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(57) ABSTRACT 

An aerosol-generating system is provided, including an 
encapsulated Volatile liquid source including: a sorption ele 
ment; a Volatile liquid having a vapour pressure of at least 
about 20 Pa at 25° C. sorbed on the sorption element; and a 
sealant having a melting point of between about 40° C. and 
about 120° C. encapsulating the sorption element. The vola 
tile liquid comprises a 2-oxoacid. 
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ENCAPSULATED VOLATILE LIQUID 
SOURCE FOR ANAEROSOL-GENERATING 

SYSTEM 

0001. The present invention relates to an encapsulated 
Volatile liquid source for use in anaerosol-generating system. 
In particular, the present invention relates to an encapsulated 
Volatile liquid source for use in an aerosol-generating system 
for generating an aerosol comprising nicotine salt particles. 
0002 WO 2008/121610 A1, WO 2010/107613 A1 and 
WO 2011/034723 A1 disclose devices and methods for deliv 
ering nicotine or another medicament to a user. The devices 
comprise a volatile acid source or another volatile delivery 
enhancing compound source and a nicotine source or another 
medicament source. In preferred embodiments, pyruvic acid 
is reacted with nicotine in the gas phase to forman aerosol of 
nicotine pyruvate salt particles that is inhaled by the user. 
0003) A sorption element with a volatile liquid sorbed 
thereon will have a tendency to lose volatile liquid when 
stored for any length of time. In devices of the type disclosed 
in WO 2008/121610A1, WO 2010/107613 A1 and WO 2011/ 
034723 A1 it is desirable to retain sufficient volatile delivery 
enhancing compound and Sufficient nicotine or another medi 
cament during storage to generate a desired aerosol in use. It 
is also desirable to retain the volatile delivery enhancing 
compound and the nicotine or another medicament during 
storage without degradation by oxidation, hydrolysis or other 
unwanted reactions, which may alter the properties of the 
reactantS. 

0004. It would be desirable to provide an aerosol-generat 
ing system for delivering nicotine or another medicament to a 
user of the type disclosed in WO 2008/121610 A1, WO 2010/ 
107613 A1 and WO 2011/034723 A1 in which the retention 
of one or both of the volatile delivery enhancing compound 
and the nicotine or another medicament during Storage is 
improved. It would also be desirable to provide an aerosol 
generating system for delivering nicotine or another medica 
ment to a user of the type disclosed in WO 2008/121610 A1, 
WO 2010/107613 A1 and WO 2011/034723 A1 in which the 
stability of one or both of the volatile delivery enhancing 
compound and the nicotine or another medicament during 
storage is maintained. It would also be desirable to provide an 
aerosol-generating system for delivering nicotine or another 
medicament to a user of the type disclosed in WO 2008/ 
121610 A1, WO 2010/107613 A1 and WO 2011/034723 A1 
in which one or both of the volatile delivery enhancing com 
pound and the nicotine or another medicament is released 
only upon use of the aerosol-generating system. 
0005 According to the present invention there is provided 
an encapsulated Volatile liquid source comprising: a sorption 
element; a volatile liquid having a vapour pressure of at least 
about 20 Pa at 25°C. sorbed on the sorption element, wherein 
the Volatile liquid comprises a 2-oxo acid; and a sealant 
having a melting point of between about 40° C. and about 
120° C. encapsulating the sorption element. 
0006. As used herein, by “sorbed it is meant that the 
volatile liquid is adsorbed on the surface of the sorption 
element, or absorbed in the sorption element, or both 
adsorbed on and absorbed in the sorption element. Preferably, 
the volatile liquid is adsorbed on the sorption element. 
0007 As used herein, by “encapsulating it is meant the 
sealant forms a barrier or shell around the sorption element. 
0008. The sealant retains the volatile liquid sorbed on the 
Sorption element and so substantially reduces or prevents 
evaporation and loss of the Volatile liquid. This advanta 

Nov. 5, 2015 

geously improves retention of the Volatile liquid during Stor 
age of encapsulated Volatile liquid sources according to the 
invention. 

0009. The sealant also isolates the sorption element with 
the volatile liquid sorbed thereon from exposure to external 
atmospheric effects and so Substantially reduces or prevents 
reaction of the Volatile liquid with atmospheric oxygen and 
water. This advantageously improves the stability of the vola 
tile liquid during Storage of encapsulated Volatile liquid 
Sources according to the invention. 
(0010 Preferably, the sealant forms a barrier or shell 
around the sorption element that prevents contact of the Vola 
tile liquid with the atmosphere. More preferably, the sealant 
forms a barrier or shell around the sorption element that 
prevents contact of the volatile liquid with the atmosphere 
and reduces or prevents exposure of the Volatile liquid to light. 
0011 Preferably, the sealant forms a barrier or shell 
around the Sorption element that provides an environment for 
the volatile liquid such that the volatile liquid remains stable 
upon storage at ambient temperature for a period of at least 
two months, more preferably for a period of at least four 
months. 

