WO 2011/ 104508PCT/ GB2011/ 000254 - 1 - Treatnent of chem cal/bi ol ogi cal

war fare agents The present invention relates to a nethod of decontam nating
sur f aces wbi2ehi/tasoe been exposed to biol ogi cal and/ or 5pcharB20aloovessf are
agents. WD 2008/ 145987 descri bes a nmethod of rendering harnm ess

chem cal / bi ol ogi cal warfare agents. This conprises exposing the agents to
an at nosphere which includes a peroxilde/ water 10 vapour, and causing the
per oxi de vapour to condense on surfaces exposed to the chem cal/bi ol ogi cal
agents; wherein ammonia gas is included in the atnosphere. The ammoni a gas
i s sol ubl e i nTraetmentieafatbenbcidybhiahvgical hyalr bareecagentgact, in
conjunction with the peroxi de, against the 15 biol ogi cal/chem cal agents.
US Patent No. 7,102,052 B2 and the International Patent Application WO

2005/ 03508 p2edefit! LRechPidRt Akl aBeBBEH0S RELHEEONE aak Faht AEi S {Rges that
have been contam nated with 20 both biol ogi cal and chem cal agents.” The

cheni st rjusfacpe vhéahchfvdebeanagkpasedntashhgleogicaleangérvxi de vapour
m xed. Wi g i r nitrogen containing conpounds is fully
3 et fReeL 8P 5 88k 1ER,

expl advant ages t echni ques described in the US Patent and
the International 25 Patent Application are said to be that the gases may
be applied eith rom an external source to an enc|losure or generated

f
within tHg 398P2i6?3?7tﬂ5§cFﬁE?% £ sMRBPRsPHUESRICF 1 i AYBLSES r enoved at

the end eﬁehhéaﬂﬁEQBK@gleéii9&r?£9€eggéﬁt99d BREAUSEMDE1 &8s B PRSE
process, of which the 30 only by-products are oxygen and water vapour, no

damage wkhé agentst bosansatinoepkguée pweich Thelddesdy apeagelidd/wateedescri bed
PrOG&EsS Lgpgﬂgs gﬁgoéghggnéotﬁgepggégigéV&Qpé&rtgg condenise on

surfaces exposed to the chemical/biological agents; wherein

ammonia gas is included in the atmosphere. The ammonia gas

is soluble in the condensate to form ammonia hydroxide to

react, in conjunction with the peroxide, against the

15 Dbiological/chemical agents.

US Patent No. 7,102,052 B2 and the International Patent
Application WO 2005/035067 A2 describe in detail a method of
decontaminating surfaces that have been contaminated with

20 both biological and chemical agents. The chemistry of the
chemical decontamination using hydrogen peroxide vapour
mixed with ammonia gas or other nitrogen containing
compounds is fully explained. The advantages of the
techniques described in the US Patent and the International

25 Patent Application are said to be that the gases may be
applied either from an external source to an enclosure or
generated within the enclosure, that there is no residue or
liquid to be removed at the end of the decontamination
procedure and because it is a gaseous process, of which the

30 only by-products are oxygen and water vapour, no damage will
occur to sensitive equipment. The disadvantage of the

described process is that according to the data given in the



I nternational application decontam nation of chem cal agent VX takes up to
24 hours. Such a long tinme period is undesirable especially if a

si gni fi cand 20umbesosof i tens of equi pmrent need decont ani peTiGBRD112009254
technique that may 5 shorten this period would offer advantages especially
when faced with repeated or wi despread chem cal and biol ogical attacks. It
is one object of the present inventi@n-to provide an 10 i nproved met hod of
renderi ng harnl ess chem cal / bi ol ogi cal warfare agents on a surface.
Preferably, the nethod provides a process which takes a shorter period of
time to Erhdenahaonhtsapphioatabhbidetogtaminaaidaref ageehicah agent f ace and

is nore ficient than prior art thods, It 15.is alsp an,object to provide
a connerggakﬁbe§igBlgoagfegﬂﬁfFVe PSQkﬁo%ﬂngeEhﬂ?qﬂ%E% t®ndering

chem cal {hhekoghpal wapbaiglagentsahaighesscahh hlifbéirst feggstopf the
present invention there is 20provided a nethod of rendering harnmnl ess

cheni cal eguédPBenbi BEOGi éafonkpnanrat agent anpnteckuidaeethaonpry si ng: (i)
exposi ng e t n_at e ISl roxi de. r nd
causihg Fharsafobhls §eBled PBIEILE 0 BRV SRR b CREELITEY el

cheni cal fanddowibhotegesatédagentsdeébpread; chémical t&md sheplddgiceXposi ng t he
agents to an atnosphere conprising further peroxide vapour, and causing the
further PEFBXK8e 30vapour to condense on the surface having the chenical

and/ or biol ogical agents thereon

It is one object of the present invention to provide an

10 improved method of rendering harmless chemical/biological
warfare agents on a surface. Preferably, the method
provides a process which takes a shorter period of time to
render harmless chemical/biological warfare agents on a
surface and is more efficient than prior art methods. It

15 1is also an object to provide a commercially viable
alternative to known techniques of rendering

chemical/biological warfare agents harmless.

In the first aspect of the present invention there is
20 provided a method of rendering harmless chemical and/or
biological warfare agents on a surface, comprising:
(i) exposing the agents to an atmosphere
comprising peroxide vapour, and causing the

peroxide vapour to condense on the surface

25 having the chemical and/or biological agents
thereon;
(ii) after step (i) exposing the agents to an

atmosphere comprising further peroxide
vapour, and causing the further peroxide

30 vapour to condense on the surface having the
chemical and/or biological agents thereon

(iid) optionally repeating step (ii).



(iii) optionally repeating step (ii). - 3 - The present invention will now
be further described. In the follow ng passages different aspects of the

i nvent i orwereldeisosed in nore detail. Each aspect so defcmamB20mynobs4
conbined with any other aspect or aspects unless clearly 5 indicated to the
contrary. In particular any feature indicated as being preferred or

advant ageous nmay be conbined with any other feature or features indicated
as being preferred or advantageous. 10 After step (i) the agents are
exposed to an atnosphere conprising further peroxide vapour, and peroxide
vapour i%heapsedehd tomeehsenowilbenswrbactuhavengdébertihedi calr bilod ogi cal

agent s t?e; on. As used hergig the term"an atgns her e congrisin further
per oxi det9 gBU?ngngﬁﬁgagﬁsl 1L fRbePhe?EPEORDI P iﬁgepé?ﬁi?ﬁ O aPoTr whi ch
has beengadsgdal int hera8edeshep. anta¥hi £Ep¥eS HOt 3P LEEAImay Ber esult of the
previous step. In summary, the "further peroxide vapour” is fresh, new

per oxi decompsnedwiith aay Abhepraspacti artasPprevivobesseplearlys a result
of (e pieyiauseaten (20 Thecplgoent phrenti gl doosupolcifighyde a situation

wher € t he "agen are contrnuous expos resh™ peroxi de
vapour. findibasedebthodeingepréferradepr (adyantdgephs onay | ye f cohibitedt ep
(ii)s are distinct (or discrete) ste and, 25 there is a tine period

S k) '
bet ween YhERSEBYSOF eﬁhf%ﬁtPFﬁeofhgegBHH%ﬁséﬂdb%?B§@d%sv%%ﬁ%? dwel I's on the

surface Lpeberdegost-aghpahedqgubtibout further fresh peroxide being added.
Typically, in each step, the atnosphere conprising peroxide vapour is

i ntroduced into an enclosure or systemover a tinme 30 period of from2 to

0 Mg BRI L, HhE AR IR SRR SHaliete ol
system) &Smprising further peroxide vapour, and peroxide vapour is

caused to condense on the surface having the
chemical/biological agents thereon. As used herein the term
“an atmosphere comprising further peroxide vapour” means an

15 atmosphere comprising peroxide vapour which has been added
in the new step and which was not present as a result of the
previous step. In summary, the “further peroxide vapour” is
fresh, new peroxide vapour which was not present in the
previous step, or as a result of the previous step.

20
The present invention does not include a situation where the
agents are continuously exposed to a flow of fresh peroxide
vapour. In this method, step (i), step (ii) and optionally
further step (ii)s are distinct (or discrete) steps, and

25 there is a time period between the steps in which time the
condensed peroxide vapour dwells on the surface to be
decontaminated without further fresh peroxide being added.
Typically, in each step, the atmosphere comprising peroxide
vapour is introduced into an enclosure or system over a time

30 period of from 2 to 30 minutes. Typically, the time period
between each step (i.e. the time period during which no

further peroxide is added to the enclosure or system) is



4 - from5 to 60 mnutes, or from10 to 30 mnutes. Typically, the tinme
peri od between each of the discrete steps (i), (ii) and optionally repeated
steps (iiwoizsimampendently at least 1 minute, at |east PeT/GBLIIEWI25at | east
10 mnutes or at 5 least 30 m nutes. As outlined in WO 2008/145987, it is
wel | known that biological decontam nation is faster once hydrogen peroxide
and wat er vapours have reached satur4tion and a fine |ayer 10 of
condensation has forned. The reason is that the nunber of nol ecul es

avai lable to attack the m croorganisns is much greater in the liquid phase
than i n themvapoaréphaseutdssoori irdheldi goi 30 phixsetede cDypiacaliyne of
each nolecule.with the target nicroorggnisn1%s much | onger because, of the

| oner 15 RFnEiTE BREIGY BRLYREVnBRERuPESTRR FHECTE LRI SF RSt &) ThE Lhne

ar gunent aa@Pbpesohl tPentsaht &CHRERET N8 | Ofls andié9é R sl v dLEONd A8k nat i on
is effectively a chem cal reaction. Faster reactions wll ¥ake pl ace once

t he vapolrB8inabe, bekokeasht braipdtend abnteashtl®miretedrardat 20 The

present i tQks urprisingly found that unlike in the prior art
nethgﬂs %ﬁ%gg ?9p?2§¥?§§é surface to be decontam nated is exposed only once

to an excess of peroxide and then the peroxide is renoved with base, the
present 25 inventors, have oun?}that repeati ng exposure of the

f
sur f acet B bBUHELRRE atit NP O PR/ F P P B8r , 1§ r B8 Wkt OxRe ViERYr al | ows a new

fresh |aM?élQéi@&IOdégénEQmPﬁaEQBH?ﬂ§eﬁa@@é? éﬁ@é?ﬂ&iﬁ&ﬁénsig%bfﬁﬁ@thOd has
been found to lead to a nore efficient and effective detontam nati on of the

surface. apg Bater| vapeunpphave aredchedysavehacl omi amd canf hoe elayexckl y and
o1 o LGV RARALAELOR n BULAAS, 15 CERLEAN' o QYBLL R hund 65t

molecules available to attack the microorganisms is much
greater in the liquid phase than in the vapour phase. Also,
in the liquid phase the contact time of each molecule with
the target microorganism is much longer because of the lower

15 kinetic energy of the molecules in the liquid state. The
same argument applies to chemical decontamination as
biological decontamination is effectively a chemical
reaction. Faster reactions will take place once the vapours
have become saturated and condensation has formed.

20
The present inventors have surprisingly found that unlike in
the prior art methods where typically a surface to be
decontaminated is exposed only once to an excess of peroxide
and then the peroxide is removed with base, the present

25 inventors have found that repeating exposure of the surface-
to-be-decontaminated to further, fresh peroxide vapour
allows a new fresh layer of peroxide to be condensed onto
the surface. Such a method has been found to lead to a more
efficient and effective decontamination of the surface. As

30 will be appreciated, any method which can more quickly and
effectively decontaminate a surface is desirable over

slower, less efficient methods. Repeating step (ii) allows



a fresh |l ayer of peroxide condensate to be added to the surface to be
decontam nated and thus all ows the peroxide concentration on the surface to
be repl ermweher/108508V t hout wi shing to be bound by theorypct/geotioogght t hat
when the peroxide is condensed onto a surface, it is at |least partially
consuned in the reaction with the biological/chem cal agent in addition to
its concentration decreasing due to the natural breakdown of the nol ecul e.
It 10 has been found that repeated exposure of the surface to peroxide is
an effective nethod of replenishing the nunber of noles of hydrogen
per oxi deapfessht laperhefepetrogiide oondgstate Tbibke paddedesoatiseipply of
per oxi de nnleculeg ég react Wt 15 In order to furfher maxim se
f

h the agent.
the ef fi EFEARGSah A CPUERBLEERY, ARA JERER: 2k P4E | bAS pPoEREEe st ep (i)

i's prefepahbynteReabrlonl theaghy HEE, tbl b rOFIEQITRAq{ W ce), preferably
repeated twice (i.e. perforned three tines), and 20 nore preferably

repeated three or nore tinmes. Repeating the steps significantly speeds up

t he co i nat| rocess, by, keepi e concentrations of hydrogen
perogfdewkgghﬂgT ?gﬁﬁggdggtggapﬂ?ﬁ eQQZEH%gﬁXeﬁfrbfi5?°%$h?h%h %i di si ng
speci es/ wadhcahe perbogifeesentondehBedsontace endrabereioreslgads to a

faster reaction wth_the chem cal warfare agents. = In one enbodi ment there
i s provi 488Sh RRFR4ALOY FeRderPAgiBothar rPaskienci el thdd/ or bi ol ogi cal

warf ar e EQSTEﬁiQQI?cﬁHfhi@EPa onsi §ﬁie€§d9£i&qet$OH:QV\Egﬂcéﬁé’Pétiioﬁ 6 -

(i)exposing the agents to an atnosp _
decreasing due to the natural breakdown of the molecule. It

10 has been found that repeated exposure of the surface to
peroxide is an effective method of replenishing the number
of moles of hydrogen peroxide present in the enclosure or
system. This provides a supply of peroxide molecules to
react with the agent.

