up mercury sufficient for his needs
without fully refining it, by the following techniques. Particles of glass from
broken apparatus can be strained out with a plastic mesh (e.g. a tea
strainer). As mercury is heavier than virtually all the common items of dust,
debris and its own oxide, much contamination can be removed by simple
gravity sedimentation. The mercury is placed in a suitable device, such as a -
glass separating funnel, and the tap opened to allow the mercury to drain
away slowly, leaving oxide and dirt in the top layer.

CAUTION: the funnel must be strong, well supported and have a secure tap
which cannot come loose.

A modification of this technique is to place a filter paper in a funnel, load
with mercury then carefully pierce the point of the cone with a stainless steel
pin. The mercury drains through the pin-hole, and oxide and dust are
retained on the rough surface of the paper. .

Where contamination by other metals such as zinc or copper is known to ~
have occurred, some users like to convert these to oxide b gently bubbling -

l‘ ) TTE ACCTOUD IV AN LD wesite vt mats mana

air through the mercury for a day or two. The resulting ofi.cfe crust is then
removed as above. o ‘

To remove any remaining traces of oxic.ie, it is pqsmble to treat the
mercury with dilute nitric acid. Some deche is required to expose the
maximum surface area. This is usually a fine dropper leading into a tall
column (0.5 to 1.0 m) of the nitric acid solutiox}.

Note that the solutions and oxides collected in the. above proceC_lures must
be disposed of as toxic mercury waste by a technique appropriate to the

and local situation. .
am;:;;lar amounts of solution, or a singk.: large batch, can have rpercurz
removed by the methods given in section 14.4.2. Electroplating an
reduction by borohydride are quite practical, but_ the most comg;n
technique is to treat the solution with hydrogen sulphlde_, squum §u}p de
or thioacetamide under acid conditions, so that’thc sulp?nde is precipitated.
A solution of 13% thioacetamide is commercially available especially for
this purpose.

CAUTION: hydrogen sulphide is highly poisonous. Sulphide an-d thioace't:-
mide may release hydrogen sulphide if the acid is very strong. Thlos.tcetan;; e
is a cancer suspect agent. Proper protection must be used against these
dangers. '

The sulphide precipitéte should be sold or given. toa comp‘etent re:tzir;ird
Note that it will contain some pure mercury mctal‘ if the solut.lon corll o)
the mercury(I) ion. Excess sulphide rezgentl(panlcularly sodium sulp

cause some of the precipitate to redissolve. .
maXs an alternative, so}iutions of mercury(I1) and chloride can be r;dittl:f:
with sodium bisulphite to give insoluble mercury(I) f:h'lond_e pre(t:x;:1 wit};
Solutions of mercury(l) compounds give the same precipitate if trleaeed i
-dilute hydrochloric acid, providing :’;ey areﬁnot strongly complexed.
ide precipitates are less acceptable to refiners. ‘
Chi:’rlllerepmcrgury metal is used in any great quantity3 itis likely (tihfgfov;lgllh bz
special local exhaust ventilation. If the exhaust air 1s passe e
suitable absorber then mercury will accumulate.to a le\fe_l wl 1Ceffective.
worth salvaging. Ordinary activated charcoal is surprising ly ey 10
Todized charcoal may give more efficient capture, buF it is csfca .
salvage. Sulphurized charcoal gives at least as good efﬁcner‘ltcyscl)J lphgn'zeci
and it is easy for the refiner to recover the mercury from 1t. Thoyean be
charcoal cartridges are commercially available for this purpose.her SN
fitted to extract ducts or the outlets of vacuum pumps Or Ot
apparatus. )

14.4.6 Gold and Platinum Group Metals

i aps are
The very high scrap value of these metals means that even tiny scrap

ed 1In
usually worth keeping. It should not be forgotten that they are use
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various inscrements, and it may be worth salvaging broken electrodes,
heating coils, ionization heads, etc. There is little the amateur can do with
scrap items other than collecting them in separate metal categories, and
offering gram or larger amounts to a precious-metal dealer. Unused
chemicals are normally most saleable if presented in their original
containers. This applies to alloys, compounds and preparations such as
precious-metal coated catalysts.

Regrettably, many textbooks on practical chemistry with precious-metal
catalysts do not give any advice at all about recovery of the used catalyst, and
it is likely that a significant amount is discarded. The properties of catalysts
vary, and the chemistry of the elements more 50,50 a single recipe cannot be
given. However, as a rule of thumb, solid catalysts should be kept wet after
use, should be well rinsed to remove any of the reagents or by-products and
should be kept under water until a recovery procedure has been found.

Vogel’s is probably the most widely available textbook which gives
detailed advice on the preparation and recovery of different platinum
catalysts, though there are others. For recovery of metals from compounds

1t is necessary to consult with books or people having specialist knowledge of
the chemistry of these elements.

14.4.7 Lanthanides

* This group of elements provides a number of specialist reagents, notably
due to their electronic and spectroscopic properties. A laboratory handling
significant quantities of a particular element for some particular work is
advised to look into the necessary chemistry for recovery.

Generally they can be precipitated from aqueous ammonia, although the
presence of complexing agents such as citrate may prevent this. It is
convenient to prepare the carbonates by precipitation with sodium
hydrogen carbonate, as the product can be readily dissolved in acid and is
more easily filtered than the hydroxide. Note that sodium carbonate should
not be used, as the precipitate tends to redissolve in the reagent.

