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SURFACE SAMPLING SYSTEMS FOR COLLECTING VOLATILIZED SAMPLES

CROSS REFERENCE TO RELATED APPLICATION
[001] This application claims priority to and the benefit of U.S. Patent Application No.
12/906,946, filed on October 18, 2010, which is incorporated herein in its entirety.

FIELD
[002] The present disclosure relates generally to devices and methods for collecting
volatilized samples of materials for identification and/or analysis, and, more particularly, to

sampling heads for volatilizing materials from a test surface.
ACKNOWLEDGMENT OF GOVERNMENT SUPPORT

[003] This invention was made with government support under Contract No. DE-ACO05-
000R22725 awarded by the U.S. Department of Energy. The government has certain rights

in the invention.
BACKGROUND

[004] Samples of known or unknown materials can be collected from various surfaces and
transferred to diagnostic equipment capable of characterizing the collected sample. Such
characterization can include, for example, analyzing and/or identifying one or more materials
in the collected sample. Samples of material that are characterized using mass spectrometry
or gas chromatography instruments are generally volatilized prior to delivery to the
instrument. Accordingly, various sampling systems have been developed to volatilize

samples of material and deliver the volatilized samples to the analytical instruments.

[005] However, conventional sampling systems have many drawbacks. For example, many
conventional sampling systems require significant sample preparation before a test can be
performed on a volatilized sample. Lengthy sample preparation requirements can restrict the
practicality and/or desirability of such sampling systems in situations where a rapid response
is desired, including, for example, situations in which on-site analysis is to be performed.
Other drawbacks include, for example, the use of materials in the sampling system that

restrict or delay the flow of volatilized materials from the sampling system to the analytical
-1-
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instrument. Conventional sampling systems also generally require that the sample be
collected and delivered to a laboratory or other facility for analysis by an analytical
instrument. Therefore, such conventional systems are unsuitable for collecting and analyzing
samples in the field using portable analytical instruments. Accordingly, it is desirable to
provide improved sampling systems and methods that eliminate or reduce these and other

drawbacks of conventional sampling systems.
SUMMARY

[006] In one embodiment, a sampling system for volatilizing a sample from a test surface
to deliver the volatilized sample to an analytical instrument is provided. The system
comprises a transfer tube and a sampling head. The transfer tube has an inlet end for
receiving a volatized sample into an interior of the transfer tube and an outlet end for
directing the volatized sample from the interior of the transfer tube. The sampling head is
coupled to the inlet end of the transfer tube and has a volatilized sample receiving area
defined by a distal end that is configured to be brought into contact with the test surface and
an opening in the sampling head that is in fluid communication with the inlet end of the

transfer tube. The distal end of the sampling head can comprise a porous metallic membrane.

[007] In some embodiments, each of the exposed surfaces in the volatilized sample
receiving area is formed with substantially vapor-impermeable materials. The porous
metallic membrane of the sampling head can be comprised of stainless steel and, in some
embodiments, is a non-woven structure. In some embodiments, the surface of the transfer
tube interior is coated with an inert material. In some embodiments, the transfer tube
comprises a stainless steel tube. A heating element can be provided to resistively heat the

stainless steel tube to a temperature between 120 and 250 degrees Celsius.

[008] In other embodiments, sampling head includes at least one heating element disposed
adjacent the porous metallic membrane. The heating element can be configured to heat the
porous metallic membrane to a temperature that is between 140 and 250 degrees Celsius. In
some embodiments, the sampling head and the transfer tube can be heated independently of

one another to temperatures between 140 and 250 degrees Celsius. In other embodiments, an
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analytical instrument is coupled to the outlet end of the transfer tube. The analytical

instrument can be a mass spectrometer.

[009] In another embodiment, a sampling head for volatilizing a sample from a test surface
is provided. The sampling head can comprise a distal end comprising a porous metallic
membrane, a membrane support member, and a connector. The porous metallic membrane
can be configured to be brought into contact with the test surface. The membrane support
member can have a first side that faces the porous metallic membrane, with the first side
having a recessed portion that is configured to direct the volatilized sample towards an
opening in the first side. The connector can extend from a second side of the membrane
support member and be in fluid connection with the opening in the first side. The second side
can be opposite the first side and the connector can be configured to be coupled to an inlet
end of a transfer tube. A volatilized sample receiving area can be provided in the sampling
head between the distal end of the sampling head and the first side of the membrane support
member. All exposed surfaces in the volatilized sample receiving area can consist essentially
of vapor-impermeable materials. Thus, the volatilized sample receiving area can be formed
in the absence of vapor-permeable materials so that the volatilized sample is in direct contact

with only vapor-impermeable materials.

[010] In some embodiments, the porous metallic membrane of the sampling head can
comprise stainless steel and/or a non-woven structure. In other embodiments, at least one
heating element can be disposed adjacent the porous metallic membrane and the heating
element can be configured to heat the porous metallic membrane to a temperature that is
between 140 and 250 degrees Celsius. The heating elements can be a pair of cartridge

heaters disposed on the second side of the membrane support member.

[011] In another embodiment, a method of collecting a volatilized sample from a test
surface is provided. The method can include heating a distal end of a sampling head to a
temperature of between 140 and 250 degrees Celsius and positioning a porous metallic
membrane at the distal end of the sampling head in contact with the test surface. A sample
from the test surface can be volatilized and directed into a volatilized sample receiving area.

The volatilized sample receiving area can be a volume of area in the sampling head between
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the distal end of the sampling head and an opening in the sampling head. The volatilized
sample can be directed out of the sampling head through the opening in the sampling head.
Each of the exposed surfaces in the volatilized sample receiving area can consist essentially
of vapor-impermeable materials. Thus, the volatilized sample receiving area can be formed
in the absence of vapor-permeable materials so that the volatilized sample is in direct contact

with only vapor-impermeable materials.

[012] In some embodiments, the porous metallic membrane can include a stainless steel
membrane and the act of directing the volatilized sample into the volatilized sample receiving
area can include directing the volatilized sample through the stainless steel membrane. In
other embodiments, the volatilized sample can be directed into an inlet end of a transfer tube.
The opening in the sampling head can be in fluid communication with the inlet end of the
transfer tube and the volatilized sample can be directed through the interior of the transfer
tube to an outlet end of the transfer tube. The volatilized sample can then be directed out of
the outlet end of the transfer tube to a mass spectrometer. In other embodiments, the act of
directing the volatilized sample through the interior of the transfer tube comprises directing

the volatilized sample through a stainless steel tube that is coated with an inert material.

[013] The foregoing and other objects, features, and advantages of the invention will
become more apparent from the following detailed description, which proceeds with

reference to the accompanying figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[014] FIG. 1 illustrates a sampling head for use with a sampling system for collecting

volatilized materials.
[015] FIG. 2 illustrates an exploded view of the sampling head shown in FIG. 1.

[016] FIG. 3 illustrates bottom perspective view of a screen holder for maintaining the

position of a screen in the sampling head shown in FIG. 1.

