Office de la Proprieté Canadian CA 2583486 C 2016/02/09

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 583 486
fndutie Canada Industy Canada 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de dépét PCT/PCT Filing Date: 2005/10/07 (51) CLInt./Int.Cl. GOTN 7/24 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2006/04/20 B055 7730(2006.01), 5065 9/06(2006.01),

GOTN 1/02(2006.01)

(45) Date de délivrance/lssue Date: 2016/02/09 _
(72) Inventeur/Inventor:
(85) Entree phase nationale/National Entry: 200//04/05 PESIRI DAVID R., US
(86) N° demande PCT/PCT Application No.: US 2005/036147 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2006/042109 SDCMATERIALS, INC., US
(30) Priorité/Priority: 2004/10/08 (US60/617,586) (74) Agent: CAMERON |P

(54) Titre : APPAREIL ET PROCEDE D'ECHANTILLONNAGE ET DE COLLECTE DE POUDRES S'TECOULANT DANS
UN FLUX DE GAZ

(54) Title: AN APPARATUS FOR AND METHOD OF SAMPLING AND COLLECTING POWDERS FLOWING IN A GAS
STREAM

(57) Abréegée/Abstract:

A device for sampling of a mixture of ultrafine particles within a moving gas stream Includes a suction generator, at least one
sample collection element, and a conduit structure coupling the sample collection element with the suction generator. In some
embodiments, the suction generator Is configurable to separate by suction a portion of a gas stream containing a plurality of
ultrafine particles, and to entrain with a motive fluid forming an output mixture. In some embodiments, a conduit is configured to
accept a gas stream containing ultrafine particles and to channel it to the collection element.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




06/042109 A3 IV 00 AL AN Y100 AT ROV AL R R0

CA 02583486 2007-04-05

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
20 April 2006 (20.04.2006)

(51) International Patent Classification:
GOIN 1724 (2006.01) BO8B 9/08 (2006.01)
GOIN 1/02 (2006.01) B0O5B 7/30 (2006.01)

(21) International Application Number:
PCT/US2005/036147

(22) International Filing Date: 7 October 2005 (07.10.2005)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/617,586 8 October 2004 (08.10.2004) US

(71) Applicant (for all designated States except US): SDC MA -
TERIALS, LLC [US/US]; 940 S. Park Lane, Suite #2,
Tempe, AZ 85281 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): PESIRI, David, R.
[US/US]; 492 Park Avenue, Laguna Beach, CA 92651
(US).

(74) Agents: HAVERSTOCK, Thomas, B. et al.; Haverstock
& Owens LLP, 162 North Wolfe Road, Sunnyvale, CA
94086 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(10) International Publication Number

WO 2006/042109 A3

Al, AU, AZ,BA, BB, BG, BR, BW,BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
8 February 2007

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: AN APPARATUS FOR AND METHOD OF SAMPLING AND COLLECTING POWDERS FLOWING IN A GAS

STREAM

& (57) Abstract: A device for sampling of a mixture of ultrafine particles within a moving gas stream includes a suction generator,
N ;¢ least one sample collection element, and a conduit structure coupling the sample collection element with the suction generator. In
some embodiments, the suction generator is configurable to separate by suction a portion of a gas stream containing a plurality of
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AN APPARATUS FOR AND METHOD OF SAMPLING AND
COLLECTING POWDERS FLOWING IN A GAS STREAM

Field of the Invention

This invention relates to the field of powder sampling and more specifically a process of and

apparatus for separating and collecting an ultrafine power from a flowing gas stream.

Background of the Field of the Invention
Sampling particles from a gas stream presents several challenges. Traditional sampling

methods are 1l sutted to the collection of vapor phase ultrafine particles. Many powders possess
properties that lead to agglomeration and clogging in small features and narrow apertures. Due to

their small size, ultrafine powders with effective diameters below 100 nanometers are subject to
being acted upon by of even the slightest intermolecular forces. This generally renders such
powders very difficult to handle and convey, and gives them a strong tendency to agglomerate with
one another, and to adhere to surfaces and to small dimensions within mechanical devices.