The cost of individual elements varies considerably, but there is not a
ready market for waste. The facilities of the individual laboratory and the
use of the element will determine if it is practical to re-use it.

14.5 GENERAL CHEMICALS

It often happens that stocks of chemicals become slightly dirty, or suffer
surface degradation. It is sometimes worth while purifying the chemical.
This will of course cost money, effort and the time of skilled staff. On the
other hand it will save the cost of repurchase and the cost of disposal. More
importantly, it will reduce the quantity of harmful waste and the attendant
difficulties of legal disposal. There may be some incidental benefit in (say)
training of junior staff, or in finding interesting projects for certain
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As an example, take sodium metal. It is quite cheap to-oly, but rather
difficult to dispose of (see section 9.3.8.1). Stock bottles can often become
unusable owing to the formation of oxide, hydroxide and carbonate crusts
on the sticks or pellets of metal. Clean sodium can be got out of the‘crusl in
the form of ‘shot’ or ‘eggs’, which is in fact preferred by many ‘chf,mlsts.

The pieces are cut in half under paraffin, the excess paraffin ls.rcmov‘ed
with filter paper, and the pieces are placed in a flask of dl"y xylene fitted with
astirrer, nitrogen purge and reflux condenser. The flask is then heated on an
electric mantle with stirring. Above 97 ° the sodium melts and forms
globules. The speed of the stirrer determines the size: when this has been
adjusted, the flask is allowed to cool down. . ' .

A similar procedure can be carried out for potassium (melting point
64 °C), but care should be taken not to cut up samples sh_owmg an orange or
beige coating of peroxide, as they may explode. Itis posgb}e, but not usual‘ly
practical, to carry out an equivalent procedure for lithium, owing to its
higher melting point and lower density. .

For sodium, it is better to prepare the shot in amounts needed as the
experiments demand. For potassium there is an fargumcnt for occasional
preparation of clean metal so that oxide formation is not allowed to progress
to the dangerous superoxide stage. . ‘ .

General methods of purification of laboratory chemicals are given in
Fieser and Fieser’s classic volumes. A specific book i§ that of Pcrr}n,
Armarego and Perrin. Many practical organic chemistry books gnie
purification methods, but most inorganic texts do not. An excelient example
of one that does is Brauer’s.

14.6 SOLVENTS

14.6.1 General Comments

Organic solvents are the most obvious chemicgls for recovery. tng
technology is not difficult, and has many advantages in reducing tl.le costan
trouble of waste disposal. Many laboratory workers feel some satxsfacuog in
conserving resources and reducing the volume c_;f c.hemlcal waste the);
contribute to the environment. Educational instltutloqs ofte'n fgel t ah
student involvement gives both technical and moral teaching which is wort
while even though the cost savings may be trivial. hent
It cannot be stressed too strongly that a successful programme of so vtti p
recovery requires careful organization. Solvents must be kept segregtivlneis
prior to the recovery process, and care must be taken that unneces§ar()i’ iy
not added through poor labelling, poor practice or a carelf:ss attitu t:min-
example, a laboratory accumulating a single solvent, very slightly con amin
ated from a routine test, could have the whole recovery process rumed by
single beaker of mixed solvents being added to thp can. dcome less
There is a widespread belief among non-scientific workers .(an sof s
experienced scientific ones) that it is possible to separate a mixture ot many
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solvents . its i B [
: " pure components by simple distillat;
v : > ' ple distillat
n;r‘t]ually thposs1ble. The ideal candidate is a single so;\c::r;:ln fac.t . W oY
waxw;lanle.(and non-degradable) dirt, for €xample toluene Contafn%n s
resiciue wt})xpg:gl process would produce relatively pure tohf:ntalnmg a
1ot 1ch 1s not pure wax, but a mixture of wax and to] ne, and:a’
Ao 40%, depending on the viscosity eluene, probably;
s a rule of thumb, it is usually possi o
solve ’ Yy possible to separate a mj "
noin t:tsc,i .gc)r two solvents and a non-volatile dirt) providinmlf}:ufe of_t,woé
iffer by at least 10 °C. Using the same c:riten'ong it eilsr olling
, usual}
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, it ig ,

recovery process.

Mixtures of solventé with similar boiling points (e.g. n hepta 98 ‘
; .g. n- ne 98,
) cannot be separated by ordinary distillation -

a . _ , even with camb
Pparatus: the best that can be achieved is 95.6% Aleg::or;:;t efficient
: are quité

common. Another example is ¢ po an

con th : yclohexane (boilin i °

iso butanol (boiling pomt 108.3 °C). These would’beiasyltnot s§;1>:rat?w rg
“Werd’

trope containing 86% cyclohexane, whick -
mixture of 4 or more solvents has quite'a;

feasibility of distillation.

Many laboratories, even with ex
many processes other than distil
sometimes simpler, can often ma
preé-treatment, and may even ma

In organizing a solvent reco
should consider the use of t
ppssible. A first consideration
1d recovery. For example, if

pegenced chemists, forget that there are
Iatl(.)n‘ which may be used. These are”
ke fhsnllation more effective if used .
ke distillation unnecessary. B
very programme, the person responsible
he solvent and the recovery techniques .
should be the changing of use or solvent to

S light! : .
he job ~a slightly more expensive soly ..