[017] FIG. 4A illustrates a top perspective view of a screen support member for use in the

sampling head shown in FIG. 1.
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[018] FIG. 4B illustrates a bottom perspective view of the screen support member shown in

FIG. 4A.

[019] FIG. 5 illustrates a top perspective view of a heater cover for use in the sampling

head shown in FIG. 1.

[020] FIG. 6 illustrates a side perspective view of an insulation member for use in the

sampling head shown in FIG. 1.

[021] FIG. 7 illustrates a front perspective view of a flexible member for use in the

sampling head shown in FIG. 1.

[022] FIG. 8 illustrates a portion of a sampling head for use with the sampling systems

described herein.

[023] FIG. 9 illustrates a sampling system that includes a sampling head coupled to a

transfer line for collecting volatilized materials.

[024] FIG. 10 illustrates a portion of a sampling system coupled to a stationary tool for

receiving samples of material for volatilization on a fixed surface.

[025] FIG. 11 illustrates a calibration performed using a sampling system that comprises a

sampling head as shown and described with respect to FIGS. 1 and 2

[026] FIG. 12 illustrates the results of a scan performed on a sample captured by volatizing

an amount of sulfur mustard agent (HD) on a painted gypsum wallboard surface.

[027] FIG. 13 illustrates the results of a scan performed on a sample captured by volatizing

an amount of HD on a vinyl tile surface.

[028] FIG. 14 illustrates the results of a scan performed on a sample captured by volatizing

an amount of HD on an escalator handrail surface.

[029] FIG. 15 illustrates a calibration performed using a sampling system that comprises a

sampling head as shown and described with respect to FIGS. 1 and 2.

[030] FIG. 16 illustrates the results of a scan performed on a sample captured by volatizing

an amount of sarin (GB) from TexWipes®.
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[031] FIG. 17 illustrates the results of a scan performed on a sample captured by volatizing

an amount of GB on an escalator handrail surface.

[032] FIG. 18 illustrates the results of a scan performed on a sample captured by volatizing

an amount of GB on an escalator belt surface.

[033] FIG. 19 illustrates the results of a scan performed on a sample captured by volatizing

an amount of GB on a vinyl tile surface.

[034] FIG. 20 illustrates a calibration performed using a sampling system that comprises a

sampling head as shown and described with respect to FIGS. 1 and 2.

[035] FIG. 21 illustrates the results of a scan performed on the CBMS-II using a known

amount of nerve agent (VX) on a stainless steel surface.
DETAILED DESCRIPTION

[036] Various embodiments of sampling systems and their methods of use are disclosed
herein. The following description is exemplary in nature and is not intended to limit the
scope, applicability, or configuration of the invention in any way. Various changes to the
described embodiments may be made in the function and arrangement of the elements

described herein without departing from the scope of the invention.

(13 2% <<

[037] As used in this application and in the claims, the singular forms “a,” “an,” and “the”
include the plural forms unless the context clearly dictates otherwise. Additionally, the term
“includes” means “comprises.” Further, the term “coupled” generally means electrically,
electromagnetically, and/or physically (e.g., mechanically or chemically) coupled or linked
and does not exclude the presence of intermediate elements between the coupled or

associated items absent specific contrary language.

[038] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, percentages, and so forth, as used in the specification or
claims are to be understood as being modified by the term “about.” Accordingly, unless
otherwise indicated, implicitly or explicitly, the numerical parameters set forth are
approximations that may depend on the desired properties sought and/or limits of detection
under standard test conditions/methods. When directly and explicitly distinguishing
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embodiments from discussed prior art, the embodiment numbers are not approximates unless

the word “about” is recited.

[039] As used herein, the term “proximal” means in a direction towards an analytical
instrument or towards an end of the sampling system where an analytical instrument can be
coupled. As used herein, the term “distal” means in a direction away from the analytical
instrument or away from the end of the sampling system where an analytical instrument can
be coupled. As used herein, the term “volatilize” means the conversion of a chemical
substance from a liquid or solid state to a gaseous or vapor state by the application of heat, by
reducing pressure, or by a combination of these processes. Materials that can be volatilized

include volatile and semi-volatile materials, which can be volatilized in whole or in part.

[040] As understood by one or ordinary skill in the art, materials have a moisture vapor
transmission rate that can be established by standard test methods. Perms are a measure of
the rate of transfer of water vapor through a material (1.0 US perm = 1.0 grain/square-
foot-hour-inch of mercury = 57 SI perm = 57 ng/s-m2-Pa). Vapor retarding materials are
generally categorized as impermeable (<1 US perm, or <57 SI perm), semi-permeable (1-10
US perm, or 57-570 SI perm), and permeable (>10 US perm, or >570 SI perm). As used
herein, the term *“vapor-permeable material” means a material that has an external surface
which allows a volatilized material to physically pass through the external surface and that
has a permeance of greater than 10 perms. Vapor-permeable materials include, for example,
such materials as silicone rubber, neoprene, and fluoroelastomers (e.g., Viton®). As used
herein, the term “vapor-impermeable material” means a material that has an external surface
which substantially prevents a volatilized material from physically passing through the
external surface and that has a permeance of less than 10 perms. Vapor-impermeable

materials include impermeable and semi-permeable materials, such as stainless steel.

[041] Although the operations of exemplary embodiments of the disclosed method may be
described in a particular, sequential order for convenient presentation, it should be understood
that the disclosed embodiments can encompass an order of operations other than the
particular, sequential order disclosed. For example, operations described sequentially may in

some cases be rearranged or performed concurrently. Further, descriptions and disclosures
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provided in association with one particular embodiment are not limited to that embodiment,

and may be applied to any embodiment disclosed.

[042] Certain of the sampling systems disclosed herein comprise heated porous metallic
membranes configured to be positioned adjacent various test surfaces to volatilize samples of
material from the test surfaces for further analysis. As used herein, the term “test surface”
means any surface from which a sample can be obtained. In some embodiments, the heated
porous metallic membrane can extend beyond a distal end of a sampling head so that the
heated porous metallic membrane can make direct contact with the test surface. Once
volatilized, at least a portion of the volatilized sample can be transferred through an inert
transfer tube of a transfer line to an analytical instrument (e.g., a mass spectrometer) for

characterization. In some embodiments, the inert transfer tube is also heated.

[043] FIGS. 1 and 2 illustrate a sampling head 100 that can be used with a sampling system
to volatilize a sample of material from a test surface. FIG. 1 illustrates a front perspective
view of sampling head 100 and FIG. 2 illustrates an exploded view of sampling head 100.
Sampling head 100 comprises a porous sampling surface 102 that is adapted to be placed on
or adjacent to a test surface that contains the material that is to be sampled. In some
embodiments, porous sampling surface 102 comprises a distal end portion of sampling head
100 so that when the distal end portion of sampling head 100 is brought into contact with the

test surface, porous sampling surface 102 is also in contact with the test surface.