These challenges must be confronted in the design of devices for sampling fine powders.

Summary of the Disclosure

A device samples and collects particles that are moving in a gas stream. A process acts on a
gas stream containing particles, sampling and collecting particles from the gas stream. Generally,
the device and process of the present invention employ suction to separate a particle-containing
portion of a gas stream, and then collect particles by using collection elements, e.g. filters,
containers, or some combination. In an exemplary configuration, a vacuum pump pulls the particle-
containing portion through a filter element. In another exemplary configuration, another type of

suction generator directs the particle-containing
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portion into a selected collection element containing a filter.

In a first aspect, the device of the present invention includes means for channeling a
motive fluid coupled with a conduit, and means for cleaning the means for channeling and the
conduit configured therewithin.

The means for channeling is configured for separating a selected particle-containing
portion of the gas stream and entraining the particle-containing portion into a motive fluid-
particle mixture. When the device is positioned within a gas stream, the means for
channeling provides a force sufficient to separate a portion of the gas stream. Further, the
conduit is coupled with the means for channeling, and capable of distributing the motive
fluid-particle mixture into a selected collection element. The means for cleaning 1s
configured to remove a residue from within the means for channeling and the conduit.

In one mode, operation of the device includes only a few steps. The device 1s coupled
with a conduit or other structure containing a moving gas stream having particles therein.
Motive fluid flows through the means for channeling, which separates a selected particle-
containing portion from the gas stream and forms a motive fluid-particle mixture. The
motive fluid-particle mixture flows from the means for channeling through the conduit.
Flowing the motive fluid-particle mixture through the means for channeling and the conduit
activates the means for cleaning, which is configured to remove residue from within the
means for channeling and the conduit. The conduit is configured to distribute a portion of the
motive fluid-particle mixture into a selected collection element.

In a further embodiment, the present invention discloses a device for sampling of a
mixture of ultrafine particles from within a moving gas stream. The device comprises a
suction generator, configurable to separate by suction and to entrain with a motive fluid,
forming an output mixture, a portion of a gas stream containing a plurality of ultrafine
particles, a conduit structure to channel the output mixture, and at least one sample collection
element configurable to accept a selected portion of the output mixture, and coupled with the
suction generator via the conduit structure.

In the preferred embodiment, the device further comprises a sweep fluid reservoir and
a motive fluid reservoir. In addition, the suction generator is preferably a Venturi-type
eductor having a motive fluid inlet, a suction inlet, and an outlet. The sweep fluid reservoir 1s
coupled with the suction generator and configured to deliver sweep fluid therethrough

without forming suction therein, while the motive fluid reservoir 1s configured to deliver
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motive fluid through the motive fluid inlet to the outlet, forming suction within the suction
inlet.

In another aspect of the present invention, an apparatus for separating a portion of a
moving mixture of ultrafine particles from a gas stream is presented. The apparatus includes
a suction generator configured to entrain a particle-containing portion of a moving mixture
within a motive fluid to form an output mixture, a sweep fluid reservoir coupled with the
suction generator and configured to deliver a sweep fluid therethrough, and one or more
collection elements removably coupled with the outlet to receive selected portions of the
output mixture. The suction generator is preferably configured to allow removal, by the
sweep fluid and by the output mixture, of a residue from there within. The collection
elements can comprise filter elements.

Preferably, the suction generator is sealable from the moving mixture. Also, the
apparatus preferably includes a motive fluid reservoir configured to deliver motive fluid to
the suction generator, whereby suction is generated within the suction generator. More
preferably, the motive fluid reservoir and the sweep fluid reservoir are configured to
irreversibly deliver their respective fluids. The residue removed from within the suction
generator is preferably a residue deposited from a prior output mixture during a prior use.