0012. The volatile liquid can be released from the encap 
sulated volatile liquid source when desired by heating the 
encapsulated Volatile liquid source to a temperature above the 
melting point of the sealant. Heating the encapsulated volatile 
liquid source above the melting point of the sealant causes the 
sealant to melt, thus releasing the Volatile liquid sorbed on the 
sorption element. Encapsulated volatile liquid sources 
according to the present invention thus provide a means for 
temperature controlled release of Volatile liquids comprising 
compounds Such as, for example, pyruvic acid and nicotine. 
0013 Preferably, the volatile liquid has a vapour pressure 
of at least about 50 Pa, more preferably at least about 75 Pa, 
most preferably at least 100 Pa at 25°C. Unless otherwise 
stated, all vapour pressures referred to herein are vapour 
pressures at 25° C. measured in accordance with ASTM 
E1194-07. 

0014 Preferably, the volatile liquid has a vapour pressure 
ofless than or equal to about 400 Pa, more preferably less than 
or equal to about 300 Pa, even more preferably less than or 
equal to about 275 Pa, most preferably less than or equal to 
about 250 Pa at 25° C. 

0015. In certain embodiments, the volatile liquid may 
have a vapour pressure of between about 20 Pa and about 400 
Pa, more preferably between about 20 Pa and about 300 Pa, 
even more preferably between about 20 Pa and about 275 Pa, 
most preferably between about 20 Pa and about 250 Pa at 25° 
C 

0016. In other embodiments, the volatile liquid may have 
a vapour pressure of between about 50 Pa and about 400 Pa, 
more preferably between about 50 Pa and about 300 Pa, even 
more preferably between about 50 Pa and about 275 Pa, most 
preferably between about 50 Pa and about 250 Pa at 25° C. 
0017. In further embodiments, the volatile liquid may 
have a vapour pressure of between about 75 Pa and about 400 
Pa, more preferably between about 75 Pa and about 300 Pa, 
even more preferably between about 75 Pa and about 275 Pa, 
most preferably between about 75 Paandabout 250 Pa at 25° 
C 

0018. In yet further embodiments, the volatile liquid may 
have a vapour pressure of between about 100 Pa and about 
400 Pa, more preferably between about 100 Pa and about 300 
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Pa, even more preferably between about 100 Pa and about 275 
Pa, most preferably between about 100 Pa and about 250 Pa at 
250 C. 
0019. The volatile liquid may comprise a single com 
pound. Alternatively, the Volatile compound may comprise 
two or more different compounds. 
0020. Where the volatile liquid comprises two or more 
different compounds, the two or more different compounds in 
combination have a vapour pressure of at least about 20 Pa at 
250 C. 