[044] Sampling surface 102 can comprise a porous metallic screen 104. In some
embodiments, porous metallic screen 104 can be a stainless steel mesh. Desirably, the
stainless steel mesh comprises a non-woven mesh structure. Although screen 104 is
preferably formed of a stainless steel mesh, other chemically inert metallic members, such as
various nickel alloys or steels, may be suitable for use in certain applications. To reduce
absorption and/or diffusion of volatilized materials into and/or through the material of screen
104, screen 104 is preferably formed without any surfaces that are vapor-permeable.
Accordingly, in some embodiments, screen 104 consists essentially of vapor-impermeable
materials such as stainless steel. Thus, screen 104 can be formed in the absence of vapor-

permeable materials such as silicone rubber.

-8-
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[045] Screen 104 can be maintained at the distal end portion of sampling head 100 using a
screen holder 106 that captures and secures at least a portion of screen 104 to sampling head
100. Screen holder 106 can comprise a metallic nut or other such element that has an
opening through which at least a portion of screen 104 can be exposed and/or extend. FIG. 3
illustrates a perspective view of screen holder 106. If desired, screen holder 106 can have an
external side surface 108 that is knurled (FIG. 8) or otherwise modified to improve the ability
of a user to grasp the external side surface 108 to facilitate the removal of screen holder 106

to provide access to screen 104.

[046] Screen 104 can be sized to be received (e.g., sandwiched) between at least a portion
of screen holder 106 and an opposing screen support member 110. Screen support member
110 can include an extending portion 112 that has a generally ring-shaped upper surface 114
on which a portion of screen 104 can be supported. Screen 104 can be secured to sampling
head 100 by positioning screen 104 on upper surface 114 and securing screen holder 106
(e.g., a knurled nut) over screen 104. If necessary, one screen can be removed and replaced
with another screen by removing screen holder 106 from screen support member 110,
removing screen 104 from upper surface 114, positioning a new screen 104 on upper surface
114, and reattaching screen holder 106 to screen support member 110. Screen holder 106 can
be secured to screen support member 110 in any known manner, including, for example, by
mating respective threaded portions in screen holder 106 and screen support member 110 or

by otherwise achieving an interference fit between the two elements.

[047] Upper surface 114 of screen support member 110 can generally surround a recessed
portion 116. Recessed portion can have an opening 118 that passes through screen support
member 110 to allow the passage of volatilized materials through screen support member
110. Recessed portion 116 can be somewhat concave or otherwise funnel-shaped to help
direct volatilized materials that pass through screen 104 towards opening 118. Alternatively

recessed portion 116 can be substantially flat.

[048] FIGS. 4A and 4B illustrate additional views of screen support member 110, with
FIG. 4A showing a top perspective view and FIG. 4B showing a bottom perspective view.

As discussed above, opening 118 allows volatilized materials to flow through screen support

-9.
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member 110 to a transfer line 200 (FIG. 9). A tube connector 120 can extend from a bottom
surface 122 of screen support member 110. Tube connector 120 can be in fluid
communication with opening 118 so that transfer line 200 (FIG. 9) can be coupled to tube
connector 120 to fluidly connect opening 118 with transfer line 200. Tube connector 120 can

comprise any suitable coupling member, such as, for example, a Swagelok® tube fitting.

[049] A volume (e.g., area or space) within sampling head 100 between the distal end of
sampling head 100 and opening 118 can be referred to as the volatilized sample receiving
area. This volume can extend across the width of sampling surface 102 at the distal end and
extend proximally toward opening 118 and include all of the exposed surfaces between the
distal end of sampling head 100 and opening 118. Thus, the volatilized sample receiving area
can include all surfaces within sampling head 100 that are exposed to the volatilized sample

before the volatilized sample exits opening 118 for delivery to the analytical instrument.

[050] All of the exposed surfaces in the volatilized sample receiving area are preferably
formed of vapor-impermeable materials to reduce the absorption and/or diffusion of
volatilized materials into or through of the structures that are exposed within the volatilized
sample receiving area. By eliminating the use of vapor-permeable materials in the exposed,
internal surfaces in sampling head 100, the sampling heads disclosed herein are capable of
providing rapid analysis of materials obtained from various surfaces. In some embodiments,

the vapor-impermeable materials do not include any semi-permeable materials.

[051] In operation, when exposed surfaces in the volatilized sample receiving area are
formed only with vapor-impermeable materials (i.e., without any vapor-permeable materials),
the volatilized materials collected by sampling head 100 pass through the distal end
(including screen 104) of sampling head 100 to opening 118, and exit sampling head 100 via
transfer line 200. Substantially none of the volatilized materials diffuse through any internal
portion of the materials of sampling head 100 itself prior to delivery to transfer line 200. In
some embodiments, each of the exposed internal surfaces in the volatilized sample receiving
area is formed of stainless steel. In other embodiments, some or all of the exposed internal
surfaces in the volatilized sample receiving area consist essentially of vapor-impermeable

materials. For example, all of the exposed surfaces of screen 104 and/or all of surfaces of
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screen support member 110 that face screen 104 can consist essentially of vapor-impermeable
materials (e.g., stainless steel). It should be understood that, in this context, the term “all of
the exposed surfaces of screen 104" refers to each exposed surface of the individual strands

or elements that comprise the materials that form screen 104.

[052] In contrast, conventional sampling heads generally incorporate vapor-permeable
materials that slow the passage of volatilized materials by absorbing and/or diffusing the
volatilized materials during a sampling step. Such vapor-permeable materials can include,
for example, silicone rubber incorporated adjacent to, or integrally with, a screen or mesh
member. The inclusion of vapor-permeable materials in the sampling head was believed to
be beneficial to provide improved structural integrity without interfering with the operation of
the sampling head. However, it has been found that the diffusion of volatilized materials
through the silicone rubber and other such vapor-permeable materials undesirably delays the
delivery of the volatized materials to the analytical instrument, which can increase the time
required for analysis of the volatilized sample. Also, such delays adversely affect detection
limits by reducing the amount of volatilized materials delivered to the analytical instrument
and/or spacing the arrival of volatized material at the analytical instrument. Moreover, the
absorption of volatilized materials by vapor-permeable portions or surfaces of a sampling
head in the pathway of the delivery of the volatilized materials to the analytical instruments
(i.e., in a volatilized sample receiving area) can affect the results of subsequent tests in which

absorbed materials are later re-volatilized from the vapor-permeable portions.

[053] Accordingly, certain embodiments of the sampling heads disclosed herein provide
improved sample delivery characteristics by eliminating the exposure of volatilized materials
to silicone rubber and/or other vapor-permeable materials within the volatilized sample

receiving areas of sampling head 100.

[054] One or more heating elements can be positioned adjacent screen 104 to heat sampling
surface 102 and volatilize materials that are in contact with, or positioned adjacent to,
sampling surface 102. As shown in FIG. 4B, bottom surface 122 of screen support member

110 can comprise one or more heater receiving areas 124 for receiving one or more heating
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elements (not shown). The heating elements can comprise cartridge heaters that are sized to

be received within heater receiving areas 124.