15
In order to further maximise the efficiency and
effectiveness of the decontamination process, step (ii) is
preferably repeated at least once, (i.e. performed twice),
preferably repeated twice (i.e. performed three times), and

20 more preferably repeated three or more times.

Repeating the steps significantly speeds up the
decontamination process by keeping the concentrations of
hydrogen peroxide high. This leads to a higher

25 concentration of the oxidising species/radicals being
present on the surface and therefore leads to a faster

reaction with the chemical warfare agents.

In one embodiment there is provided a method of rendering
30 harmless chemical and/or biological warfare agents on a

surface, consisting of the following steps:



conpri sing peroxide vapour, and causing the peroxide vapour to condense on
the surface having the chem cal and/or biological agents 5thereon; after
step (i) weposi/mgoshe agents to an atnosphere conpri si ngcriga2bawoopsnoxi de
vapour, and causing the further peroxide vapour to condense on the surface
havi ng the 10chem cal and/or biol ogical agents thereon; and (iii)optionally
repeating step (ii). In one enbodi meft -—of the present invention the nethod
15 further conprises after step (i) addi ng gaseous base such that the
gaseous base reacts with the condensed peroxi de vapour on the surface. Such
a nmethod is ofiparti cul expasend othe eagent s1gtdaauml @ssospleereal warfare

agents, for exanple, one or pore of a G type agent and a V-type agent. 20

| n anot her enbodi nment o?owﬂﬁlﬁ?ﬁgeﬂ?r?ﬁ%é tY%ﬁ,uﬁre?ﬁgaﬁﬁﬁs%%g'Qﬁ?face is
not basic, and base is peloRi&SsCPhpbiltr StENtEhESRSe BFRUPAS $heSscd han 35
ppm, and is preferably not present, when steps (i) and (ii) are carried
out. 25 Preferably no ah#vhng bhebekenicabrareferihiohegsyat exgents one

enbodi ment of the presegﬁe¥gg§ntion, t he net hod does not conprise adding
gaseous base and/or basé. Th ohe enbodi nent no or substantially no al kaline
conpounds ar e(afiled andadtear et@p esent exposimy atipd cagdrets stepsn (i) and (ii)
are carried 30 out). Preferably no amonia is_present or added. Preferably,
no gaseous base havi ng ®HBEOFBRATE aCNERRRRENT WhaY e RPere®ided R3 ar eas

defined bel ow is added {{gotf, and causing the further peroxide

vapour to condense on the surface having the

10 chemical and/or biological agents thereon;
and
(iii) optionally repeating step (ii).

In one embodiment of the present invention the method

15 further comprises after step (i) adding gaseous base such
that the gaseous base reacts with the condensed peroxide
vapour on the surface. Such a method is of particular use
for rendering harmless chemical warfare agents, for example,
one or more of a G-type agent and a V-type agent.

20
In another embodiment of the present invention, preferably
the surface is not basic, and base is not present in
significant amounts (less than 35 ppm), and is preferably
not present, when steps (i) and (ii) are carried out.

25 Preferably no ammonia or base is present in the system. 1In
one embodiment of the present invention, the method does not
comprise adding gaseous base and/or base. In one embodiment
no or substantially no alkaline compounds are added and/or
are present (for example when steps (i) and (ii) are carried

30 out). Preferably no ammonia is present or added.
Preferably, no gaseous base having the formula NRR’R’,

wherein R!, R? and R?® are as defined below is added in the



- 7 - nmethod described herein or is present (for exanple when steps (i) and
(ii) are carried out). One advantage of this enbodinent is that the nethod
does not weqQuiw®4msMDNi a scrubbing. This enbodi nent is eCTmEB2i0wbER use
when the 5 chemi cal and/or biol ogical warfare agents to be rendered

harm ess by the nethod of the present invention are biological warfare
agents and/or include one or nore of 7a-Htype agent, pathogens, biotoxins,
spores and prions. 10 In a preferred enbodi nent the present invention
provides a nethod of rendering harm ess chem cal and/or biological warfare
agent s omeghsdrflaseribedphesenn: ofl I sepposeny {her ageansle owlaen at nospher e

I sin eroxj de yapour, and causing the 15peroxide vapour _to condense
on the sAFFBRe hhvily (hb) cREM SAFFOPOI O6F bal GRBriSvEREREonoE (FASS af t er

step (|)enddaffeAr 9dseoHst bene fEERolNAbet NEoHa8EQUSr HagANsRPLTS Wi th the
20condensed peroxi de vapour on the surface; (lI1l) renoving the gaseous

base; (|%yrvebeéngi ngTBispenbedinent (1f)ohtparhscubateuse Wher, the one
enbodi e ' r or_is_egual te nd step
() %orehenBhat ¢hds S8 BESERITCS! PhakPallfocntd &8 B Pebidted™(1 V) i
one enbodamebéssheyethe peohbdedf athet podseont remdent ion are

biological warfare agents and/or include one or more of a H-

type agent, pathogens, biotoxins, spores and prions.

10 In a preferred embodiment the present invention provides a
method of rendering harmless chemical and/or biological
warfare agents on a surface, comprising:

(I) exposing the agents to an atmosphere
comprising peroxide vapour, and causing the

15 peroxide vapour to condense on the surface

having the chemical/biological agents
thereon;
(IT) after step (I) adding a gaseous base such

that the gaseous base reacts with the

20 condensed peroxide vapour on the surface;
(ITI1) removing the gaseous base;
(1IV) repeating steps (I) and (II) at least once.

Thus, in one embodiment, step (i) corresponds (or is equal)
25 to step (I), and step (ii) corresponds (or is equal) to the

repeating step (I) in step (IV).

In one embodiment there is provided a method of rendering
harmless chemical and/or biological warfare agents on a
30 surface, consisting of the following steps:
(1) exposing the agents to an atmosphere

comprising peroxide vapour, and causing the



har m ess chem cal and/or biol ogical warfare agents on a 30 surface,
consisting of the followi ng steps: (l)exposing the agents to an atnosphere
conpri si ngoperowide vapour, and causing the - 8 - perorCce#ssBLaPEO025YE0
condense on the surface having the chem cal/biol ogi cal agents thereon; (I1)
after step (1) adding a gaseous base such 5that the gaseous base reacts

wi th the condensed peroxide vapour of the surface; (I11) renoving the
gaseous base; (l1V) repeating steps (1) and (11) at |east once. 10 The
present inventors have surprisingly found that unlike in the prior art

met hods where typical | yppepskddevapdior tanmondense aunldele stwofaa@eously in

a one-step reaction to decontam natge surf S,.the inventors have found the
decont ani nati on processg?glggg ?iEﬁﬁWF?aﬁg$é°%?$%E? nt9F* S5 the steps are

carried out in a stepw gsRepasAgr and repeated. This is thought to be
because the base, which is preferably amoni a, catal ytically deconposes the
per oxi de. Thus (I&ddi ng t REtEHoSEBRg4A] saddigharJeaeees Rase afaEhc reducti on

in pefoxide concentratipp,t ThRel §55eBREOKLEE PLESED witht bRe

condensed peroxide vapour on the surface;
(ITT) removing the gaseous base;

(IV) repeating steps (I) and (II) at least once.

10 The present inventors have surprisingly found that unlike in
the prior art methods where typically peroxide and/or
ammonia is added simultaneously in a one-step reaction to
decontaminate surfaces, the inventors have found the
decontamination process is significantly more efficient if

15 the steps are carried out in a stepwise manner and repeated.
This is thought to be because the base, which is preferably
ammonia, catalytically decomposes the peroxide. Thus,
adding the two reagents together causes a dramatic reduction
in peroxide concentration. The less peroxide present in the

20 system, the less decontamination, as in this embodiment it
is thought to be the peroxide in the basic environment which

reacts with the chemical/biological warfare agents.

Without wishing to be bound by any particular theory, it is

25 thought that if peroxide vapour is caused to condense on a
surface in the presence of gaseous base, the activity of the
peroxide is reduced. This is a result of the ammonia
breaking down the peroxide before surface decontamination
has occurred. Thus, if the gaseous base (preferably

30 ammonia) and the peroxide are added simultaneously, the
decontamination process is significantly less efficient that

if peroxide is condensed onto the surface to be



20 system the |ess decontam nation, as in this enbodinment it is thought to
be the peroxide in the basic environnment which reacts with the

chem cal /\woabngiogal warfare agents. Wthout w shing to lpeTBod/doy2sany
particular theory, it is 25 thought that if peroxi de vapour is caused to
condense on a surface in the presence of gaseous base, the activity of the
peroxide is reduced. This is a resul ® of the ammoni a breaki ng down the

per oxi de before surface decontam nation has occurred. Thus, if the gaseous
base (preferably 30 ammoni a) and t he peroxi de are added simultaneously, the
decont andeabnbampnateds asdsggaedusabisy [(pssfefdblyecmtmohbs gdspeioxide is
condensed onto the surfgce to be WD 2011/ 104508PCT/ GB2011/000254 - 9 -
decontanFHQFEﬁueﬁﬁaygﬁggﬁgs base (preferably anmonia gas) is subsequently
added. Some prior art methods suggest exposing the surface to be 5

decontam nated first to peroxide and then to ammoni a. However, there is no
d|sclosuﬁ@méfP§B9§eanénm¢9h®@§eéﬂgﬂgsth@%@0%1@®sth6h%ubf@@@nt0|h©entors

haveé{OUHQcéﬁééyiﬁﬁ §9E1£ tf85t$8£o%9dgaéh3‘éﬁ ﬁhgo(%*&Sﬁggcy and

ef fecti venéss econt ant hat I oOn" pr 6cess (rr), and

pr ef er abigwalrep, stRprél is) noadesepsatedo it shivasduentcey teépeatpedgf or ned

tw ce), referabl they are repeated twice (i.e. perforned three tines),
and nore B?@?e?ﬁﬁ%? still they are repeated 15 three or nore times. A
further unexpected advantage of repeating steps (1) and (I1) and preferably
step (Ill) in an iterative, or pulsed manner, is that the total anount of
per oxi deThadpovesgatednverbobashaveqlioved that decoprdei nbei burtketress t han

samd § cutrRBR BB oR b ot S Bar fefF br e YRR toeBrt B nat i on. This Ts
sur pri si ggcontimenaeiohhproeesdst ostepsal) hen@r oTeps she@psretovENEy, it IS
a reSU|ta8;ot2§ep (ITI), are repeated at least once, (i.e. performed
twice), preferably they are repeated twice (i.e. performed
three times), and more preferably still they are repeated

15 three or more times.

A further unexpected advantage of repeating steps (I) and
(II) and preferably step (III) in an iterative, or pulsed
manner, is that the total amount of peroxide and/or gaseous
20 base required for decontamination is less than the total
amounts used in the prior art methods in order to achieve
the same level of chemical/biological warfare agent
decontamination. This is surprising in view of the need to
repeat the process steps. However, it is a result of the
25 method described herein solving the problem of deactivation
of the peroxide vapour by the gaseous base prior to
rendering the chemical/biological warfare agent on the
surface harmless. Thus, in the present invention the
peroxide vapour is more efficiently used. Repeating the

30 steps allows the peroxide concentration to be replenished.



