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NITROUS OXIDE REGENERABLE ROOM 
TEMPERATURE PURIFIER AND METHOD 

CROSS REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application claims the priority of Italian patent 
application No. MI20l2A000676 ?led Apr. 24, 2012, incor 
porated herein by reference. 

BACKGROUND 

[0002] The present invention relates to a room temperature 
puri?cation method and to a room temperature regenerable 
puri?cation system for Nitrous Oxide. 
[0003] Nitrous oxide has many industrial uses requiring an 
accurate control of impurity levels Within this gas, among the 
most demanding ones there are semiconductor manufactur 
ing processes such as chemical vapour deposition, selective 
oxidations such as in display manufacturing, and rapid ther 
mal oxynitridation process for the fabrication of metal oxide 
semiconductor (MOS) capacitors. 
[0004] In all these applications, impurities such as H2O, 
CO2, CO and similar play a detrimental role by degrading and 
interfering With the characteristics and performance of the 
device/component Wherein N20 is used as process gas. 
[0005] Among the most critical impurities is CO2, Which is 
not easily and e?iciently removed by means of the standard 
industrial distillation processes, such as the ones described in 
the European patent application EP 0636576, because of the 
close value of the condensation temperature of CO2 and N20. 
For this reason, separation plants are not suitable to achieve a 
suf?cient level of purity for electronic grade N2O, as regards 
the CO2 content. 
[0006] In the context of the industrial use of puri?ed 
Nitrous Oxide, it is important to have a puri?er capable of 
operating normally at room temperature and also of being 
regenerated, in order to increase the puri?er lifetime. 
[0007] For a N2O puri?cation process, it is of importance to 
develop a solution capable of achieving a suf?ciently high 
capacity in order to avoid the use of an excessive amount of 
puri?er media, Which Would be disadvantageous because of 
both the associated costs and the volume taken by a purifying 
system using such media. In addition, a high capacity avoids 
the need to recur to the regeneration process With an excessive 
frequency. A suitable target capacity for the puri?er material 
is 0.5 1/1 or higher. The liter/liter unit indicates the capability 
of a given volume (expressed in liters) of the puri?er media to 
remove a volume of gas impurities expressed in standard 
liters (measured at atmospheric pressure and 0° C.). 
[0008] Nitrous Oxide puri?cation systems of the prior art 
generally require cooling apparatus in order to reach levels of 
e?iciency, such as that described in US. Pat. No. 7,314,506, 
comprising cryogenic puri?cation of various gaseous 
streams, including nitrous oxide, With different materials. 
Cooling apparatus add cost and complexity to such systems. 
[0009] These and other limitations of the prior art Will 
become apparent to those of skill in the art upon a reading of 
the folloWing descriptions and a study of the several ?gures of 
the draWing. 

SUMMARY 

[0010] Various examples are set forth herein for the pur 
pose of illustrating various combinations of elements and acts 
Within the scope of the disclosures of the speci?cation and 
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draWings. As Will be apparent to those of skill in the art, other 
combinations of elements and acts, and variations thereof, are 
also supported herein. 
[0011] An object of embodiments set forth herein is to 
provide a room temperature puri?er for N20. 
[0012] Another object of embodiments set forth herein is to 
provide an N2O puri?cation system Which can operate con 
tinuously by using multiple puri?cation vessels. 
[0013] In an embodiment, set forth by Way of example and 
not limitation, an improved method for the puri?cation of 
N2O includes feeding a N2O gaseous stream to a vessel hav 
ing an inlet and outlet, the vessel being at least partially ?lled 
With a puri?cation material comprising nickel oxide and 
optional elemental nickel, Wherein the Weight ratio betWeen 
the nickel oxide and the optional elemental nickel is equal or 
higher than 3 and the surface area of the nickel oxide and the 
optional elemental nickel is equal or higher than 50 m2/ g. 
[0014] An example vessel suitable for use in the above 
described method can be a hermetically sealed vessel, nor 
mally made of metal. By Way of non-limiting example, the 
vessel can be made from stainless steel. In this example, a 
portion of the vessel containing the puri?cation material is 
de?ned as an “active portion” of the vessel and de?nes an 
internal volume of the active portion. The active portion can 
be delimited by retaining devices such as, for example, par 
ticle ?lters. 
[0015] These and other examples of combinations of ele 
ments and acts supported herein as Well as advantages thereof 
Will become apparent to those of skill in the art upon a reading 
of the folloWing descriptions and a study of the several ?gures 
of the draWing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Several examples Will noW be described With refer 
ence to the draWings, Wherein like elements and/or acts are 
provided With like reference numerals. The examples are 
intended to illustrate, not limit, concepts disclosed herein. 
The draWings include the folloWing ?gures: 
[0017] FIG. 1 is a partially broken elevational vieW of an 
example N2O puri?er; 
[0018] FIG. 2 is a cross-sectional vieW taken along line 2-2 
of FIG. 1 With the puri?cation material removed; and 
[0019] FIG. 3 is a block diagram ofan example N2O puri 
?er system. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