[055] A heater cover 126 can be provided proximal to screen support member 110 to retain
the heating elements (e.g., cartridge heaters) in receiving areas 124. For example, one or
more retaining members 128 can extend distally from an upper surface 130 of heater cover
126 and, when heater cover 126 is coupled to screen support member 110, the upper surfaces
of retaining members 128 can engage with the heating elements and secure them within their
respective heater receiving areas 124. Heater cover 126 can be coupled to screen support
member 110 in any conventional manner, including, for example, by securing one or more
fasteners through openings 132, 134, in screen support member 110 and heater cover 126,
respectively. As shown in FIG. 5, heater cover 126 can have an opening 136 sized to receive
a portion of tube connector 120 that extends proximally through screen support member 110

when screen support member 110 is coupled to heater cover 126.

[056] As shown in FIGS. 2 and 6, an insulating member 138 (e.g., thermally insulating
gasket) can be positioned proximal to heater cover 126. Insulating member 138 is made from
thermally insulating materials (e.g., ceramic) that can reduce the amount of heat transferred
from a heated portion 140 (i.e., a portion that includes sampling surface 102 and adjacent
members) to an unheated portion 142 (i.e., a portion that includes members located proximal
to insulating member 138) of sampling head 100. Insulating member 138 can therefore
improve the efficiency of the operation of sampling head 100 by reducing the amount of heat
that is lost from the heated portion 140 of sampling head 100. In some embodiments,
insulating member 138 can be a polymeric material with low thermal conductivity and high
working temperature such as Vespel®, polybenzimidazole, or glass-filled

polytetrafluoroethylene (PTFE).

[057] The unheated portion 142 of sampling head 100 can include a flexible member 144.
Flexible member 144 can include a coupling portion 148 that is configured to receive a distal
portion of transfer line 200 to couple sampling head 100 to transfer line 200 (FIG. 9). As
shown best in FIGS. 7 and 8, flexible member 144 can comprise a flexible stainless steel

portion 146. In some embodiments, flexible member 144 is a bellows- or accordion-type
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member that allows flexible member 144 to bend and/or stretch in various directions. The
ability of flexible member 144 to bend and/or stretch allows sampling head 100 to be more
easily positioned so that sampling surface 102 makes substantially flat contact with a test
surface. By making substantially flat contact with the test surface, at least a partial seal can
be achieved between an outer ring of the distal end of sampling head 100 (e.g., the area of
sampling head 100 that surrounds screen 104) and the portion of the test surface positioned
thereunder. This partial seal can improve the transfer of heat from sampling surface 102 to
the test surface and/or provide improved flow of the volatilized sample from the test surface
into the volatilized sample receiving area of sampling head 100. In addition, because flexible
member 144 is in the unheated portion 142 of sampling head 100, a user can contact and
maneuver the flexible member 144 to achieve the substantially flat contact with the test
surface without significant risk of being burned or experiencing significant discomfort due to

the temperature of flexible member 144.

[058] As described above, sampling head 100 can be heated via heating members (e.g.,
cartridge heaters) received in the heated portion 140 of sampling head 100. One or more
temperature sensors can also be provided in the heated portion 140 to monitor the
temperature of the heated portion 140. For example, a resistance temperature detector (RTD)
can be coupled to screen support member 110 via a fastener received in a mounting opening
150. Thus, the temperature of the heated portion 140 can be monitored to control the heat
output of the heating elements to sampling surface 102. In some embodiments, sampling
surface 102 can be heated to temperatures between about 125 degrees Celsius and 250
degrees Celsius, and more preferably between about 140 and 250 degrees Celsius, depending

on the temperatures required for volatilization of the materials to be characterized.

[059] Referring to FIG. 9, the sampling system can also include a transfer line 200 coupled
to sampling head 100 to receive the volatilized sample and direct it to the analytical device.
As shown in FIG. 9, transfer line 200 comprises an inlet end 202 and an outlet end 204. The
inlet end 202 of transfer line 200 can be coupled to sampling head 100 and the outlet end 204
of transfer line 200 can be configured to be coupled to an analytical instrument, such as a
mass spectrometer (not shown). To facilitate the coupling of the outlet end 204 with the

analytical instrument, a connector 206 can be coupled to the outlet end 204 of transfer line
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200. Transfer line 200 can comprise a stainless steel transfer tube 208 that extends from the
inlet end 202 of transfer line 200 to the outlet end 204 of transfer line 200. Materials that are
heated and volatilized by sampling head 100 can be directed to the inlet end 202 of transfer
line 200 and directed through an interior lumen of transfer tube 208 to the analytical

instrument.

[060] Transfer tube 208 can have one or more coatings applied to its internal surfaces to
reduce surface absorption of volatilized materials. For example, transfer tube 208 can
comprise a tube that is treated with an inert material, such as Sulfinert® or Silcosteel®. In
some embodiments, transfer tube 208 can also be heated to maintain the materials in their
vapor state as they are delivered through transfer tube 208. To heat transfer tube 208 along
its length, an electric current can be passed through transfer tube 208, thereby resistively
heating transfer tube 208 to a desired temperature. The transfer tube can be heated to various
desired temperatures, including, for example, to temperature between 120 and 250 degrees
Celsius. The electric current can be delivered to transfer tube 208 via one or more wires that
are positioned to contact transfer tube 208 and form an electric circuit through which current

can flow.

[061] Transfer tube 208 can be insulated to reduce heat loss from transfer tube 208 and to
reduce safety risks associated with having an exposed heated tube. The insulation of transfer
tube 208 can be achieved by providing one or more layers of electrical insulation around an
outer surface of transfer tube 208 along at least a portion of its length. In one embodiment,
transfer tube 208 extends within a sheath 210 that is formed of an insulating material such as
Teflon™. Transfer tube 208 can be longitudinally movable relative to sheath 210. Such
relative movement can allow transfer tube 208 to be removed from sheath 210 to allow
replacement and/or repair of transfer tube 208 if necessary and/or desired. A second layer
212 of insulating material can surround sheath 210. Second layer 212 can comprise, for

example, a layer of Pyropel® to further insulate heated transfer tube 208.

[062] A flexible conduit 214 can surround second layer 212. Flexible conduit can be a
piece of flexible plastic that is configured to retain the various elements of transfer line 200

and allow bending and flexing of transfer line 200. In some embodiments, flexible conduit
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214 can comprise a coiled flexible member. Wiring elements and/or other heat sensitive
elements can be positioned between second layer 212 and flexible conduit 214. By placing
wiring elements (and other heat sensitive members) radially external to the insulation layers
(e.g., sheath 114 and/or second layer 116), the wiring elements can be insulated and protected
from the heat generated by the resistive heating of transfer tube 208. The wiring elements
that can be positioned external to the insulation along at least a portion of their length
include, for example, the wiring that provides the electric current to resistively heat transfer
tube 208 and the wiring that controls and/or receives information from components in the
heated portion 140 of sampling head 100, such as any temperature sensors (e.g., an RTD) or

heating elements (e.g., cartridge heaters) positioned therein.