25 net hod descri bed herein solving the problem of deactivation of the
peroxi de vapour by the gaseous base prior to rendering the

chem cal /\woabngioemB warfare agent on the surface harnl epeT/GBB/000154t he
present invention the peroxide vapour is nore efficiently used. Repeating
the 30 steps allows the peroxide concentration to be replenished. - 10 -

It has surprisingly been found that ¥ using the nmethod of the present

i nvention decontam nation of the surface may be achieved in |ess than 5
hours, preferably, less than 2 hours, less than 1 hour, and nost preferably
| ess t habt4babs sunptésindbusbeehefpurdenhat nventsmg atlws hetlpodvofie an

i nproved met hod of decontam nating surfaces conprising chem cal/hbiol ogi ca
war f are SGEnPESFRRANFRRSThiPRedef QFaTbn§Fé%ntag Eg?og?ﬂgaQ%dHﬁY P& caused

to condegsgi@ReihensyetacensnPoSREuLS, t PR EELALLR! / Di oL oghgrl o war fare
agents. This may be achieved by providing conditions in which the

concent r houoa, oleshethanoki deuvapend nestnprefseablintl¢ss hehal 4w poi nt of
t he vapout Lﬁgexceeded and condensati.on of the vapour on surfaces takes

pl ace. stich ' mefhods are known in the art, see for exanpl e WD 2008/ 145987.
Any suitable peroxide may be used in the present nmethod. 20 For exanpl e,
the peroxide may be sel ected fromone, or nbre peroxy compounds_such as

hydr ogenTPEP ox @, PPefaRkt +BVERF 4ORNYIHF xtQrRECY He? e . 1HPEPERADbI y, the

per oxi deqmpgRdai Bt B8cBhESRDhat INEN hQPa&éshagﬁgﬂfgiﬂgroxi de. 25 Preferably
t he peroxi de vapour conprises waler. Typically, the peroxide vapour is
present abemicahpbhaloégncal warfareapoentantn pendxi denvelpeufirst

10 step the peroxide vapour is caused to condense on the

surface exposed to the chemical/biological warfare agents.

This may be achieved by providing conditions in which the

concentration of the peroxide vapour is increased until the
15 dew point of the vapour is exceeded and condensation of the

vapour on surfaces takes place. Such methods are known in

the art, see for example WO 2008/145987.

Any suitable peroxide may be used in the present method.
20 For example, the peroxide may be selected from one or more

peroxy compounds such as hydrogen peroxide, peracetic acid

and mixtures thereof. Preferably, the peroxide used in the

present invention is hydrogen peroxide.

25 Preferably the peroxide vapour comprises water. Typically,
the peroxide vapour is present as a combination of water

vapour and peroxide vapour.

The peroxide chosen is preferably capable of forming free

30 radicals required to oxidise the chemical/biological agent.



Any appropriate concentration of peroxide may be used in the present

i nvention. Typically hydrogen peroxide will be used in a concentration of
30% w w iwowaien4solowever, hydrogen peroxi de may be use@cirGBooonesat rati on
of for exanple from5 10%wwto 75% wW w in water, or from20% w w to 45%
wwin water. The chem cal /bi ol ogi cal warfare agents which nmay be rendered
harm ess by the nethod of the presentlinvention include one 10 or nore of a
G type agent, a V-type, a Htype agent, pathogens, biotoxins, spores and
prions. Preferably the surface having the chem cal and/or biol ogical agents
t her eon Rsypepprdpdifheanornehbsateonndfopersexatie Ibayehstupeadt inftlaa

encl osure. The method of the géeseﬂ# iﬁvgntion na% coagrisg the step of
pl aci ng PRESEHFT ABESHEIPRg t REPLRRM¥al'YARAPEP BELPIYRTart hhelt s1¥F%r eon in
an encl ostirg beheefteati¥hngroydst Rewdeaontadt nNat ieRePELTEBPdr&QEn XNl €,

this may occur when the surface to be treated 20 is a garnment or piece of
cl ot hi ngPekPEAERi MgYapparaedsinweageneontratienl of nfor upsareler L8R ot her

surface, 185 aratus.c L Si surfa uptabl e f acij jn an
enclgguréa°TﬁZQe%§Izéﬁrgyﬁs&%rgggégblégafggﬁt%?ﬁe%ygreéhgéﬁey?gpéﬁferably a
treat mrenwachkanber. In another 25 exanple, the surface to be decontam nated
may conprise at |east part of the enclosure. For exanple the surface to be

treated may be, for exanple, the interior of a warehouse, tent, room

?irCf?ftThEaBKemQhaﬁybiémbgh§a10%a§b§réiK?enﬂ@0§ﬁiéHr$§§eﬁe(Péﬁé@f@@'y
interior surfacesg or itens are 30 to be Treated. Preferably the enclosure
)

i s capabharvfepgei Fheemathodi gfit thet preEenbeinveet sonotne hade some abl e

met S 1/.1045Q8PCT/ 1000454 - _12_-_ kpow in the art may be
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pathogens, biotoxins, spores and prions.

Preferably the surface having the chemical and/or biological
agents thereon is provided in an enclosure and/or is at

15 least part of an enclosure. The method of the present
invention may comprise the step of placing the surface
having the chemical and/or biological agents thereon in an
enclosure before carrying out the decontamination process.
For example, this may occur when the surface to be treated

20 is a garment or piece of clothing, breathing apparatus,
weaponry, medical instruments or any other surface, or
apparatus comprising a surface suitable for placing in an
enclosure. The enclosure is preferably a container or
chamber, preferably a treatment chamber. In another

25 example, the surface to be decontaminated may comprise at
least part of the enclosure. For example the surface to be
treated may be, for example, the interior of a warehouse,
tent, room, aircraft, tank, other vehicle, or the like,
whose surfaces (preferably interior surfaces) or items are

30 to be treated. Preferably the enclosure is capable of being

made air-tight. It will be understood that suitable methods



As used herein the term"encl osure conprising the surface" 5 includes
wherein the surface having the chem cal and/or biol ogical agents thereon is
provi ded wo 2an/emoBosure and/or is at |east part of an eotlgEurigooser
exanple the surface to be treated nay be a wall of a room 10 Preferably,
in step (i) the enclosure conprising the surface is exposed to an
at nosphere conprising from 15 to 18019 of peroxide per nB of volunme of the
encl osure. Preferably in step (ii) enclosure conprising the surface is 15
exposed to an atnosphere conprising from5 to 75 g of peroxide per nB of
volune oknoweienthesare. m&yepe (ut]limgdbeo repeat ede oemel oswreeaithree, four
nore tines. 20 In one enbodi ment of the present invention, each tine
step (|| gg repeated t he encl osure conprising the surface is exposed to a
reduced anount of peroxide conpared to the amobunt of peroxide to which the
encl osure conprising the 25 surface is exposed in the imedi ately preceding
step (i)Areasedelerain bhepbedRi tenpbpswge ofonpr LpEnef theesentreslre. By

carr i N9, RULLA0E BROLERS | ReauLEeLal huGLNBYenaehaReh, | [ D flsgr casing the

anount er oxi de use decont a |on e sur ace may be

opti m se]d;ombgieal nagengsetheceent igsprovidde peraxi éeclosuds andfoone
enbodi nent each tine step éll) is repeated, _the enclosure conprising the
surface 18 8kpbSRACLtBAFheCSaf SNBLATUES - pe?%§|%%a%5%%aP%% $ortdee anount of

per oxi decb0puhi £82£ 88 RAG! BEUSCwEPIPEEShNGobie surface is exposed in the

10 Preferably, in step (i) the enclosure comprising the surface
is exposed to an atmosphere comprising from 15 to 180 g of

peroxide per m’ of volume of the enclosure.

Preferably in step (ii) enclosure comprising the surface is
15 exposed to an atmosphere comprising from 5 to 75 g of

peroxide per m’ of volume of the enclosure.

Step (ii) may be repeated once, twice, three, four or more
times.
20
In one embodiment of the present invention, each time step
(i1) is repeated, the enclosure comprising the surface is
exposed to a reduced amount of peroxide compared to the
amount of peroxide to which the enclosure comprising the
25 surface is exposed in the immediately preceding step (i)

measured in g of peroxide per m’ of volume of the enclosure.

By carrying out the process in an iterative way, and each
time decreasing the amount of peroxide used the
30 decontamination of the surface may be optimised, whilst

making efficient use of the peroxide.



5 inmmedi ately preceding step (ii) neasured in g of peroxide per n8 of

vol unme of the enclosure. Preferably, in steps (i) and (ii) the enclosure
conpri si ngot2ber/musoBace conpri sing the cheni cal / bi ol ogi cacTws2barmomsgent 10
is exposed to a pul se of peroxide with a volunme dependent on the |evel of
equi pnrent | oading in the enclosure (for exanple a chanber). Alightly

| oaded encl osure, for exanple a chamber; typically requires from15 to 50 g
of peroxide per cubic nmetre of enclosure to be decontam nated. Typically a
15 nmedi um | oaded encl osure, for exanple a chanber, is exposed to from50 to
75 g of peronedempedinent ceaehr eimanstap héhy) | ys | vepkeat exdhc| dseir e, f or
exanpl e a chanber, is t gicall exposed tp between_ 75 tao 150 per cubic
nmetre of Bf ‘P%‘éﬁ‘?e‘:?‘&p’ﬁi 1o %n‘?ﬂﬁf@ﬂ? Pad @F%‘?%‘T’%b‘??/,to}?%es face is

exposed fLRo8At abFDSPREX L€ 0BBhb&FEE PET e Ugm¥@ROUS £ ferbesge than 1 hour,
or less than 40 mnhutes. Typically the surface is exposed to an atnosphere

conpri si Wgiper thée denghpawre f opmpPps HRY nehhe| ustface 265 gxpeIed e them 10 to
25, to 35.m putes . pre bly.about 10 m nutes. .| . desirabl e
SoaThEH! g PR SRR LY, PRI L o e RN

to expos 0 an re’ co pet oXi vapour for short
dwel | tipes mh off deyluner dfhelrydrecidgwrd.or the process to be fast. 30 -
14 - Preferably gaseous base is added such that the gaseous base reacts

wi th the condensed peroxi de vapour on the surface. Preferably, the gaseous

base is ﬁPQ?QrQM}?{S Shepeégs - (Pyehggably)t | @ﬁ@pﬂsﬁwtmpﬁméses

renmovi ng at | east sone, and preferably all, of the gaseous base. In
particul the ssrbaceicenprbeirg the acherieal Boiehboikak wax frrerasemt
i“V%R§i°95pé§¥é9§3 @o”§t$89s8f0£e8Q98£P§e with a volume dependent on
the level of equipment loading in the enclosure (for example
a chamber). A lightly loaded enclosure, for example a
chamber, typically requires from 15 to 50 g of peroxide per
cubic metre of enclosure to be decontaminated. Typically a
15 medium loaded enclosure, for example a chamber, is exposed
to from 50 to 75 g of peroxide per cubic metre, and a
heavily loaded enclosure, for example a chamber, is
typically exposed to between 75 to 150 g per cubic metre of
enclosure to be decontaminated.
20
Preferably, the surface is exposed to an atmosphere
comprising peroxide vapour for less than 1 hour, or less
than 40 minutes. Typically the surface is exposed to an
atmosphere comprising peroxide vapour for approximately 8 to
25 60 minutes, from 10 to 25, 30 to 35 minutes, more preferably
about 10 minutes. It may be desirable to expose the surface
to an atmosphere comprising peroxide vapour for short dwell
times in order for the cycle time for the process to be
fast.
30
As outlined above, in one embodiment of the present

invention the method further comprises adding gaseous base.



har m ess chem cal and/or biol ogical warfare agents on a 10 surface,
conprising: (1) exposing the agents to an atnosphere conpri si ng peroxide
vapour, awd20aumiseg t he peroxi de vapour to condense on trhe/cBfianeshavi ng
t he chem cal / bi ol ogi cal agents 15thereon; (I1) after step (I) adding a
gaseous base such that the gaseous base reacts with the condensed peroxide
vapour on the surface; (111) renovi nk?the gaseous base; 20(!V)repeating
steps (1) and (I1) at |east once. Preferably, this is enbodi nent, the

met hod i s designed such that deprotonation of the peroxide by gaseous base
(pref er abrgfamabhyayasecus sbaset he sddédcsutio bGleaStlde cgasavnnabvase whi | st

the peroxide _is ¢co degsed on sai surfacg. In this e odinen% of the
present Fﬁ@gﬁFi8ﬁtB & ﬁe?B?gﬁ%S? BRADHSBNCE oV HROLHp3DI EOf SEOI AT Ry a per oxyl

radi cal 6re@8RALBY, WOBEEGR:E680s PBabY Ui §088dEE afYept HEEpalky! group that
may be substituted or unSubstituted upon reaction with %he gaseous base. -

15 - ThePrBFarabayi bhef mpehegi ferfhstoaemphieesmyenevingnat: beastto 1: 0. 75,
or agproébﬂgteLXdnge%éra¥?%ﬁ¥fi; OP Enl' §LELANL Ypabhe Mol ar ratio of

per oxXl del gaséoUs basé Is

In particular, as outlined above, in a preferred embodiment
the present invention provides a method of rendering
harmless chemical and/or biological warfare agents on a

10 surface, comprising:

(T) exposing the agents to an atmosphere
comprising peroxide vapour, and causing the
peroxide vapour to condense on the surface
having the chemical/biological agents

15 thereon;

(IT) after step (I) adding a gaseous base such
that the gaseous base reacts with the
condensed peroxide vapour on the surface;

(II1) removing the gaseous base;

20 (IV) repeating steps (I) and (II) at least once.