0021. The volatile liquid may comprise a mixture oftwo or 
more different liquid compounds. 
0022. The volatile liquid may comprise an aqueous solu 
tion of one or more compounds. Alternatively the volatile 
liquid may comprise a non-aqueous solution of one or more 
compounds. 
0023 The volatile liquid may comprise two or more dif 
ferent volatile compounds. For example, the volatile liquid 
may comprise a mixture of two or more different volatile 
liquid compounds. 
0024. Alternatively, the volatile liquid may one or more 
non-volatile compounds and one or more volatile com 
pounds. For example, the Volatile liquid may comprise a 
Solution of one or more non-volatile compounds in a volatile 
Solvent or a mixture of one or more non-volatile liquid com 
pounds and one or more Volatile liquid compounds. 
0025. The volatile liquid comprises an alpha-keto or 2-oxo 
acid. 
0026. In a preferred embodiment, the volatile liquid com 
prises an acid selected from the group consisting of 3-methyl 
2-oxopentanoic acid, pyruvic acid, 2-oxopentanoic acid, 
4-methyl-2-oxopentanoic acid, 3-methyl-2-oxobutanoic 
acid, 2-oxooctanoic acid and combinations thereof. In a par 
ticularly preferred embodiment, the volatile liquid comprises 
pyruvic acid. 
0027. The volatile liquid may further comprise other com 
ponents including, but not limited to, natural flavours, artifi 
cial flavours and antioxidants. 
0028 Preferably, the sealant has a melting point of 
between about 40° C. and about 100° C., more preferably 
between about 40° C. and about 70° C., most preferably 
between about 40° C. and about 60° C. 
0029 Preferably, the sealant has a narrow melting point 
range. As used herein, the term "melting point range' is used 
to describe the range between the temperature at which the 
sealant begins to melt and the temperature at which the seal 
anthas completely melted. 
0030 Preferably, the melting point range of the sealant is 
less than about 10°C., more preferably less than about 5°C. 
The use of a sealant having a narrow melting point range 
advantageously enables the Volatile liquid Sorbed on the sorp 
tion element to be released on demand upon heating of the 
encapsulated Volatile liquid source. 
0031. The volatile liquid may be released from the encap 
sulated volatile liquid source at a temperature above the melt 
ing temperature of the sealant. For example, the sealant may 
melt but still maintain a barrier or shell around the volatile 
liquid until a temperature above the melting temperature of 
the sealant is reached. 
0032. The sealant may be capable of solidifying and re 
encapsulating the volatile liquid Sorbed on the sorption ele 
ment on cooling. This is advantageous where it is desired to 
release only a portion of the volatile liquid sorbed on the 
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sorption element and to retain the remainder of the volatile 
liquid sorbed on the sorption element for later use. 
0033 Preferably, the sealant comprises a wax. 
0034 Waxes are typically liphophilic, non-porous and 
Substantially opaque. A sealant comprising a wax may there 
fore advantageously form a barrier or shell around the sorp 
tion element that prevents contact of the volatile liquid with 
the atmosphere and reduces or prevents exposure of the Vola 
tile liquid to light. 
0035. The sealant may comprise one or more natural 
waxes, or one or more synthetic waxes, or a combination of 
one or more natural waxes and one or more synthetic waxes. 
0036. The sealant may comprise one or more animal 
waxes, one or more mineral waxes, one or more petroleum 
waxes, one or more polyolefin waxes, one or more vegetable 
waxes, or any combination thereof. 
0037 Suitable animal waxes include, but are not limited 
to, beeswax. 
0038 Suitable petroleum waxes include, but are not lim 
ited to, paraffin waxes. 
0039 Suitable polyolefin waxes include, but are not lim 
ited to, polyethylene waxes and polypropylene waxes. 
0040 Suitable mineral waxes include, but are not limited 
to, montan Wax. 
0041) Suitable vegetable waxes include but are not limited 
to, candelilla wax, carnauba wax, castor wax, and Soy wax. 
0042 Preferably, the sealant comprises one or more waxes 
selected from the group consisting of beeswax, carnauba 
wax, candelilla wax, petroleum waxes, polyolefin waxes, and 
derivatives thereof. 
0043. In a particularly preferred embodiment, the sealant 
comprises a paraffin wax. 
0044) The sorption element may be formed from any suit 
able material or combination of materials. For example, the 
Sorption element may comprise one or more of glass, stainless 
steel, aluminium, polyethylene (PE), polypropylene, poly 
ethylene terephthalate (PET), polybutylene terephthalate 
(PBT), polytetrafluoroethylene (PTFE), expanded polytet 
rafluoroethylene (ePTFE), and BAREX(R). 
0045. In a preferred embodiment, the sorption element is a 
porous sorption element. 
0046 For example, the sorption element may be a porous 
Sorption element comprising one or more materials selected 
from the group consisting of porous plastic materials, porous 
polymer fibres and porous glass fibres. 
0047. The sorption element is preferably chemically inert 
with respect to the volatile liquid. 
0048. The sorption element is preferably physically stable 
at the melting temperature of the sealant. 
0049. The sorption element is preferably physically stable 
at the temperature at which the volatile liquid is released from 
the encapsulated volatile liquid source. 
0050. The sorption element may have any suitable size and 
shape. In a preferred embodiment, the sorption element is a 
Substantially cylindrical plug. In a particularly preferred 
embodiment, the Sorption element is a porous Substantially 
cylindrical plug. 
0051. The size, shape and composition of the sorption 
element may be chosen to allow a desired amount of volatile 
liquid to be sorbed on the sorption element. 
0052. In a preferred embodiment, between about 20 uland 
about 200 ul, more preferably between about 40 ul and about 
150 ul, most preferably between about 50 ul and about 100 ul 
of the volatile liquid is sorbed on the sorption element. 
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0053. The sorption element advantageously acts as a res 
ervoir for the volatile liquid. 
0054 The sorption element may be encapsulated with the 
sealant by any suitable method. 
0055 For example, the sealant may be melted, the sorption 
element coated with the molten sealant and the molten sealant 
then solidified in order to encapsulate the sorption element 
with the sealant. The sorption element may be coated with the 
molten sealant by any Suitable method, such as spraying, 
painting or fluidized bed coating. 
0056 Alternatively, the sealant may be melted, the sorp 
tion element dipped in the molten sealant and the molten 
sealant then solidified in order to encapsulate the Sorption 
element with the sealant. 

0057 Depending on the properties of the sealant, an active 
cooling step may be implemented to solidify the sealant at a 
faster rate. The inclusion of an active cooling step may advan 
tageously result in a more even and uniform coating by reduc 
ing creep of the semi-solid sealant under gravity and by 
reducing penetration of the sealant into the sorption element. 
The active cooling step may comprise contacting the sealant 
with a gaseous cooling agent or a liquid cooling agent. For 
example, the molten sealant may be dipped in a bath of liquid 
cooling agent, such as liquid nitrogen or chilled isopropyl 
alcohol, or the molten sealant may be cooled in a stream of 
gaseous cooling agent, such as cold air. 
0058. The volatile liquid may be sorbed on the sorption 
element before the sorption element is encapsulated by the 
sealant. 

