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ELECTRONIC CIGARETTE

Field

[0001] This disclosure generally relates to electronic cigarettes, vape machines,
and other vaping devices, referred to collectively herein as “e-cigarettes.” In particular, this
disclosure relates to methods and apparatus for decreasing the production of harmful
chemicals in the aerosol formed by e-cigarettes.

Background

{6002] E-cigarettes and vaping devices simulate the act of smoking tobacco in a
conventional cigarette, cigar or pipe by producing an aerosol or vapor that is inhaled by a
user. The aerosol mimics the physical sensation of inhaling tobacco smoke and reduces the
health risks and other negative attributes of conventional smoking. The aerosol is produced
by volatizing an e-liquid using heat or ultrasonic technology in an atomizer. E-liquids are
typically a solution of carrier liquids, nicotine, and flavorants.

SUMMARY

[6003] While e-cigarettes can provide an alternative to smoking tobacco, the
aerosols formed in conventional e-cigarettes and inhaled by users may still contain harmtul
compounds, such as, e.g., formaldehyde, acetaldehyde, acrolein and/or other members of the
carbonyl group. Some of these emissions are due to the thermal decomposition of the
flavorants used in e-liquids.

[6004] In one aspect of the present disclosure, an e-cigarette is provided that
reduces the production of harmful compounds by heating flavorants to low temperatures only
if heated at all. The e-cigarette can include a housing containing an atomizer, a first module
and a second module. The first module can store a first e-liquid that 1s free, or substantially
free, of flavorants. The second module can store a second e-liquid that includes flavorants.
The atomizer can volatilize the first e-liquid by heating the first e-liquid to form an aerosol
{or vapor) at a high temperature. The heated aercsol can pass along a flow path from the first
moduie into the second module. The second e-liquid can be volatilized at a low temperature

within the second module by the heated aerosol.
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{0005] The foregoing summary is tlustrative only and is not intended to be
fimiting. Other aspects, features, and advantages of the systems, devices, and methods and/or
other subject matter described in this application will become apparent in the teachings set
forth below. The summary is provided to introduce a selection of some of the concepts of this
disclosure. The summary is not intended to identify key or essential features of any subject
matter described herein.

{6006] The systems, methods and devices described herein have innovative
aspects, no single one of which is indispensable or solely responsible for their desirable
attributes. Without limiting the scope of the claims, some of the advantageous features will
now be summarized.

BRIEF DESCRIPTION OF THE DRAWINGS

{6007] FIG. 1 15 a schematic implementation showing the compounents of a
conventional e-cigarette;

{6008} FIG. 2A is a schematic implernentation showing the components of a two-
stage e-cigarette;

[6009] FIG. 2B is a chart showing a concentration of formaldehyde production
for e-liquids aerosolized at different temperatures;

1001¢) FIG. 2C is a chart showing concentrations of flavorants in an aerosol for
an e-liquid aerosolized at different temperatures;

[8011] FIG. 2D is a chart showing concentrations of flavorant enhanced e-liquids;

[8012] FIG. 2E is a chart showing concentrations of flavorants in an aerosol for a
flavorant enhanced e-liquid aerosolized at different temperatures;

[8013] FIG. 2F 1s a chart showing a ratio of formaldehyde to flavorant
concentrations for a flavorant enhanced e-liquid aerosolized at different temperatures;

[8014] FIG. 3 is an implementation of an e-Cigarette;

[8015] FIG. 4 is an exploded view of a battery assembly of the e-cigarette of
FIG. 3;

[8016] FIG. 5A is a perspective view of a first module of the e-cigarette of
FIG. 3;

[6017] FIG. 5B is an end view of the first module of FIG. 5A;

[6018] FIG. 5C is a side view of the first module of FIG. 54,

b
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{0019] FIG. 5D 13 a section view taken along the line 5D-5D in FIG. 5C;

{6020] FIG. 6 1s an exploded view of the first module of the FIG. 3;

{8021} FIG. 7A 18 a perspective view of a second module of the e-cigarette of
FIG. 3,

[6022] FIG. 7B is an end view of the second module of FIG. 7A;

{8023] FIG. 7C 1s a side view of the second module of FIG. 7A;

10024] FIG. 7D is a section view taken along the line 7D-7D in FIG. 7C;

[0025] FIG. 8 is an exploded view of the second module of FIG. 7A;

0026] FIG. 9A is a perspective view of another chamber for the e-cigarette of
FIG. 3;

{6027] FIG. 9B is an end view of the chamber of FIG. 9A;

0028] FIG. 9C is a side view of the chamber of FIG. 9A; and

0029] FIG. 9D is a section view taken along the line 9D-9D in FIG. 9C; and

[603¢] FIG. 10 is an exploded view of the chamber of FIG. 9A.

[0031] FIG. 11 is a schematic view of an implementation of an add-on module for
an e-cigaretie,

DETAILED DESCRIPTION

0032] The various features and advantages of the systems, devices, and methods
of the technology described herein will become more fully apparent from the following
description of the implernentations illustrated in the figures. These implementations are
intended to illustrate the principles of this disclosure, and this disclosure should not be
timited to merely the illustrated examples. The features of the illustrated implementations
can be modified, combined, removed, and/or substituted as will be apparent to those of
ordinary skill in the art upon consideration of the principles disclosed herein.

{6033] E-liquid is conventionally used in e-cigarettes, such as e-cigarette 100
shown 1in FIG. 1, to form the vapor or aerosol inhaled by a user and typically used to deliver
nicotine into the airways of the user. The e-liquid is generally composed of a carrier liquid or
base and various additives. The carrier liquid can be a liquid such as propylene glycol,
vegetable glycerin, polyethylene glycol, water, ethanol, and/or other types of carrier liquads.
Propylene glycol and vegetable glycerin are among the most common e-liquid carriers.

Propylene glycol and vegetable glycerin are characterized typically as clear, faintly sweet
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and aromatic Hquids. E-liquids may have various levels of viscosity. An e-liquid may have a
high viscosity at room temperature to enable a long shelf life and to reduce leakage from a
storage reservoir. Other additives can be included to form a gel or paste-like e-liquid.