Preferably, this is embodiment, the method is designed such
that deprotonation of the peroxide by gaseous base
(preferably ammonia) occurs on the surface to be

25 decontaminated whilst the peroxide is condensed on said

surface.

In this embodiment of the present invention the peroxide is
chosen to be capable of forming a peroxyl radical (- OOR)

30 where R can be hydrogen or any other alkyl group that may be
substituted or unsubstituted upon reaction with the gaseous

base.



5 1:0.01 to 1:1, nore preferably still, it is approximately 1:0.03. The
base, typically ammnia, is thought to catalytically break down peroxide.
Thus, | eswotzhamoasost oi chi ometric anount of base to perorcadgB281weeopsisr ed in
t he present invention. However, it wll be understood, that 10 higher
stoichionetric anbunts of base may al so be used if de5|red Preferably,
after step (1) gaseous base is addedl3uth that base reacts with the
condensed peroxi de vapour on the 15 surface. It is advantageous that the
base is added in the formof a gas because this allows for good

di stribution over the surface to be decontaninated 20 Preferably t he

h t he dent |
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al kyl gregpiray7be éﬂbéﬁpifélkﬁﬂa@él?nlsblbﬁ' t UiefleveSH tabte 25 substituents
are those which do not significantly adverselg affect the catalytic
®
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NH( CH3) 2:800and Thi. babst pypieanbyyadiimPi3 is thughrmoai a) . -
Most prefe nia and the peroxide is hydrogen

ra aseous base is a
per oxi de€ ab?iyg%aefiygeﬁeﬂb dO¥BnRERPFAEF on Eku%cwgﬁfgl?ﬂaﬂeﬁer 5

Pref er abkyo 8tni 8Ast r $8MBnShnt NSt 98868 UL b?é?oﬁ’i&é Oiyel.sedg@iPe& hen PEROXIi de
vapour condensed on the surface. Preferab after addition of the base,

t he condpneeentayeyenhiohe sﬁ@W@E@rhastawp¥ﬂ|bﬁt¢nd¢amg@0®f thatm about 9 to
13 afy 14y,; 81,61 CL 0t ¥nf LR 8DQULQuRe L CoBPBYL e Thay S8 905V E

desired.

Preferably, after step (I) gaseous base is added such that
base reacts with the condensed peroxide vapour on the

15 surface.

It is advantageous that the base is added in the form of a
gas because this allows for good distribution over the
surface to be decontaminated.

20
Preferably the gaseous base has the formula NR'R’R?®, wherein
R', R?’, R’ are independently selected from the group
consisting of a C; to C; alkyl and hydrogen. The alkyl
group may be substituted or un-substituted. Suitable

25 substituents are those which do not significantly adversely
affect the catalytic activity of the nitrogen containing
compound. Preferably, NR'R’R® is selected from one or more
of N(CH;);, N(CH,CH2CH;)3;, N(CH;CH3)3, NH(CH,CH,CH3).,
NH (CH,CH,CH3) (CH,CH;) , NH(CH,CH;) (CH;), NH(CH,CH;),, NH(CH;),

30 and NH;. Most preferably NR'R’R® is NH; (ammonia) .



10 preferably fromabout 10 to about 11 or higher and nost preferably above
11. The present inventors have found that if the pH of the condensed vapour
is high (Wornoexampke in the ranges outlined above), thercrEB2011/000254
decont am nation process is faster than if the vapour is nore acidic (less
basic). 15 The pH of the surfaces may be tested using pH indicator paper or
any ot her suitable nethod. Thus, pref®rably the nethod described herein
conpri ses addi ng the gaseous base such that the gaseous base reacts with

t he condensed peroxi de vapour on the surface such that the pH of the 20
condenseHogtappuefésabhy| hehe agaeeots f base abouimiBordid cadd tte 14, from about
9.5 to about 11.5, or her, nore géeferab%%{fron1about 10 to about 11 or

hi .
hi gher aR8*A®3 epi%fgygg??e?h%eB?F € abtet44abby BRI ol y when step (1)

i's repeat8HctAragehhSofr §0eXPPsednt @a by at nosphere conprising further
per oxi de vapour, and peroxide vapour is caused to condense on the surface

havi ng the chem cal / bi ol ogi cal agents thereon. Preferably when step (Il) is

repeat ed_f urt asgous se | d such 30 that the eous, base reacts
U 3 hePeohaenatl BEr bon e San B offle FaRLes e cabe A BT SE SR oo

her ei n t Bret pepbk e atapsSphet enGONPEd SONOther $hefaPer OXPEer &veLy,” neans an
- 17 - atnosphere conprising peroxide vapour which has been added in the
new st ep2BRETWARERthaR Abt tBRRRFE: athe reRdpRsSe 1:ECHr ViR step.

Pref er ablytheet RAE o it DRT o4 SEOSe DaB oL r JRANOGESEOUS DRSS Wi oh has

been added in the new step and fch was not present as a result of the
pr evi ouspseéprabhy sfnomrgbopt 9 eF abd yalodet "I1lrs her peyhsa denemgour” is

fre new per oxi de_vapour [ was_not present. in the evi ous step, or
02 oo T PEF AL e YN HER UG £ ¥ apRhe bl £ it ool G “bager T s
fresh, npregesgpus &osee Wi chTH@spROs&0t DieSEdrs MARE PS@Yd Otisatst ep, oOr
as a result of the PreV|ous step. Steps (1), (Il) and/or (Ill) are

preferabty BRScPEtel Skparendensedsvapper ckaphight Heor i swamele obn bet ween
each of éﬁetPgngé?Céﬁﬁf néRAUBLFe L € eﬂlQ%F(éééoﬁ%5M£ﬁaéﬂéﬂ)pf cess

i ndependent |y at [ east m nute, at ['east m nut es, east” 10 m nutes or
at | eastig8Ofasnetreshan if the vapour is more acidic (less basic).

15 The pH of the surfaces may be tested using pH indicator
paper or any other suitable method. Thus, preferably the
method described herein comprises adding the gaseous base
such that the gaseous base reacts with the condensed
peroxide vapour on the surface such that the pH of the

20 condensed vapour is in the range of from about 9.5 to 13 or
14, from about 9.5 to about 11.5 or higher, more preferably
from about 10 to about 11 or higher and most preferably the
pH is above 11.

25 Preferably when step (I) is repeated the agents are exposed
to an atmosphere comprising further peroxide vapour, and
peroxide vapour is caused to condense on the surface having
the chemical/biological agents thereon. Preferably when
step (II) is repeated further gaseous base is added such

30 that the gaseous base reacts with the condensed peroxide
vapour on the surface. Preferably as used herein the term

“an atmosphere comprising further peroxide vapour” means an



I n one enbodi ment of the present invention, after carrying 20 out steps (I)
and (I1) and before repeating these steps, the gaseous base is renoved from
t he encl osonelonsmgstem Preferably after renmoval of thecgas2ousobsse, | ess
than 1096 by vol une, |ess than 56 by volune, |ess than 296 by vol une, nore
preferably | ess than 196 by volune, nore preferably 25 still no gaseous
base is left in the enclosure or systeém (chanber, if the reaction is
carried out in a chanber, or in the imediate vicinity or the surface if,
for exanple, the surface provides its own chanber, for exanple the surface
I S a rooatmospkedecoohpninahegdpe baside onapdeer twihhch anasinbead Bddedseous

Mpst. pref er abl t he gaseous bfse %s renoved.

base added in ste [1). al

The base i HabhFmySBet 5EP] B0  MBhTY | 4P yPOL VRS SorBUBRGLE | 2F EE be
pref er abheel 0budSstepl8 probePaPiyt PR JBSLRUSE RASKe ASgROSSHY| Bade De
removed fromthe sys?en1before the fresh peroxide is added. This mnimzes

any decompaBnst ganeonspeassi deioh hae beee addedeinhehperewi geehmaandondensed

ont o 1 he_st t e nt n T S b pr esent
U e cnirEhiegs! fofrpReSERE RETL1P0E | 10F BHE ML TlofE gl PORE Pethod.
for exanplemasyngpaaferablyochent tattsensperoghde chapdmt 00t &ptyedl), or
i nfrared absorbance. A known vol une of base is added to the encl osure,

syst em oRe¥hBABX 1§ hEARSRENENBFR YRR PAT t RECEPRT oklr Bhe BB EHPYF chanber

after stgpepllby E@yabfegﬁﬁéuéﬁdtﬂéiﬁﬂe§i@@93égeﬁ?Chﬁigﬂéfabiguéhéhe vol ure
of gaseous base remaining after renoval fromthe enclosure, 15 system or

chanber Hhayrbeeragasgogal basat etls fretivdsned sasedds nppse wehovewdasi c
gas anmmonia are _known in_the art

| | d_incl ude, f
Oxaritl o Ber rREEh ol PEng IPRRY foft o tiBhant caf ' Roay e Gt NEhede TOr

previous step.

Steps (I), (II) and/or (III) are preferably discrete,

separate steps. Preferably, the time period between each of
15 the discrete/separate steps (I), (II) and/or (III) is

independently at least 1 minute, at least 5 minutes, at

least 10 minutes or at least 30 minutes.

In one embodiment of the present invention, after carrying

20 out steps (I) and (II) and before repeating these steps, the
gaseous base is removed from the enclosure or system.
Preferably after removal of the gaseous base, less than 10%
by volume, less than 5% by volume, less than 2% by volume,
more preferably less than 1% by volume, more preferably

25 still no gaseous base is left in the enclosure or system
(chamber, if the reaction is carried out in a chamber, or in
the immediate vicinity or the surface if, for example, the
surface provides its own chamber, for example the surface is
a room to be decontaminated) based on the total amount of

30 gaseous base added in step (II). Most preferably, all the
gaseous base is removed. The base gas may be at least

partially removed by scrubbing. It may be preferable for as



20 (typically activated carbon doped with CuCl2). This scrubs the gas (i.e.
ammoni a) and breaks down any residual peroxide. After this aeration period
nor e per owdodelrmmysobe added. 25 In this enbodi nent, afterctrieB20ivmo2sti me t he
gaseous base is renoved in step (I11), steps (1) and (I1) at |least are
repeated. Repeating the steps significantly speeds up the decontam nation
process by keeping the concentrations8of hydrogen peroxide high. This |eads
to a higher 30 concentration of the .00H reactive internedi ate being
present on the surface and therefore leads to a faster reaction with the
chem cal muahf afethgegéseous h@se &sepesabbyeatodeberepraredgfsoepshél ) and
(rr), the ggseogs base Ls %ennved from.the englogure o system once nore.
Pref er abPY°EPTePeFRRBVENCof TERB BEE8FaSChaSe2dReds t FBHS 18885 H% %ol une,

| ess t haanp%abyoMpbyiBiohess bE2Bx2HeblyVehdBas8DbErr&f enably | ess than
1% by voluie, nore preferably still no gaseous base is left in the

encl osur BeBpxigst bat (epnAbered; pnthetheasurbacesteapei ed out in a chanber,
or ing thge%gﬁgg%gﬁﬁt%%cinity or the surface if for exanple the 10 surface
provides I'tsS own chanbér, for exanple the surface is a roomto be
decont am nat ed) based on the total anobunt of gaseous base added in step
(rry. Nbs# preferably, all the gaseous base. is renoved. 15 In another
enbodi mnehf€ ofMPHBE A eﬂ??%ﬂ?SSPgﬁg PT$SeRE 17 Fherenripeatred, SEsteBast
twice, ppefehakbyrahaleBel mbRERBel! 1BSng PEAPT BnSkEPméthdd, | Eofarried out.
The inventors have found that it is advantageous to first expose the

cheni cal exatpde wsohgganatlageneshenigatusénsert ogas chnesapbegraply

conpr4 Si i usi Rg, t he peroxi de our to condense onto
tho il rr 98 PRERXLER, 1BP8LbantRL " Forbrtnl TR el BRtE 18 A8 otRce of
base. Asthetéhokdsabeyesytbed birshak@osurendfvédbemsust aggsdavh nghehen cal
and/ or bi ol ogi cal agents thereon 8referab|y renders at | east sonme 25 of the
cheni cal ®BAHPBYT B oF bHFERI CHgeirEP8R AL&e¥ f akeP hbAFRfbsBay APeer the first

nitial RERSSEE LoiAd 8tIRARPAT EeLRHPLLSL NI REL OMhIS YBRRL! of CAUSI NG Lhe
per oxi de vapour to condense onto the sdrface, preferably gaseous base is
added sughsebas baseguswvausibasafteacremowah fiemconeeesetosure,

15 system or chamber may be easily calculated.

