Chem cal process The subject of the present invention is a new process for
the renoval of azide ions fromaqueous liquids, first of all fromwaste
wat ers. Azides, e.g. sodium azide, potassium azide are frequently used in
chem cal syntheses. A synthesis of this type is for exanple described in
pat ent US-5629331 and patent application WO 2006/ 023889, where a tetrazole
ring is built by applying sodium azidk in aqueous al kaline solution. The
azide ions remain in the aqueous phase of the reaction mxtures in
consideréﬁ%ﬁﬁ&gqﬁgghgation. When t hese aqueous phases are treated as waste
waters, It 1s of major inportance that the azide ion concentration is
decreased to very low |l evel, since the azide ions in agueous solutions are
toxic, even at a concentration of 50 ng/l. Consequently, there is a
consi der abl e need for processes suitable to renove the azide ions from
aqueous Fhkalbjeet sithapresest invientgon fa sdw plewss fmsherame e of agderiary 1 n a
first aspect, there is provided a process for the renoval of azide ions

from aqueePabidh dauidhareer o1l ket akehidtrsi t compri ses the step of
contacting the azide ion containing liquid at alkaline pHa.) with one or

nore al kgl i-soluble netals. .in the presence of o | ys r - W th
hydrogen%i dSheé-Sr %Cgﬁ ea@l‘je’ap@%sgi ta.szel gPeDgfe%u%tgy If)leségr}?lpfzﬁ%gﬁl have
found that by treating the azide ion-containing aqueous |iquids at alkaline
pH wi t h eymshesesnbreonthssislod tBisItupt & ion eBAmAlaGES Haotb BrRAeAt IS SORO T He
presence of nickel catalyst, or with hydrogen in the presence of nickel

cat al yst and hefleiithepzdatieni BNE-2006520889,n vilkee solitttdzote airg iedudiedosby the
resul ting hydrogen, giving rise to amonia and nitrogen during the

foirnatiqn_.of hydroxide i. o tiaon:is the followng: eN H2 H20 NH3
N2 + OHeaPRb?rf% %}%\}\%} aghdg lﬁ%@%{ﬂa&gang%ﬁ}%oér?gﬂ%dé}h be renoved from aqgueous

liquids, first of all fromwaste waters. ) . .
The azide ijons remain 1n the agueous phase of the reaction mixtures in

considerable concentration. When these aqueous phases are treated as waste
waters, it is of major importance that the azide ion concentration is decreased to
very low level, since the azide ions in aqueous solutions are toxic, even af a
concentration of 50 mg/L

Consequently, there is a considerable need for processes suitable to remove the

azide ions from aqueous alkaline solutions, first of all from waste waters.

Summary

In a first aspect, there is provided a process for the removal of azide ions from
aqueous liquids, characterized in that it comprises the step of contacting the azide
ion containing liquid at alkaline pH a.) with one or more alkali-soluble metals in

the presence of a catalyst, or b.) with hydrogen in the presence of a catalyst.



WO 2009/ 001147PCT/ AU2008/ 000064 2 In the process according to the

i nvention, as for, alkali-soluble netal we use e.g. alum niumor zinc, and
as catalyst we use nickel. Preferably the alloy or the m xture of these
netals is used, their ratio and the particle distribution is deliberate. In
general, metal powders with fine particles are favorable (e.qg.
Raney-nickel). If the 5 pH of the azilde-containing liquid is not alkaline,
it has to be set to allcaline with bases, preferably with inorganic bases,
e.g. sodi . I r potassium hydroxi de. The process is perforned at a
tenperatggghPﬁazg%?%gﬁﬂthe boiling point of the liquid to be purified,

preferably between + and +40 C. A preferred enbodi nent. of .he process
Pt he calahgrs g babyarcHae e Sk e it asEREO R ovies ot ABalEE Of