JOD just as well, but be easier to recover, then it may be a g:ttt: mlluld'bdo -

I choice; =502

) 3 1S u

ﬁ

A primary consideration is safe
tould be in suitable containers

i€y are convenient, safe and lega,l
In addition the recovery appar.

ty. Storage of solvent ery”

s for recovery ™
correctly labelled, and located so th?tl"
See sections 2.4 and 3.5, S
atus must be used with regard to the
act, drains, flame-free areas) and to the
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and deal with them. As an aid, a check list of some common hazards is given
in Table 14.1.

14.6.2 Strategies for Recycling

There are many ways in which a solvent can be used several times. Some
examples are given below.

(1) Hexane was used to extract a substance from 2 solid product, which
was then measured by UV spectroscopy. The waste solvent from this
process contained a small amount of relatively inert solute, but was still
of high purity, exceeding the specification for reagent grade chemical.
The hexane could be used without treatment in a preparative
chemistry laboratory.

(2) A high boiling petroleum fraction became contaminated with several
per cent of (low toxicity) plasticizer. It was used to clean paint brushes
during laboratory modification.

(3) Spectroscopic quality carbon tetrachloride was used to extract a dye
for measurement by visible light absorbance. The dye was removed by
treatment with activated charcoal and the solvent could be used again.

(4) At the beginning of a chemistry course, each student was given a
limited amount of the necessary solvents. The student had to recover
solvent after use for his needs in further experiments, which
encouraged careful work and was an exercise in itself.

(5) A regular experiment used 50% aqueous acetone to wash the product.
Instead of using pure acetone, it was found that the acetone—water
azeotrope (88.5%) could be diluted to the working concentration. This
azeotrope was easily recovered from the waste washings, supplemen-
ted by acetone waste from another experiment.

(6) Scintillation cocktails were bulked by collection in a suitable can, then
treated with activated charcoal to remove volatile radioactives. This
gave 3 fractions by batch distillation. The first fraction was toluene
(and water which settles out) which was free of radioactivity (i.e. not
significantly above background) and pure enough for immediate use.
The second fraction was xylene (and water) with a little toluene

contamination and radioactivity a little above background. This was
added to boiler fuel for disposal. The still residue was water,
emulsifiers and the majority of the radioactivity. As this residue was
non-flammable, it was acceptable for Jand disposal. (In some areas It
may have been acceptable for sewer disposal.) ‘

(7) A regular student experiment required material to be process.ed ina

large bulk of solvent which was then evaporated dov‘vn, losing the
solvent. The instructions were changed so that the major concentra-
tion was carried out on a rotary evaporator. Each student saved the
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Table 14.1. Hazards in solvent recovery

The following is a reminder of potentially dangerous characteristics of
some splvents and mixtures, as they affect recovery by distillation,
adsorption and some other treatments. Examples are given of t icai
f:hemical groups, in- which it should be assumed that all com )’l\:l' d
including that group have the specified hazard. In addition the;;: irsl X
partial list of common solvents where the usual name does not’include th:
igsrzlﬁszaar:e (e.g. tétrahydrofuran 1s actually an ether) or where the hazard

(a) Solvent groups

Chemical group Examples Hazards
Acrylic Acrylic acid, - acrylonitrile, methyl 1, 3
acrylate

Aldehyde Acetaldehyde, crotonaldehyde 3
Allyl Allyl chloride, diallyl ether 3
Bromo- Bromoform, carbon tetrachloride
Chloro- trichloroethane, , 1,4
H.uoro- fluorotrichloroethane ’
Diene Cyclohexadiene 2,3
Ether Diethyl ether 1’ 2,5
Ethoxy- Dimethoxyethane, 2’ 5’
Methoxy- ethoxyethyl acetate ,
Glyme Diglyme, monoglyme 2,5
Isopropyl Di-isopropyi ether, 2’ 5

- isopropyl alcohol ,
N}tro- Nitromethane, nitrotoluene 6
Vinyl Vinyl acetate, divinyl benzene 1,3
(b) Some individual solvents
Common name Other names Hazards
Acetoqitri]e Methyl cyanide 3
Acrolein Acrylaldehyde, propenal 1,3
Cellosolve 2-ethoxyethanol, 2’ 3

ethylene glycol monoethyl ether o

Cume{le Isopropyl benzene 2,5
Dekalin Decahydronaphthalene 2’ 5
Propan-Z-ol Isopropyl alcohol 2’
Pyridine 5
Styrene i
Teytrahydrofuran Vinyl benzene 1,2,3
Xylene ;’ >3

.141

S>olvents

(c) Hazardous mixtures

o

Substance 1

Substance 2

Hazard

Any solvent liable
to peroxides, i.€.
those with note 2.
above

Bromo-, chloro-,

Any ketone, e.g.
acetone and
methyl ethyl
ketone

Ketones, especially

The ketone aids the formation
of peroxides. Substances such
as cumene or propan-2-ol
which are usually only slowly
oxidized can become explo-
sive in a short time

Violent reaction in the pre-
sence of base (e.g. KOH) or

or fluoro- solvents, acetone
especially chlor- some other catalysts
oform
Alcohols + NaOH  Violent reaction with base,
or KOH aided by the alcohol as co-
solvent
Nitro-solvent, Amines, e.g.
especially nit- methylamine, ani-  Mixtures may detonate on
romethane line and diami- impact or friction
noethane
Bases, e.g. KOH .
and NH,OH
Acids, e.g. H,SO4
and HCOOH
Chloroform or bro-
moform
Hazards

1. Normally supplied with an inhibita
inhibitor, and therefore be especially

reactions.