Methods of scrubbing to remove basic gases, and in
particular ammonia are known in the art and include, for
example aerating the chamber through a chemical filter

20 (typically activated carbon doped with CuCl,). This scrubs
the gas (i.e. ammonia) and breaks down any residual
peroxide. After this aeration period more peroxide may be

added.

25 In this embodiment, after the first time the gaseous base is
removed in step (III), steps (I) and (II) at least are
repeated. Repeating the steps significantly speeds up the
decontamination process by keeping the concentrations of
hydrogen peroxide high. This leads to a higher

30 concentration of the -OOH reactive intermediate being
present on the surface and therefore leads to a faster

reaction with the chemical warfare agents.



30 peroxi de vapour on the surface (step (I1)). After this step, and
preferably w thout renoving any of the base present, step (lI) and
subsequenwbyost®psogl | ) is repeated. - 20 - Thus in thi ecerdsdimmontss t he
nmet hod of rendering harm ess chem cal /bi ol ogi cal warfare agents on a
surface, conprises: (I)exposing the ggents to an atnosphere 5conpri sing
peroxi de vapour, and causi ng the peroxide vapour to condense on the surface
havi ng the chem cal / bi ol ogi cal agents thereon, preferably in the absence of
a gaseous base; 10(Il)after step (I) adding a gaseous base such that the
gaseous base reacts with the condensed peroxi de vapour on the surface;

I ft I sing the agepts t n_a sphere conpri sing
ber oxi derTapeLPE KA tBE CEOEP A PRCS Fep B BD FAPOLTLL o EnAEREESHR ¢ he
surface Bagengst pemehedl eabmbtrt 0ghedbsagends sPef&Rondd afder step (1a)
addi ng a gaseous base such that the gaseous base reacts with the

20condenBEdLpERbXY dof vapouemeyial hef sth¢ agaseous base, less than 10%
S Dby volume, less than 5% by volume, less than 2% by volume,

more preferably less than 1% by volume, more preferably
still no gaseous base is left in the enclosure or system
(chamber, if the reaction is carried out in a chamber, or in
the immediate vicinity or the surface if for example the

10 surface provides its own chamber, for example the surface is
a room to be decontaminated) based on the total amount of
gaseous base added in step (II). Most preferably, all the

gaseous base is removed.

15 In another embodiment of the invention, steps (I) and (II)
are repeated, at least twice, preferably at least three
times, before step (III) is carried out. The inventors have
found that it is advantageous to first expose the chemical
and/or biological agents on a surface to an atmosphere

20 comprising peroxide vapour, causing the peroxide vapour to
condense onto the surface. This first step is preferably
carried out in the absence of a base. As outlined above,
this first exposure of the surface having chemical and/or
biological agents thereon preferably renders at least some

25 of the chemical and/or biological agents on a surface
harmless. After the first initial exposure to an atmosphere
comprising peroxide vapour, causing the peroxide vapour to
condense onto the surface, preferably gaseous base is added
such that the gaseous base reacts with the condensed

30 peroxide vapour on the surface (step (II)). After this
step, and preferably without removing any of the base

present, step (I) and subsequently step (II) is repeated.



(I'11) renoving the gaseous base; (IV) optionally repeating steps (la) and
(ha) at |east once, preferably before carrying out step (IIl). 25

Pr ef er ablwoanogiogsmeont anmi nation is conplete and step (| prTicB208WMIBd OUt
for the last tine, an excess anount of gaseous base is added. Preferably
when step (I1) is carried out for the last tinme, gaseous base is added such
that the nolar 30 anount of base add®¥ is at least 2 tinmes, at least 5
times, nore preferably at |least 10 tines, nore preferably still at WO
2011/104508PCT/GBZOll/000254 - 21 - least 20, 50 or 100 tines the nolar
anount of peroxide present. IS advantageous to add an excess anount of
gaseous base 5 the last_tinme step ut,so that_ substantially
no peroxFﬁ sl§n|EhfslﬁmPﬂgl@ﬁEFOSEé% %? E?& @ $6+%| BAIMIRES t han 5% by

vol une Oéhémﬁc&Qrglogéﬁﬁéaﬁ MQ%PQFeoigéH€sS&ﬁtﬁnéu§f96§90@§mﬁﬁiégéde and
nore preferably less than 2% nore preéeferably still less than 1% or |ess

t han 0.5%. 1®IPreferabeyposunstehel@ﬂ?ytﬁotoam@ predeplgty no peroxide

vapo is left in the enclosure or £xgess, amunt, of gaseous
baseq{he | ast tine stepC?TPflfén%aP$¥§% out . éqéuﬁh ées%%ﬁln%veﬁ%ors have

found that if peroxide pérbrifiei vapderevs! ostdense oy stiedn ancLace
decontam nation is conplete, not only does t he, gaseous base need to be
renoved fromthe encl osBRE1BS E?%t%ﬁ?%%?%} PHobedhet hREereS saf el y access

the surface on which th@hgpgghca%fng£Q91 ainmgﬁéaéﬁsgg@@tgfhgve 20 been

rendered harml ess, but also fhe peroxide
gaseous base;

10 (I1) after step (I) adding a gaseous base such
that the gaseous base reacts with the
condensed peroxide vapour on the surface;

(Ia) after step (II) exposing the agents to an
atmosphere comprising peroxide vapour, and

15 causing the peroxide vapour to condense on
the surface having the chemical/biological
agents thereon;

(Ib) after step (Ia) adding a gaseous base such

that the gaseous base reacts with the

20 condensed peroxide vapour on the surface;
(ITI) removing the gaseous base;
(IV) optionally repeating steps (Ia) and (IIa) at

least once, preferably before carrying out
step (III).
25
Preferably once decontamination is complete and step (II) is
carried out for the last time, an excess amount of gaseous
base is added. Preferably when step (II) is carried out for
the last time, gaseous base is added such that the molar
30 amount of base added is at least 2 times, at least 5 times,

more preferably at least 10 times, more preferably still at



renoved. It has been found to be nuch nore difficult to renove the conbi ned
peroxi de/ base m xture than just a base m xture in the absence of
(unreact ewlp 2per0x308e. 25 Preferably, after an excess of poasm2bhanobsen added
in the last step (I1), the gaseous base is renoved fromthe encl osure or
system Preferably after renpoval of the gaseous base, |ess than 10% by

vol ume, |ess than 5% by vol unme, |ess2¥han 2% by vol une, nore preferably

| ess than 1% 30 by volune, nore preferably still no gaseous base is left in
the encl osure or system (chanber, if the reaction is carried out in a
chanber , leastn2@ he50 noedl @d et imes nthy molaheamou2? of spefeackdef, for
exanpl e, _the surface provides its own chanber, for exanple the surface is a
roomto Bﬁeﬁ%%5ntaninated) based on the total anpbunt of gaseous base added
in step (I1). Mst preferably, all the gaseous base is 5 renpved. The base
gas may be at |east partially renoved by scrubbing. Steps (1) and (I1) may
be repealbdi®dm@vanpprgeous hteecadd ol SXCHD? ANPWRs. Of WEpePEs (v3se(11) and

(1 _Whge}gggg@%ﬁg 968, rgm CLq éQfPf%dI&E'E % e%ﬁ?gig §+ Sant iy

enbodi nent o resen vention, eac I me s I'S repeated, the
sur f ace forpé¢hexidel Dsulef coimrtlse ngné hessoe faceyysserexpoResiféxalaly educed

anount OL geroﬁéde go areﬂ to the anount of peroxide fo mhi$h t he surface
(or the €f PokoFR 2BMYi &7 Y"E he sE’i“FaE%Sﬂsg PP HER L NS atel y
precedi ngysten {4)gaBasks efetbx SO REANSAE PREFZPANTE DésSUEhAge.
%, more preferably still less than 1%, or less than 0.5%).
10 Preferably, substantially no, and preferably no peroxide
vapour is left in the enclosure or system after an excess
amount of gaseous base the last time step (II) is carried

out.

15 The present inventors have found that if peroxide is left in
the enclosure or system once decontamination is complete,
not only does the gaseous base need to be removed from the
enclosure or system prior to being able to safely access the
surface on which the chemical/biological warfare agents have

20 been rendered harmless, but also the peroxide has to be
removed. It has been found to be much more difficult to
remove the combined peroxide/ base mixture than just a base

mixture in the absence of (unreacted) peroxide.

25 Preferably, after an excess of base has been added in the
last step (II), the gaseous base is removed from the
enclosure or system. Preferably after removal of the
gaseous base, less than 10% by volume, less than 5% by
volume, less than 2% by volume, more preferably less than 1%

30 by volume, more preferably still no gaseous base is left in
the enclosure or system (chamber, if the reaction is carried

out in a chamber, or in the immediate vicinity or the



I n anot her enbodi nent of the present invention, each tinme step (l) is
repeated, the surface (or the enclosure conprising the surface) is exposed
to a reduwoedoamouses of 25 peroxi de conpared to the anpumrCTafB2peEr@Bisde toO
whi ch the surface (or the enclosure conprising the surface) is exposed in
the i medi ately preceding step (1) neasured in g of peroxide per n8 of

volume. 30 It will be understood tha®2the anount of peroxi de added under
the given conditions in the repeated steps (1) will be sufficient to cause
t he peroxi de vapour to condense on the - 23 - surface to be

decont ansnafede Af,t heraewamplef pkeoxudfacs peduiées oDtsadbwered, the

condition t he _encl osure an stem and/ or chanber may be altered if
necessar§ISI @gFﬁ aﬁoﬁdaf?PBﬁﬁl g8r53F¥@Fﬁa%?v% EABBJFAERE of the present

'nVent'08ec6ﬁ€9m§h&€e§§eBaééa)ohsthgpgéﬁﬁﬂ aﬁ@@n@uéfa?&sé@Ustﬂﬁs@nC|Osure
conpr|5|n8@the surface) is exposed to a reduced anount of gaseous base

conpar edafgedhénafbant (6F) ga¥edtsppaierablyihi ahlt bee sgaseees (lorase his
| |
enc Q§ur§e$gv88(ll?ﬁéngaégegégg%§§e% '§tef@Qégg%%P%%gf%%gP%?69é§ %%e (or

precedin measure aseous sur f
measur edstcpupgbaofiggaseous base per nB of volune). In one enbodi nent each
time step (1) is repeated, the 15 surface (or the encl osure conprising the

surface) is exposed to a reduced anount of peroxide conpared to the anpunt

of peroxidepko m@'Sﬂdth@I§Uﬁ£§CBe(Qépégﬁeénéﬁééur@wf@@Prtﬁfég thsysurface)
i s exposed |n t e imredi ately” preceding step (|l Y measured in g of peroxide

per cn2 of @Qréacémeér 20 measured in g of peroxide per nB8 of volune), and
eac 6|ne step (I1) is repeated, the surface (or the enclosure conprising
the surface) is exposed to a reduced anpbunt of gaseous base conpared to the

anount oftgpsequ$, base) t andhi(Th1) heagubé acepéated hénedcl osLce, conpri si ng
the surface) is_25 exposed in the imediately preceding step (I1) measured
in g of §REEBusIBEEeChHeFOERRLERC8urface (or neasured in g of gaseous base

per n8 of vol une).

In one embodiment of the present invention, each time step
15 (I) is repeated, the surface (or the enclosure comprising
the surface) is exposed to a reduced amount of peroxide
compéred to the amount of peroxide to which the surface (or
the enclosure comprising the surface) is exposed in the
immediately preceding step (I) measured in g of peroxide per

20 cm?® of surface.

In another embodiment of the present invention, each time
step (I) is repeated, the surface (or the enclosure
comprising the surface) is exposed to a reduced amount of

25 peroxide compared to the amount of peroxide to which the
surface (or the enclosure comprising the surface) is exposed
in the immediately preceding step (I) measured in g of

peroxide per m® of volume.