0059 Alternatively, the sorption element may be encap 
sulated by the sealant, the volatile liquid injected through the 
sealant onto or into the sorption element and the injection site 
then sealed. 

0060 According to the invention there is also provided an 
aerosol-generating system comprising an encapsulated Vola 
tile liquid source according to the invention. 
0061. In a preferred embodiment, there is provided an 
aerosol-generating system comprising: an acid source; and a 
nicotine source, wherein the acid source is an encapsulated 
Volatile liquid Source according to the invention. 
0062. In a particularly preferred embodiment, there is pro 
vided an aerosol-generating system comprising a housing, 
the housing comprising: a) an inlet and an outlet in commu 
nication with each other and adapted so that a gaseous carrier 
may pass into the housing through the inlet, through the 
housing and out of the housing through the outlet, the aerosol 
generating system comprising in series from inlet to outlet: b) 
a first internal area in communication with the inlet, the first 
internal area comprising a first one of an acid source and a 
nicotine source, and c) a second internal area in communica 
tion with the first internal area, the second internal area com 
prising a second one of the acid source and the nicotine 
Source, wherein the acid source is an encapsulated volatile 
liquid source comprising: a sorption element; a volatile liquid 
having a vapour pressure of at least about 20 Pa at 25°C. 
sorbed on the sorption element, wherein the volatile liquid 
comprises a 2-oxoacid; and a sealant having a melting point 
of between about 40°C. and about 120° C. encapsulating the 
Sorption element. 
0063. The aerosol-generating system may further com 
prise a third internal area in communication with: the second 
internal area; and the outlet. 
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0064. The aerosol-generating system may further com 
prise a mouthpiece in communication with: the second inter 
nal area, or the third internal area, where present; and the 
outlet. 
0065. In another preferred embodiment, there is provided 
an aerosol-generating system comprising a housing, the 
housing comprising: a) an inlet and an outlet in communica 
tion with each other and adapted so that a gaseous carrier may 
pass into the housing through the inlet, through the housing 
and out of the housing through the outlet, the aerosol-gener 
ating system comprising in parallel: b) a first internal area in 
communication with the inlet, the first internal area compris 
ing an acid source, and c) a second internal area in commu 
nication with the inlet, the second internal area comprising a 
nicotine Source, wherein the acid source is an encapsulated 
Volatile liquid source comprising: a sorption element; a Vola 
tile liquid having a vapour pressure of at least about 20 Pa at 
25° C. sorbed on the sorption element, wherein the volatile 
liquid comprises a 2-oxoacid; and a sealant having a melting 
point of between about 40° C. and about 120° C. encapsulat 
ing the Sorption element. In use, a first stream of the gaseous 
carrier passes through the first internal area and a second 
stream of the gaseous carrier passes through the second inter 
nal area. 
0066. The aerosol-generating system may further com 
prise a third internal area in communication with: one or both 
of the first internal area and the second internal area; and the 
outlet. 
0067. The aerosol-generating system may further com 
prise a mouthpiece in communication with: the first internal 
area and the second internal area, or the third internal area, 
where present; and the outlet. 
0068. In a further preferred embodiment, there is provided 
an aerosol-generating system comprising a housing, the 
housing comprising: a) a first air inlet, a second air inlet and 
an outlet, the first air inlet and the second air inlet in commu 
nication with the outlet and adapted so that a gaseous carrier 
may pass into the housing through the first air inlet, through 
the housing and out of the housing through the outlet and a 
gaseous carrier may pass into the housing through the second 
air inlet, through the housing and out of the housing through 
the outlet, the aerosol-generating system comprising in par 
allel: b) a first internal area in communication with the first 
inlet, the first internal area comprising an acid source, and c) 
a second internal area in communication with the second air 
inlet, the second internal area comprising a nicotine source, 
wherein the acid source is an encapsulated Volatile liquid 
Source comprising: a sorption element; a Volatile liquid hav 
ing a vapour pressure of at least about 20 Pa at 25°C. sorbed 
on the sorption element, wherein the Volatile liquid comprises 
a 2-oxoacid; and a sealant having a melting point of between 
about 40° C. and about 120° C. encapsulating the sorption 
element. 
0069. The aerosol-generating system may further com 
prise a third internal area in communication with: one or both 
of the first internal area and the second internal area; and the 
outlet. 
0070 The aerosol-generating system may further com 
prise a mouthpiece in communication with: the first internal 
area and the second internal area, or the third internal area, 
where present; and the outlet. 
0071. The nicotine source of aerosol-generating systems 
according to the invention may be an encapsulated nicotine 
Source. The encapsulated nicotine source preferably com 
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prises: a sorption element; a volatile liquid having a vapour 
pressure of at least about 20 Pa at 25° C. sorbed on the 
Sorption element and a sealant having a melting point of 
between about 40° C. and about 120° C. encapsulating the 
Sorption element. Suitable sorption elements and Sealants for 
use in Such encapsulated nicotine sources are described 