[6034] Additives to the carrier liquid can include nicotine, nicotine salts, and/or
any of varicus flavoring chemicals {(flavorants) in varying concentrations. Common
flavorants include, but are not limited to, maltol, benzyl alcohol, ethyl maltol, vanillin, ethyl
vanillin, and limonene. Other common flavoring chemicals also commonly found in e-liquids
include, but are not limited to, benzaldehyde, diacetyl, c¢-3-hexanol t-2-hexanol,
benzaldehyde-pg-acetal, benzyl acetate, ethyl isovalerate, 2-methylbutyl acetate, and v-
decalactone. These flavorants are used to create e-liquid aerosols with flavor profiles and can
be highly desirable for users. Commercial e-liquids include diverse flavor profiles and blends
such as fruit flavors, candy flavors, desserts, milk, herbs, and spices.

[8035] FIG. T shows schematic components of a known e-cigarette 100, The e-
cigarette 100 can include a housing 104. The housing 104 can contain a battery assembly
108. The battery assembly 108 can include a battery and one or more electronic connections
tfor delivering power from the battery to an atomizer and/or other electronic controls for the
e-cigarette 100 The e-cigarettes 100 can also variously include electronics, butions, sensors,
and indicator lights to assist in the operation and/or look of the e-cigarette (not shown).

{0036] The housing 104 can contain a reservoir 112 for holding an e-liquid. The
housing 104 can contain an atomizer 116 for aerosolizing the e-liquid of the reservoir 112,
The atomizer 116 can include a heating coil 118, The heating coils 118 can be connected
with the battery and generate heat through internal resistance to a current flowing
therethrough. The atomizer 116 can include a wick 119, The wick 119 can be formed of a
wicking material such as a fibrous or foam material that can deliver the e-liquid from the
reservoir 112 into contact with and/or adjacent to the heating coil 118, The wicking material
can be thermally stable at the temperature reached by the heating coil 118 for at least a
temporary period.

[6037] The housing 104 can include an airway 120. The airway 120 can include
one or more air inlets 122, The airway 120 can be in communication with the atomizer 116.
The airway 120 can extend through a mouthpiece 105. The mouthpiece 105 can be at one end

of the housing. The user can draw air through the airway 120 at the mouthpiece 105,
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{6038] The e-cigarette 100 can also include one or more control mechanisms for
operating the atomizer 116 to form an aerosol from the e-liguid in the reservoir 112 using the
atomizer 116, The control mechanisms can include a manual button operated by the user
and/or one or more pressure sensors located along the airway 120 that automatically detect
inhalation by the user at the mouthpiece 105,

{06039} In operation, a user can draw air, such as ambient air, into the airway 120
through the air inlet 122, The air can pass into the housing 104 and pass along the airway
120 to the atomizer 116. The wick 119 can deliver e-liquid to the heating coil 118 through
capillary action and/or gravity, or other means. The control mechanism can deliver power to
the heating coil 118 to vaporize the e-liquid in at least a portion of the wick 119 to form the
aerosol or vapor. Temperatures in the atomizer 116 and/or on the heating coil 118 can be
between approximately 150-275°C or higher. The aerosol can mix with the air in the airway
120 and 1s carried to the user through the mouthpiece 105, By the time the aerosol reaches
the mouthpiece 105, the aerosol has typically cooled to between 60° and 120°C or lower.
Various designs for the layout of the e-cigarette 100, the housing 104, the atomizer 116, the
reservoir 112, the battery assembly 108, and the airway 120 are available commercially.

[0040] The high temperature heating of the e-liquid by the atomizer 116 (e.g.,
between approximately 150-275°C or higher) can create secondary chemicals that are
aerosolized with the e-liqund. As the user inhales the aerosol created by the atorsizer 116, the
user also inhales these secondary chemicals. Among these secondary chemicals are harmful
chemicals such as members of the carbonyl family. The carbonyl family includes
formaldehyde and acetaldehyde, both of which are known carcinogens. Because this effect
represents a health risk to the user, one object of the present disclosure is to reduce the
production of harmtul chemicals.

[6041] FIG. 2 illustrates a two-stage e-cigareite 200 in schematic form. The e-
cigarette 200 can include many of the same functionalities of the e-cigarette 100, with the
differences noted herein. Similar components that are common between the 100 and 200 e-
cigarette implementations are labeled with corresponding numbering in the 200 series.

[6042] The e-cigarette 200 can include a housing 204. The housing 204 can house
a battery assembly 208 containing a battery for delivering power to an atomizer 216, The

housing 204 can include a first module or chamber 210. The first module 210 can include a
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carrier reservoir 212 for storing a flavorless e-liquid. The flavorless e-liquid of the e-cigarette
200 differs from a conventional e-liquid in that it does not include, or is substantially free
{(e.g., less than about 1.00 mg/ml concentration} from flavorants. The flavorless e-liquid can
be substantially free from any or all of maltol, benzyl alcohol, ethyl maltol, vanillin, ethyl
vanillin, and limonene. In some implementations, the flavorless e-liguid will contain only a
combination of propylene, glycol, vegetable glycerol, polyethylene glycol, nicotine, water,
and/or ethanol. The flavorless e-liquid can tnclude nicotine and/or nicotine salts.

[0043] The first module 210 can include the atomizer 216, The atomizer 216 can
include a heating coil 218, The heating coil 218 can be electrically coupled with the battery.
A wick 219 can deliver the flavorless e-liquid from the reservoir 212 to the heating coil 218.
The battery assembly 208 can be configured to deliver energy into the atomizer 216 such as
through the heating coil 218 to vaporize or atomize the flavorless e-liquid tfrom the reservoir
212. An airway 220 can draw air through the first module 210 from one or more inlets 222
and exit the housing 204 at a mouthpiece 205.