2. Forms peroxides on storage. Distillation may le
e.g. an air bleed to a distil

during processing, _
duct. Materials stored with

peroxide concentration in the pro

may become shock-sensitive explosives.

3. Liable to polymerize. This can cause degra
explosive, particularly on heating or in the presence 0

4. Violent reaction with aluminium (and its alloys), titani
to heat, friction or impact.

5. Laboratory residues often contain so

6. These compounds shbuld not be disti

r. Recycled ma b
likely to undergo the followin

of certain chemicals.

dium wire, or solid KOH as drying agents.
lled, as they are liable to explode. Can

form shock-sensitive explosives with amines or alkalis.

terial may have lost the
g hazardous

ad to an explosion. Air contact

lation flask, may lead to h}gh
out an inhibitor

dation of product, or may even be

um or zinc when subject
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@8) A quaﬁt/y assurance laboratory used chloroform to extract wax from a
commercial product for infra-red analysis. The solutions were
accumulated until 2 litres were available, then batch distilled (with
no column). A little ethanol was added to the wax-rich residue before
placing in the discard can. An occasional check was made that the
recycled chloroform contained sufficient ethanol (1 to 2%) as
stabilizer. This normally distills over in the first
process. ,

(9) A group of Research and Development laboratories agreed to
standardize as far as possible on a few solvents. Each scientist used
his knowledge to judge if a particular waste was recoverable. If so, he
carried out any preliminary removal of solids, neutralized any acids
or bases, etc. It was common to carry out a rough separation into
‘clean’ and ‘dirty’ solvent by partial distillation or rotary evaporation.
These solvents were then collected in separate ‘recoverable solvents’
cans, distinct from the discard cans. When near full, a particular
solvent was distilled in a standard preparative still by an experienced
technician. The product was checked (by gas chromatography) and
labelled as to its purity. A stabilizer was added to one solvent. Some
batches were of excellent quality; others were suitable for less critical
work.

(10) A major hospital histology laboratory collected its xylene waste, and
distilled it on a commercial automatic still. Care was taken that the
waste did not become contaminated with other solvents or materials
from other laboratories or procedures. This produced a 60% saving in
solvent purchase, and a similar reduction in disposal costs. The
payback time for the capital cost of the still was less than 6 months,

(11) Experiments on droplet coalescence were found to have considerable
variation, even if a fresh bottle of solvent was used each time. This
was probably due to very tiny quantities of surface active and
unstable compounds. However, it was found that it the experiments
were repeated with the same solvents recycled by distillation, the
results became consistent.

(12) A routine procedure involved 3 washes of a material with solvent.

The third wash liquid was saved and used for the first wash on the
next procedure.

part of the recovery

(4.6.3 Preliminary Treatments

tis generally a good idea to consider other physical and chemical methods
'rior to distillation. Section 9.3.6 gives some suggestions. In particular,
there contamination is very small, say less than 1%, then other proce-
ures may be more economic, safer and less trouble. A chemical reaction
l1ay sometimes be found which converts contamination to an insoluble
rm, or conversely to a water-soluble form which can be extracted.

i w concentrations. Adsorp\_/,_ is, however,.
bu\l'e(;;b\//;uaz:{)yleectzgt?:;cl;20;01;) removal of peroxides or other dangerous
a
* Many ae of solvent produce waste containing acidi.c components {e.g.

M'an)' udS esc | halides), where it is generally a good idea for these to be
eatralin (; ?)yfore recycling. In fact, most chlorinated solvents. ten_d to
o id eith time, owing to breakdown of the solvent, and this afndxty
rould ben v‘t/ralized v:/ith solid sodium carbonate or an aqueous SOl.lltIOI.l qf
ShOU!d e ne:Jhat some solvents are hydrolysed on heating with alkali, soitis
alka;;i)ﬁ?x:;onam to ensure that solid or liquid or dissolved base (NaOH,
equ

KOH, Na,CO,) is removed before distillation.

14.6.4 Distillation

The following are notes on practical aspects of distillation for waste r&co;:g
oo % including some very rough and ready s.hort-cqt metho
D ontation. I);’ is assumed the reader is familiar with basic labf)r?tor);
calcu!auol;‘lt may not be used to the design and oper?tional.charactgn_st‘xlcss ?o
g'ra(':;llc:i’on apparatus. Some gross oversimplifications W.lll b]e o vrlgaCh °
a;s;(t):e with a chemical engineering background, but the simple app
. e. . .
83“81'311}’ a?:?ﬁacﬁ:;;:: :)Sfr;ulrli.;:ed flask in which the mixture 1s bm‘l;:;da,
A'ctzlp lcc(‘;ilumn in which the actual separation occurs, an adaptor orur o
ot var designs on the top of the column which takes some vaﬁo o
O_f e arm. ‘(:i ag:lvatér-cooled condenser to convert that vapour to qgl z.md
- ar?’ allrll tion, the flask is filled to its working Ieyel with h%:lilu C,t ne
o l;:)il:d of% through the column until (a) sufficient top 1p; p
‘l;?;zuroollected or (b) the quality of the top pr‘oduc‘:t is ;1:1 S(a)f egworking
enough, or (c) the level in the flask has fallen to its minim
lcvél;ntinuous distillation is more efﬁcien? ir{ s‘everal. wa;yly'ls ::; ;3 :2(:;2
complicated to set up. Asits name imylies, liquid flIs cor:&:ltxop 1 e coum
system, while an equal total quantity 15 rf:moved lom By be made i 0
and from the flask liquid. To achieve this, the co ug:ln e this Hiquid
arts, with a central section for addition of feed liquid. 1t1 o alproblemis
fs pre’.heated to near the column temperature. The Il?‘:lil_:, pxr:ilte ostibleonan
to control the rates of liquids going in and out, bult t 1e vocilumc e ough e
automatic unit, which may be set up to process a larg
a small apparatus.