above. 
0072 The nicotine source may comprise one or more of 
nicotine, nicotine base, a nicotine salt, Such as nicotine-HCl, 
nicotine-bitartrate, or nicotine-ditartrate, or a nicotine deriva 
tive. 
0073. The nicotine source may comprise natural nicotine 
or synthetic nicotine. 
0074 The nicotine source may comprise pure nicotine, a 
Solution of nicotine in an aqueous or non-aqueous solvent or 
a liquid tobacco extract. 
0075. The nicotine source may further comprise an elec 
trolyte forming compound. The electrolyte forming com 
pound may be selected from the group consisting of alkali 
metal hydroxides, alkali metal oxides, alkali metal salts, alka 
line earth metal oxides, alkaline earth metal hydroxides and 
combinations thereof. 
0076 For example, the nicotine source may comprise an 
electrolyte forming compound selected from the group con 
sisting of potassium hydroxide, sodium hydroxide, lithium 
oxide, barium oxide, potassium chloride, Sodium chloride, 
Sodium carbonate, sodium citrate, ammonium Sulfate and 
combinations thereof. 
0077. In certain embodiments, the nicotine source may 
comprise an aqueous Solution of nicotine, nicotine base, a 
nicotine salt or a nicotine derivative and an electrolyte form 
ing compound. 
0078. Where aerosol-generating systems according to the 
invention comprise a third internal area, the third internal area 
may comprise one or more aerosol-modifying agents. For 
example, the third internal area may comprise a sorbent, Such 
as activated carbon, a flavourant, Such as menthol, or a com 
bination thereof. 
0079. Where aerosol-generating systems according to the 
invention comprise a mouthpiece, the mouthpiece may com 
prise a filter. The filter may have a low particulate filtration 
efficiency or very low particulate filtration efficiency. 
0080 According to the invention there is further provided 
an aerosol-generating system comprising: an encapsulated 
Volatile liquid source according to the invention; and heating 
means for heating the encapsulated Volatile liquid source to a 
temperature above the melting point of the sealant. 
0081. In a preferred embodiment, there is provided an 
aerosol-generating system comprising: an acid source; and a 
nicotine source, wherein the acid source is an encapsulated 
Volatile liquid source according to the invention; and heating 
means for heating the encapsulated Volatile liquid source to a 
temperature above the melting point of the sealant. 
0082 In certain embodiments, the aerosol-generating sys 
tem may comprise: an aerosol-generating article comprising 
an encapsulated Volatile liquid source according to the inven 
tion; and an aerosol-generating device in cooperation with the 
aerosol-generating article, the aerosol generating device 
comprising heating means for heating the encapsulated Vola 
tile liquid source to a temperature above the melting point of 
the sealant. 
0083. In certain preferred embodiments, the aerosol-gen 
erating system may comprise: an aerosol-generating article 
comprising an acid source; and a nicotine source, wherein the 
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acid source is an encapsulated Volatile liquid source accord 
ing to the invention; and an aerosol-generating device in 
cooperation with the aerosol-generating article, the aerosol 
generating device comprising heating means for heating the 
encapsulated Volatile liquid source to a temperature above the 
melting point of the sealant. 
I0084. The heating means may be an electric heating means 
comprising an electric heater powered by an electric power 
Supply. Where the heating means is an electric heating means, 
the aerosol-generating system may further comprise an elec 
tric power Supply, such as a battery, and electronic circuitry 
configured to control the supply of electric power from the 
electric power Supply to the electric heating means. 
I0085 Alternatively, the heating means may be a non-elec 
tric heating means, such as a chemical heating means. 
0086 Aerosol-generating systems according to the inven 
tion may simulate a Smoking article, such as a cigarette, a 
cigar, a cigarillo or a pipe, or a cigarette pack. In preferred 
embodiments, aerosol-generating systems according to the 
invention simulate a cigarette. 
I0087. In certain embodiments, the housing of aerosol-gen 
erating systems according to the invention may simulate a 
tobacco Smoking article. Such as a cigarette, a cigar, a 
cigarillo or a pipe, or a cigarette pack. In certain preferred 
embodiments, the housing simulates a cigarette. 
0088. For the avoidance of doubt, features described 
above in relation to one aspect of the invention may also be 
applicable to other aspects of the invention. In particular, 
features described above in relation to encapsulated volatile 
liquid sources according to the invention may also relate, 
where appropriate to aerosol-generating systems and aerosol 
generating articles according to the invention, and vice versa. 
I0089. Use of an encapsulated volatile liquid source 
according to the invention in an aerosol-generating system 
comprising an acid source and a nicotine source provides a 
means to control delivery of aerosolised nicotine salt par 
ticles, such as nicotine pyruvate particles, to a user. 
0090. The invention will now be further described with 
reference to the accompanying drawings in which: 
0091 FIG. 1 shows a Fourier transform infrared spectrum 
at a wavelength of 1810 cm for a pyruvic acid source 
according to the invention upon heating as a function of 
temperature; 
0092 FIG.2 shows the percentage of pyruvic acid remain 
ing in a pyruvic acid source according to the invention versus 
time over a period of 30 days; and 
0093 FIG.3 shows the pyruvic acidyield and average puff 
temperature for a pyruvic acid source according to the inven 
tion upon heating measured under a Health Canada Smoking 
regime. 