In a further aspect, the present intention presents an apparatus for separating a portion
of a moving mixture of ultrafine particles within a gas stream. The apparatus comprises a
Venturi-type eductor valve having a motive fluid inlet, a suction inlet, and an outlet, a motive
fluid reservoir coupled with the motive fluid inlet, a sweep fluid reservoir coupled with the
suction inlet, a conduit structure coupled with the outlet, and one or more collection elements
sealably coupled with the conduit structure. The Venturi-type eductor valve is configured to
form a negative pressure stream biased from the suction inlet to the outlet when motive fluid
is flowed from the motive fluid inlet to the outlet. The negative pressure stream formed 1s
capable of entraining a portion of the moving mixture of ultrafine particles within a gas
stream. The suction inlet is configurable to communicate with the moving mixture of
ultrafine particles within a gas stream.

Further, the motive fluid reservoir is configured to irreversibly deliver motive fluid
through the motive fluid inlet and the sweep fluid reservoir is configured to irreversibly
deliver sweep fluid through the suction inlet to the outlet. The conduit coupling the conduit
structure with the one or more collection elements is preferably configured to allow the

removal of a residue from within the conduit structure by the output mixture and by the
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sweep fluid. The one or more collection elements are configured to accept delivery of at least
a portion of the output mixture. At least one of the collection elements is a bulk collection
chamber coupled with the conduit structure via a one way valve biased to allow flow only
from the conduit structure into the bulk collection chamber. The collection elements can
comprise filter elements.

Also within the present invention, a method of sampling powder from a gas stream
which contains ultrafine particles is presented. The method comprises the steps of separating
a portion of gas containing a target powder from the gas stream by suction to form a mixture
of a motive fluid with the target powder entrained therein, directing a first portion of the
mixture through a conduit structure for a period of time sufficient to substantially clean the
conduit structure, and directing a second portion of the mixture through the conduit strﬁcture
into a collection element after the period of time.

Preferably, the suction is provided by a negative pressure stream formed by flowing
the motive fluid through a Venturi-type eductor. Further, a step of flowing a sweep fluid
through the conduit structure to maintain substantial entrainment of the target powder 18
preferably included. Alternatively, the suction is provided by a vacuum generator, €.2. a
yacuum pump, a standard vacuum cleaner. In some embodiments, the collection element
comprises a filter, and in some embodiments the collection element comprises a vessel.

In the preferred step of the present invention, the method of sampling powder from a
gas stream is repeated. Specifically the steps of ‘flowing’ through the step of ‘directing a
second portion’ are repeated, operating on preferably different target powders. In this
application, any residue left within the conduit structure by a given target powder 1s
substantially cleaned from the conduit structure during sampling of a subsequent target
powder by the step of ‘directing a first portion’ before the second portion of the subsequent
target powder 1s collected.

In a further aspect, the present invention presents a process for achieving high purity
sampling of at least two mixtures from a single source. The process comprises two sets of
similar steps, each set operating on a preferably different target mixture. The first set
includes the following steps: flowing a motive fluid through a Venturi-type eductor valve to
form a negative pressure stream, applying the negative pressure stream to a first gas stream to
separate a portion thereof and entrain it into a first target mixture, the gas stream containing a
first target powder and originating from a source, and directing the first target mixture

through a conduit network into a first collection element. Prior to the second set of steps, an
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intermediate clean up step of flowing a sweep gas through the Venturi-type eductor valve,
without forming a negative pressure stream, and through the conduit network to remove at
least a portion of remaining first target mixture therefrom, is performed. The second set
includes the following steps: flowing a motive fluid through a Venturi-type eductor valve to
form a negative pressure stream, applying the negative pressure stream to a second gas stream
to separate a portion thereof and entrain it into a second target mixture, the gas stream
containing a second target powder and originating from the source, flowing a portion of the
second target mixture through the conduit network for a time sufficient to substantially clean
the conduit network of the remaining first target mixture, and directing a further portion of
the second target mixture through the conduit network into a second collection element.