[0044] The housing 204 can further include a second module or chamber 230,
The second module 230 can be adjacent to the first module 210, The first and second
modules 210, 230 can be connected directly or indirectly {e.g., via one or more aerosol
nozzles). The airway 220 can extend from the first module 210 to the second module 230,
The second module 230 can be downstream of the first module 210 and air inlets 222, The
second module 230 can be located between the mouthpiece 205 and the atomizer 216. In
other implementations, the second module 230 is an integral unit with the first module 210
and/or is upstream of the atomizer 216.

[8045] The second module 230 can include a flavorant reservoir 232, The second
reservoir can house a flavored e-liquid. The flavored e-liquid can include one or more carrier
liquids and any or all of the flavorants: benzyl alcohel, ethyl maltol, vanillin, ethyl vanillin,
limonene, and/or other flavorings. The flavored e-liquid in a reservoir 232 can include any of
the carriers such as the propylene, glycol, vegetable glycerol, water, and/or ethanol.

{0046} The second module 230 can include a delivery mechanism 234, The
delivery mechanism 234 can be located adjacent to and/or within the airway 220, The
delivery mechanism 234 may comprise a chamber within the second module 230, The airway

220 can pass through one or more nozzles to enter and exit the chamber. For example, the
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airway 220 can follow a tortuous path through the chamber of the second module 230. The
delivery mechanism 234 can comprise a porous material. The delivery mechanism 234 can
comprise a permeable material or membrane formed of plastic, mineral, glass, metal, fiber
{(synthetic or natural) or any other suitable material that can at least temporarily contain the
flavored e-liquid and expose the flavored e-liquid to air and/or vapor passing through the
airway 220 on its way to the mouthpiece 205. The delivery mechanism 234 can comprise a
sleeve. The airway 220 can pass through the sleeve. The delivery mechanism 234 can
comprise a foam, a sponge, or other permeable membrane. The delivery mechanism 234 can
comprise a plastic, rubber, cellulose, wood pulp, fibrous material (synthetic or natural),
mineral, metallic and/or any other suitable material. The delivery mechanism 234 can
comprise a smooth inner surface of the chamber, a textured inner surface of the chamber,
and/or one or more grooves or slots.

[6047] The second module 230 can include one or more apertures, wicks, or other
delivery mechanisms to fill the delivery mechanism 234 with flavored e-liquid from the
reservoir 232, The delivery mechanism 234 can include the flavored e-liquid in the form of a
gel or dissolved in a permeable membrane or substrate through which aerosol and/or air roust
pass along the airway 220, The airway 220 through the delivery mechanism 234 can follow a
tortuous path.

860438] In some implementations, the second module 230 does not include a
separate reservour 232; ounly the delivery mechanism 234 contains the flavored e-liquid.
Optionally, the second module 230 can include a second atomizer that operates at a reduced
temperature than the atomizer 216 {e.g., in the range of about 70°C to about 150°C). A wick
can deliver the flavored e-liquid to the second atomizer. The delivery mechanism 234 {e g,
wick material) need not be as thermally stable as the wick 219 because it i3 generally
exposed to lower temperatures than those of the coil 218,

{0049} In operation, the atomizer 216 can create an aerosol or vapor from a
carrier or flavorless e-liguid delivered froro the carrier reservourr 212 through the wick 219
The heating coil 218 can atomize the tlavoriess e-liquid. Air can be drawn in through the
inlet 222 along the atrway 220. The air can carry the aerosol from the atomizer 216 into the

second module 230, The heated aerosol can contact the delivery mechanism 234, Flavorants



WO 2020/131191 PCT/US2019/053872

contained therein can volatilize and be picked up within the aerosol. The aerosol can then
continue along the airway 220 to the mouthpiece 205.

{0050] Various arrangements for the delivery mechanism 234 are possibie. The
aerosol created by the atomizer 216 can be heated to an elevated temperature. Passage of the
heated aerosol through the delivery mechanism 234 can heat and volatilize the flavored e-
liquid. This heating of the flavored e-liquid can take place at temperatures below the high
temperatures of the atomizer 216. The temperatures of the aerosol within the second module
230 can be o the range of about 70°C to about 150°C. When heated within this temperature
range, flavorants have been found to produce fewer harmful secondary chemicals, such as
formaldebyde and acetaldehyde. FIG. 2B illustrates experimental results showing the
reduction in formaldehyde and acetaldehyde produced by heating a flavored e-liquid to
temperatures below conventional e-cigarette atomizer temperatures for common-use vaping
topography {i.e, 1.5LPM, 4-second sampling puff duration).

[0051] In this manner, the flavorants can be delivered to the user to enhance the
act of smoking the e-cigarette 200 without undergoing heating directly by the atomizer 216.
The effect of the two-stage arrangement of the e-cigarette 200 is the decreased production of
harmful secondary chemicals. By eliminating or reducing the flavoring chemicals in the e-
liquid that are delivered to the atomizer 216, the heating process of the atomizer does not
produce as many harmful secondary chemicals. Moreover, this concept of separating the
flavoring chemicals from the high temperature atomization and aerosolization process has
applications outside of e-cigareties. It can also be used in other thermal air dispensing
systems such as air fresheners and/or other aerosolization devices.

{0052} Lower temperature heating generally volatilizes less flavorant as
compared with conventional e-cigarette atomization (high temperature). FIG. 2C illustrates
experimental results showing the reduced effectiveness of low temperature heating of
flavored e-liquids for volatilizing flavorants under common-use vaping topography {e.g,
between about 70-150°C). Accordingly, the aerosol produced by the two-stage e-cigarette
200 can be less flavored than directly atomized e-liquid. The aerosol of the two-stage e-
cigarette 200 can be less desirable for the user.

[6033] In response to this problem of low-flavorant delivery at low temperatures,

another aspect of the present disclosure is the use of enhanced-concentration e-liquids. As
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shown in the table in FIG. 2D, additional flavorant can be included in the flavored e-liquid
relative to conventional flavored e-liquids. When used in the two-stage e-cigarette 200, these
enhanced e-liquids can produce an aerosol that includes amounts of flavorant comparable to

conventional atomization processes for conventional e-liquids (e.g

b

e-cigarette 100), as
shown in FIG. 2E. Figure 2D further includes acceptable ranges of enhanced concentrations
for each of the listed flavorants.