EXAMPLE 1. 

0094 50 ul of pyruvic acid is adsorbed on a sintered 
porous plastic plug with a density of 0.3 g/cc having a poly 
ethylene terephthalate (PET) core, a polyethylene (PE) sheath 
and a viscose B fibre filling. A Suitable porous plastic plug is 
Porex R XMF-0130+B (available from Porex GmbH, Ger 
many). The porous plastic plug with the 50 ul of pyruvic acid 
adsorbed thereon is encapsulated in a paraffin wax with a 
melting point of 54-56°C. by melting the paraffin wax, dip 
ping the porous plastic plug into the molten paraffin wax and 
then solidifying the molten paraffin wax. Aheating ramp of 3° 
C/minute is applied to the resulting porous plastic plug with 
the 50ll of pyruvic acid adsorbed thereon encapsulated in the 



US 2015/0313285 A1 

paraffin wax and the vapours released are analysed by Fourier 
transform infrared (FTIR) spectroscopy. 
0095 For comparison, a heating ramp of 3°C/minute is 
also applied to an identical porous plastic plug with 50 ul of 
pyruvic acid adsorbed thereon that is not encapsulated in a 
paraffin wax and the vapours released are analysed by FTIR 
spectroscopy. 
0096 FIG. 1 shows the FTIR spectra at a wavelength of 
1810 cm', corresponding to the characteristic spectra asso 
ciated with pyruvic acid, for (a) the porous plastic plug with 
the 50 ul of pyruvic acid adsorbed thereon encapsulated in the 
paraffin wax, and (b) the porous plastic plug with 50 ul of 
pyruvic acid adsorbed thereon that is not encapsulated in a 
paraffin wax. 
0097. As shown in FIG. 1, the porous plastic plug with the 
50 ul of pyruvic acid adsorbed thereon encapsulated in the 
paraffin wax shows no release of pyruvic acid until approxi 
mately 70°C. In contrast, the porous plastic plug with 50 ul of 
pyruvic acid adsorbed thereon that is not encapsulated in a 
paraffin wax releases pyruvic acid immediately on heating. 

EXAMPLE 2 

0098. Example 1 is repeated using beeswax rather than 
paraffin wax. 
0099. A heating ramp of 3°C/minute is applied to the 
resulting porous plastic plug with the 50 ul of pyruvic acid 
adsorbed thereon encapsulated in the beeswax and the 
vapours released are analysed by Fourier transform infrared 
(FTIR) spectroscopy. 
0100 For comparison, a heating ramp of 3°C/minute is 
also applied to an identical porous plastic plug with 50 ul of 
pyruvic acid adsorbed thereon that is not encapsulated in 
beeswax and the vapours released are analysed by FTIR spec 
troscopy. 
0101 The porous plastic plug with the 50 ul of pyruvic 
acid adsorbed thereon encapsulated in the beeswax shows no 
release of pyruvic acid until approximately 80°C. In contrast, 
the porous plastic plug with 50 ul of pyruvic acid adsorbed 
thereon that is not encapsulated in beeswax releases pyruvic 
acid immediately on heating. 

EXAMPLE 3 

0102) Example 1 is repeated using carnauba wax rather 
than paraffin wax. 
0103) A heating ramp of 3°C/minute is applied to the 
resulting porous plastic plug with the 50 ul of pyruvic acid 
adsorbed thereon encapsulated in the carnauba wax and the 
vapours released are analysed by Fourier transform infrared 
(FTIR) spectroscopy. 
0104 For comparison, a heating ramp of 3°C/minute is 
also applied to an identical porous plastic plug with 50 ul of 
pyruvic acid adsorbed thereon that is not encapsulated in 
carnauba wax and the vapours released are analysed by FTIR 
spectroscopy. 
0105. The porous plastic plug with the 50 ul of pyruvic 
acid adsorbed thereon encapsulated in the carnauba wax 
shows no release of pyruvic acid until approximately 100° C. 
In contrast, the porous plastic plug with 50 ul of pyruvic acid 
adsorbed thereon that is not encapsulated in carnauba wax 
releases pyruvic acid immediately on heating. 
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EXAMPLE 4 