30 It will be understood that the amount of peroxide added
under the given conditions in the repeated steps (I) will be

sufficient to cause the peroxide vapour to condense on the



I n anot her enbodi nent of the present invention, each tinme 30 step (1) is
repeated, the surface (or the enclosure conprising the surface) is exposed
to the sawo ammumosof peroxi de conpared to the anount ofcpesBreid®oise which
the - 24 - surface (or the enclosure conprising the surface) is exposed in
the i medi ately preceding step (1) neasured in g of peroxide per cnR of
surface (or measured in g of peroxi 3 per nB of volune). In an additional,
or alternative 5 enbodi nent of the present invention, each tinme step (I1)
is repeated, the surface (or the enclosure conprising the surface) is
exposed sorfaeestoebandendnvimipaseeds basethengeoedt tof tperewmddemt i of

b tQ which_ th f .th I e copprisin he surface
e expostatireneOTONHERRat Ers HYRLLE S SEBCH? | SR RIRUT bR G of )

gaseous §?§€elﬁeén€ rothaubéACRa{ Obe NRBEHFEY 1P Se®ésgas@eous base per nB of
volune). 1n one enbodi nent each tine step (1) is repeated, the 15 surface

(or the enclosure conprising the surface) is exposed to a reduced anount of

per oxi de;conpa . anpu i .which th or the
enclg%ur£ﬁc%ﬁp%§§%%go%%g’s%?f%%%§£?£€£§%o§§%5$HM€%§ ?%ﬂ§%§gé%§§g%§eceding
step (|)inevesuied, i saghotipersxege(pe)y toaPrepested acehd osuPfaceasored in ¢
of peroxide per_nB of volung), and each tine step éll) IS repeated, the
surface EBf gﬁglﬁﬁEF%sﬁ?@PEbﬁbF$sFﬂ% FRELRCRT at®) SFROZEPOSR Pt 0 the sane

amount of.gasequsmbase S8"PALEGuL Obhhe CHRYAE.QT cJ2EROUSNEGRE & Which the
surface (or the enclosure Tonprising the surface) is 25 exposed in the

i medi at gkyepueckasagtetepi¢hi| fhersgufadei oy die gerebesubrise per cn of
surface {QhpPPashl eenl Nsdr PLodfS POV D88E PEL P8 O miQ4 B 1y
preceding step (II) measured in g of gaseous base per cm® of

surface (or measured in g of gaseous base per m® of volume).

In one embodiment each time step (I) is repeated, the

15 surface (or the enclosure comprising the surface) is exposed
to a reduced amount of peroxide compared to the amount of
peroxide to which the surface (or the enclosure comprising
the surface) is exposed in the immediately preceding step
(I) measured in g of peroxide per cm’ of surface (or

20 measured in g of peroxide per m® of volume), and each time
step (II) is repeated, the surface (or the enclosure
comprising the surface) is exposed to a reduced amount of
gaseous base compared to the amount of gaseous base to which
the surface (or the enclosure comprising the surface) is

25 exposed in the immediately preceding step (II) measured in g
of gaseous base per cm’ of surface (or measured in g of

gaseous base per m’ of volume).

In another embodiment of the present invention, each time
30 step (I) is repeated, the surface (or the enclosure
comprising the surface) is exposed to the same amount of

peroxide compared to the amount of peroxide to which the



By carrying out the process in an iterative way, and each 30 tine
decreasi ng the anount of peroxide, and/or gaseous base used the

decont amwethomoefost he surface may be optim sed, WO  PCT/GB2011/000254

2011/ 104508PCT/ GB2011/ 000254 - 25 - whil st making efficient use of the

per oxi de, and/or gaseous base. Preferably, in step (lI) the surface
conprising the 5 chenical/biol ogi cal24wrfare agent is exposed to a pul se of
peroxide with a vol une dependent on the | evel of equipnment |oading in the
chanber. A lightly | oaded chanber typically requires from 15 to 50 cnB8 of
per oxi despefacebicr nehe eentloshueecodopbes teg orhansuaface) Typi egddyed nmedi um

| oaded 10 chanb isS.e sed to from50 to, 75 cnB of peroxi de_per cubic
oo, ahB BAReLUPE iR hEE PERERBLRY] Sebnl DI ToRaTretel 1S Bhtween 75 to

100 cnB g@foﬁyaécpé@t ER? i e eF iy, (dh nidauddd )id Re srudeatsiige exposed to
a pul se 15 of  gaseous base with a vol une dependent on the | evel of

equi prenPet oBdiafy YaLune) chalithein aBdhitdanal a dy ghttiernaddded chanmber

requiJ es tQe2 i as r a a i per
e SEHL R AL O R el i At A e e B

typi cal | yepxposéd €Retsufface20ototdé® éntlesund gonpolsibasehger cubic
netre of volune and a heaviI%%Ioaded chanber is exposed to between 40 to 60

litres ofU§hdedlisiPastPpefdchBi ENfeddBe oMMt 9#EFCERLPIRe i s added in

step (11 dobat€aCts VhiNahBen@Sofoguensed PELOXLICNARRUNO N iPEasY! T ace o

be decontanmi nated, thus it w be”under st ood that the peroxi de vapour

present {(@rthee epos besinee apdhprisyey ebhé sswofagel gbel éxposedeirnchosure
and/Qf  SYRhEHLREL Py Cpt L8 IPREOLE PP ] SmdlUEd M 51 §Po £ ddseous
base per cm? of surface (or measured in g of gaseous base

per m® of volume) .

In one embodiment each time step (I) is repeated, the

15 surface (or the enclosure comprising the surface) is exposed
to a reduced amount of peroxide compared to the amount of
peroxide to which the surface (or the enclosure comprising
the surface) is exposed in the immediately preceding step
(I) measured in g of peroxide per cm® of surface (or

20 measured in g of peroxide per m® of volume), and each time
step (II) is repeated, the surface (or the enclosure
comprising the surface) is exposed to the same amount of
gaseous base compared to the amount of gaseous base to which
the surface (or the enclosure comprising the surface) is

25 exposed in the immediately preceding step (II) measured in g
of gaseous base per cm® of surface (or measured in g of

gaseous base per m® of volume).

By carrying out the process in an iterative way, and each
30 time decreasing the amount of peroxide, and/or gaseous base

used the decontamination of the surface may be optimised,



30 - 26 - than 40 mnutes. Typically the surface is exposed to an

at nosphere conprising peroxi de vapour for approximately 8 to 60 m nutes,
from 10 tw02b11/18@08r 35 m nutes, nore preferably about POTGBRULIE®O25HE MRY
be desirable to expose the surface 5 to an at nosphere conpri si ng peroxide
vapour for short dwell times in order for the cycle tinme for the process to
be fast. Preferably, the gaseous bas#5is renoved | ess than 40 10 ni nutes,

| ess than 30 minutes, less than 20 m nutes, |less than 15 mnutes after
bei ng added. Typically the gaseous base is renoved about 10 minutes after
bei ng addrdlsttmakynyecfiticiaht euse cEnoke péeobinde, andkdy gasdédat t he
cycle tipe for the process is fast. 15 Preferably no solvents, other than
wat er, aP8%fised in the present invention. It will be understood that trace
anounts of solvents other than water may be present. Trace anounts of
solvents are defined herein as solvents which are present 20 in | ess than
5% by voPuaferabdyer bl teépssIt hhe 298 bfage| compr hwird ptled er abl y | ess than

0. 5% by vpl u ed.on.t total _vol une_of solvent . (includ er)
o osent . RetiEe E7PE01081 LEF ARt B ot Rn el ar SARTeR nE 0 e BB B b vt o1
vapour. Peebriabl yitheapesdamded¥ppndentloss tigé TOVPI i SE é@iiprnetity!

al cohol, acetonitrile, isopropyl alcohol, and m xtures of one or_nore

t her eof . 1PRE{BE abllyERACRIFRRT de Bapaant lpeloaded cobpmbel FERicaity|
alCOhOl1réﬁ?&?@étf£5ﬁ115598r9@yém33§ﬁ§§g0£f§é Qbi3thetre of

di et hyl sul't oxi de, acetone, acetal , propyl ene oxide, acetam de,
di et hyl amphenedtoebaodgethtaeinadedi xt Typscallpne mediwn el dddedof . - 27 -

10 chamber is exposed to from 50 to 75 cm® of peroxide per
cubic metre, and a heavily loaded chamber is typically

exposed to between 75 to 100 cm’ per cubic metre.

Preferably, in step (II) the surface is exposed to a pulse
15 of gaseous base with a volume dependent on the level of
equipment loading in the chamber. Typically a lightly
loaded chamber requires from 0.1 to 20 litres of gaseous
base (preferably ammonia) per cubic metre of volume to be
decontaminated, a medium loaded chamber is typically exposed
20 to from 20 to 40 litres of gaseous base per cubic metre of
volume and a heavily loaded chamber is exposed to between 40

to 60 litres of gaseous base per cubic metre of volume.

When the base is added in step (II) it reacts with the

25 condensed peroxide vapour on the surface to be
decontaminated, thus it will be understood that the peroxide
vapour present in the enclosure and/or system is not purged
from the enclosure and/or system before the gaseous base is
added in step (II).

30
Preferably, the surface is exposed to an atmosphere

comprising peroxide vapour for less than 1 hour, or less



Preferably, the nethod is carried out under standard atnospheric
conditions, for exanple at a tenperature from10C to 35C, or from10C to
20C, and wo 2011premsure of 5 approximately 101. 325 kPa. ArTidB2oameonh t he
process, the enclosure (for exanple the system or chanber) conprising the
surface may be aerated and the decontam nation is conplete. 10 In one
enmbodi ment of the present invention 3he surface to be treated is placed in
a chanber before carrying out the decontam nation process. For exanpl e,
this may occur when the surface to be treated is a garnent or piece of

cl ot hi ngthdas #oeaihubhgsappaypios]llyvetpeonsyrfaedi cal expmssedinemtan or any

ot her surface,. or apparatus conpri Si a surface suitable for_.placing in a
O hanber S FRSSHRST e oPRAPT LS RACRRTHEHES TRBOLE: Tor B PErme St Beb g be.

for exampbemihfitesNt bR 18T t8 ¥BI ehPUSL, 3% BinuE OOM mS& GpBE terdiBK, Ot her
vehicle, or the 20 |i ke, whose surfaces (preferably interior surfaces) or

itens arabpytbdOtméaubds. Sultanky bppdeatizblerteexpesy the swefgresent

e 00! 30 AT REnk ' Dk OESELLTEU: LD O SO0BLLISED T dPPUBLE 25

sui tabl e usé n n Ioni1s Cribe

t he non-timesi by eptedi pent sheheynle nt fngufes thanprdcess 28 be Figure 1
shows a schematic of a hydrogen peroxide and water vapour generator

sui t abl eff#8F-use inside a chanber. Air is drawn into the syst em t hr ough
inlet (10) by a fan (11) and passes through an air heater (12) and then an
evaporator 5 (17) and eventually | eaves the evaporator from nozzles (13)
connect eBreferakblyenthat gasbgupi pas¢ 14§ . removed less than 40

10 minuteg, less than 30 minutes, less than 20 minutes, less
than 15 minutes after being added. Typically the gaseous
base is removed about 10 minutes after being added. It may
be desirable to remove the base quickly so that the cycle
time for the process is fast.

15
Preferably no solvents, other than water, are used in the
present invention. It will be understood that trace amounts
of solvents other than water may be present. Trace amounts
of solvents are defined herein as solvents which are present

20 in less than 5% by volume, preferably less than 2% by
volume, more preferably less than 0.5% by volume based on

the total volume of solvent (including water) present.

Preferably, no co-solvent will be present in the

25 peroxide/water vapour. Preferably the peroxide vapour does
not comprise tert-butyl alcohol, acetonitrile, isopropyl
alcohol, and mixtures of one or more thereof. Preferably
the peroxide vapour does not comprise tert-butyl alcohol,
acetonitrile, isopropyl alcohol, tetrahydron,

30 dimethylsulfoxide, acetone, acetaldehyde, propylene oxide,
acetamide, diethylamine, dimethoxyethane and mixtures of one

or more thereof.