[6054] With reference back to FIG. 2B, the use of enhanced-concentration e-
hiquids does increase the overall production of formaldehyde and acetaldehyde, based on
experimental results. Nonetheless, the aerosol of the two-stage e-cigarette 200 using the
enhanced-concentration e-liquids generally displays an overall reduction in the ratio of
formaldehyde concentration to flavor concentration as shown in FIG. 2F. Accordingly, the e-
cigarette 200 provides both a reduced amount of harmful chemicals and a desirable flavor
profile.

[0055] In accordance with one or more aspects of the present disclosure, provided
s an apparatus comprising. a carrier reservoir configured to store a carrier liguid; an
atomizer configured to aerosolize the carrier liquid into an aerosol; a power source
configured to provide an electrical current to the atomizer, a flavorant reservoir configured to
store a flavorant liquid; an air channel extending from the carrier reservoir to the flavorant
reservoir and from the flavorant reservoir to a mouthpiece, the air channel configured to
provide an airway for deltvering the aerosol via the mouthpiece to a user; and a delivery
mechanism chamber configured to expose the flavorant liquid to the air channel. In related
aspects, the delivery mechanism chamber may be positioned downstream of the atomizer
along the air channel.

[6056] In accordance with one or more aspects of the present disclosure, provided
is an apparatus comprising: a first chamber configured to store a carrier liquid, the carrier
liquid free of flavorants; a second chamber located proximal relative to the first reservoir and
connected to the first reservoir via a first channel comprising a first aerosol nozzie, the
second chamber configured to store a flavorant liquid; and a mouthpiece located proximal
relative to the second chamber and counnected to the second chamber via a second channel
comprising a second aercsol nozzle In related aspects, the first chamber may comprise an

atomizer coupled to the first reservoir and configured to, in use, aerosolize the carrier liquid

9.



WO 2020/131191 PCT/US2019/053872

into an aerosol that passes through the first aerosol nozzle of the first channel to the second
chamber. In further related aspect, the second chamber may be configured to, in use, receive
the aerosol from the first chamber and expose the aerosol to the flavorant liquid to generate a
flavored aerosol that passes through the second aerosol nozzie of the second channel to the
mouthpiece.

[6057] FIG. 3 illustrates an implementation of an e-cigarette 300, The e-cigarette
300 can have components similar to the schematic imaplementation of e-cigarette 200 in FIG.
2B. The e-cigarette 300 can include a housing 304, In some implementations, the housing
304 can be modular. The components of the housing 304 can be purchased individually and
assembled together into the housing 304. The components of the housing 304 can have one
or more standardized connections, such as male and female connections for attachment with
adjacent components of the housing 304,

[8058] The housing 304 can include a battery assembly 310, a first module 330, a
second module 350, and/or a mouthpiece 305. The mouthpiece 305 can be connected with
the second module 350, The second module 350 can be connected with the first module 330.
The first module 330 can be connected with the battery assembly 310, Although this order of
connection is disclosed, other combinations and orders of the components of the housing 304
are also possible.

{8059] With reference to FIG. 4, the battery assembly 310 can include a battery
housing 312. Oue end of the battery housing 312 can be configured to be connected with the
first module 330. The battery housing 312 can be a generally cylindrical sleeve. The battery
housing 312 can have an intertor cylindrical section for housing a battery 316, The battery
316 can be a conventional battery such as a rechargeable lithium ion battery or other battery
type. In some implementations, the battery 316 can be permanently fixed within the battery
housing 312 In other implementations, the battery 316 can be replaceable. The battery
housing 312 can include an end cap 318. The end cap 318 can connect with an end of the
battery housing 312 opposite the connection with the first module 330, The cap 318 can be
removable and used to insert the battery and other components into the housing 312

[60606] The battery assembly 310 can include a controller 314, The controller 314
can alternatively or additionally be included in other portions of the housing 304, In some

implementations, the controller 314 ts used in conjunction with one or more buttons or user
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inputs. The controller 314 can be configured to deliver power to an atomizer as described
further below in conjunction with the first module 330. The controller 314 can optionally
include or be used in conjunction with one or more pressure sensors for sensing a draw of air
from the user. The pressure sensors can activate the controlier 314 to deliver energy to the
atomizer system. The battery housing 312 can include a seal to prevent contamination and/or
liquids or aerosol from entering into the battery housing 312. The seal 319 can be located at
the connection between the first module 330 and the batiery assembly 310, Although the
battery housing 312 is shown and described as a cylindrical sleeve, other shapes are also
contemplated herein.

[8061] With reference to FIGS. SA-6, the first module 330 can include a first end
332 and a second end 334, The first end 332 can be configured to be coupled with the battery
assembly 310. The first end 332 can include one or more connections such as threaded
connections and/or one or more electrical contacts for delivering energy from the battery 316
into the first module 330. The first module 330 can include an outer housing 336. The second
end 334 can be configured to be coupled with the second module 350. The first end 332 can
include one or more air inlets 338 for delivering air along an airway 340. The airway 340 can
extend through the first module 330

{8062] The first module 330 can include the outer housing 336, Inside the outer
housing 336 there can be an inner chamber member 342, Between the outer housing 336 and
the inner chamber member 342, there can be a first e-liquid reservoir 337. The reservoir 337
can be configured to hold an e-liquid. The e-liquid can be modified from a conventional e-
liquid in that it includes no or substantially no flavorants. The inner chamber member 342
can define an inner chamber 341. The airway 340 can pass through the inner chamber 341.
One end of the inner chamber 341 can include a nozzle 347 through which air can enter the
inner chamber 341, The inner chamber member 342 can include one or more apertures 342a
through which the e-liguid in the reservoir 337 can pass (e.g., into the inner chamber 341).
Inside the inner chamber 341 can be a porous media 345, The porous media 345 can act as a
sponge or permeable material or a wick-like material for delivering the e-liquid into adjacent
with and/or adjacent with a heating element 346.