0106 50 ul of pyruvic acid is adsorbed on a sintered 
porous plastic plug with a density of 0.17 g/cc having a 
polyethylene terephthalate (PET) core and a polyethylene 
(PE) sheath. A suitable porous plastic plug is Porex R XMF 
0507 (available from Porex GmbH, Germany). The porous 
plastic plug with the 50 ul of pyruvic acid adsorbed thereon is 
encapsulated in a paraffin wax with a melting point of 54-56° 
C. by melting the paraffin wax, dipping the porous plastic 
plug into the molten paraffin wax and then Solidifying the 
molten paraffin wax. The resulting porous plastic plug with 
the 50ll of pyruvic acid adsorbed thereon encapsulated in the 
paraffin wax is stored at 22°C. and 50% relative humidity and 
its mass is measured over a period of 30 days. 
0107 For comparison, an identical porous plastic plug 
with 50 ul of pyruvic acid adsorbed thereon that is not encap 
sulated in a paraffin wax is also stored at 22° C. and 50% 
relative humidity and its mass is measured over a period of 30 
days. 
0.108 FIG. 2 shows the percentages of pyruvic acid 
remaining in (a) the porous plastic plug with the 50 ul of 
pyruvic acid adsorbed thereon encapsulated in the paraffin 
wax, and (b) the porous plastic plug with 50 ul of pyruvic acid 
adsorbed thereon that is not encapsulated in a paraffin wax, 
estimated by the total mass loss. 
0109 As shown in FIG. 2, the porous plastic plug with the 
50 ul of pyruvic acid adsorbed thereon encapsulated in the 
paraffin wax does not lose any of the pyruvic acid adsorbed 
thereon over the 30 day period. In contrast, the porous plastic 
plug with 50 ul of pyruvic acid adsorbed thereon that is not 
encapsulated in a paraffin wax loses over 80% of the pyruvic 
acid adsorbed thereon in 10 days. 

EXAMPLE 5 

0110 50 ul of pyruvic acid is adsorbed on a on a sintered 
porous plastic plug with a density of 0.17 g/cc having a 
polyethylene terephthalate (PET) core and a polyethylene 
(PE) sheath. A suitable porous plastic plug is Porex R XMF 
0507 (available from Porex GmbH, Germany). The porous 
plastic plug with the 50 ul of pyruvic acid adsorbed thereon is 
encapsulated in a paraffin wax with a melting point of 54-56° 
C. by melting the paraffin wax, dipping the porous plastic 
plug into the molten paraffin wax and then Solidifying the 
molten paraffin wax. 
0111. The resulting porous plastic plug with the 50 ul of 
pyruvic acid adsorbed thereon encapsulated in the paraffin 
wax is heated to 75° C. and the pyruvic acid yield per group 
of five puffs is measured under a Health Canada Smoking 
regime over 20 puffs with a puff volume of 55 ml, puff 
duration of 2 seconds and a puff interval of 30 seconds. 
0112 An identical porous plastic plug with 50 ul of pyru 
Vic acid adsorbed thereon encapsulated in the paraffin wax is 
stored at 22°C. and 50% relative humidity for 30 days and is 
then heated to 75° C. and the pyruvic acid yield per group of 
five puffs is measured under a 
0113 Health Canada Smoking regime over 20 puffs with a 
puff volume of 55 ml, puff duration of 2 seconds and a puff 
interval of 30 seconds. 

0114 For comparison, an identical porous plastic plug 
with the 50 ul of pyruvic acid adsorbed thereon that is not 
encapsulated in a paraffin wax is heated to 75° C. and the 
pyruvic acid yield per group of five puffs is measured under a 
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Health Canada Smoking regime over 20 puffs with a puff 
volume of 55 ml, puffduration of 2 seconds and a puffinterval 
of 30 seconds. 

0115 FIG.3 shows the pyruvic acidyield and average puff 
temperature per group of five puffs for (a) the porous plastic 
plug with 50 ul of pyruvic acid adsorbed thereon that is not 
encapsulated in a paraffin wax, (b) the porous plastic plug 
with the 50 ul of pyruvic acid adsorbed thereon encapsulated 
in the paraffin wax, and (c) the porous plastic plug with the 50 
ul of pyruvic acid adsorbed thereon encapsulated in the par 
affin wax and stored for 30 days. 
0116. As shown in FIG. 3, the yield of pyruvic acid in the 