imati i distillatio ! re
roximation to continuous er-poiling
lo»ﬁltl)o?lfi)xll)g solvent is to be removed from a small amount of high

. . ination.

ial if 99.5% hexane is to be removed from its oil C(:: tti?ﬂask to

material, €.g. e, there is a continuous or frequent axddmonff the top ofthe

For thls p‘urposrléin level. The low-boiling material (.;omeso k. This canbe

keepit at ltlfi]\:ct’he hig gh-boiling material accumulates in the f:;ssir;g the liquid
Z‘zgxﬁay the use df a small dosing pump, preferably p

n can be made where 2
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through\gaime kind of heating coil (e.g. a coil tube in a water bath) so that it i
fairly close to the still temperature.

An important practical point is that all columns work better if heat loss is
reduced- Commercial stills may be fitted with a vacuum jacket or an
electrically-heated shield. For a unit made from standard laboratory items,

‘ Solvents .

—

Table 14.2. Characteristics of distillation columns

The following are typical of values that might be found for commerciaj
glass columns used for laboratory distillation. Actual values can vary
considerably, particularly with reflux ratio. All are of 25 mm diameter or

then a wrapping of aluminium foil is better than nothing. A convenient thereabouts.
method of insulation is the pre-formed sections of lagging used for industrial o
and domestic pipes. The plastic foam ones are suitable for lower temperature Column Throughput  Plate efficiency:

distillation, but the fibre-glass ones are suitable for all temperatures. Theyare
much more convenient than wrapping loose fibre-glass around the column.

The effectiveness of a distillation column is measured in terms of units -
called ‘theoretical plates’ which is based on the idea of liquid and vapour
coming to perfect equilibrium on an imaginary industrial-type plate column.

cm?/min theoretical plates per
actual plate

Plate columns

. . o Bubble 10 0.8
Real plates may be equivalent to 0.4-0.8 theoretical plates. A flask with no Oldershaw 15 0.8
column, just a still head and condenser, will have an efficiency of just under . .
one theoretical plate. The number of theoretical platesin the column will vary Other columns Column height (mm) to

with design, flow rate, and the properties of the mixture tobe separated. Itcan give one theoretical plate

even vary significantly during a batch distillation. Vigreux S 100
Spe_cnahst manufacturers will gsually be able.to quote the theoretical plate Packed: 6 mm Raschig rings 20 100
capacity of a column for certain standard mixtures such as benzene and Packed: 3 mm Fenske helices 30 40

toluene. As a rough guide, a typical interchangeable column (24 mm joint)
of 200 mm working length has just over half a theoretical plate when empty, 3
plates with a coarse packing, up to 5 with a fine or efficient packing. A 300 mm
Vigreux column of the same diameter gives about 3 to 4 theoretical plates.
Table 14.2 gives some values for common laboratory columns.

Other things being equal, the number of theoretical plates is proportional
to the height of the column. Narrow columns have more theoretical plates but

Table 14.3. Effect of reflux ratio on column efficiency

Data from a 1 inch X 48 inch Oldershaw column, separating
n-heptane and methylcyclohexane.*

lower capacity. One of the most efficient designs is the spinning band column, Reflux ratio Theoretical plates
which is often used in commercial units. A 500 mm height of 6 mm diameter
column of this type is likely to be the equivalent of 20 theoretical plates. (Total) 28

A commercial unit or one built by a person with specialist knowledge will 120 »
have some means of controlling the reflux ratio. Simply defined, this is the 80 24
ratio of liquid which is passing down the column at any time, to the amount of 40 2
liquid which is being taken off as top product. A larger unit will typically 20 16
control this by condensing the vapour at the top of the column, and then 10 10
splittingitusingaso-called ‘dividing head’. Asarule of thumb, the reflux ratio 4 . 3

should be similar to the number of theoretical plates. For very critical
separations it will be necessary to control the reflux ratio precisely, asit is a
major factorin column operation. For less critical work it is suggested that the
above guide be used initially, then experiments are carried out to see how
much more material can be taken off without lowering the product quality too
much.

Table 14.3shows how the column efficiency can vary withreflux ratio. Note
that efficiency is maximum at total reflux (i.e. no product) and that efficiency

falls off drastically for reflux ratios much below the maximum number of
theoretical plates.

*Goldsbarry, A.W. and Askevold, R.J. (1947) Evaluation of Laboratory
Batch Fractionating Columns, Proc. Am. Petroleur Inst., 26 (1), 18-22.

To decide on the column needed, or how an existing still can be operated,
it is necessary to know something about the mixture to be d_:snl‘lcd, and also
the realistic requirements of the product. F01: example, there is no need to
use a very high efficiency still with low capacity to produce extremely pure
product, when a %0% purity would be adequate.
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equilibrium behaviour of the components, and also to have someone such as
a chemical engineer or a specialist chemist who is capable of interpreting the
data and carrying out some sophisticated calculations. However, the
following short-cut method is often adequate and illustrates some important
features of batch distillation.