In the preferred application of the present invention, the process is repeated using
additional mixtures, each of which can be unique. This repetition results in the collection of a
plurality of high-purity samples of possibly unique materials, without cross-contamihation
among the samples. Further, in the preferred embodiment, the steps of ‘flowing a motive
fluid’ and of ‘flowing a sweep gas’ are coordinated to maintain substantial entrainment of the
first and the second target powders throughout the conduit network for the duration of the
process. This coordination minimizes deposition of target powders within the conduit and the
Venturi-type eductor used in the present invention.

The present invention is designed to sample entrained powders produced via gas
phase production means, including inert gas condensation, pulsed laser ablation, spark
discharge, ion sputtering, chemical vapor synthesis, spray pyrolysis, laser
pyrolysis/photothermal synthesis, thermal plasma synthesis, flame synthesis, flame spray

pyrolysis, and low temperature reactive synthesis.

Description of the Several Drawings

FIG. 1 is a schematic view of the apparatus of the present invention.

FIG. 2 is a cross-sectional view of the Venturi-type eductor used in the present
invention.

FIG. 3 is an illustration of a fluid supply system as included in the present invention.

FIG. 4 is a flow chart illustrating the method of the present invention.

Detailed Description

The following description is presented to enable one of ordinary skill 1n the art to
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make and use the invention. Various modifications to the described embodiments will be
readily apparent to those skilled in the art and the generic principles herein may be applied to
other embodiments. Thus, the present invention is not intended to be limited to the |
embodiment shown but is to be accorded the widest scope consistent with the principles and
features described herein.

Referring now to FIG. 1, the apparatus 100 is illustrated. Generally, the apparatus 100
includes the suction generator 110, coupled through the conduit structure 120 with the
collection elements 130 and 130'. The motive fluid reservoir 140 coupled with the suction
generator 110, is one exemplary means of providing a motive fluid and suction generating
power to the suction generator 110.

The suction generator 110 includes a suction inlet 115, a motive fluid inlet 116 and a
outlet 117. As illustrated, the sample conduit 112 is coupled with the suction inlet 115, the
motive fluid reservoir 140 is coupled with the motive fluid inlet 116, and the outlet 117 1s
coupled with the conduit structure 120.

Suction generated by the suction generator 110 at the suction inlet 115 is applied
through the sample conduit 112 to a powder source (not illustrated) which includes powder
flowing within a gas stream. The suction generated separates a portion of powder-containing
gas from the powder source and moves it through the suction inlet 115. Within the suction
generator 110, the powder-containing portion is entrained within a motive fluid. Preferably,
the motive fluid is supplied through the motive fluid inlet 116 from the motive fluid reservoir
140. The suction generator 140 then delivers an output mixture comprising an entrained
powder to the outlet 117. From the outlet 117, the coupled conduit structure 120 delivers the
output mixture to a selected location. Preferably, as illustrated, the conduit structure 120
includes a plurality of valve structures 122 for routing the output mixture to a location
selected from a plurality of possible locations. Within the present invention, possible selected
locations include the sample collection elements 130, 130" and the bulk collection chamber
135.

In the methods of using the apparatus 100 embodying the present invention, discussed
in more detail elsewhere, a portion of the output mixture is delivered from the outlet 117
through the conduit structure 120 to the bulk collection chamber 135 for a selected period of
time to clean the conduit structure 120, the suction generator 110 and the sample conduit 112.
Following the cleaning step, a further portion of the output mixture is delivered from the
outlet 117 through the conduit structure 120 to a selected sample collection element 130",

-6 -
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Once one such sample is collected, the apparatus 100 can be used to collect further samples.
For example, the above-described steps may be repeated, operating on a different powder
containing gas but in this case selecting the sample collection element 130 and depositing a
sample therein. The construction of the apparatus 100 of the present invention 1s such that
using this method to repeatedly sample a plurality of unique materials will not result 1N Cross
contamination among the samples, so long as each is deposited in a unique sample collection
element. The sample collection elements 130 and 130' can comprise filter elements, vessels,
or some combination. For example, in one embodiment, the collection element 130 1s a
vessel containing a high efficiency particulate air (HEPA) filter, and the collection element
130'is a HEPA filter coupled to a vacuum chamber.