[063] In operation, the sampling system can be used to volatilize samples from a surface by
moving the sampling surface 102 of sampling head into contact with the test surface. The
maneuverability of sampling head 100 resulting from the ability of flexible member 144 to
bend or stretch allows sampling surface 102 to be positioned at or adjacent to a wide variety
of surface shapes and types. In addition, the flexibility of transfer line 200 allows sampling

head 100 to be more easily maneuvered into a desired position adjacent the test surface.

[064] Such maneuverability of sampling head and the transfer line can be particularly
helpful when sampling surfaces for chemical weapons (CW) and toxic industrial chemicals
(TICs), which, in some circumstances, is performed outside the laboratory environment on a
variety of existing surfaces. For example, it can be preferable to sample for CW from various

surfaces in in public facilities such as airports and other transit stations.

[065] The sampling systems disclosed herein can be particularly helpful in characterizing
organic analytes associated with CW and TICs. In some embodiments, the sampling systems
disclosed herein can be operated with mobile mass spectrometers further facilitating on-site
use and reducing the need for sample collection, transport, and chain-of-custody
requirements. However, it should be understood that the sampling systems disclosed herein
are also suitable for use in a laboratory setting and, in the case where a sample surface is not
accessible by the sampling surface of the sampling head, conventional wipes or other such

sample transfer means can be used to deliver the sample to the sampling surfaces of the
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sampling systems disclosed herein. For example, as shown in FIG. 12, the sampling systems
disclosed herein can be coupled to a stationary device for analyzing materials positioned on a

fixed surface 220.

[066] Sampling surface 102 of sampling head 100 can be brought into contact with the test
surface for a sufficient period of time to volatilize the desired material that is present on (or
thought to be present on) the surface. In some embodiments, sampling surface 102 can be
applied to the surface for about 30 seconds to 120 seconds. When the surface is a
substantially hard surface, such as glass or steel, sampling surface 102 can be applied to the
surface for a shorter period of time (e.g., about 40 to 45 seconds) and when the surface is an
organic material, such as an rubber or vinyl material, sampling surface 102 can be applied to
the surface for a longer period of time (e.g., about 60 to 90 seconds). The following
examples illustrate the ability of the sampling systems disclosed herein to accurately detect

low abundances of volatilized materials from various surfaces.

[067] Example 1

[068] FIG. 11 illustrates a calibration performed using a sampling system that comprises a
sampling head as shown and described above with respect to FIGS. 1 and 2, and a transfer
line as shown and described above with respect to FIG. 9. The sampling system was coupled
to a Block II chemical biological mass spectrometer (CBMS-II). The calibration shown in
FIG. 11 was performed by applying known amounts of a blister agent, namely distilled sulfur
mustard agent (HD), to a surface, volatilizing at least a portion of the HD sample using the

sampling system, and scanning the volatilized HD portion using the CBMS-II.

[069] FIGS. 12 — 14 illustrate the results of scans performed on the CBMS-II using known
amounts of HD on various surfaces. FIG. 12 illustrates the results of a scan performed on a
sample captured by volatizing an amount of HD on a painted gypsum wallboard surface.
FIG. 13 illustrates the results of a scan performed on a sample captured by volatizing an
amount of HD on a vinyl tile surface. FIG. 14 illustrates the results of a scan performed on a

sample captured by volatizing an amount of HD on an escalator handrail surface.

[070] The samples were volatilized from these surfaces by heating the sampling surface

(i.e., the heating element of the sampling head) to a temperature of about 140-150 degrees
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Celsius and heating the stainless steel transfer tube to a temperature of about 160 degrees
Celsius. For each of the test surfaces, the sampling surface of the sampling head was

maintained in contact with the test surface for a period of about 1 minute to 1.5 minutes.

[071] Example 2

[072]  FIG. 15 illustrates a calibration performed using a sampling system that comprises a
sampling head as shown and described above with respect to FIGS. 1 and 2, and a transfer
line as shown and described above with respect to FIG. 9. The sampling system was coupled
to a Block II chemical biological mass spectrometer (CBMS-II). The calibration shown in
FIG. 15 was performed by applying known amounts of sarin (GB) to a surface, volatilizing at
least a portion of the GB sample using the sampling system, and scanning the volatilized GB

portion using the CBMS-IL

[073] FIGS. 16 — 19 illustrate the results of scans performed on the CBMS-II using known
amounts of GB on various surfaces. FIG. 16 illustrates the results of a scan performed on a
sample captured by volatizing an amount of GB off of TexWipes®. FIG. 17 illustrates the
results of a scan performed on a sample captured by volatizing an amount of GB on an
escalator handrail surface. FIG. 18 illustrates the results of a scan performed on a sample
captured by volatizing an amount of GB on an escalator belt surface. FIG. 19 illustrates the
results of a scan performed on a sample captured by volatizing an amount of GB on a vinyl

tile surface.

[074] The samples were volatilized from the test surfaces by heating the sampling surface
(i.e., the heating element of the sampling head) to a temperature of about 130 degrees Celsius
and heating the stainless steel transfer tube to a temperature of about 140 degrees Celsius.
For each of the test surfaces, the sampling surface of the sampling head was maintained in

contact with the surface for a period of about 1 minute to 1.5 minutes.

[075] Example 3

[076]  FIG. 20 illustrates a calibration performed using a sampling system that comprises a
sampling head as shown and described above with respect to FIGS. 1 and 2, and a transfer

line as shown and described above with respect to FIG. 9. The sampling system was coupled
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to a Block II chemical biological mass spectrometer (CBMS-II). The calibration shown in
FIG. 20 was performed by applying known amounts of nerve agent (VX) to a surface,
volatilizing at least a portion of the VX sample using the sampling system, and scanning the
volatilized VX portion using the CBMS-II. FIG. 21 illustrates the results of a scan performed

on the CBMS-II using a known amount of VX on a stainless steel surface.

[077] The sample was volatilized from the test surface by heating the sampling surface
(i.e., the heating element of the sampling head) to a temperature of about 230 degrees Celsius
and heating the stainless steel transfer tube to a temperature of about 230 degrees Celsius.
For this surface, the sampling surface of the sampling head was maintained in contact with

the test surface for a period of about 40-45 seconds.

[078] Accordingly, the sampling systems and methods of using the same disclosed herein
provide various advantages over conventional systems and methods, including, for example,
the ability to perform rapid on-site analysis with a high sample throughputs, while at the same

time achieving low limits of detection and requiring little or no sample preparation.

[079] In view of the many possible embodiments to which the principles of the disclosed
invention may be applied, it should be recognized that the illustrated embodiments are only
preferred examples of the invention and should not be taken as limiting the scope of the
invention. Rather, the scope of the invention is defined by the following claims. I therefore

claim as my invention all that comes within the scope and spirit of these claims.
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I claim:

1. A sampling system for volatilizing a sample from a test surface to deliver the
volatilized sample to an analytical instrument, the system comprising:

a transfer tube having an inlet end for receiving a volatized sample into an
interior of the transfer tube and an outlet end for directing the volatized sample from the
interior of the transfer tube; and

a sampling head coupled to the inlet end of the transfer tube, the sampling
head having a volatilized sample receiving area defined by a distal end that is configured to
be brought into contact with the test surface and an opening in the sampling head that is in
fluid communication with the inlet end of the transfer tube,

wherein the distal end of the sampling head comprises a porous metallic

membrane.