Take the example of a mixture of 2 solvents. A full calculation would
require step-by-step analysis of data on the vapour pressure of mixtures.
Instead, it is assumed that the materials have a constant relationship called
the relative volatility «. For example, at its boiling point, a solvent A has a
vapour pressure of 760 mm Hg. At the same temperature, solvent B has a
vapour pressure of 380 mm Hg. Thus the relative volatility o, g is 760 + 380
=2.0.

Obviously, in this case solvent A would be removed at the top of the
column. Roughly speaking, every theoretical plate will enrich the product
by the ratio o4 5. For example, if the flask has a mixture of 50% A, then the
liquid has a ratio of 1:1. After one theoretical plate it will be 2:1 or 67%.
After 5 theoretical plates it will be 32:1 or 97% pure. Note that these are
actually mole ratios and percentages.

This can be expressed in the following formula:

N = log((xa/] - xa)(.Yall - )’a))

(14.1)
log asp
where
N = number of theoretical plates
ayp = relative volatility of A to B
x, = mole fraction of A in the flask
ya = mole fraction of A in the top product

In the example, the expression is:

s - log((0.5/0.5)(0.97/0.03))
log 2.0

As a flask with no column gives nearly one theoretical plate, 5 theoretical
plates would be given by a still with a Vigreux column or well-packed
column of 4 theoretical plates. However, if the reflux ratio is not well
adjusted there can be a loss of up to one theoretical -plate, so for a
conservative calculation it is wise to consider only the column, and we could
therefore only rely on a top ratio of 16:1 or 94% pure.

Note that the composition in the flask has a very important effect. Ff)r
example, when the majority of component A has been distilled over, its
concentration in the flask drops to (say) 10 mole % or y, = 0.1, and aratio of

(®) An automatic still for the recovery of xylene from a hospital histological laboratory.
Photo courtesy of B/R Instrument Corporation, Pasadena, Maryland, USA. (3 Items kept
specially for spillages in a convenient corner. Absorbent pillows, neutralizing agents, buckets,
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1:9. A cOiwwn of 4 theoretical plates would enrich this to 16:9 or 649

glljl:z A column of 5 tbeorellcal plates would enrich it to 32:9 or 789,
Thus during a batch distillation, the purity of the top product tends ¢
fall, even though the column performance may remain the same. It e
therefore necessary to stop the process or cease collection when the i)uritl :
dl.’OpS to a certain value. A useful alternative is to collect the first portioy
with an acceptable purity, for example 9%, and collect a second ponimr]l

of lower purity. The first portion can be redistilled to a higher purity. Its -

residues and the second portion of distillate are saved and added to the

next batch of waste for recycling. In this wa :
i ' y, both a good yiel
purity are achieved. good yield and a good

100

ceasag, b AL LT T PN,

——— '\_ ----------

Y4

90

Q2 BOA

B

@

T

°

2 704

-

>

a

13N

2

3]

E 60
no. of plates
A n=4
X n=

0] On=86__ _____
R a=7
B =58 ..
40

50 55 60 65 70 75 80 85 90 95 100
mole 7 in pot

Fig. 14.1 Top product purity from batch distiliation.

e g

14] Soivents —_—-

Fig. 14.1 shows the drop in purity of product as the distillation proceeds,
for columns of 4 to 7 theoretical plates, and for a mixture of relative volatility
2. The product composition for any other relative volatility, number of
plates, and composition of liquid can be predicted by rearranging equation

(14.1) thus:
Ya 1—x,
2 =( - )@B (14.2)

This can be solved on most scientific calculators (or microcomputers) in
two stages, for example:

LETZ = (A1N)* (1 - X)/X
LETY =Z/(1 + Z)

Vapour pressure data is available in a number of compilations, including
the Chemical Rubber Co.’s (CRC’s) Handbook of Chemistry and Physics,
and Perry’s Chemical Engineers’ Handbook.

It is possible to carry out these calculations for mixtures of many
components, providing the vapour pressure of each substance is known at
the same temperature. One of these is arbitrarily set to one, and the ratios of
the others taken as before. Then if x; is the mole fraction of the ith
component and g, is its relative volatility, a still of n theoretical plates will
give a top product with components in the ratio

A:B:C:D:E..
as
x,a% 1 xpap @ xa% 1 x4ap ... etc.

It is unlikely that a calculation for many components will be exactly
correct (though it may be a useful guide). This is partly due to some
approximations in the method, but also on acount of the interactions
between the components which may occur. A very important and extreme
interaction will be briefly discussed in the next section.

14.6.5 Azeotropes in Distillation

A good description of ‘the theory of azeotropes will be found in many
physical chemistry and chemical engineering textbooks. For waste recyc:
ling, it is mainly necessary to know if an azeotrope can be formed or not,
given the composition of the solvent mixture. The CRC's Handbook of
Chemistry and Physics gives a very full list of 685 combinations of 2 solvents
and 119 combinations of 3 solvents and the properties of the azeotropes
which can form. This should be checked before planning a solvent recovery
routine, as the presence of an azeotrope has a major effect on the
distillation.