[6063] The heating element 346 can be located within the inner chamber 341. The

heating element 346 can be in the form of a cotl or other suitable shape for a heating element.
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The heating element 346 can be in electrical connection with the battery assembly 310
through the first end 332 of the housing 336 and the electrical connections thereof. The
heating element 340 in conjunction with the porous media 345 can act as an atomizer to
aerosolize the e-liquid of the reservoir 337.

[6064] The outer housing 336 can include a seal 335 between the second end 334
and the outer housing 336. A second seal 348 can be located between the first end 332 and

o]
3

the outer housing 336, In this manner, the reservoir 337 can be sealed on either end. The
inner chamber member 342 can include first and second seals 343, 344 on either end thereof.

{0065} The airway 340 can pass through within the first module 330 and be in
communication with the air inlets 338 The airway 340 can pass directly through the inuer
charober 341 and into communication with the heating element 346 and the porous media
345, The airway 340 can terminate at the mouthpiece 305, Ambient air can be drawn i
through the air tnlets 338 and along the atrway 340 when a user draws at the mouthpiece 305.
The first module 330 can function to produce an aerosol within the inner chamber 341 by use
of energy from the battery assembly 310 at the heating element 346, Heating of the heating
element 346 can be actuated automatically, such as by a user drawing at the mouthpiece and
pressure drop being sensed by the controller 314, or initiated by the user operating a button
or other mechanisro for turning on the heating element and beginning the atomization
process. The aerosol formed in the first module 330 can pass along the airway 340 into the
second module 350.

{0066] The e-liquid used in conjunction with the first reservoir 337 is different
from a commercially sold e-liquid in that it does not contain flavorants chemicals. Thus, by
leaving out flavorants from the e-liquid, there can be a reduced amount of harmful secondary
chemical such as carbonyls that form by the atomization of the first module 330. The e-liquid
can include nicotine and/or nicotine salts.

[6067] With reference to FIGS. 7A-8, the second module 350 can include an
outer housing 356. The outer housing 356 can be generally cylindrical or any other shape.
The outer housing 356 can include a first end 352 and a second end 354. The first end 352
can be configured to be connected with the second end 334 of the first module 330 such as
by one or more threaded or other type of connections. These threaded connections can be
standardized in a modular fashion. The second end 354 can be connected with the
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mouthpiece 305 by one or more threaded or other connection types. The second module 350
can include an inner chamber member 362 defining or at least partially defining an inner
chamber 361. The inner chamber 361 can include a nozzle 367. The nozzle 367 can include
an inner cutout to form a portion of the airway 340. The nozzle 367 can be upstream of the
second end 354 along the airway 340. The airway 340 can be in tfluid communication with
the inner chamber 361 through the nozzle 367.

{0068} Between the outer housing 356 and the inner chamber member 362 there
can be a flavorant reservoir 357, The tlavorant reservoir 357 can contain a tlavored e-liquid.
The flavored e-liquid can 1nclude any or all of the flavorants listed above and in FIG. 2D
The tflavored e-liquid can also include any of the standard ingredients noted above for an e-
hiquid. Optionally, the concentration of flavoring chemicals in the flavored e-liquid contained
in the reservoir 357 can be higher than a conventional e-liquid such as shown in FIG. 2D
{e.g., a flavorant enhanced e-liquid). This can be necessary because of the reduced
temperatures used volatilizing the e-liquid. The flavored e-liquid can omit nicotine and/or
nicotine salts. The flavored e-liquid can be in the form of a liquid, a gel or other form.

10069] The inner chamber member 362 can include one or more pathways 362a
{e.g., apertures) through which the tlavored e-liquid can seep into the mnner chamber 361
{e.g., from the flavorant reservoir 357). A delivery mecharusm 365 can be located at least
partially or fully inside the inner chamber 361. The inuner chamber member 362 nchude one
or more apertures, wicks, or other conduits to fill the delivery mechanism 365 with flavored
e-liquid from the flavorant reservoir 357. The delivery mechanism 365 can comprise a
sleeve. The sleeve can be cylindrical or any other shape. An outer surface of the sleeve can
engage with an inner surface of the inner chamber member 362. The delivery mechanism 365
can comprise a porous media. The delivery mechanism 365 can comprise a foam, a sponge,
or other permeable membrane. The delivery mechanism 365 can comprise a plastic, rubber,
cellulose, wood pulp, fibrous material {(synthetic or natural), mineral, metallic and/or any
other suitable material. The delivery mechanism 365 can comprise a smooth 1nner surface of
the 1nner chamber member 362, a textured inner surface of the inner chamber member 362,
and/or one or more grooves or slots,

1007¢) The delivery mechanism 365 can contain the flavored e-liquid. The

delivery mechanism 365 can be located in communication with the airway 340. The airway
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340 can pass through the sleeve of the delivery mechanism 365, The airway 340 can extend
from the first module 330 through the second module 350 through the nozzle 367 and/or the
chamber 361. The airway 340 can follow a tortucus path through the inner chamber 361
(e.g., through the sleeve). The delivery mechanism 365 can include one or more pathways
therethrough. The delivery mechanism 365 can include a porous or honeycombed structure.

{0071} The airway 340 can carry the heated aerosol from the first module 330
into contact with the delivery mechanism 365 containing the flavored e-liquid. This contact
can cause at least some of the flavored e-liquid to volatilize or otherwise be carried into the
passing aerosol. The delivery mechanism 365 can increase the total surface area of the
flavored e-liquid exposed to the heater aerosol (e.g., relative to the cross section of the
pathway 362 or the inner surface of the tnner chamber member 362). The aerosol can pass
through the inner chamber 361 of the second module 350 towards the mouthpiece 305 to be
inhaled by a user having picked up flavorants from the delivery mechanism 365,

[6072] The cuter housing 356 can be connected with the first end 354 and include
one or more seals 355 to secure the reservoir 357 against leakage. At the opposite end 352
there can also be a seal 368 sealing between the outer housing 356 and the first end 352
Either end of the inner chamber member 362 can include seals 363, 364 for sealing opposite
sides of the flavoring reservoir 357, In some implementations, the second module 350 can
include one or more additional air inlets (not shown) for cooling of the aerosol within the
second module 350, The additional air inlets can be configured to draw tn less ambient air
than the air inlets 338 to prevent over cooling the aerosol.