[0020] As used herein, the terms “puri?cation media,” 
“material” and the like shall mean a material With the char 
acteristics in terms of NiO/Ni Weight ratio and surface area as 
describe here. In a preferred embodiment, the puri?cation 
material used as described herein has a surface area of at least 
100 m2/ g and the NiO/N i Weight ratio is equal or higher than 
5. In an example embodiment, the puri?cation material is 
essentially completely oxidiZed such that it consists essen 
tially of NiO (e. g. the Ni Weight fraction over NiO is less than 
5%). 
[0021] As Will be appreciated by those of skill in the art, the 
puri?cation material can also include inert materials. For 
example, in an example embodiment, amorphous silica can 
be used as a high surface area support for the NiO and Ni. In 
another example, magnesium oxide can be used as a support 
for the NiO and/or Ni. By Way of further non-limiting 
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examples, the NiO and/or Ni can be coated, adhered or oth 
erWise supported by at least one of amorphous silica and 
magnesium oxide (i.e. amorphous silica, magnesium oxide or 
both), as Will be appreciated by those of skill in the art. Also, 
preferably, the method for purifying N20 is carried out at 
room temperature (eg at about 20-250 C.). 
[0022] The inventors have surprisingly found that When the 
target impurity is CO2 in NZO as matrix gas, it is possible to 
use oxidiZed nickel (or to be more precise a high surface 
media based on oxidiZed nickel Where NiO fraction is pre 
ponderant With respect to elemental nickel) as an e?icient 
puri?cation media at room temperature, and more speci? 
cally tests carried out on this material have shoWn that the 
capacity is consistently higher than 0.5 l/l and that this mate 
rial is also fully regenerable, ful?lling both the requirements 
in terms of capacity and media lifetime. 
[0023] This solution is quite the opposite of that described 
in Us. Pat. No. 6,436,352 in the applicant’s name, regarding 
the use of elemental nickel to remove carbon monoxide from 
a hydrogen stream. It is to be emphasised that the behaviour in 
terms of capacity and ef?ciency toWard target impurities and 
to some extent compatibility toWard the matrix gas is not 
foreseeable, as the above mentioned patent shoWs. More spe 
ci?cally the solution described in Us. Pat. No. 6,436,352 
poses handling problems With regards to exothermal behav 
iour When the material is exposed to N20. 
[0024] Example methods and apparatuses for NZO puri? 
cation use more than one material to remove additional impu 

