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This note reviews the known methods for t~eating ethyl e~her useJiJt 
Springfields, for the removal of peroxide compounds which have explosive . 
properties. The be.st method appears to be to wash the high-peroxide ether 

.with an acid solution of ferrous sulphate • 

. , The review was made in early 1951 because the Development organisation 
was at that time engaged on tests of new et~er purification processes. 
This development work is suspended but it still occurs that high peroxide 
concentrub om.: are met with in the full scale Factory process. It is thought 
that a wider knowledge of the literature may help in avoiding dangerous · 
occurrenqes •. 

1. THE FORMATION OF PEROXIDES. 

The distillation of ethyl ether, and of many of its homologues, 
has long been known to concentrate and accelerate the formation of 
impurities and to give rise to explosion risks. The impurities 
found in ether under the ordinary conditions of us~ge.are recorded as 
including acetic acid, formic acid, acetaldehyde, hydrogen peroxide, 
di-ethyl peroxide (C2H )2o2 monoacetaldehyde hydrogen peroxide, (2) 
di-acetaldehyde hydrog~n peroxide, vinyl·ethyl etheil and vinyl alcohol 
Ethyl nitrate is also said to be formed under the special ~o~ditions 
of distilling ~ther from concentrated solutions of nitrates~3J. The 
chemistry of formation of many of the peroxide compounds is not 
established but the conditions favouring their·formation have been 
frequently sta-:ed. They include atmospheric oxidation, exposure to 
ultraviolet light, heating and the absence of certain known 
anti-oxidants. 

The anti-oxidants or inhibitors which suppress the formation of 
ether peroxides comprise, interalia, ~ydroquinone, diphenylamine, , 
alpha and beta naphthols (4) · (5). No~e of these compounds are 
known to be·present in the ether used at Springfields nor i~ it likely 
that they could be effectively used in the Factory process. Wo:rk. 
carried out by the Springfields branch of Chemical Inspectorate in 
December 1948 (6) has confirm~d that an increase in. density of nitrate 
solutions yiel~s a marked increase in the peroxide content of the 
distillate during ether-stripping, especially when the solution 
boiling point rises from 44°C to 80-90°C. 

These features of the formation of ether peroxides are recognised 
in the appropriate Operational Memorandum for the Ether Plant and a 
procedure· is laid down for ensuring the minimum risk of peroxide 

·formation. At ·one stage in the standard procedure for operation of 
the other purification process in Building A.l?, peroxide tests have 
to be made at least at 15 minute intervals and the results repqrted 
to Plant operators for immediate action with only a few minutes 
allowed for carrying out the test. · 

The formation of peroxides can cherefore be regarded as an 
unavoidabl8 feature of the process as ~t present operated~ There is 

·evidence, moreover, that the project for direct ether purification 
of ore solutions may give peroxides in greater concentra~ions and 
with greater frequency still; this feature being .one wh~ch was being 
studied in pilot scale experiments. 

II e TidE HAZARDS OF PEROXIDES. 

The risks attached to the handling of ether-peroxides in 
glass-ware labo~atory apparatus have frequently been described (4) 
(7) but no record can be found of any authority stating the 
concentration or the temperature at which explosion becomes probable. 
Vibration and the presence of oxidisable matter clearly· have an 
effect on the St;lfe lilnits. Experiments have been carried out, ·in · 
vitro, with concentrations up to 350 p.p.m. at C.I., Springfields(6) 
and it is said +n a report originating in I.C.I. (3) that peroxide· 
does not lead to special danger (in the large scale preparation of 
pure U~08 ) unl,ess it exct~eds 1 ,000 p.p .• m. It was , however, 
recognised to be American practice to h::>ld the :;>eroxide content 
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below 10 p.p.~. during the other extraction process. This is the 
level which Springfields regard as the normal maximum for the extraction. 
process. 

Peroxide values inevitably rise steeply d·.1ring the stripping of 
ether from mother liquors and extractions liqu~rs and an upper limit 
of 70 p.p.m. is set for recovered ether· returned to ether storage. 
Above 70 p.p.m,· peroxides the ether is drained off into Winchesters and 
discarded. .-AJbove 100 p.p.m. the ether_;stripping process j_s stopped an·d 
the contents of the still (though they may include some unrecovered ether, 
with ether. peroxide) are discharged for recovery of their uranium value. 