Still referring to FIG. 1, additional aspects of the apparatus 100 are illustrated.
Preferably, the motive fluid reservoir 140 is coupled with the motive fluid inlet 116 via the
conduit 144, containing a one way valve 142. The one way valve 142 is configured to allow
delivery of motive fluid only from the motive fluid reservoir 140 to the motive fluid mlet 116
and not in any other direction. Further, the apparatus 100 preferably comprises the sweep
fluid reservoir 150, coupled to the sample conduit 112 by the conduit 154 and thereby with
the suction inlet 115 of the suction generator 110. As illustrated, the conduit 154 includes the
one way valve 152 configured to allow flow of the sweep fluid only in a direction from the
sweep fluid reservoir 150 to the sample conduit 112. The sample conduit 112 preferably
includes the valve structure 114, configurable to seal the sample conduit 112 from the powder
source.

In operation of the apparatus 100, described briefly above and more thoroughly
elsewhere, the sweep fluid reservoir is preferably employed to maintain entrainment of any
excess powder following collection. More specifically, once collection is accomplished as
described above, motive fluid continues to flow from the motive fluid reservoir 140 Whilé the
selected collection element 130’ is sealed from the conduit structure using one of the valve
structures 122. Thus, though collection has already been performed, entrainment 1s
maintained (however briefly) by the continued flow of motive fluid. Preferably, the flow of
motive fluid is temporarily interrupted while a flow of sweep fluid is initiated from the sweep
fluid reservoir 150. These steps are performed to maintain substantial entrainment of powder
remaining within the apparatus 100 following collection. Preferably, the flow of sweep fluid
is directed into the bulk collection chamber 135, substantially purging the sample conduit

112, suction generator 110 and conduit structure 120 of motive fluid and of powder.
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Referring now to FIG. 2, an exemplary embodiment of a suction generator as used in
the present invention is described in detail. The exemplary suction generator is a Venturi-
type eductor 200, also known by many other names, including the following: aspirator,
vacuum generator, mixing tee, Venturl vacuﬁm pump, and sampling jet. Each of these terms
describes a type of pump which operates by exploiting the Bernoulli principle. The Bernoulli
principle states that the pressure exerted by a fluid on a given surface will decrease as fluid
velocity relative to that surface increases. Venturi-type eductors, and equivalent devices,
include features therein which constrict fluid flow and thereby increase fluid velocity,
creating a pressure differential.

Regardless of the actual principles involved, the Venturi-type eductor 200 includes the
eductor body 205, containing the motive fluid inlet 210 and the outlet 230. The motive fluid
inlet 210 comprises a cone shaped nozzle, which narrows from a relatively wide opening at
an outer surface of the eductor body 205 to a narrow aperture 212. Through a narrow
aperture 212 is the nozzle 214 leading to a narrow channel 216, which communicates with the
outlet 230 and forms the only point of egress from the motive fluid inlet 210. Fluid 215
passes through motive fluid inlet 210 and then passes through the narrow channel 214 and, 1f
provided at a uniform rate to the motive fluid inlet 210, 1s thus accelerated.

This design results in the ejection of the fluid 215 at a relatively higher velocity from
the narrow channel 216 through the mixing chamber 240 toward the outlet 230. The inertia
of the fluid 215, combined with the narrowing construction of the junction 245 create suction
between the mixing chamber 240 and the outlet 230. Because the narrowing contours of the
junction 245 are smoothly varying and designed to induce minimal turbulence within the fluid
215, laminar acceleration of the fluid 215 is enhanced. Thus injection. of the fluid 215 forms
a negative pressure stream biased from the mixing chamber 240 to the outlet 230.