rities. As a non-limiting example, molecular sieves may be 
used for moisture removal. 
[0025] With reference to FIGS. 1 and 2, an example N20 
puri?er 10 includes a vessel 12 having an inlet 14 and an 
outlet 16. In this example, a ?rst particle ?lter 18 abuts inlet 14 
and a second particle ?lter 20 abuts outlet 16. Example puri 
?er 10 Will be discussed in greater detail subsequently. 
[0026] In an embodiment, set forth by Way of example and 
not limitation, a room temperature regenerable N20 puri?er 
10 includes a vessel 12 having an inlet 14 and outlet 16, an 
active portion A at least partially ?lled With a puri?cation 
material 22 comprising nickel oxide and optional elemental 
nickel, Wherein the Weight ratio betWeen the nickel oxide and 
the optional elemental nickel is equal or higher than 3 and the 
surface area of the nickel oxide and the optional elemental 
nickel is equal or higher than 50 m2/ g. In an example embodi 
ment, the Weight ratio betWeen the nickel oxide and the 
optional elemental nickel is preferably equal or higher than 5 
and the surface areas of the nickel oxide and the optional 
elemental nickel are equal to or higher than 100 m2/ g. 
[0027] In this non-limiting example, room temperature 
puri?er 10 does not include active mechanisms to decrease 
the temperature of the vessel 12. As Will be discussed in 
greater detail subsequently, heaters and temperature control 
components, such as thermocouples, can be provided in cer 
tain example embodiments in order to perform and control the 
regeneration process. 
[0028] In a non-limiting example, vessel 12 of the puri?er 
10 is a hermetically sealed vessel, normally made of metal. 
For example, vessel 12 can comprise stainless steel. The 
portion of the vessel 12 containing the puri?cation material 
22 is de?ned as the active portion A, Which delimits an inter 
nal volume of the active portion. This portion is usually 
delimited by retainers such as particle ?lters 18 and 20. 
[0029] With particular reference to FIG. 2, the active por 
tionA of the vessel 12 de?nes a volume having a length L and 
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a Width W. Typically, the ratio betWeen the length and the 
Width is at least 1 in order to guarantee a su?icient contact 
time betWeen the gas to be puri?ed and the puri?cation mate 
rial. Preferably such ratio is not higher than 15 in order to 
avoid an excessive pressure drop caused by the puri?er media. 
More preferably, the ratio L/W betWeen the length and the 
Width is between 1 and 15. 
[0030] It Will be appreciated that the example puri?er 10 
may have different volumes, notWithstanding the above 
dimensional limits on the length/Width ratio of the active 
portion of the vessel, in order to accommodate different 
amounts of NZO nickel puri?cation media to address the How 
rate of the nitrous oxide gas and its desired level of puri?ca 
tion. In certain non-limiting examples, it is preferred to have 
systems in Which the ratio betWeen the measure of the active 
portion volume (expressed in liters) and the NZO ?oW (ex 
pressed in m3/hour) is betWeen 0.05 and 2 liter/m3/hour. 
[0031] In an example embodiment Where the target impu 
rity is essentially and mainly CO2, the puri?er active portion 
A may be completely ?lled With the NZO nickel puri?cation 
media. This is typically the case When the puri?er system is 
used upstream or doWnstream of other puri?er systems, such 
as, as a non-limiting examples, distillation toWers and/or 
Water removal systems. In an alternative example embodi 
ment, for example When the puri?er system is installed after 
the main gas supply and in the gas distribution system, the 
puri?er hermetic vessel contains also other puri?cation mate 
rials. 
[0032] In various non-limiting examples, N20 nickel puri 
?cation media ?lls at least 30% of the active portionA of the 
hermetically sealed vessel 12 of the puri?er 10, and prefer 
ably at least 60% of the active volume. 
[0033] FIG. 3 is a block diagram ofan example N20 puri 
?er system 24 including a ?rst puri?er 10A, a second puri?er 
10B, a manifold 26, and a controller 28. It Will be appreciated 
that the puri?er system 24 is advantageous in that it has at 
least tWo puri?er vessels 10A/10B containing the NZO nickel 
puri?cation media, and a suitable gas manifold 26 and its 
automatic valves, to selectively choose one puri?er for gas 
puri?cation and the other puri?er for regeneration, so that 
there is no interruption in How of puri?ed NZO due to the 
regeneration process. 
[0034] In NZO puri?cation system 24, the puri?ers 10A and 
10B can be similar to, or the same as, the puri?er 10 ofFIGS. 
1 and 2. The gas manifold includes a series of tubes 30, Which 
are preferably made from stainless steel, as Well as a number 
of automatic valves 32 Which can be opened and closed under 
the control of controller 28. By properly opening and closing 
the valves 32, impure NZO can be directed through one of the 
puri?ers 10A and 10B While N2, for example, can be directed 
through the other of the puri?ers 1 0A and 1 0B to facilitate the 
regeneration process. The puri?er being regenerated is pref 
erably heated by a heater 34 and monitored by a temperature 
sensor 36, Which are also preferably coupled to controller 28. 
[0035] The regeneration operation is carried out by ?oWing 
an inert gas, preferably nitrogen, through a puri?er While 
heating the puri?er vessel 12. There are no particular con 
straints on the nitrogen ?oW. For vessel having an active 
portion A of 10 liters, the nitrogen How is advantageously 
comprised betWeen 0.5 and 5 m3/hour. More generally, such 
interval linearly scales With the vessel volume. 
[0036] The temperature of the regeneration process is more 
important. In particular, the temperature is preferably 
between 1 50 and 3000 C. for a regeneration time ranging from 
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1 and 24 hours. The duration of the regeneration process is 
directly related to the temperature of the vessel 12. 
[0037] Various embodiments and aspects of the invention 
Will be further illustrated With the help of the following non 
limiting examples. 