ni ckel . The applied pressure is preferably between the atnospheric pressure
and 60 baH witheomr ocemse awtas doluplid onddrelkalinendanditianariniibe psesgneepl/
efficiently for the renoval of azide-ions fromal kaline or alkalinized

vast e- Wateie) SaRME I yiap F%%’ EQ B preddnckrdrandiey chtlyst thah kiRnapaocess,
since it resuFts only well=reCoverable netal ions, nitrogen gas and
ammoni a, .which are easily treatable products. .The.process can sed in
| arge sc&M¥, pr?ﬁ@“dﬁﬁﬁ? SHIUHER &S r%cgweglb%t%ﬁge E?%§19’8¥088§}s_ %W)%glg%?%f net al
processing or netallurgy (powders, chip or cast scrap).

ammonia and nitrogen during the formation of hydroxide ions.

The equation is the following:
®Nj + Hz + HyO — NHg + N, + OH®
In this way the toxic azide ions can be removed from aqueous liquids, first of all

from waste waters.



By the process according to the invention the azide-ion concentration can
be 20 decreased to below 5 ppm Wen inplenenting the process according to
the invention, the azide-ion concentration was detern ned by the

i on- chr ont? 64r4bHt°c anal ytical nethod described here Bel/BR200B0%0¢ s met hod
we were able to follow the decrease of the azide-ion concentration in
various waste waters. WD 2009/001147PGI/ HU2008/ 000064 3 Sanpl e preparation

Bef O e 't NenTBRMHER Hoobittnsd AT irfvenion 10 BF LIORL RANE mdhl Weehiatbbh 0. 1 N

sodi um hydr oxi solution to 50-f its v ecause of Xxpect ed
hi gh organj,¢_material. congentrafion and hi azide |level 5 ndi.tions of

t he rreasupééﬁﬁ?ﬁl %&‘%&8@8&%@%@?{8%@? n%?%ggg f%%ﬁ?)&hfﬂq Loy QTR X BIONEX
600-type ion-chromat ographic systemw th conductonetric detector 10 Col umm:
| ONPAC AS affpthess gnatgls 118 iged,athein satineandd thenpemicle dishybutidnnisl délirraecll

di vi nyl - benzene ani on exchanger Pre-colum. | ONPAC AG 10 DI ONEX Eluent: 0.1
N sodi um hgeterst, metad pbwidenwith fine particles are favorable (e.g. Raney-nickel). If the

5 pH of the azide-containing liquid is not alkaline, it has to be set to alkaline with
bases, preferably with inorganic bases, e.g. sodium hydroxide or potassium
hydroxide.

The process is performed at a temperature lower than the boiling point of the liquid
to be purified, preferably between +5 °C and +40 °C. A preferred embodiment of
10 the process is the catalytic reaction under hydrogen atmosphere in the presence of
nickel. The applied pressure is preferably between the atmospheric pressure and 60
bar.
The process according to the invention can be used very efficiently for the removal
of azide-ions from alkaline or alkalinized waste-waters, ensuring an environment-
15  friendly purification process, since it results only well-recoverable metal ions,
nitrogen gas and ammonia, which are easily h’eat;abie products. The process can be
used in Jarge scale. The applied metals can also be wastes or by-products of metal
processing or metallurgy (powders, chip or cast scrap).
By the process according to the invention the azide-ion concentration can be
20  decreased to below 5 pbm. When implementing the process according to the
invention, the azide-ion concentration was determined by the ion-chromatographic
analytical method described here below. By this method we were able to follow the

decrease of the azide-ion concentration in various waste waters.