It has also been reported that ether peroxides are poisonous, but 
since their vapour pressure is much lower than that of ether. itself the 
toxic risk is presumably slight except when ether is used for anaesthetic 
purposes. 

III ETHYL NITRITE. 

It is known (3) that ethyl nitrite is formed under the same class 
of condit-ions as those which give rise to ether peroxides. It is not 
clear how this ethyl nitrite is formed, since the ust:.al laboratory 
preparative method is to react concentrated nitric acid with a mixture 
of alcohol a.."ld sulphuric acid and to distil off in the pres·ence of 
copper. The product is a constituent of "sweet spirit o'f nitre". Many 
textbooks on organic chemi~try· make no reference _to the explosive 
properties of alkyl nitrites and Sudborough's 11Eernthsen11 for example 
states. (though with.some ambiguity) that it ie the isomeric nitro­
derivatives v;hich "occasionally explode when quickly heated". An 
excellent Canadian study (14) of the hazards in using dietbyl ether, 
with very extensive references, makes no mention of ethyl nitrite at 
all although it states that "mixtures of ether, HN0'3 and H2so4 
(presumably conc-entrated) are supposed to be explosive" •. 

The only evidence so far found that ethyl nitrite carries the same 
explosive ricks as. :9eroxides is in M early textbook (8) but the 
matter does not seem to have received very wide attention. This is 
perhaps because e_ther peroxides can- be formed Under a variety of 
co_ndi tions whereas the presence of nitro-compounds is clearly necessary 
for the forme-;. tion of ethyl nitrite. 

· The star~dard test-method employed at Spring:fields Factory does not 
·distinguish between. peroxides ~nd nitrite (9). The separate determination 
of peroxides and nitrite has been studied at A.E.R.E. in connection with 
Butex (10) ar_d a technique described by Nozaki- (11) is.said to be appli­
cable to ether. 

So long as it is accepted that nitrite is as hazardous as peroxide 
it is actually an advantage that the standard. test-method allows no 
distinction to be made. The process for the recovery of eth~r must 
therefore be judged on its ability to remov~ both·peroxides and nitrite. 
Even if it could be shown that ethyl nitrite :..s not.in fact dangerous 
it is unlikely that a sufficiently rapid test-method could be devised for 
peroxides alone, in the short time allowable :m· these process.:..control 
tests. 

IV.REVIEW OF PREVIOUS WORK ON PEROXIDE REMOVAL. 

Suggestions were made in October, 1949, by Chemical Inspectorate, 
Springfields, that peroxides should be removed :rom ether by treatment 
with. solid sodium hydroxide, at normal temperatures (12). It appears 
that this lead was not followe~ up at the time only because of the 
pressure of other work. Nine different reage11ts hild been tried; 
Feso4 crystals, FeS04 with H2so4, active charcoal, Mn02 , NaOH, KOH, 
hydrazine .sulphate,Na2co~ and lime, all in the solid state. Feso4 would have been quite ef~ective as an aqueous aolution.but the 
desire at the time was for a solid reagent. The laboratory-scale 
experiments of C.I. showed that peroxides could be reduced from 300 
p.p.m. to 10 p.p.m. in ~ hours by stirring cold ether with solid NaOH. 
It is presumed th£t a great ~xcess of NaOH waa used, but even so the 
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cost was regarded as being .negligible. There·fore only the caustic· alkalies. 
appeared worthy ~f special recommendation at that time. 

It was observed that ·.sodium and. potassium hydroxides became coated with 
resinous polymerisation products when they were used for the r·emoval of 
peroxides. The hazards attached to th~se· unidentified polymers are not. 
knpwn and this factor invoives further work before the .alkalies can be 
recommended for large-scale use. It has ~een renorted (14) that peroxides 
lose their excess oxygen·on contact with NaOH, but this is hardly 
compatible with the formation of resin'ous polymers. 

It has been found by more recent confirmatory tests with 200 gms. of 
lump caustic soda per 10 litres of ethel.· ~13) that it is desirable to. wash· 
the ether with water after treatment to extract suspended alkali particles. 
There is thus no point in working with dry solid reagents for the removal of 
peroxides and the use of ferrous sulphate solutions, for example, becomes· 
possible. 