EXAMPLE 1 

[0038] A 4 cc volume cylindrical puri?er vessel With a 
length of 4.8 cm and a diameter of 1.04 cm has been ?lled With 
different puri?cation materials, and subjected to an activation 
process, according to the scheme of Table 1 that indicates the 
material and the equilibrium temperature during the activa 
tion process. In Table 1 the parameters that are in common for 
all the samples have been omitted, i.e. the type of gas ?oWn 
during the activation (Nitrogen), the How (0.5 l/ min), and the 
overall length of the activation process (21 hours). 

TABLE 1 

Equilibrium Temperature 
Sample ID Material (0 C.) 

S1 N20 nickel puri?cation media: 200 
Essentially all the nickel Was in 
form of NiO. 

C1 13X molecular sieves 200 
C2 4A molecular sieves 200 
C3 5A molecular sieves 200 

[0039] Sample 1 Was essentially made by supported fully 
oxidiZed nickel (NiO), since prior to the activation process the 
material Was exposed to air. The nickel used for sample S1 
had a surface area of 180 m2/g. 
[0040] All the previous samples had been exposed to a How 
of N20, 0.11/min, containing about 50 ppm of CO2, and the 
outlet of the puri?er Was connected to a Trace Analytical 
RGA5 gas chromatograph to determine the capacity of the 
puri?er Was exhausted, meaning that the instrument reading 
reached 0.5 ppm. 
[0041] The results of this test are reported in Table 2, shoW 
ing the capacity for each of the 4 samples evaluated. 

TABLE 2 

Sample Capacity (l/l) 

$1 1.6 
C1 Less than 0.1 
C2 Less than 0.1 
C3 Less than 0.1 

[0042] It is possible to observe that comparative sample 
C1-C3, made With the three most common types of molecular 
sieves used in gas puri?cations used for the CO2 removal, 
have a negligible capacity toWard carbon dioxide When the 
matrix gas is N20, as further indication of the unforeseeable 
behaviour of the puri?er media When employed in different 
matrix gasses. 

EXAMPLE 2 

[0043] Sample S1, made according to an example embodi 
ment, has been subjected to a re-activation process, i.e. the 
activation process described in Table 1 has been repeated after 
the media in the vessel has exhausted its capacity (the analy 
ser reading connected doWnstream reached 0.5 ppm). After 
reactivation the capacity of sample S1 has been measured 
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obtaining the same value, as a proof that the material is fully 
regenerable and compatible With the application. 

COMPARATIVE EXAMPLE 3 

[0044] Nickel puri?cation media has been subjected to an 
activation treatment that causes its reduction to nickel, by 
?oWing a nitrogen stream With 10% of hydrogen. After hav 
ing brought it at room temperature the puri?er Was exposed to 
NZO in a series of controlled cycles in order to condition the 
material, even With this precautions, the system temperature 
Went over 2500 C., posing serious problems in terms of safety. 
This tests shoW that the media disclosed in previously men 
tioned US. Pat. No. 6,436,352 is not suitable to be used in the 
Nitrous Oxide puri?cation, in an industrial scale process. 
[0045] Although various examples have been described 
using speci?c terms and devices, such description is for illus 
trative purposes only. The Words used are Words of descrip 
tion rather than of limitation. It is to be understood that 
changes and variations may be made by those of ordinary skill 
in the art Without departing from the spirit or the scope of any 
examples described herein. In addition, it should be under 
stood that aspects of various other examples may be inter 
changed either in Whole or in part. It is therefore intended that 
the claims herein and hereafter presented be interpreted in 
accordance With their true spirit and scope and Without limi 
tation or estoppel. 
What is claimed is: 
1 . A method for the puri?cation of NZO comprising feeding 