{6073] With reference to FIGS. 9A-10, another implementation of a combination
module 430 for an e-cigarette design is shown. The combination module 430 can generally
combine the functionality of the first module 330 and the second module 350. Thus, in some
implementations of the e-cigarette 300, the e-cigarette 300 includes a single module
containing multiple reservoirs for a substantially flavor-free e-liquid and a flavored e-liquid.

[6074] The combination module 430 can include a first end 432, The first end
432 can include a coupling for connection with the battery module 310. The coupling at the
first end 432 can be standardized and include one or more threads and/or battery connections
for transmitting power into the atomuzation chamber therein. A first end 432 can include one

or more inlet apertures 438 to provide access for ambient air to pass into an airway 440
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extending through the combination module 430, A second end 434 of the combination
module 430 can be configured to connect with the mouthpiece 305 or another chamber
module.

{6075] An outer housing 436 of the module can connect between the first and
second ends 432, 434. The outer housing 436 can be generally cylindrical shape but this is
not required. The combination module 430 can include an inner chamber member 442, The
inner chamber member 442 can be located within the outer housing 436. The inner chamber
mermber 442 can at least partially define an inner chamber 449 A nozzle 447 can be located
at one end of the inner chamber 449 The inner chamber member 442 can be coupled with a
hiquid partition 441. The hquid partition 441 can be a rubber or other non-permeable material
that can extend between the inner chamber member 442 and the outer housing 436. The outer
housing 436, the inner chamber member 432, and the liquid partition 441 can be assembled
together to form a first reservoir 437 and a second reservoir 457, The first reservoir 437 can
be configured to hold a flavorant-less e-liquid. The second reservoir 457 can be configured to
hold a flavored e-liquid.

[0076] The flavortess e-liquid in the first reservoir 437 can be in communication
with a first porous media 445 through one or more apertures 442a through the inner chamber
member 442, The first porous media 445 can be in contact with or adjacent to a heated
elernent 446. The heating element 446 can be coupled to one or more electrical connections
with the batterv module 310 for delivering energy to heat the heating element 446. Thus, the
flavorless e-liquid in the first reservoir 437 can pass through the first porous media 445 and
into contact with or adjacent to the heated element 446 which can be heated to produce an
aerosol. The aerosol can be passed along the airway 440 by a user drawing ambient air into
the airway 440 through the one or more inlets 438.

{6077} The second reservoir 457 contains the flavored e-liquid and can be in
communication with a delivery mechanism 465 through one or more apertures 442b in the
inner chamber member 442, The delivery mechanism 465 can have the same structure as the
delivery mechanism 365. The flavored e-liquid can pass through the apertures 442b and be
absorbed by the delivery mechanism 465 and thus into exposed to the aerosol and ambient air

passing within the airway 440. As the heated aerosol passes along the airway 440, it can
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volatilize the flavored e-liquid held within the porous media and at least some of the flavored
e-liquid can be aerosolized and carried along the airway to be inhaled by the user.

{6073] in some implementations, the first and second reservoirs 437, 457 can be
approximately equal in size. In other implementations, depending on the positioning of the
liquid partition member 441, the first and second reservoirs 437, 457 can be of unequal sizes.
In some implementations, the first porous media 445 can be spaced or partitioned away from
the second porous media 465 This can be advantageous where it is undesirable for any of the
flavored e-liquid to be inadvertently heated by the heating element 446.

[6079] The combination module 430 can include a variety of seals or gaskets. A
seal 435 can be located between the second end 434 and the outer housing 436, A seal 448
can be located between the first end 432 and the outer housing 436. A seal 443 can be
coupled with one end of the inner chamber member 442 and a seal 444 can be coupled with
the other end of the inner chamber member 442 to seal the first and second reservoirs 437,
457. The seals or gaskets and/or the liquid partition 441 can be made out of conventional
gasket material, such as rubber silicone and similar materials.

{008¢] FIG. 11 illustrates one implementation of an add-on module 530 for
adapting the conventional e-cigarette 100 to reduce harmful emissions associated with
directly heating flavoring compounds. The module 530 can include first and second ends
521, 522. The first end 521 can include one or more couplings for connection with the e-
cigarette {e.g., in place of a mouthpiece). The first end 521 can include a standardized
coupling. The second end 522 may comprise a connection for a mouthpiece and/or the
mouthpiece itself (not shown).

{0081} A housing 504 of the module 530 can include an airway 520. The airway
520 can extend from and/or align with the e-cigarette (e.g., from an atomizer thereof) to the
mouthpiece. The module 530 can connect with the e-cigarette 100 downstream of the
atomizer and before the mouthpiece 105, The module 530 can include a flavorant reservoir
532. The flavorant reservoir 532 can house a flavored e-liguid. The flavored e-liquid can
include one or more carrier liquids and any or all of the flavorants: benzyl alcohol, ethyl
maltol, vanillin, ethyl vanillin, limonene, and/or other flavorings. The flavored e-liguid in a
flavorant 532 can include any of the carriers such as the propylene, glycol, vegetable

glycerol, water, and/or ethanol.
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{0082] The module 530 can include a delivery mechanism 534 The delivery
mechanism 534 can be located adjacent to and/or within the airway 520 The delivery
mechanism 534 can be a sponge-like material or other permeable material that can at least
temporarily contain the flavored e-liquid and expose the flavored e-liquid to air and/or vapor
passing through the airway 520 on its way to the mouthpiece. The module 530 can include
one or more apertures, wicks, or other delivery mechanisms to fill the delivery mechanism
534 with flavored e-liquid from the reservoir 532, The delivery mechanism 534 can include
the flavored e-liquid 1o the form of a gel or dissolved in a permeable membrane or substrate
through which aerosol and/or air must pass along the airway 520 Optionally, the module 530
can include a second atomizer that operates at a reduced temperature than the atomizer of the
e-cigarette {(e.g., in the range of about 70°C to about 130°C). The delivery mechanism 534
need not be as thermally stable as the wick of the atomizer because it is generally exposed to
lower temperatures.