Aqueous hydrogen peroxide solution is stored in bottle (15) which is
connected by a conduit (22) containing a netering 10 punp (16) to the
evapor at owot01costosol the fl ow of the hydrogen peroxi depswlGB2000m00334t he
evaporator (17) where it is flash evaporated into the air flow through the
evaporator. 15 The flash evaporated hydrogen peroxi de and water vapour

| eaves the evaporator through outlet2pipe (14). The mi xture of hydrogen
per oxi de vapour, water vapour and air |eave the generator through the
nozzles (13). In one enbodi nent the hydrogen peroxide vapour streamis

m xed with a high 20 volunetric f|OM/Of air fromthe encl osure before
re-enterin nclgﬁure mho e ess i s éontrollgd froma central

controIIBF 8r§eﬁﬁﬁ aHFugﬁ QPF PREGF aRb2raREdor 25

eVapOfatb@ﬂo@?hbb@caGBﬁaﬂﬁléﬁEUtEBB 8&aﬁ¥ﬂé09€”ap€éﬁﬁé9§t§9éUfk@ﬁ Sensor s
are provided to neasure the hydrogen peroxi de vapour concentration so that

the nmet edPA§ BANPS{E60) ocx ExAMoper &t bcakOf e ebdreattatbnessBeFPfure 2 shows
a sc@gnaéégrgg-%%gggpogs BSBOﬁbge and water vapour generator suitable for
& cha €r; an

use insi a“Separate gaseous ammoni a injection stream Air
is drawn - 29 - into the systemthrough inlet (100) by a fan (110) and

passes through an _air heater §120 and then an evapor at or 170% and
event ual fy FBSvERYt RE ERGPBFY S?SfrBH?n%%ii%%u{§3®goﬁoﬁ%%%P%% Bethe

gener at 0y ByeRi 88 thdfber? éem599alﬁgdﬁﬁge§u995eé'ﬂgysgéU&éPQtéa ghgred in
bottle (150) which is connected by a“conduit (220) containing a netering

punp (16bhet dechntamapatacnr isocecoplebe.the flow of the hydrogen peroxide
solq&jon to the evaporator (170) where it

In one embodiment of the present invention the surface to be
treated is placed in a chamber before carrying out the
decontamination process. For example, this may occur when
the surface to be treated is a garment or piece of clothing,
15 Dbreathing apparatus, weaponry, medical instruments or any
other surface, or apparatus comprising a surface suitable
for placing in a chamber. 1In an alternative embodiment, the
surface to be treated may be, for example, the interior of a
warehouse, tent, room, aircraft, tank, other vehicle, or the
20 like, whose surfaces (preferably interior surfaces) or items

are to be treated.

Suitable apparatus for carrying out the present invention is
similar to that described in WO 2008/145987. Apparatus

25 suitable for use in the present invention is described with
reference to the non-limiting embodiments shown in Figures 1

and 2.

Figure 1 is a diagrammatic illustration of an apparatus for

30 carrying out the present invention.



10 is flash evaporated into the air flow through the evaporator. The fl ash
evapor at ed hydrogen peroxi de and water vapour |eaves the evaporator through
outl et piwe 20li4@)s508The mi xture 15 of hydrogen peroxi de yep@B2p1vV@OEBE vapour
and air |eave the generator through the nozzles (130). In one enbodi nent

t he hydrogen peroxi de vapour streamis mxed with a high volunetric flow of
air fromthe enclosure before re-ent®¥ing the enclosure. 20 Anmmonia gas is
stored under pressure in a cylinder (180) and rel eased through a pressure
control valve (190) and a flow control valve (200) in conduit (210) and
then to Bughee pi peo¥248)sehenat {beofinaohydrggen | pewesiddeand nexteor

t hrough the 25n0zzl es éZSOé. Th mgole rocess.is controlled froma central
cont r ol | SPPRHT cACRBHRERF S ﬁﬁaag?u ?5 F%% %??l??dﬁngh%WQSBf pbot%tion of
t he aqueguawfoliHtsdothef sPydenoenroegRXi AteS0| Ub) OLtB‘)(]aé‘df&Q the) agheliti on of

the ammoni a gas. Sensors are provided to neasure e hydrogen peroxide
vapour aR@sS&ffioRlECYEl amR2p1heabas08Pr/ @2 ouhen IR 5avapFator

concent r 31 4pn. 59 Lhahe Lhe: et 65 {3592.800 1Dsm vakye (2093 pan
operate g ?h% correc%lrl ?%g? € b?? Q#EPG %%%%?gtodﬁnt é% nd%z esF(130)
and (250¢omagchedStdhehsagenapazde. bfhpipeeseat. i nvention will now be
described in relation to the follow ng non-limting cl auses:
Aqueous hydrogen peroxide solution is stored in bottle (15)
which is connected by a conduit (22) containing a metering
10 pump (16) to the evaporator to control the flow of the
hydrogen peroxide solution to the evaporator (17) where it
is flash evaporated into the air flow through the

evaporator.

15 The flash evaporated hydrogen peroxide and water vapour
leaves the evaporator through outlet pipe (14). The mixture
of hydrogen peroxide vapour, water vapour and air leave the
generator through the nozzles (13). In one embodiment the
hydrogen peroxide vapour stream is mixed with a high

20 volumetric flow of air from the enclosure before re-entering

the enclosure.

The whole process is controlled from a central controller
which monitors and adjusts the air flow and rate of

25 evaporation of the aqueous solution of hydrogen peroxide
solution. Sensors are provided to measure the hydrogen
peroxide vapour concentration so that the metering pump (16)

a can operate at the correct time.

30 Figure 2 shows a schematic of a hydrogen peroxide and water
vapour generator suitable for use inside a chamber, and a

separate gaseous ammonia injection stream. Air is drawn



10 1. A nethod of rendering harm ess chem cal /bi ol ogi cal warfare agents on a
surface, conprising: (1) exposing the agents to an atnosphere conpri sing
per oxi de wepouwri4aed causi ng the peroxi de vapour to coneemssB20m/dobss4sur face
15havi ng the chem cal / bi ol ogi cal agents thereon; (Il) after step (1) adding
a gaseous base such that the gaseous base reacts with the condensed
peroxi de vapour on the surface; 20(149)Tenoving the gaseous base;
(I'V)repeating steps (I) and (I1) at |east once. 2. The method according to
cl ause 1, wherein the gaseous base has the fornmul a NRIR2ZR3, wherein Rl, R2,
R2 are i noependensyyteel eotedghronléte gOOUpbyomsfamihQIQT and@5Cl to 4

al kyl and hydrogen. 3. The npethod acc g_t clause wherejin the
gaseous BASESHhFRRONIR #Re2ibrREREER iﬁgﬁg aﬁ“%ﬂl%p %V BAE* et hod
accordi ng1%@) aQMd%véH@uQIE?@éQGeﬁ'@Héeévaﬁﬁ@ﬁé@bf‘ thempgsoxide is hydrogen
peroxi de. 30 5. The nmethod according to any of the frecedlng cl auses,

wher ei n §129¢) (¢Q@n%©ﬁ%¢|%@sth%p@%ﬁ$h©t@¥ebx pipe (149 and (111) at | east
once.
5

Aqueous hydrogen peroxide solution is stored in bottle (150)

which is connected by a conduit (220) containing a metering

pump (160) to the evaporator to control the flow of the

hydrogen peroxide solution to the evaporator (170) where it
10 1is flash evaporated into the air flow through the

evaporator.

The flash evaporated hydrogen peroxide and water vapour
leaves the evaporator through outlet pipe (140). The mixture
15 of hydrogen peroxide vapour, water vapour and air leave the
generator through the nozzles (130). In one embodiment the
hydrogen peroxide vapour stream is mixed with a high
volumetric flow of air from the enclosure before re-entering
the enclosure.
20
Ammcnia gas is stored under pressure in a cylinder (180) and
released through a pressure control valve (190) and a flow
control valve (200) in conduit (210) and then to outlet pipe
(240) where the ammonia gas leaves the generator through the

25 nozzles (250).

The whole process is controlled from a central controller
which monitors and adjusts the air flow, rate of evaporation
of the aqueous solution of hydrogen peroxide solution and

30 the addition of the ammonia gas. Sensors are provided to

measure the hydrogen peroxide vapour and ammonia gas



- 31 - 6. The nethod according to clause 5, wherein step (1V) conprises
repeating steps (1), (lIl1), and optionally (lI11), at least twce. 7. The

nmet hod acwondimg4io® any of the precedi ng cl auses 5wher eipoTasbitvdons4st ep
(I') is repeated, the surface is exposed to a reduced anmount of peroxide,
measured in g of peroxide per nB of volune, conpared to the amount of
peroxide to which the surface is expdded in the i mediately preceding step
(I'). 10 8. The nethod according to any of the precedi ng clauses, wherein the
concentration of the peroxide vapour in each step (1) is increased until

t he deM/pohnénbfathenvapouhatsthacmedeﬂiagdpumpdensatiandotheheaya@our on
surfaces  takes ace. The nethod according.to any of the precedi ng cl auses,
wher ei n Sa858u8P65§Ee|étrEHBv@arFﬁCEtgbm%r||) by scrubbing. The nethod
according to any of the preceding clauses, wherein substantially all of the
gaseous base is renoved in step (111). The met hod according to any of the
precedi n§tcrvalisebe wndesphoodetbabnmeatrlebolbyPLaindaf?2aPl maenbe are one
or e y nt, a V-type, a Htype agent, pathogens, biotoxins,
spo?gg ag p?%%%sﬁg%%ggnethod according to any of the preceding cl auses
wherein step (IV) conprises iteratively repeating steps (1), (Il), and

opt i onal until the chem cal/biol ogical , warfare agénts originally

Ly (111,
present BﬁetHEeéEPFaé@vﬁPEl?EnﬂéFédnﬁﬁrH?e §5C3pPed. 1FhESFREHSM BRcording
to any ofnkheopisneHyndotl 2uReeiNgeEehlistBE peroxi de vapour conprises

wat er .
10 1. A method of rendering harmless chemical/biological
warfare agents on a surface, comprising:
(T) exposing the agents to an atmosphere
comprising peroxide vapour, and causing the

peroxide vapour to condense on the surface

15 having the chemical/biological agents
thereon;
(IT) after step (I) adding a gaseous base such

that the gaseous base reacts with the

condensed peroxide vapour on the surface;

20 (ITI) removing the gaseous base;
(IV) repeating steps (I) and (II) at least once.
2. The method according to clause 1, wherein the gaseous

base has the formula NR'R?R?’, wherein R?, R?, R® are
independently selected from the group consisting of a
25 C, to C; alkyl and hydrogen.
3. The method according to clause 2, wherein the gaseous
base which has the formula NR'R°R’® is ammonia.
4. The method according to any of the preceding clauses,
wherein the peroxide is hydrogen peroxide.
30 5. The method according to any of the preceding clauses,
wherein step (IV) comprises repeating steps (I), (II)

and (III) at least once.



- 32 - 14. The nethod according to clause 13 wherein the peroxide vapour
does not conprise a cosolvent. 15. The nethod according to any of the

pr ecedi ngwol2ausessosher ei n gaseous base in step (I1) is adasrB2sualoishat 5t he
pH of the condensed peroxi de vapour on the surface is in the range of from
9 to 14. The present invention will now be described with reference to the
following non-limted Exanples. 10-Bdanple 1 A 0.3n8 vol une chanber is
provi ded conprising the surface to be decontam nated at 20C and 50% RH
15(i) 25mL of vaporised 30% Hydrogen Peroxi de was added to the chanmber and
| eft forée30 nThatesthdfiesecondiingi vascpaoseiced wherein-coepeBa e on t he

surface. i) A further, additional, 20ml of vaporised 30% Hydrogen
Per oxi de was &8 Eﬁl?%stﬁ%p%ﬁﬁhﬁgrséﬁaslZ?l'fg¥Iho %ﬁéﬂﬁ?ﬁ&?ﬁﬁl#%Zse

condi tions pngyggg At M 58t cepgensate on the surface
7. The method according to any of the preceding clauses
5 wherein each time step (I) is repeated, the surface is
exposed to a reduced amount of peroxide, measured in g
of peroxide per m® of volume, compared to the amount of
peroxide to which the surface is exposed in the
immediately preceding step (I).

10 8. The method according to any of the preceding clauses,
wherein the concentration of the peroxide vapour in
each step (I) is increased until the dew point of the
vapour is exceeded and condensation of the vapour on
surfaces takes place.

15 9. The method according to any of the preceding clauses,
wherein the gaseous base is removed in step (III) by
scrubbing.

10. The method according to any of the preceding clauses,
wherein substantially all of the gaseous base is

20 removed in step (III).

11. The method according to any of the preceding clauses,
wherein the chemical/biological warfare agents are one
or more of a G-type agent, a V-type, a H-type agent,
pathogens, biotoxins, spores and prions.

25 12. The method according to any of the preceding clauses
wherein step (IV) comprises iteratively repeating steps
(I), (II), and optionally (III), until the
chemical/biological warfare agents originally present
on the surface are rendered harmless.