2. The sampling system of claim 1, wherein each of the exposed surfaces in the

volatilized sample receiving area is formed with substantially vapor-impermeable materials.

3. The sampling system of claim 2, wherein the porous metallic membrane of the

sampling head is comprised of stainless steel.

4. The sampling system of claim 3, wherein the porous metallic membrane

comprises a non-woven structure.

5. The sampling system of claim 1, wherein the surface of the transfer tube

interior is coated with an inert material.

6. The sampling system of claim 5, wherein the transfer tube comprises a

stainless steel tube.

7. The sampling system of claim 6, further comprising a heating element
configured to resistively heat the stainless steel tube to a temperature between 120 and 250

degrees Celsius.

8. The sampling system of claim 1, wherein the sampling head further comprises

at least one heating element disposed adjacent the porous metallic membrane, the at least one
-19-
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heating element being configured to heat the porous metallic membrane to a temperature that

is between 140 and 250 degrees Celsius.

0. The sampling system of claim 1, wherein the sampling head and the transfer
tube can be heated independently of one another to temperatures between 140 and 250

degrees Celsius.

10 The sampling system of claim 1, further comprising an analytical instrument

coupled to the outlet end of the transfer tube.

11. The sampling system of claim 10, wherein the analytical instrument is a mass
spectrometer.
12. A sampling head for volatilizing a sample from a test surface, the sampling

head comprising:

a distal end comprising a porous metallic membrane configured to be brought
into contact with the test surface;

a membrane support member having a first side that faces the porous metallic
membrane, the first side having a recessed portion that is configured to direct the volatilized
sample towards an opening in the first side;

a connector extending from a second side of the membrane support member
and in fluid connection with the opening in the first side, the second side being opposite the
first side and the connector being configured to be coupled to an inlet end of a transfer tube;
and

a volatilized sample receiving area provided in the sampling head between the
distal end of the sampling head and the first side of the membrane support member,

wherein all exposed surfaces in the volatilized sample receiving area consist

essentially of vapor-impermeable materials.

13. The sampling head of claim 12, wherein the porous metallic membrane of the

sampling head comprises stainless steel.

14. The sampling head of claim 13, wherein the porous metallic membrane

comprises a non-woven structure.
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15. The sampling head of claim 12, further comprises at least one heating element
disposed adjacent the porous metallic membrane, the at least one heating element be
configured to heat the porous metallic membrane to a temperature that is between 140 and

250 degrees Celsius.

16. The sampling head of claim 15, wherein the at least one heating element
comprises a pair of cartridge heaters disposed on the second side of the membrane support

member.

17. A method of collecting a volatilized sample from a test surface, the method

comprising:

heating a distal end of a sampling head to a temperature of between 140 and
250 degrees Celsius, the distal end of the sampling head comprising a porous metallic
membrane;

positioning the porous metallic membrane of the sampling head in contact
with the test surface;

volatilizing a sample from the test surface and directing the volatilized sample
into a volatilized sample receiving area, the volatilized sample receiving area being a volume
of area in the sampling head between the distal end of the sampling head and an opening in
the sampling head; and

directing the volatilized sample out of the sampling head through the opening
in the sampling head,

wherein each of the exposed surfaces in the volatilized sample receiving area

consists essentially of vapor-impermeable materials.

18. The method of claim 17, wherein the porous metallic membrane comprises a
stainless steel membrane and the act of directing the volatilized sample into the volatilized
sample receiving area comprises directing the volatilized sample through the stainless steel

membrane.

19. The method of claim 17, further comprising:
directing the volatilized sample into an inlet end of a transfer tube, the opening

in the sampling head being in fluid communication with the inlet end of the transfer tube;
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directing the volatilized sample through the interior of the transfer tube to an
outlet end of the transfer tube; and
directing the volatilized sample out of the outlet end of the transfer tube to a

mass spectrometer.

20. The method of claim 18, wherein the act of directing the volatilized sample
through the interior of the transfer tube comprises directing the volatilized sample through a

stainless steel tube that is coated with an inert material.

-22 -



WO 2012/054534 PCT/US2011/056779

142




WO 2012/054534 PCT/US2011/056779

2/15



WO 2012/054534 PCT/US2011/056779

N R N .
s

146
106

102

104

3/15



PCT/US2011/056779

WO 2012/054534

\N\\.N‘.‘\ \N\\\

FIG. 10

4/15



PCT/US2011/056779

WO 2012/054534

Ll "OId
me.ﬁmmmnw JunouYy

004 08 Qg oy 4

3
3

o
e
o

SRIBPURIE (M Uiim
Jaduies soBLNG JO UORBIIRS

- QUOOOPL

- DOOLOBL

- QOOG0EL

€2

YOOG00C

FSUOASIN JUBUNSUY

5/15



WO 2012/054534 PCT/US2011/056779

S
Y

3
AR
Y
R

RO N
R
RRERD
R NN
"‘"‘\\\\“\“\“\\“\\ .
B R
FEHREE R
\“\M
RN

Z.
413

~

A

s

NN ANAREY
R

R, )
- ‘\ﬁ“ DO

o
5%

TR \
& N
NS
e \§
AR
Raeres § .
S s N
*'3‘ A §“ ::3
* N
e N
ey W S
N W\\:\\
Q W 1
L R
0N “.“\ >

R R

R
SRR
A RRRRR R
NN
SRR

Ty
SNCRRS R

AR

AR RN SRARARAR

Y,

50

O

s

Vst Walll
Y

FIG. 12

Rnee

Eaans R o~

o8 SR Y &

P i TS Y} &=

& W o ]
AR IR § & =

SRR § O™ .

Y mttii‘.« \ §§
' Wt &

o ORI
o N

RS
e um‘sﬁﬁ“:\ .
AR R

R

7

W/ﬁﬂ?

o

AN

RRRRRERAN
SRR
AN

i

nted O
100
W

154

ARRRRAMAARNARERANA IR
R
R Y

SRR

NN )
AR,

i

i’

I

e
50

- R R SRR N
SRR

P

N
N“\\\.\.\“M
oo RN L3
R0 X
RSN - Oy
SIS g
e R -

o
ARARRRRA M AN

SRR

Y on Pa

NN
.
R L T A A
RN AR AR RN
«\\\\\\\\\ﬂw\‘“‘\

@w‘m.
-~ R

IR,

MM
wmmwm N
R
Rarviss
K \\m
SN
*\\\Wt‘\‘\‘\\\\\\\\\\

il

i

7

I

DR
ol

AR
e

2 3
Lo Lo}
o 0
L3 )
b

B

| D
CIYRY 4 QURPLITHRY

ve
»

z

A0
3500
3000
- 25

z
z

o
35
Y

%

YO -~
SO

.