As was previously mentioned. an azegtrope is a mixture of two or more
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solvents wkﬁi?:;h cannot be separated by distillation (with one proviso
latgr). and which comes over as if it was a compound. To predict the co s
a distillation where an azeotrope is involved, it is easiest to imagine t}l1l
azeotrope is effectively an additional component. ’

_As an example, take one litre of 95% acetone, 5% water to be b N
distilled with an efficient column. According to the CRC’s Handb;t)c i
acetcome has a boiling point of 56.2 °C, and water has a boiling point :
100 °C. Howevcr, there is an azeotrope which is 88.5% acetonepcil 50
water which has a boiling point of 56.1 °C. what will happen? S

If the azeotrope did not exist, then acetone (being the more volatil
component) would be expected to distill off as the top product at abopt, %
56 °C. In fact, what distills over first is 88.5% acetone. t o
than that in the flask! Moreover, since its boiling poir,xt is virtually identical
to that of acetone, the inexperienced laboratory worker might easily ass
tha% the distillate was pure solvent. In this case the azeotrope will gistinumtf
until the're is no more water left. Thus, contrary to commonsense. the w ?
content in the still flask steadily decreases. A calculation will sliow thatcé
half the samp}e were distilled off, the residue would be Very pure acetonac ;

"I“herefore it is clear that acetone with a small amount of water can be
dqed by distilling off the azeotrope. This is a well-known method f
pnmary drying of solvents and applies to many common ones includi:;J ;.
alcohols, ketones, aromatics and chlorinated solvents. If the wast’e isnear tg
the azeotrope composition, then distillation will not perform any useful -

rc,eparatlor.l (except from involatile compounds and other solve);ts not ‘
involved in the azeotrope). It may sometimes be useful to separate
azeotrope from a mixture of lower concentration. For examplep a wattn :
waste containing 20% acetone could have the majority of this re;noved a;
the azeotrope. The aqueous waste might then be easier to dispose of, o :
there may be some use for the azeotrope. (See section 14.6.2(5).) s

Asthe CRC’S handbook shows, a few azeotropes have thé usef.ul property
gf separating out on cooling. Particularly where the azeotrope is with wiicry :
it may oﬁep.be an advantage to make such an azeotrope. For exampl .
toluene (boiling point 110.6 °C) forms an azeotrope with wz;ter which b%js’
at 85 °C gnd contains 80% toluene, 20% water. When this is distilled off
from a mixture allowed to cool, it separates into two layers. The bottom
layer Is water containing a trace (0.06%) of toluene. The top la'yer is toluené
containing a trace (0.05%) of water. If necessary this trace of water can be

removed from the . - v :
sulphate. recycled toluene by chemical drying with calcxgm

see
rse o
atth

hatis, a lower purity

For' difficult, expensive or important waste it may be worth while
changing the pressure or chemical conditions. For example, distillation of an
ethanol-water mixture at ordinary pressure gives an azt;otrope which is
95.6% ethanol. However, distillation at a reduced pressure of 95 mm Hg
gives an azeotrope which is 99.5% ethanol. If an azeotrope with water is
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Alternatively, it is sometimes possible to find a third solvent which canform a
ternary azeotrope. This is done commercially where benzene is used to
remove water from 95.6% ethanol as the benzene-ethanol-water azeotrope.

14.6.6 Operation of a Batch Distillation

The following is a description of how a batch distillation for waste solvent
recovery might be carried out, making some compromises between speed,
purity and convenience. ’
The flask will depend on available apparatus. It should be filled to about
2/3 full and the distillation should be stopped when the flask still has a
reasonable amount of liquid in it — say 10% of its volume.
The column will depend on available apparatus, the degree of separation
required and the liquid throughput. See Table 14.2. Note that when the
distillation is over, the column will still have some liquid in it. A Vigreux
column retains very little: a packed column quite a lot. The Oldershaw plate
column is self-draining — some plate designs are not.
It is not necessary to have a large enough still to take the whole waste.
Sometimes it is more convenient to use a smaller still and process several
batches. This should be particularly considered where the solvent is highly
expensive or possibly very dangerous, as it limits the consequences of an
accident.
Itis a very good idea to add some boiling aids (i.e granules or chips of inert
solid with a rough surface) to the cold liquid. They should never be added to
hot liquid, as sudden explosive boiling may occur. Itis very preferable to use
fresh boiling aids each time, as the surface tends to become inactivated with
use. However, some waste solvents boil very smoothly withoutany aids—the
behaviour varies and is not easy to predict.
It is preferable if the flask is fitted with a thermometer. For all but th‘e
easiest separations, there must be a thermometer in the distillation head. It1s
best if a head is used which allows the take-off rate to be controlled, including
zero take-off (i.e. total reflux). )
If advisable, the apparatus is purged with nitrogen. The flask heater 15
switched on at a high setting. If the waste is very viscous, then it should be
heated more slowly, or there is a risk of ‘bumping’ (local explosive boiling) or
cracking the flask. The thermometer in the flask will give an indication of the
progress of this warm-up. When the liquidis nearingits boiling point, the heat
input should be reduced so that it comes to the boil gently. .
When the liquid starts to boil, condensing liquid will start to appearin the
column. This will gradually rise up the column. At this time, the stillhead and
condenser should be checked to ensure that they will give total reflux. If
necessary, the heat is adjusted until vapour reaches the top of the column and
refluxes on the condenser. .