The suction inlet 220 is coupled through the eductor body 205 with the mixing
chamber 240 to communicate fluidly therewith. The suction inlet 220 connects with the
suction chamber 222 which forms a funnel-shaped void within the eductor body 205,
narrowing to join the mixing chamber 240. As described above, a negative pressure stream
biased from the mixing chamber 240 to the outlet is formed by forcing the fluid 215 1nto the
motive fluid inlet 210. This pressure stream extends through the mixing chamber 240, the
suction chamber 222 and out of the suction inlet 220. This negative pressure stream biased
from the suction inlet 220 to the outlet 230 is alternately viewed as a suction force capable of

pulling available material into the suction inlet 220 and toward the outlet 230.
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In the present invention an additive fluid 225 is presented to the suction inlet 220.
When the fluid 215 is forced through the motive fluid inlet 210 to the outlet 230, the ne gative
pressure stream biased from the suction inlet 220 to the outlet 230 pulls the additive fluid 225
into the mixing chamber 240 where it admixes to the fluid 215 to form the output mixture
235, which is ejected from the outlet 230.

Preferably, as described in more detail elsewhere, the present invention is used to
separate a portion of a moving gas mixture containing a target powder. The suction chamber
222, mixing chamber 240, nozzle 214 and other portions of the Venturi-type eductor are
preferably formed to provide sufficient suction to accomplish this task. The particles of the
target powder included within the additive fluid 225 are carried along with the fluid and into
the suction chamber 222 and subsequently the mixing chamber 240 where as the additive
fluid mixes with the fluid 215 to form the output fluid 235, the particles are entrained into the
output fluid 235 and carried along therewith. Further, the design of the mixing chamber 240
and the narrow channel 216 is such that substantially zero particles are introduced into the
narrow channel 216.

Referring now to FIG. 3, an exemplary fluid supply system 300, having a preferred
construction of both the supply of motive fluid and that of sweep fluid within the present
invention, 18 iliustrated. The fluid supply system 300 includes a plurality of fluid supply
reservoirs 310. Though in the preferred embodiment, these multiple reservoirs all contain a
common fluid, it is within the scope of the present invention for multiple fluids to be
contained therein, to allow for a variety of applications without need for refitting. For
example, in the case of motive fluid supply, one motive fluid well-suited for suction ot
particles having sizes on the scale of tens of nanometers could be included as well as another
motive fluid better-suited for suction of particles having sizes on the scale of hundreds of
nanometers. In any case, the fluid flow control system 320 is preferably coupled with the
plurality of reservoirs 310 to control both the presence and velocity of flow therefrom.
Additionally, the fluid flow control system 320 selects which reservoir from which fluid 1s
flowed during 2 given time period. From the fluid flow control sysiem 320, fluid 1s
channeled by the conduit 325 toward a selected destination, and preferably through a plurality
of conditioning devices. In the illustrated embodiment these conditioning devices include a
dehumidifier 330 and particle filter 340.

It is desirable in both the case of sweep fluid and of motive fluid to limit the presence

of particles therewithin and to dehumidify the fluid. The motive fluid 1s channeled through
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the narrowing nozzle and to form the suction used in device operation. However, as 1s also
described more fully elsewhere, the sweep fluid maintains entrainment of powders and to thus
contribute to cleanliness of the apparatus of the present invention. Humidity in powder-gas
mixtures, though just one of many contributing factors, usually leads to increased
agglomeration of powders and subsequent precipitation from the gas mixture; hence, changes
in humidity are preferably avoided in the present invention and the sweep fluid 1s preferably
dehumidified. Changes, abrupt or otherwise, within particle makeup within powder-gas
mixtures can similarly result in increased agglomeration and other undesirable outcomes and
are thus also preferably avoided in the present invention.

Referring again to FIG. 1, the method of the present invention is discussed.