a N20 gaseous stream to a vessel having an inlet and outlet, 
the vessel being at least partially ?lled With a puri?cation 
material comprising nickel oxide and optional elemental 
nickel, Wherein the Weight ratio betWeen the nickel oxide and 
the optional elemental nickel is equal or higher than 3 and the 
surface area of the nickel oxide and the optional elemental 
nickel is equal or higher than 50 m2/ g. 

2. A method according to claim 1 characterized in that it is 
carried out at room temperature. 

3. A method according to claim 2 Wherein the Weight ratio 
betWeen the nickel oxide and the optional elemental nickel is 
equal or higher than 5 and the surface area of the nickel oxide 
and the optional elemental nickel is equal or higher than 100 
m2/ g. 

4. A method according to claim 3 Wherein the puri?cation 
material essentially consists of nickel oxide. 

5. A method according to claim 4 Wherein the puri?cation 
material is supported. 

6. A method according to claim 5 Wherein the puri?cation 
material is supported on at least one of amorphous silica and 
magnesium oxide. 

7. A room temperature regenerable NZO puri?er compris 
ing a vessel having an inlet and outlet, an active portion being 
at least partially ?lled With a puri?cation material comprising 
nickel oxide and optional elemental nickel, Wherein the 
Weight ratio betWeen the nickel oxide and the optional 
elemental nickel is equal or higher than 3 and the surface area 
of the nickel oxide and the optional elemental nickel is equal 
or higher than 50 m2/g. 

8. A room temperature regenerable N20 puri?er according 
to claim 7 Wherein the Weight ratio betWeen the nickel oxide 
and the optional elemental nickel is equal or higher than 5 and 
the surface area of the nickel oxide and the optional elemental 
nickel is equal to or higher than 100 m2/ g. 

9. A room temperature regenerable N20 puri?er according 
to claim 7 Wherein the puri?cation material is supported. 
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10. A room temperature regenerable NZO puri?er accord 
ing to claim 9 Wherein the puri?cation material is supported 
on at least one of amorphous silica and magnesium oxide. 

11. A room temperature regenerable NZO puri?er accord 
ing to claim 7 comprising heaters and temperature control for 
carrying out the regeneration of puri?cation material. 

12. A room temperature regenerable NZO puri?er accord 
ing to claim 7 Wherein the active portion delimits a volume 
having a length L and a Width W, Wherein the ratio L/W 
betWeen the length and the Width is comprised between 1 and 
l 5. 

13. A room temperature regenerable NZO puri?er accord 
ing to claim 12 Wherein the ratio betWeen measure of the 
active portion volume and value of the N20 How is betWeen 
0.05 and 2 liter/(m3/hour). 

14. A room temperature regenerable NZO puri?er accord 
ing to claims 7 Wherein at least 30% of the active portion 
volume is ?lled With the puri?cation material. 
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15. A room temperature regenerable NZO puri?er accord 
ing to claim 14 Wherein at least 60% of the active portion 
volume is ?lled With the puri?cation material. 

16. A room temperature regenerable NZO puri?er accord 
ing to claim 15 Wherein the active portion volume is substan 
tially completely ?lled With the puri?cation material. 

17. A room temperature regenerable NZO puri?er system 
comprising a gas manifold and its automatic controls and at 
least tWo regenerable NZO puri?ers each of Which comprises 
a vessel having an inlet and outlet, an active portion being at 
least partially ?lled With a puri?cation material comprising 
nickel oxide and optional elemental nickel, Wherein the 
Weight ratio betWeen the nickel oxide and the optional 
elemental nickel is equal or higher than 3 and the surface area 
of the nickel oxide and the optional elemental nickel is equal 
or higher than 50 m2/g. 

* * * * * 
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