The heat input can now be adjusted to give the best column conditions. A

packed column should be fully wetted but without being ﬂoode(.i,'i-e- the
skasld -2l £ =£t=::1d A =latz azhum=ashanld haue visihle liauid
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on all ~lates but v..mt splashing. For maximum throughput, the column:
can tL_,(ought to the overloaded condition, then the heat reduced to give a
satisfactory condition a little below this. s
The still head is adjusted to give a very small amount of take-off. Evep’
with a supposed clean solvent it is usual to collect the very first portiop’
separately. This is known as the ‘fore-runnings’ and usually contains volatilé
impurities, plus some dirt from the distillation apparatus. After a few
minutes the still-head thermometer should have stabilized to a reading.
similar (not pecesarily exactly equal) to the boiling point of the first solvent
or azeotrope. This can now be collected, :
The rate of take-off can be increased to a suitable value. The colump
condition should not appear to change, and the stili-head thermomete
should not alter its reading by more than half a degree. With a regular
distillation it will be found by experience what rate can be tolerated with a’
satisfactory product purity. ©f
It is sensible to collect the product in a series of receivers. Thus if the ;
distillation overshoots then only one receiver is contaminated. o
When the take-off temperature changes significantly, then a new receiver
is put in place and material collected until the temperature stabilizes on a -
new. value. This is the next product (or azeotrope). A new receiver is fitted -
and the intermediate liquid discarded.
In principle, though rarely in practice, a whole series of solvents can be
distilled off and collected substantially free of contamination. The
fore-runnings should always be disposed of, but the intermediates may be -
saved and added to the next batch. Where the initial waste was relatively
pure then the pot residue may be retained for the next -batch. Where it s -
desirable to recover as much as possible from a batch of expensive solvent,
then it may be possible to add a cheaper, less volatile solvent (e.g. paraffin)

to give the flask a reasonable liquid content when most of the solvent has
been removed.

CAUTION: it is very dangerous to allow a still to run nearly dry. The flask

may break and some solvents may explode owing to concentration of unstable
impurities,

: -

At the end of the distillation, the apparatus is allowed to cool down, then
emptied and cleaned as necessary. With tarry residues it may be necessary to
remove them while hot, or reflux with a little low-viscosity solvent (which
may itself be recovered waste, e.g. intermediates from a distillation). .

The columnp may be left wet if it is to be used for the same job later,
However, if the solvent is prone to form peroxides (see Table 14.1) the
column should be rinsed with a compatible solvent which does not form
peroxides, e.g. methanol, hexane. It is likewise advisable to remove
polymerizable liquids such as styrene from a column. el
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Table 14.4. Solvents which should not be recovereM distillation

Reported accidents suggest that the.following sol'vents and ‘mixtures are
especially likely to be unstable owing to peroxide formation or other
reactions. It is suggested that they should not pormally be recovered fr‘om
waste, as the economic benefit does not justify the hazard of exp!osnon.
Any distillation of these materials in the course of use should be came(;i o;:t
by a skilled person who is knowledgeable about the hazards and the

precautions necessary.

Individual substances:

Di-isopropyl ether (isopropyl ether)

Nitromethane

Tetrahydrofuran

Vinylidene chloride (1,1-dichloroethylene)
Mixtures:

Chloroform + acetone

Any ether + any ketone

Isopropyl alcohol + any ketone.

Any nitro compound + any amine

14.6.7 Peroxides, Polymers and Other Problems

The principle hazard in distillation of flammable solvents ;s obv;;);sig lfir‘e]cg
vapour leak from an insecure joint ora cracked piece of app e hou
likely to ignite. It is therefore obvious that solvent rec_?vtt?l('))l'] s
have explosion screens and be in a position of forc_ed ventilation, 'of ek
hood or in a fume cupboard. However, even in the abs_;nc;e e aré
explosions are possible owing to the presence of peroxide I (is poscible
. unstable compounds which can explode or deton?te on hcat:ullg.tiC o esive)
that a peroxide solution (from a chemical experiment or a2 p azo o o that
may be included in solvent for recovery, but it is more ca
peroxides are formed by the actifon olf air t;m tl;;ac;slolzre:t-p ]
ble 14.1 gives groups of solvents W .
fo:::ation. In a%ilditiox%, bele 14.4 gives a list of some solvenftihv:t;zrls;i]lt ;
hazard is especially great. In fact it is recommended that nonf (_)S S e for
listed in Table 14.4 should be distilled for waste recovery. It 1 tll):has 200d
them to be distilled under certain circumstances by an cg(pertg‘ll s
reason, but otherwise the savings do not justify the considerable danger.

one to peroxide

mixture
CAUTION: if peroxides have been deliberately addefl toa SOl:{mU e
they should be chemically destroyed before t:he solve.nt is dlscal‘dde P of'pe e,
circumstances should such mixtures be distilled until ma

k bottles of ether and similar

In order to remove peroxides from stoc o alumina

i i ivat
solvents, the best general method is to treatment with act
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by the use of chemical and physical procedures specific to the individua]

solventand its intended use. Details are given in many of the better baoks on -

preparative organic chemistry or on certain techniques such as llqmd =

chromatography. =
A selection of books which give exp11c1t instructions for the purification of"

a large number of solvents is given in the bibliography.

14.7 OILS

There is a substantial industry involved in the recovery and refining of waste
oils, but it is rare for a laboratory by itself to produce sufficient to be:of.
interest, unless it is already associated with the industry. Generally for
relatively clean oil, a quantity of 50 litres may be taken away free; a quantity
of 500 litres may be bought. It is sometimes possible for a laboratory to lower -
its disposal costs by carefully segregating oils from solvents for the waste
collector.
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