Generally, the present invention relates to a method of sampling powder from a gas stream
containing ultrafine particles. The method will be discussed with reference to an exemplary
sampling apparatus 100, but is intended only as a general representative separation system.
The method comprises a step of separating a portion of gas containing a target powder from
the gas stream by suction to form a mixture of a motive fluid with the target powder entrained
therein. In the exemplary apparatus 100, this step can include several substeps. In one
substep, suction is created within the suction generating device 110. In the exemplary
apparatus 100 the suction generating device is understood to be a Venturi-type eductor,
similar to the device described above with reference to FIG. 2; however, other suction
generating means are contemplated within the present invention, including but not limited to
electromechanical pumps and vacuum pumps. In the suction generator 110, a motive fluid 1s
flowed from the motive fluid reservoir 140 through the suction generating device 110 to the
outlet 117 forming suction at the suction inlet 115. In an additional substep, the suction
generated is applied to a main gas stream containing a target powder, in this case through the
sample conduit 112, coupled with the suction inlet 115. Exposure can be implicit in the
generation of the suction, or the suction can be generated and then the gas stream exposed
thereto by opening a valve or some similar device.

In further steps, the method of the present invention includes a step of directing a first
portion of the mixture from the outlet 117 through a conduit structure 120 for a period of time
sufficient to substantially clean the conduit structure 120. Preferably, the first portion 1s
diverted by the conduit structure 120 and through the branch 125 thereof which 1s coupled to
the collection element 130, but not actually into a collection element 130. Then, 1 a

subsequent step, a second portion of the mixture is directed through the conduit structure 117
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into the collection element 130 after the period of time. Preferably, there is substantially no
interruption of flow between the first and second portion and the collection element 130 1s
simply moved to block the flow and collect the second portion. Therefore, since the first
portion has substantially cleaned the conduit structure of any residue, the second portion
comprises only the carrier gas of the gas stream, the target powder, and the motive fluid used
to generate suction (in the case of a Venturi type suction generator).

Further steps are preferably included. Specifically, a step of flowing a sweep fluid
through the suction generator 110 and the conduit structure 120 from a sweep fluid reservoir
150 to maintain substantial entrainment of the target powder. This step 1s preferably
performed followihg the collection of the second portion of the mixture to maintain
entrainment of any remaining powder within the apparatus 100 and preferably delivers the
remaining powder into the bulk collection chamber 135. This step is advantageous when the
process is repeated, using different mixtures which include different target powders. This
repetition is preferably included within the method of the present invention. Repetition ot the
steps of ‘flowing’ through the step of ‘directing a second portion’, followed by the step of
‘flowing a sweep fluid’ allows the sampling of discrete quantities of multiple target powders
without intermixture or cross contamination among the samples.

Referring now to FIG. 4, a process for achieving high purity sampling of at least two
mixtures from a single source, as contemplated within the present invention is show in flow
chart form. The process includes two sets of similar steps and one intermediate step. The
first set 410 includes the step 411 of flowing a motive fluid through a Venturi-type eductor
valve to form a negative pressure stream, the step applying the negative pressure stream 1o a
first gas stream to separate a portion thereof and entrain it into a first target mixture, the gas
stream containing a first target powder and originating from a source, the step 412 of
directing the first target mixture through a conduit network into a first collection element. In
the intermediate step 420, a sweep gas is flowed through the Venturi-type eductor valve,
without forming a negative pressure stream, and through the conduit network to remove at
least a portion of remaining first target mixture therefrom. The second set 430 includes the
steps 431 of flowing a motive fluid through a Venturi-type eductor valve to form a negative
pressure stream, 432 of applying the negative pressure stream to a second gas stream to
separate a portion thereof and entrain it into a second target mixture, the gas stream
containing a second target powder and originating from the source, 433 of flowing a portion

of the second target mixture through the conduit network for a time sufficient to substantially
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clean the conduit network of the remaining first target mixture, and 434 of directing a further
portion of the second target mixture through the conduit network into a second collection element.

Preferably, the steps 411 and 431 of 'flowing a motive fluid' and the step 420 ot 'tflowing a
sweep gas' are coordinated to maintain substantial entrainment of the first and the second target
powders throughout the conduit network for the duration of the process.

The present invention has been described in terms of specific embodiments incorporating
details to facilitate the understanding of the principles of construction and operation of the invention.
As such, references herein to specific embodiments and details thereof are not intended to limit the
scope of the claims appended hereto. It will be apparent to those skilled in the art that modifications
can be made to the embodiments chosen for illustration without departing from the scope of the

invention.