Flowrate: 1.0 M / mn 15 Neutralization of the eluent: with

sel f-regenerating "Anion Self Regenerating Suppressor” Injected volune: 25
gl By this method we were able to determ ne the azide i on concentration
froma | RIEYIE 5om 20 Further details of the i nvenb§HRUEWAHONST r at ed
by the exanples below, without Iimting the clains to the exanples. WD
2009/ 001147PCT/ HU2008/ 000064 4 Exanples Exanple 1 15 g of the alloy powder
cont ai ni ng,pliJMsS.7a@ nickel and 50 mass % of al um nium (particle size

| ess t han™I00 iE‘Tjdﬁ"rlﬂai‘t‘er) were wei ghed. 600 g of 27 5 mass % of aqueous

sodi um hydr oxi de sol uti on contai ni ng azide-ions in 900Q_ppm concentration
(obt ai ned e%pr? ﬁge r“’é%?éﬁeé‘ﬁmgég%rsﬁﬁ@ i?lzk&%fﬂégaf.@c} véaseilatey wrth il eNt
description US 5629331) were wei ghed into an Erl ennmeyer flask and placed in
col d wat esodinmhhydroxittisslusioh o Brfold of itsfvolinneybemmee of ey exmdtieidhigh smal |
portions, during 4 h, under continuous stirring, while keeping the

t enper at ubgzagfc heridl cthdé@ratidnaind CaziB 18] t he addition the m xture was
stirred at 20 C for an additi onal h. By the end of this reaction tine the
gas evpl ution ceased.

Conditions of the measurement
Investigated component: azide content
Instrument: DIONEX 600-type ion-chromatographic systerﬁ with conductometric
detector

10 Column: IONPAC AS 10. 250 mm long, 4 mm inner diameter, ethyl-vinyl-benzene
/ divinyl-benzene anion exchanger
Pre-column: IONPAC AG 10 DIONEX
Eluent: 0.1 N sodium hydroxide solution
Flow rate: 1.0 ml / min

15  Neutralization of the eluent: with self-regenerating ,Anion Self Regenerating
Suppressor”
Injected volume: 25 pl
By this method we were able to determine the azide ion concentration from a level
of 5 ppm.

20
Further details of the invention are demonstrated by the examples below, without

limiting the claims to the examples.



The azide-ion concentration of the resulting aqueous solution was < 5 ppm
as determ ned by the above ion-chromatographic nethod. 15 Exanple 2 10 g

of al um S’*‘ﬁ?‘} ﬁowder and 0.2 g of nickel-alum niumalloy powder (with 50
mass % o K& 4dnd 50 nass % of al uni ni um cont ent, perErdlogoadHEe | ess

than 100 m cronmeter) were wei ghed. 600 g of 27 mass % of aqueous sodi um
hydr oxi de sol uti on contai ning azi de-i dhs in 9000 ppm concentration (US

Pat ent US-5629331, 20 Exanple 1) wdixsmpleghed into an Erl enneyer flask and
placed in cold water bath and stirred. To this solution under continuous

stirring Bxompieé of the netal powders was added in small portions during 4
h, while keeping the tenperature of the mxture at 20 C. After the addition

e 1 ! e e S L B sl
2009/ 001131@151%%&%0 % é) g{)zg léss?than 100 micrometer) were weighed. 600 g of 27
3 mass % of aqueous sodium hydroxide solution containing azide-ions in 9000 ppm
concentration (obtained in the reaction described in Example 1., step a.) of patent
description US 5629331) were weighed into an Erlenmevyer flask and placed in cold
water bath. To this solution 15 g of alloy powcier were added in small portions,
during 4 h, under continuous stirring, while keeping the temperature of the mixture
10 at20 °C. After the addition the mixture was stirred at 20 °C for an additional 5 h. By
the end of this reaction time the gas evolution ceased.

The azide-ion concentration of the resulting aqueous solution was < 5 ppm, as

determined by the above ion-chromatographic method.