6/15



WO 2012/054534 PCT/US2011/056779

ESSEE
AANAARRANIENARRRARRE AR
SRR SRR

SNSRI A o
e vvrevsrees
IR
o R
S SRR AN
ARRRRAN

450

R

AN
SRR
AR

R oo
4Mmm“mw\\§wm

m\««\\\\\\\w

AR

AR
W‘\\\\\\\\\\\\“-
N

404

N
N
SR
PR
o \\\\\\\\\\\\Qﬁ §

e -
o R K -
‘*\\\\\\\1}‘\1\“& - t?‘}
< “m““;m $
S NS &

AR

Y
) Ly
AN m
A TRERE NN

A SRR =
SRR
SRR,
W‘W IR S
A RN

\\ RN \
AN DRNRE \ m

o N
S \\\\\\\\\\\\\ § {{\
N R NN \ 3

RN
T R eSS

R §

3

1 Tile

113

s

B S RN

2

3

Sean Mumber

b SRR ] ]
> T — X o
; SRR .
= o L
e ST § &5

Lot e &\m\\\“_ - §

“A%H# . =

oot k\'-'\\“ \

bt EEE N e 1

M W“W

Jookon vM\§W-§~
ot PO § Lo
o

&““"‘Qk\\

AnAAANAAAR LS
SR A §
SRNNNEELY
SRR ) N
R R R T \s
3
\W\w«
,mmm\ N
m\m\“\\wﬁmﬂ.‘.‘.‘.« ~
ss s s\\\\\\\\ N

15343

- ARSI \
MW\\\\\\\\\\\\\
3 R N
s R N
‘ttttttm’d"‘"““‘“‘“‘““‘“N\ .
S RS v

SRR

m:,.s.....
IR0

i B

o

& B
13 =

&
e

“

T
L2 169
¢ b

{ R SOURDUNGY

7115

40000
000 -

25000 -
%

FIG. 13



WO 2012/054534 PCT/US2011/056779

\\\\
SR

éﬁ&

\\\\\\“§\m y -
SNNNIRR

AR
A
R e
SRR

\\\\\\N“\“m“\

SN R

401

e TN

RN 3
x =

"-\m\\ S
S e

~~~~~~~~~\

£

R

A:::::g\““«
AR &\K\‘\

't:::‘\., o
—_
\\\\~~ >
W&m\w\
{{\R‘N\V&\k\)
S

o ;“\.Nm

«\\\T\\\\\\\\\\m Sl
I -

WSS
A SRR

R
S e
QR

AR RN
JERCHARRRIRY

oo 3
Wi
“m e

et SRRRRRRRRRRARN
R R R R R et

A

AN

77
can Mumber

Y

sealator Handrail
AR LAy

~ T
& IS YN
P O N
P e

R
a\\m

N

I N R TS

Sy ‘{{L\\

\\\\\\\\\\\\\\\\\\\\\

11 5

3¢

N \«\\
N N o RARRARRAR A
N N B oo
3 SN
R e
P SR “‘““Rtm’*’*“
S
R TR
m’\\w\\\

\\\\\\\\--s
IARRRRRRNN

R e

B NN
-:«%«W““\\\\
S \\:""'”‘"""""""""r
W&Q&g\{{{\“
N
RN
™
ool
e
3 TV Y FRRE I T PR 3 3

Q
L2

%

A3
S8

AO000
¥
¢

£
33

10

8/15

FIG. 14



PCT/US2011/056779

WO 2012/054534

Gl "Old

{ /By Junowy
Oov 0oL OOE 001

jeduwieg aoeUNg {FSWNED
sadipaxal uo g9

- Q0O00CL
- 0000y
- DO0G0YL

- BODGOC

0O000Y
0ooo08s
Gooo0os
O0aoo0L

asuodsay JuswInIsSy

Lo

9/15



WO 2012/054534

1pes
g/em}

{60 ny/

Gl

PCT/US2011/056779

» N .

o

NN

W. TN

e

T — §
N

300

-
TR ——
N RS

R
. A
w‘mmm“\\\\\\\\\\\\\\\\\\

250

B AN
AARARARRARARARARRARR:

RN

M\\\\\\\\\\\\“‘“
IR

%

ZZ

o
\\%\‘
n

N

/{
77
7

R

%é
%
111y
z
Z
1 £3
A

200

o

wwmm\\\\\\\\\\\\ws -

ereee R

R R0 §
X

A
R §

5%

‘e

150
Scan Number

AN
T Y
.......... e
RS
N
———
=
%
OO
BUSENS RN
SR

7

=

}WL

\ N

naaaaraaaat

35000

{'n e} souepungy

FIG. 16



WO 2012/054534

)

2

Y ng/em

0

izzz__zgi}.r ail {5

siator F

¥
%

o

i

{

B

Cx

- Rttt

PCT/US2011/056779

N. D

NSRS
R —— R
SRR N-
. e R
“““ NNNARY Ny
4 \h\ a8, N “‘:‘
: X NN
NS
B R A R
X )
. e N
Wz«(«\“&“&\‘ 3
e R~ &0
T R R N Q"
AR 0000 R
AR N SSARRARSAA N
T T N N
' 2N
A A R A A A A A e e e
) a\\\\ﬁ >
N
R <%
hawe.
- AR N
AR 2
\\\mw
e R~
R\\\\.\\\\(\.
wensesenmap N
AR R T
I e X W0
R R O N X
t:::::%?é&“\\\\\\ : Y W
................... 3 N
SRR N
"""" R >
R . o
RN Y P
NN AN =
*’i\\\\\\‘%}}}}}m«w ]
........ .- o
«\\\\\\\W N :5
s . -
DR *om
Ry
SRR o
AR Q &5
= X
e S e N W O
P R Oy

=
RN aanaas;
NN

»\\\mm\\\*“"
=
AN

N
IR,

N
.\\\\\\\\\\\\\\\ﬂ\\\\\\\\'\\ﬁ\\&;
NWWW-

\\\\\\\\\\‘ SRR

R
W

AN

ARRARARN

3
AN

a:
B S

> AL
RN
PR T
AN

Z
20

N~

BN

BRI

wl\“

% g
R _k ~ 8
X

WU
Voo
i R
ol
R ™~
R ®

’:tt\\\\\\\ .\
E T
. %
W
SRR
TR

N

)

wy

{?

IV R SounpuUngy

11/15

T
s

N

~
X
R}

s

L

FIG. 17



WO 2012/054534

¥
»

1.2 ug/om;

sryged ey

el

3

oy §

%;
£

sl

*
L

-
vl
&
A
P

s
{,

xR

53
a

b 197

Siard

5

117

b 2% He2

PCT/US2011/056779

Fgs 1]

P

B0

Gean Mumbsy

P
K

2043

o R
AAMAAAARAN AR RRRASS - N
\m&»&w -
2 ~
-
> AR AR AR R
W\WW
M&EEE:&-““““}.\“\“
«m\\m\wwmwm““w«m
AR s
«Wmmmmn\\ .
ol
R
TN
. et
e RS ¢
R ~
s\\\\\\\\\\\\\m\\\\\\\\&\\\w\“““v“
N SN
3 R
T \
NN
RN
N AN
«\\m\\\\ v
~ SN
Nannnnnns
N
§\.
\X
X
RS
W\‘ .
8
"“{‘“’a\
R
WW”“““‘“‘““‘“‘“N\ =
RS
%&&}\ SRR *
.\“\\\\
R R R ' N
R A
B
TR — -
RS
B
B A S r—————
B o et etereeaniatananas o~
. JSSSNY S n
W N
N
SRS
Yoy RN YOy Y oy oy Yy oy yoyiy

R AN

| o
Rl souRpungy

12/15

FIG. 18



WO 2012/054534 PCT/US2011/056779

3

Deotacuan N
EI i Sy
AN

AR
Mmm“““m
DN

< W
s\\\\\\\\\§ AR
AR
W N

W{g\:{\g\

%

.

7

7

550

ZZ

\\\\\\\\\\\\\\\\\\
RN

i

&0

\\\\\\ AOOODNNNNNNNNNN

AR ey
N NNAARSA:

:M\\\m. "

%

ol

4505

Sl
& sww L
- | AN S :
™~ TR @
= i - &
Mo ?‘ DRI AR Vg‘
RS R i AN
:‘Q ,mﬁ?@mm\ N 3
¥ SRR o~
= ««W ST ‘e::‘
= — ~ &8}
s SR ]

g,

AR LT Bur e B

FIG. 19

Searn Mumbey

N .
RN

——————————————— g
N

1 Tie (2 u
$98 24

“

—
R
o
«\\\@g\
vvvvvvv RN

iny
oy

B on Vi

4
¥

L

N
NN

i
14483

¢

........ IR

: RN