- 12 -



CA 02583486 2014-06-25

WHAT IS CLAIMED IS:

]. A method of sampling powder from a gas stream containing ultrafine particles, the
method comprising:

a. separating a portion of gas containing a target powder from the gas stream by
suction to form a mixture of a motive fluid with the target powder entrained
therein;

b. directing a first portion of the mixture through a conduit structure for a period of
time sufficient to substantially clean the conduit structure; and

C. directing a second portion of the mixture through the conduit structure into a

collection element after the period of time.

2. The method of Claim 1, wherein the suction 1s provided by a negative pressure stream

formed by tlowing the motive tluid through a Venturi-type eductor.

3. The method of Claim 1, wherein the suction is provided by a vacuum generator.

4, The method of Claim 1, further including the step of flowing a sweep fluid through the

conduit structure to maintain substantial entrainment of the target powder.

J. The method of Claim 4, further comprising repeating the steps of ‘flowing’ through the

step of ‘directing a second portion’.

6. The method of Claim 1, further comprising the step of selecting the collection element to

be one or more of the following: a filter and a vessel.

7. A process tor achieving high purity sampling of at least two mixtures from a single
source, the process comprising:
a. flowing a motive fluid through a Venturi-type eductor valve to form a negative
pressure stream;

b. applying the negative pressure stream to a first gas stream to separate a portion
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thereof and entrain it into a first target mixture, the gas stream containing a first

target powder and originating from a source;

C. directing the first target mixture through a conduit network into a first collection
element;
d. flowing a sweep gas through the Venturi-type eductor valve, without forming a

negative pressure stream, and through the conduit network to remove at least a
portion of remaining first target mixture theretfrom;

e. flowing a motive fluid through a Venturi-type eductor valve to form a negative
pressure stream;

f. applying the negative pressure stream to a second gas stream to separate a portion
thereof and entrain it into a second target mixture, the gas stream containing a
second target powder and originating from the source;

g, flowing a portion of the second target mixture through the conduit network for a
time sufficient to substantially clean the conduit network of the remaining first
target mixture; and

h. directing a further portion of the second target mixture through the conduit

network 1nto a second collection element.

The process of Claim 7, wherein the steps of ‘flowing a motive fluid’ and of ‘flowing a

sweep gas’ are coordinated to maintain substantial entrainment of the first and the second

target powders throughout the conduit network for the duration of the process.

The process of Claim 7, further comprising the steps of:

selecting the first collection element to be one or more of the following: a filter and a
vessel; and

selecting the second collection element to be one or more of the following: a filter and a

vessel.
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411 Flowing a Motive Fluid Through a Venturi-Type Eductor
Valve to Form to Negative Pressure Stream.

Applying the Negative Pressure Stream to a First (Gas Stream
to Separate a Portion Thereof and Entrain it into a First Target
Mixture, the Gas Stream Containing a First Target Powder and
Originating from a Source

412

413 Directing the First Target Mixture Through a Conduit Network
into a First Collection Vessel

Flowing a Sweep Gas Through the Venturi-Type Eductor Valve, without
420 Forming a Negative Pressure Stream, and Through the Conduit Network
to Remove at Least a Portion of Remaining First Target Mixture Therefrom

431~ Flowing a Motive Fluid Through a Venturi-Type Eductor Valve to
Form a Negative Pressure Stream

Applying the Negative Pressure Stream to a Second Gas Stream
to Separate a Portion Thereof and Entrain it 1nto a Second Target

432 Mixture, the Gas Stream Containing a Second Target Powder
and Originating from the Souce
Flowing a Portion of the Second Target Mixture Through the
433 Conduit Network for a Time Sufficient to Substantially Clean
the Conduit Network of the Remaining First Target Mixture
Directing a Further Portion of the Second Target Mixture
434~

Through the Conduit Network into a Second Collection Vessel

Fig. 4
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