{0083] The e-cigarette 100 can be filled with a substantially flavorant free e-
liguid. Aerosol can be created by the atomizer thereof at an elevated temperature. The
resulting aerosol can pass along the airway 520 into the module 530, The passage of the
heated aerosol through the delivery mechanism 534 can volatilize the flavored e-liquid and
thereby flavor the aerosol for inhalation by the user at the mouthpiece.

Certain Terminology

{6084] Terms of orientation used herein, such as “top,” “bottom,” “proximal,”
“distal,” “longitudinal,” “lateral,” and “end,” are used in the context of the illustrated
implementation. However, the present disclosure should not be limited to the illustrated
orientation. Indeed, other orientations are possible and are within the scope of this disclosure.
Terms relating to circular shapes as used herein, such as diameter or radius, should be
understood not to require perfect circular structures, but rather should be applied to any
suttable structure with a cross-sectional region that can be measured from side-to-side. Terms
relating to shapes generally, such as “circular,” “cylindrical,” “semi-circular,” or “serot-
cylindrical” or any related or similar terms, are not required to conform strictly to the
mathematical definitions of circles or cylinders or other structures, but can encompass

structures that are reasonably close approximations.
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{0085] Conditional language, such as “can,” “could,” “roight,” or “may,” unless
specifically stated otherwise, or otherwise understood within the context as used, s generally
intended to convey that certain implementations include or do not include, certain features,
elements, and/or steps. Thus, such conditional language is not generally intended to imply
that features, elements, and/or steps are in any way required for one or more
implementations.

[6086] Conjunctive language, such as the phrase “at least one of X, Y, and 2.7
uniess specifically stated otherwise, 1s otherwise understood with the context as used in
general to convey that an item, term, etc. may be either X, Y, or Z. Thus, such conjunctive
language is not generally intended to imply that certain implernentations require the presence
of at least one of X at least one of Y, and at least one of Z.

{06087} The terms “approximately,” “about,” and “substantially” as used herein
represent an amount close to the stated amount that still performs a desired function or

achigves a desired result. For example, in some implementations, as the context may dictate,

29 LC >

the terms “approximately,” “about,” and “substantially,” may refer to an amount that is
within less than or equal to 10% of the stated amount. The term “generally” as used herein
represents a value, amount, or charactenistic that predominantly includes or tends toward a
particular value, amount, or characteristic. As an example, in certain implementations, as the
context may dictate, the term “generally parallel” can refer to something that departs from
exactly paraliel by less than or equal to 20 degrees.
Summary

{60838] Several illustrative implementations of e-cigarettes have been disclosed.
Although this disclosure has been described in terms of certain illustrative implementations
and uses, other implementations and other uses, including implementations and uses which
do not provide all of the features and advantages set forth herein, are also within the scope of
this disclosure. Components, elements, features, acts, or steps can be arranged or performed
differently than described and components, elements, features, acts, or steps can be
combined, merged, added, or left out in various implementations. All possible combinations
and subcombinations of elements and components described herein are intended to be
included 1n this disclosure. No single feature or group of features is necessary or

indispensable.
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{6089] Certain features that are described n this disclosure in the context of
separate embodiments can also be implemented in combination in a single embodiment.
Conversely, various features that are described in the context of a single implementation also
can be implemented in multiple embodiments separately or in any suitable subcombination.
Moreover, although features may be described above as acting in certain combinations, one
or more features from a claimed combination can in some cases be excised from the
combination, and the combination may be claimed as a subcombination or variation of a
subcormbination.

[6090] Any portion of any of the steps, processes, structures, and/or devices
disclosed or illustrated in one implementation or example in this disclosure can be combined
or used with {or instead of) any other portion of any of the steps, processes, structures, and/or
devices disclosed or illustrated in a different implementation, flowchart, or example. The
implementations and examples described herein are not intended to be discrete and separate
from each other. Combinations, variations, and some implementations of the disclosed
features are within the scope of this disclosure.

[0091] While operations may be depicted in the drawings or described in the
spectfication in a particular order, such operations need not be performed in the particular
order shown or in sequential order, or that all operations be performed, to achieve desirable
results. Other operations that are not depicted or described can be incorporated in the
example methods and processes. For example, one or more additional operations can be
performed before, after, simultaneously, or between any of the described operations.
Additionally, the operations may be rearranged or reordered in some implementations. Also,
the separation of various components in the implementations described above should not be
understood as requiring such separation in all implementations, and it should be understood
that the described components and systems can generally be integrated together in a single
product or packaged into multiple products. Additionally, some implementations are within
the scope of this disclosure.

[06092] Further, while illustrative embodiments have been described, any
iroplementations having equivalent elements, modifications, omissions, and/or combinations
are also within the scope of this disclosure. Moreover, although certain aspects, advantages,

and novel features are described herein, not necessarily all such advantages may be achieved
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in accordance with any particular implementation. For example, some implementations
within the scope of this disclosure achieve one advantage, or a group of advantages, as taught
herein without necessarily achieving other advantages taught or suggested herein. Further,
some implementations may achieve different advantages than those taught or suggested
herein.