15 Example 2

10 g of aluminium powder and 0.2 g of nickel-aluminium alloy powder -(with 50
mass % of nickel and 50 mass % of aluminium content, particle size less than 100
micrometer) were weighed. 600 g of 27 mass % of aqueous sodium hydroxide
solution containing azide-ions in 9000 ppm concentration (US Patent US-5629331,
20 Example 1) were weighed into an Erlenmeyer flask and placed in cold water bath
and stirred. To this solution under continuous stirring mixture of the metal powders
was added in small portions during 4 h, while keeping the temperature of the
mixture at 20 °C. After the addition the mixture was stirred at 20 °C for additional 2

hours. Then 3 g of the 50 mass % of nickel - 50 mass % of aluminium alloy powder



were added to the al kaline solution, during 4 hours, and after the addition
stirring was continued for 3 hours. The azide-ion concentration of the
resul ti ngﬁggueous solution was < 5 ppm as determ ned by the above

i on-chro YAt e method. 5 Exanple 3 Into a 250 cRBTAUI2SMe®GSt ant
steel autoclave, equipped with magnetic stirrer, 0.5 g of Raney-ni ckel

catal yst and 40 g of aqueous-al kaline $olution of 7000 ppm azi de- ion

concent r atieon addedt terthe WihiR 338 kion-danBL & Rodrs( MROHREOMCMAiIRM tBSHY 10
were placed. The container was flushed with nitrogen, then 3-tines i t h

hydr ogen, vk bbgghosti e HydlRoen to 50 bar pressure and stirred for 5 hours.
After stopping the stirrer and rel ease of the pressure, the reaction

m xture sedj nented and decapted. The azide-ion_concentration of the
resul ti n\(ﬁgafﬁdféwgo‘io&f:?%a%“ theyr 20 39UROVS rslEEan [ASt Red pbow es

i on- chromat ographi ¢ nmet hod. 15 Exanple 4 Into a 850 cnB aci d-resistant

st eel aut BepEviacd by theteyeviprichramatogiaphitmethed, 4 g of Raney- ni ckel
catal yst and 100 g of aqueous NaCOH sol ution of 20 mass % were placed. The
contaiher was flushed with nitrogen, then 3-tinmes with hydrogen. The 20
aut ocl ave was closed, filled with hydrogen to 10 bar pressure. Wth the

hel p of a%%%&r;g punp a solution containing 1500 ppm azi de ion and 25 mass
% of sodi oxi de (Patent US-5629331, Exanple 1.) was added with a

speed of ]%1?(9 agjgﬂl c¢m’ acid-resistant steel autoclave, equipped with magnetic stirrer, 0.5 g
of Raney-nickel catalyst and 40 g of aqueous-alkaline solution of 7000 ppm azide-
ion concentration (Patent US-5629331, Example 1.) (NaOH content 20 mass %)

10 were placed. The container was flushed with nitrogen, then 3-times with hydrogen,
filled with hydrogen to 50 bar pressure and stirréd for 5 hours. After stopping the
stirrer and release of the pressure, the reaction mixture was sedimented and
decanted. The azide-ion concentration of the resulting aqueous solution was < 10
ppm, as determined by the above ion-chromatographic method.

15
Exammple 4
Into a 850 ¢m® acid-resistant steel autoclave, equipped with magnetic stirrer, 4 g of
Raney-nickel catalyst and 100 g of aqueous NaOH solution of 20 mass % were
placed. The container was flushed with nitrogen, then 3-times with hydrogen. The

20 autoclave was closed, filled with hydrogen to 10 bar pressure. With the help of a
feeding pump a solution containing 1500 ppm azide ion and 25 mass % of sodium

hydroxide {Patent US-5629331, Example 1.) was added with a speed of 250 g/h.