first group of five puffs for (b) the porous plastic plug with the 
50 ul of pyruvic acid adsorbed thereon encapsulated in the 
paraffin wax, and (c) the porous plastic plug with the 50 ul of 
pyruvic acid adsorbed thereon encapsulated in the paraffin 
wax and stored for 30 days is less than that for (a) the porous 
plastic plug with 50 ul of pyruvic acid adsorbed thereon that 
is not encapsulated in a paraffin wax. This is because pyruvic 
acid is only released from (b) the porous plastic plug with the 
50 ul of pyruvic acid adsorbed thereon encapsulated in the 
paraffin wax, and (c) the porous plastic plug with the 50 ul of 
pyruvic acid adsorbed thereon encapsulated in the paraffin 
wax and stored for 30 days once the melting point of the 
paraffin wax (shown by the dashed line in FIG. 3) is reached, 
which does not occur until about fourth puff. As also shown in 
FIG.3, the yield of pyruvic acid for (c) the porous plastic plug 
with the 50 ul of pyruvic acid adsorbed thereon encapsulated 
in the paraffin wax and stored for 30 days is similar to that of 
(b) the porous plastic plug with the 50 ul of pyruvic acid 
adsorbed thereon encapsulated in the paraffin wax. This indi 
cates that the pyruvic acid is stored durably on the porous 
plastic plug encapsulated in the paraffin wax over the 30 day 
period. 
0117. As illustrated by the above examples, in accordance 
with the present invention it is possible to control the delivery 
of a Volatile liquid comprising a 2-oxoacid, Such as pyruvic 
acid, by controlling the encapsulation of a sorption element 
on which the Volatile liquid is sorbed. Using a sealant, such as 
but not limited to a wax such as for example a paraffin wax, of 
certain melting point for encapsulating a sorption element, 
Such as but not limited to a porous plastic plug, having the 
Volatile liquid Sorbed thereon provides a means for tempera 
ture controlled delivery of the volatile liquid. 
0118. The invention has been exemplified above by refer 
ence to porous plastic plugs, such as Porex.R. plugs having 
pyruvic acid adsorbed thereon that are encapsulated in a 
paraffin wax, beeswax or carnauba wax. However, it will be 
appreciated that encapsulated volatile liquid sources accord 
ing to the invention may comprise other adsorption elements, 
other Volatile liquids comprising a 2-oxoacid and other seal 
antS. 

1. An aerosol-generating system comprising an encapsu 
lated Volatile liquid Source comprising: 
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a sorption element; 
a volatile liquid having a vapour pressure of at least about 
20 Pa at 25°C. sorbed on the sorption element, wherein 
the Volatile liquid comprises a 2-oxoacid; and 

a sealant having a melting point of between about 40°C. 
and about 120° C. encapsulating the sorption element. 

2. The aerosol-generating system according to claim 1, 
wherein the Volatile liquid has a vapour pressure of at least 
about 50 Pa at 25° C. 

3. The aerosol-generating system according to claim 1, 
wherein the acid is selected from the group consisting of 
3-methyl-2-oxovaleric acid, pyruvic acid, 2-oxovaleric acid, 
4-methyl-2-oxovaleric acid, 3-methyl-2-oxobutanoic acid, 
2-oxooctanoic acid, and combinations thereof. 

4. The aerosol-generating system according to claim 3, 
wherein the acid is pyruvic acid. 

5. The aerosol-generating system according to any preced 
ing claim 1, wherein the sealant has a melting point of 
between about 40° C. and about 70° C. 

6. The aerosol-generating system according to any preced 
ing claim 1, wherein the Sealant comprises a wax. 

7. The aerosol-generating system according to claim 6. 
wherein the sealant comprises one or more waxes selected 
from the group consisting of beeswax, carnauba wax, cande 
lilla wax, petroleum waxes, polyolefin waxes, and derivatives 
thereof. 

8. The aerosol-generating system according to claim 
wherein the sealant comprises a paraffin wax. 

9. The aerosol-generating system according to claim 1, 
wherein the sorption element is a porous adsorption element. 

10. An aerosol-generating System comprising: 
an acid source; and 
a nicotine source, 
wherein the acid source is an encapsulated volatile liquid 

Source comprising: 
a sorption element; 
a volatile liquid having a vapour pressure of at least 

about 20 Pa at 25°C. sorbed on the sorption element, 
wherein the Volatile liquid comprises a 2-oxoacid; 
and 

a sealant having a melting point of between about 40°C. 
and about 120°C. encapsulating the Sorption element. 

11. The aerosol-generating system according to claim 1, 
further comprising: 

heating means for heating the encapsulated Volatile liquid 
Source to a temperature above the melting point of the 
Sealant. 

12. The aerosol-generating system according to claim 1, 
wherein the aerosol-generating system simulates a cigarette. 

13. An encapsulated Volatile liquid Source comprising: 
a sorption element; 
a volatile liquid having a vapour pressure of at least about 
20 Pa at 25°C. sorbed on the sorption element, wherein 
the Volatile liquid comprises a 2-oxoacid; and 

a sealant having a melting point of between about 40°C. 
and about 120° C. encapsulating the sorption element. 
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