30 13. The method according to any of the preceding clauses

wherein the peroxide vapour comprises water.



(iii) Step (ii) was repeated until decontam nati on was conpl ete.

(iv) The seal ed chanber was then left for 10 m nutes 25 before aerating.
Exanpl e 2w0o\d1 1204508 104508PCT/ GB2011/ 000254 - 33 - PCT(GB20)1/0bb25 Of
vapori sed 30% Hydr ogen Per oxi de was added to the chanber and |eft for 30

m nut es. These conditions produced a m cro-condensate on the surface.

(1'1) 1600mL of NH3 gas was then added2to the chanber 5 over a 1 minute

peri od. (I'11) The seal ed chanber was then left for 10 m nutes before
aerating so that substantially all of the gaseous NH3 was renoved.

(1V) Steps.(lThe(merhaddattbrfingetbhehanspens esher@idlOthenperoaider der
once nore, until the_decontam nation was co - 34 - CLAIMS: 1. A

| ete.
met hod of rend8PPHY ASFH BSS CABRYLaEF %na?ﬁg?ﬁgﬂgogical war f are agents on a

surface, 160MPrhéi MBthod according to any of the preceding clauses
wherein gaseous base in step (II) is added such that
5 the pH of the condensed peroxide vapour on the surface

is in the range of from 9 to 14.

The present invention will now be described with reference

to the following non-limited Examples.

10
Example 1
A 0.3m’ volume chamber is provided comprising the surface to
be decontaminated at 20°C and 50% RH.

15 (1) 25ml of vaporised 30% Hydrogen Peroxide was added

to the chamber and left for 30 minutes. These conditions
produced a micro-condensate on the surface.

(ii) A further, additional, 20ml of vaporised 30%
Hydrogen Peroxide was added to the chamber and left for 30

20 minutes. These conditions produced a micro-condensate on

the surface

(iii) Step (ii) was repeated until decontamination was
complete.

(iv) The sealed chamber was then left for 10 minutes

25 before aerating.

Example 2

A 0.3m> volume chamber is provided comprising the surface to

30 be decontaminated at 20°C and 50% RH.



5(i)exposing the agents to an atnosphere conprising peroxi de vapour, and
causi ng the peroxi de vapour to condense on the surface having the chem cal
and/ or biwbagii@hsoagents thereon; 10(ii)after step (i) expaB20p/dbs4agents
to an atnosphere conprising further peroxide vapour, and causing the
further peroxide vapour to condense on the surface having the chem cal

and/ or bi ol ogi cal agents thereon; 15&hd (iii)optionally repeating step
(ii). 2. The method according to claim1, wherein the peroxide is hydrogen
peroxi de. 20 3. The nethod according to any of the preceding cl ains,
wherein step (I}i})Swdbnpfigasopisédr i hgHpdepgdn i Pendxidasvaa dddeder two
times. 25 4, The thod according_to any of the preceding clains wherein the
sur f ace ﬁavFﬂﬁ fﬁgmgﬁﬁn?ﬁgli%hﬁ/%?rb?gl%b?%%?sage %S?h%?% ht1¥R% 1 and/ or
at | eastppadic€8 aNmespbOsHh8ensdte- JRethet Hvdracsording to claim4 wherein
the surface having the chem cal and/or biological agents thereon is placed

in the encl ostf®) ptpePmi ooEakilyigap ois Jthen @dded to the chamber

S over a 1 minute pericd.

(ITII) The sealed chamber was then left for 10 minutes
before aerating so that substantially all of the gaseous NH;
was removed.

(IV) Steps (I), (II) and (III) are then repeated, in

10 numerical order once more, until the decontamination was

complete.



- 35 - 6.The nethod according to claim4 or 5 wherein the enclosure is a
contai ner, chanber or room 5 7.The nethod according to any one of clains 4
to 6 wherwonogawipsosi ne step (ii) is repeated, the encl opuresBRonpizisng t he
surface i s exposed to a reduced anount of peroxide, neasured in g of

per oxi de per nB8 of volune, conpared to the amobunt of peroxide to which the
10encl osure conprising the surface i% exposed to in the i nmediately
preceding step (ii). 8. The method according to any of the preceding
clainms, wherein the concentration of the peroxide vapour in 15each of steps
(i) and CLAIMBs increased until the dew point of the vapour is exceeded and
condensati on of the vapour on surfaces takes place. 9. The nethod according
to any of the preceding clains, 20wherein the chem cal/biol ogical warfare
agents afe ong REtABACOS! ran&et¥Rg RELRiesd MhénDEal aakhjyPe agent,

pat hogens, biotoxins, spores and prions. 10. The nethod according to any of
t he precedi ngbéPapatcabuhar Eane sagpntsi Py 2odprfaes, | cemprivHry: repeati ng

steps (1) exposing the agents to an atmosphere
comprising peroxide vapour, and causing the
peroxide vapour to condense on the surface
having the chemical and/or biological agents
thereon;

10 (idi) after step (i) exposing the agents to an
atmosphere comprising further peroxide
vapour, and causing the further peroxide
vapour to condense on the surface having the

chemical and/or biological agents thereon;

15 and
(iii) optionally repeating step (ii).
2. The method according to claim 1, wherein the peroxide

is hydrogen peroxide.
20
3. The method according to any of the preceding claims,
wherein step (iii) comprises performing step (ii) at

least a further two times.

25 4. The method according to any of the preceding claims
wherein the surface having the chemical and/or
biclogical agents thereon is in and/or at least part of

an enclosure.

30 5. The method according to claim 4 wherein the surface
having the chemical and/or biological agents thereon is

placed in the enclosure prior to carrying out step (i).



(ti) until the chem cal/biological warfare agents originally present on the
surface are rendered harm ess. 30 11. The nethod according to any of the

pr ecedi ngwol2aimm4seBer ei n t he peroxi de vapour does not ceOP/GBE112001330! vent .
- 36 - 12. The nethod according to any of the preceding clains wherein the
time period between carrying out steg (i) and (i1) is from5 to 60 m nutes.
5 13. The nethod according to any of3%he preceding claims wherein in step
(itii) the tinme period between repeating steps (ii) is from5 to 60 m nutes.
10 14. The nethod according to any of the preceding clainms wherein the

met hod does not conprise addi ng base and/ or gaseous base and/or an al kal i ne

d, 15. The .met hod .according to any of clainsg 1 to 13 further
igggﬁgpigrng Eaaiﬂﬁtgageﬁﬁgoﬁﬁéﬁg E@.Cgﬂémn%t%BdSaEE%¥ﬁ?ﬂgt?% claim 15

wherein the gageossubasesi s agaediatier cah@Befi drsushmt hat the gaseous base
reacts with the condensed peroxide vapour on the 20surface. 17. The met hod

according to claim15 or claim 16 wherein the nethod further conprises

remowy ng,at | st SPBy 209.RAELET 88! ¥nd! bne Ohe L UEa B35 CQUS PASE. 25

wherein each time step (ii) is repeated, the enclosure
comprising the surface is exposed to a reduced amount
of peroxide, measured in g of peroxide per m’ of
volume, compared to the amount of peroxide to which the
10 enclosure comprising the surface is exposed to in the

immediately preceding step (ii).

8. The method according to any of the preceding claims,
wherein the concentration of the peroxide vapour in
15 each of steps (i) and (ii) is increased until the dew
point of the vapour is exceeded and condensation of the

vapour on surfaces takes place.

9. The method according to any of the preceding claims,
20 wherein the chemical/biological warfare agents are one
or more of a G-type agent, a V-type, a H-type agent,

pathogens, biotoxins, spores and prions.

10. The method according to any of the preceding claims
25 wherein step (iii) comprises iteratively repeating step
(ii) until the chemical/biological warfare agents
originally present on the surface are rendered

harmless.

30 11. The method according to any of the preceding claims
wherein the peroxide vapoﬁr does not comprise a

cosolvent.



18. The nmethod according to any one of clains 15 to 17 conpri sing:
(I')exposing the agents to an at nosphere conprising peroxide vapour, and
causi ng twe 280peswgi de vapour to condense on the surfacechas20g/dbss

chem cal / bi ol ogi cal agents thereon; - 37 - (I1) after step (lI) adding a
gaseous base such that the gaseous base reacts with the condensed peroxide
vapour on the surface; (111) renovindthe gaseous base; 5(IV)repeating
steps (1) and (11) at |east once. 19. The method according to any one of
clainms 15 to 18, wherein the gaseous base has the formul a NRLR2R3, wherein
Rl, R2, R3 are independently selected fromthe 10group consisting of a Cl1

to &4 al kyl a hyd The et hod a cording to_claim19, wherein the
gaseous Eése &ﬁ?cﬁ ﬁgggtﬁgc?ﬁﬁﬁﬂgatﬂRiﬁﬁRg |Eh%nﬂgﬂ?%d13% %lalﬁﬁe met hod
according to @R¥reinCtRENEik8 per284 m@e&séﬁ éé?Pyiﬁé’)o@@r@E d§e§lrepeatl ng
steps (1) and (I1) at |east once. . The nethod according to claim

21, wherein s&Bg (LV) 2§c§ﬁﬁml§e§0r69e@%nhge§teps (1) and (11) at |east
twi ce;

13. The method according to any of the preceding claims
wherein in step (iii) the time period between repeating

steps (ii) is from 5 to 60 minutes.

10 14. The method according to any of the preceding claims
wherein the method does not comprise adding base and/or

gaseous base and/or an alkaline compound.

15. The method according to any of claims 1 to 13 further

15 comprising adding gaseous base.

16. The method according to claim 15 wherein the gaseous
base is added after step (i) such that the gaseous base
reacts with the condensed peroxide vapour on the

20 surface.

17. The method according to claim 15 or claim 16 wherein
the method further comprises removing at least some,

and preferably all, of the gaseous base.

25
18. The method according to any one of claims 15 to 17
comprising:
(I) exposing the agents to an atmosphere
comprising peroxide vapour, and causing the
30 peroxide vapour to condense on the surface

having the chemical/biological agents

thereon;



23. The nethod according to any of clains 15 to 22 wherein each tinme step
(I') is repeated, the surface is exposed to a reduced anmount of peroxide,
nmeasur ed wo 2g110fo4d8per oxi de per nB of vol une, conpared tPoTidB20BMDOIFY Of
peroxide to which the surface is exposed in the inmediately preceding step
(I'). 24. The nmethod according to any gge_of clainms 17 to 23, 30wherein the
gaseous base is renoved in step (I11)°by scrubbing. - 38 - 25. The net hod
according to any one of clainms 18 to 24 wherein step (IV) conprises
iteratively repeating steps (I) and &II) until the chem cal/bi ol ogi cal
war f are agent s (88 gi nal | $-pPEsEREPoN I haddiiPrFageIBPBORENERFRASBRAr Nl ess.

26. The nethod accordi ng.},9rapK0R8s05 6! BLAE 12:LPs20iVHEERLN gaseous base
(preferably in step (I1)) ?s aﬁgeg gucH tﬁat t%eapkﬁo§l¥ﬁe condensed
per oxi de 10vapour on thecsudkaesedi pernxtiie vapgerobnftben Sutrbadd;

(I1I) removing the gaseous base;

5 (IV) repeating steps (I) and (II) at least once.

19. The method according to any one of claims 15 to 18,
wherein the gaseous base has the formula NR'R’R?,
wherein R', R?®, R® are independently selected from the

10 group consisting of a C; to C4 alkyl and hydrogen.

20. The method according to claim 19, wherein the gaseous

base which has the formula NR!R°R® is ammonia.

15 21. The method according to any of claims 18 to 20, wherein
step (IV) comprises repeating steps (I) and (II) at

least once.

22. The method according to claim 21, wherein step (IV)

20 comprises repeating steps (I) and (II) at least twice.

23. The method according to any of claims 15 to 22 wherein
each time step (I) is repeated, the surface is exposed
to a reduced amount of peroxide, measured in g of

25 peroxide per m® of volume, compared to the amount of
peroxide to which the surface is exposed in the

immediately preceding step (I).

24. The method according to any one of claims 17 to 23,
30 wherein the gaseous base is removed in step (III) by

scrubbing.
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25.

26.

10

The method according to any one of claims 18 to 24
wherein step (IV) comprises iteratively repeating steps
(I) and (II) until the chemical/biological warfare
agents originally present on the surface are rendered

harmless.

The method according to any one of claims 15 to 25
wherein gaseous base (preferably in step (II)) is
added such that the pH of the condensed peroxide

vapour on the surface is in the range of from 9 to 14.