WO 2009/ 001147PCT/ HU2008/ 000064 6 Sanpl es were taken fromthe reaction

m xture hourly, and the azide ion content was determ ned. After 3 hours the
azi de-ion concentration of the sanple was < 10 ppm as determ ned by the
above i on¥ERPYMENAYr aphic nmethod. 7 Cains 1. AdqecRssuhiy t he
removal of azide ions fromaqueous |liquids, characterized in 5 that it
conprises the step of contacting the agide ion containing |iquid at

al kal i ne Seirtpdey wmtetﬂak@n&omth&%ﬁ;@nhﬁbémé%ﬂﬁg,eaﬁ&ﬁ' a%%'& n B[E:%n%&?sence of a
(0] a calalys

catalyst, or b.) with hydrogen in the presenc . waso A
process Fetdpihdedd | kacterized.in lf:) at, for alkali-soluble
metal s 10 al um ni umégn %I%]g&ea?zgggb% FURpenIAiono E@c%@?%évaéé‘ lthepmi n A ai m
1, chara jzed in that, nickel is applied as catalyst. 154. A process as
defi ned %%%gegnmef&)yc eheyeianyehsomatagsaphic nieghegzi de i on cont ai ning | i qui d
is alkalinized by addition of an inorganic base. 5. A process as defined
in CQaiml, characterized in that, the applied azide-ion containing liquid
has al kal i ne pH.



20 6. A process as defined in CQaim1l, characterized in that, for a

m xture of the alkali-soluble netal catalysts, altimniumnickel mxture or
al umi niumnickel alloy is applied. 257.7A process as defined in Caim1l,
characterized in that, the reaction is carried out at a tenperature between
+5 Cand +40 C. S 8. A process as defined in Caim1l, characterized in
that, the azide-ion containing liquid is an aqueous solution. 59. A process
as defined in Claim4, characterized g@Phgat, sodi um hydroxi de is applied
as inorganic base. 10. A process as defned in Claiml, characterized in
that, the reaction is carried out under hydrogen atnosphere where
hydrogen is forned during the 10di ssolution of a netal. 11. A process as

defined in QO gigfdess FhamactRblAesk iAdd hak frdhaqheastliqits, shaaskiad @ut at a
pressure between atnospheric pressure and 60 bar, under hydrogen
at nobsphe¥ e. that it comprises the step of contacting the azide ion containing liquid at alkaline pH

a.) with one or more alkali-soluble metals in the presence of a catalyst, or b.) with

hydrogen in the presence of a catalyst.

2. A process as defined in Claim 1, characterized in that, for alkali-soluble metals

10 aluminium and zinc are applied.

3. A process as defined in Claim 1, characterized in that, nickel is applied as

catalyst.

15 4. A process as defined in Claim 1, characterized in that, the azide ion containing

fiquid is alkalinized by addition of an inorganic base.

5. A process as defined in Claim 1, characterized in that, the applied azide-ion
containing liquid has alkaline pH.

20
6. A process as defined in Claim 1, characterized in that, for a mixture of the alkali-
soluble metal catalysts, aidﬁﬁniummickei mixture or aluminium-nickel alloy 1s

applied.

25 7. A process as defined in Claim 1, characterized in that, the reaction is carried out

at a temperature between +5 °C and +40 °C.



[ [ [ [ [ liquid
15 12. A process as defined in Caim1l, characterized in that, a Ili
. cont ai ni ngpm)re than 90 nass % of water is treated at alkaline pH wth one
or nore al kali-soluble netals and catalysts. 9 Abstract A process for the
renoval of azide ions fromaqueous |iquids at al kaline pH by al kali-sol uble

nmetals and catal yst or by hydrogen and cgat al yst .

8. A process as defined in Claim 1, characterized in that, the azide-ion

containing liquid is an agueous solution.

5 9. A process as defined in Claim 4, characterized in that, sodium hydroxide is

applied as inorganic base.

10. A process as defined in Claim 1, characterized in that, the reaction is
carried out under hydrogen atmosphere where hydrogen is formed during the

10 dissolution of a metal,

I1. A process as defined in Claim 1, characterized in that, the reaction is
carried out at a pressure between atmospheric pressure and 60 bar, under hydrogen
atmosphere.

15
12. A process as defined in Claim 1, characterized in that, a liquid containing
more than 90 mass % of water is treated at alkaline pH with one or more alkali-

soluble metals and catalysts.