[6093] Some implementations have been described in connection with the
accompanying drawings. The figures are drawn and/or shown to scale, but such scale should
not be limiting, since dimensions and proportions other than what are shown are
conternplated and are within the scope of the disclosed invention. Distances, angles, etc. are
merely iltustrative and do not necessarily bear an exact relationship to actual dimensions and
layout of the devices illustrated. Components can be added, removed, and/or rearranged.
Further, the disclosure herein of any particular feature, aspect, method, property,
characteristic, quality, attribute, element, or the like in connection with wvarious
implementations can be used in all other implementations set forth herein. Additionally, any
methods described herein may be practiced using any device suitable for performing the
recited steps.

[0094] For purposes of summarizing the disclosure, certain aspects, advantages
and features of the inventions have been described herein. Not all, or any such advantages
are necessarily achieved in accordance with any particular implementation of the inventions
disclosed herein. No aspects of this disclosure are essential or indispensable. In many
implementations, the devices, systems, and methods may be configured differently than
illustrated in the figures or description herein. For example, varicus functionalities provided
by the illustrated modules can be combined, rearranged, added, or deleted. In some
implementations, additional or different processors or modules may perform some or all of
the functionalities described with reference to the example implementation described and
iltustrated in the figures. Many implementation variations are possible. Any of the features,
structures, steps, or processes disclosed in this specification can be included in any
implementation.

{0095 In sumimary, various implementations and examples of e-cigarette systems
and related methods have been disclosed. This disclosure extends beyond the specifically

disclosed implementations and examples to other alternative implementations and/or other
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uses of the implementations, as well as to certain modifications and equivalents thereof
Moreover, this disclosure expressly contemplates that various features and aspects of the
disclosed implementations can be combined with, or substituted for, one another.
Accordingly, the scope of this disclosure should not be limited by the particular disclosed
implementations described above, but should be determined only by a fair reading of the

claims.
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CLAIMS:

1. An e-cigarette, comprising:

a carrier reservoir configured to store a carrier liquid;

an atomizer configured to aerosolize the carrier liquid into an aerosol;

a power source configured to provide an electrical current to the atomizer;

a flavorant reservotr configured to store a flavorant liquid;

an air channel extending from the carrier reservotr to the flavorant reservoir
and from the flavorant reservoir to a mouthpiece, the air channel configured to
provide an airway for delivering the aercsol via the mouthpiece to a user; and

a delivery chamber configured to expose the flavorant higuid to the air
channel;

wherein the delivery chamber is positioned downstream of the atomizer along
the air channel.

2. The e-cigarette of Claim 1, wherein passage of the aerosol through the delivery
chamber aerosolizes the flavorant liguid into the aerosol.

3. The e-cigarette of Claimn 1, wherein the carrier liquid 15 aerosolized at a first
temperature and the flavorant liquid ts aerosolized at a second temperature, the second
temperature being below the first temperature,

4. The e-cigarette of Claim 3, wherein aerosolizing the flavorant liquid at the second
temperature reduces the formation of at least one of formaldehyde, acetaldehyde, and
acrolein relative to aerosolizing the flavorant liquid at the first temperature.

5. The e-cigarette of Claim 1, further comprising a first module containing the
atomizer tor aerosolizing the carrier liquid at a first temperature.

6. The e-cigarette of Claim 5, further comprising a second module containing the
flavorant reservoir.

7. The e-cigarette of Claim 6, wherein the second module and the first module can
be assembled together by one or more couplings.

8. The e-cigarette of Claim 1, wherein:

the delivery chamber comprises a sleeve configured to wick the flavorant
liquid, and the aerosol passes through at least a portion of the sleeve along the airway.

9. The e-cigarette of Claim 8, wherein the sleeve comprises a porous ruaterial.

7.
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10. The e-cigarette of (Claim 8, wherein the air channel comprises a torfuous path
through the delivery chamber.

11. The e-cigarette of Claim & wherein the delivery chamber comprises a
honeycombed structure.

12. The e-cigarette of Claim 1, wherein:

the power source comprises a battery, and

the flavorant reservotr, the carrier reservoir, and the battery are modular and
attachable by one or more threaded connections.

13. The e-cigaretie of Claim 1, wherein the carrier liquid comprises at least one of
propylene glycol, vegetable glycerin, nicotine, water, and ethanol.

14. The e-cigarette of Claim 1, wherein the carrier liquid comprises one or more of
the flavorant liquids in concentrations listed in FIG. 2D,

15. The e-cigarette of Claim 1, wherein the flavorant liquid comprises at least one of
maltol, benzyl alcohol, ethyl maltol, vanillin, ethyl vamillin, and limonene.

16. The e-cigarette of Claim 1, wherein the flavorant liquad is a gel.

17. The e-cigarette of Claim 1, wherein less than 30 ng of formaldehyde per puff are
produced for a common-use vaping topography.

18. The e-cigarette of Claim 1, wherein the carrier liqud is substantially free of
flavorants.

19. A flavorant reservoir module of an e-cigarette, comprising:

a chamber having a first end and a second end, the first end configured to
couple with an atonuzer and house a flavorant liquid separately from the atomizer,
and

an air channel positioned within the chamber and configured to accommodate
an aerosol flow through the chamber, the first and second ends of the chamber located
along the air chanunel.

20. The module of Claim 19, wherein the air channel is surrounded by a diffusing
material.

21. The module of Claim 19, wherein a diffusing material is positioned within the air
channel.

22. An apparatus, comprising;
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a first chamber configured to store a carrier liquud, the carrier liguid free of
flavorants;

a second chamber located proximal relative to the first reservoir and
connected to the first reservoir via a first channel comprising a first asrosol nozzle,
the second chamber configured to store a flavorant liquid; and

a mouthpiece located proximal relative to the second chamber and connected
to the second chamber via a second channel comprising a second aerosol nozzle,

wherein the first chamber comprises an atomizer coupled to the first reservoir
and configured to, in use, aerosolize the carrier higuid into an aerosol that passes
through the first aerosol nozzle of the first channel to the second chamber;

wherein the second chamber is configured to, in use, receive the aerosol from
the first chamber and expose the aerosol to the flavorant liquid to generate a flavored
aerosol that passes through the second aerosol nozzle of the second channel to the

mouthpiece.
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