~~~~~~ 4

N
«mﬁ‘ o
R

sl

s

&

“,

Y 3
H N
Ty Yy oy IR

13/15



PCT/US2011/056779

WO 2012/054534

k

-

(1TAMO]E|

(su/Bu) Junowry

000F  00SE O
use booE
; _ R T ?.
: ” &mmmmﬁﬁ ;
; . Hrdt 0 mw.}
3 ” .w manw m
o
,wr\.,}
\.\.\..\.W\
..\.,\..\.4\.\...\..
.\.h\*.\.\
e \..\.\ .
o ..\.h\..\.\ |
S
\..\..\.\.“\..\
S o o
..\.“\..\.4\.\.,\..\ %
- \.\..\.,\..\.4\.\
- \.4\.\...\.,\ x
..\..\.\.\.h\,
.\.,\..\.\ e
.\.\.\...\..\..\.\.
* - \..\.\...\.,\ y
e .\.h\.
L4

suodnoy |say
N D98 558 __
O A jue _
jo sishjeuy saiduw .wmw MMMMM&

- 000006y

s DR

£
o
T3
o
&
&
vod

N
%
2
L
&
L
&3

T
&3
L3
&
o
feny
£y

 DOG00GS

- DOGGLES

uodsay wémm;m;

38

14/15



WO 2012/054534

35

L$

on 85 Coup

PCT/US2011/056779

N

o
AR

R
-,

R N
e

B

N

R
R

R

\M\\\W\“ R
o

R
RO

SRR

R
iy
el
R MM

REe:
KA

T wveees

ARSI
BRI

SRR
v}\:‘ P

R
R
R

s
AR

A

RN
N
RR

SRR
SRR

R
e
A
R
BAAREY
sunssa
SRR
e
o

RRERERREN
W§\\M\\\“\\\\\\\\\\\“““ W
R

; R wean N

NSRS
o
N
Rl

AR
e
NN

R ke ek AR
RN

FERRSS

o
AN

A
NNy
i

TN IR
R
R

I

RPN

s KRNI N

R e e Y
PSS

AR

N

A AN .

<\\
R
B
3
3
AN D
R
b
Eg
NN
s

R

B
» S

R S S T 0T M S R S S S0t T S-S A A S 00 T S S S Tl A e Ml e M
3 Loard Wy poscy WY fod >
% N ™N &N o o

IR SOURPUNGY

15/15

2543

Nt

174

1543

140

413

4

Gy Munidisr

oy
%3

FIG. 21



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/056779

A. CLASSIFICATION OF SUBJECT MATTER

ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

INV. GOINl/02 GOIN1/24 GOIN35/10 HO1J49/04

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIN HO1J

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 4 433 982 A (ODERNHEIMER BERNHARD [DE]
ET AL) 28 February 1984 (1984-02-28)

Y abstract
column 4, 1line 15 - column 6, Tine 9
figure 1

Y US 5 709 413 A (SALYERS MARSHALL L [US])
20 January 1998 (1998-01-20)
abstract
column 1, 1line 12 - line 28
figure 1c

Y US 2007/025881 Al (THOMPSON CYRIL V [US]
ET AL) 1 February 2007 (2007-02-01)
abstract

paragraphs [0026], [0051]

3,4,13,
14,17,18

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

invention

which is cited to establish the publication date of ancther
citation or other special reason (as specified)

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik
Tel. (+31-70) 340-2040,

"Q" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
19 December 2011 29/12/2011
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Bravin, Michel

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/056779

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

X,P

US 2009/223310 Al (SYAGE JACK A [US] ET
AL) 10 September 2009 (2009-09-10)

the whole document

US 2007/034024 A1 (SYAGE JACK A [US])
15 February 2007 (2007-02-15)

the whole document

US 20117154918 Al (SYAGE JACK A [US] ET
AL) 30 June 2011 (2011-06-30)

abstract

paragraph [0020] - paragraph [0024]
figures 1A-1B

1-20

1-20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2011/056779
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4433982 A 28-02-1984 DE 3009069 Al 17-09-1981
EP 0047286 Al 17-03-1982
JP 557500481 A 18-03-1982
us 4433982 A 28-02-1984
WO 8102632 Al 17-09-1981

US 5709413 A 20-01-1998 AT 173070 T 15-11-1998
AU 6495594 A 24-10-1994
CA 2159507 Al 13-10-1994
DE 69414378 D1 10-12-1998
DE 69414378 T2 15-07-1999
EP 0692080 Al 17-01-1996
JP HO8508561 A 10-09-1996
us 5423581 A 13-06-1995
US 5709413 A 20-01-1998
WO 9423234 Al 13-10-1994

US 2007025881 Al 01-02-2007  NONE

US 2009223310 Al 10-09-2009  CA 2688352 Al 05-11-2009
EP 2260285 Al 15-12-2010
US 2009223310 Al 10-09-2009
WO 2009134606 Al 05-11-2009

US 2007034024 Al 15-02-2007  CA 2620405 Al 11-02-2007
EP 1938078 A2 02-07-2008
US 2007034024 Al 15-02-2007
WO 2008045023 A2 17-04-2008

US 2011154918 Al 30-06-2011  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report