The reaction of the oxygen of the peroxides with acid ferrous sulphate 
solution may be written th~s :-

2Feso4 + 0 +H2so4 =.Fe2 (so4)3 +.~20. 
The heat of reaction is calculated, for dilute solutions and assuming. 

no heat of dec·ompcsition for the peroxides liberating oxygen, as of the order 
.of 35 K cals/gm. formula weight. The effect of this exothermic reaction may 
.be appreciable. 

A remarkably successful ad. hoc experiment by Prod,uctiori ·operators showed, 
··i:n November, 1950,, tbB.t borehole water was effective in rem<).ving the. peroxides 
from ether which }-_ad attained the unusually high level of 4o p.p.m, in the . 
extraction plate. . Borehole waters are S.Ollletimes quite rich ~n ferrous irotJ. but 
samples taken· in· f.eptember 1950 show Springfields borehole· s~pplies to be of.· 
the order of only 0.5 p.p.m •. soluble Fe.Fer.rous and ferric iron were not . 
separately determined. It was therefore :?resumably because of .the decomposit:i:on 
by water·, rather th,an by reduction with ·the ferrous ion, that thi13 recovery of 
the ether in use at the. time was affected •.. 

. . . ·.·.. . .•.· . . 

The most elegant technique for the complete purification of dangerously 
.contaminated ether is undoubtedly that described by Werner (2). It comprises 
the shaking toget~~er. of ~.litre of ether with 30 mls. of water containing 4 gms. 
of dissolveq AgNO~, then adding 50 mls. of 4% NaOH solution and shaking ·. 
vigorously for.a further 5-p minutes. Peroxides are destroyed, aldehydes and 
unsaturated compounds are oxidised to their corre3ponding ac.:ids, and acids 

. are neutralised by the NaOH~ It is. not necessary to distil the purified ether. 
for a final separation; a simp,le filtration·gives a product V{ith a negative · 
reaction even to JorissE:m 1 s test which detects as little as 2}"2 p.p.m. of 

· p~roxides with certainty~ 

Werner's method is. too complicated,, and is· needlessly expensive in 
reagents, for large scale operation at Springfields. As alternatives and 
in addition to th.E; technique tried b.y q~J; •. and already referred to above, 
there remain two which are of pasf!inginterest. 

One is ad1:1or:t=tion in alumin?-, descri":)ed by Dasler and Bauer in 1946 (15). 
ThiEl does not seen: to be strikingly effective and; in any case, leaves a 
presumably. nangercus concentrate of peroxides in the alumina which may not in 
p:ractic~·elaminate.all hazards in plant o:peration. It is believed, however, 
that the technique has been of value in treating "But'ex" where the peroxide 
does not lead to an .explosive hazard; 

Tne other method whioh is of interest consists of passing the. ether 
over a freshly-prei>ared zinc-copper coupla bed. This is described by 
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Fierz-David (?) vho claimed that it gave. an instantaneous ·reduction 
of peroxides. It could not be applied to large-scale operatic~, 
however, wi~hout some priqr development work o~ materials of 
construction for the plant anq on the transfer of undesirable 
metallic impurities.into the ether. 

Other investigators have already foun.d that ferrous sulphate 
solution, with or without the addition of H so4, is effective in 
removing peroxides. E.C.Williams of Shell fievelopment Company published. 
a note "Explosions arising from Ethers" (to which ·reference ha~ .already 
been made) C4) stating., "Peroxides are destroyed by treatment with · · 

·ferrous sulphate ••••••••• 11 • The context implies the .use of FeS04 · 
solution. Brandt (16) had previously described the use of acidifie~ 
Feso4 solution, amd similar references are ·made in the Cana.dian report 
on "Hazards in using Diethyl Ether" alreac'l.y referred to ( 1:4). 

The routine test for determining the concentration_of peroxides 
in ether at Spririgfields depends-upon the oxidation of the ferrous 
ion. Treatment o;f ether with a ferrous solution must therefore, 
under the right conditions,give a zero-test. 

Development Laboratory, Springfields, 
R & D Branch, 
D. At. En. (?), 
Sal wick, 
Nr.Preston, 
Lanes. 
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