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(57) Abstract: Techniques and devices are disclosed for detecting particle composition. In one aspect, a method performed by a
detector to detect particles includes receiving particles at an aerosol inlet of the detector. The method includes carrying the re-
ceived particles within a stream of gas and charging the particles within the stream of gas using a charger to have a charge. The
method includes transporting the charged particles to a location of a collection electrode. The method includes biasing the collec-
tion electrode to a voltage using a high- voltage supply to attract either negatively or positively charged particles, and analyzing
the particles.
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SPARK EMISSION PARTICLE DETECTOR

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This patent document claims the priority of U.S. Provisional Application No.
61/391,478, filed October 8, 2010, entitled "SPARK EMISSION PARTICLE DETECTOR."
The entire content of the before-mentioned patent application is incorporated by reference as

part of the disclosure of this application.
BACKGROUND

[0002] This patent document relates to devices and techniques for particle composition
analysis.

[0003] Various methods for particle analysis involve impaction and collection of airborne
particles on a filter, and subsequent analysis. The analysis can be achieved in various ways,
including chemical digestion and subsequent analysis by atomic absorption spectroscopy,
inductively-coupled plasma optical emission spectroscopy, inductively-coupled plasma mass
spectrometery, measurements with a scanning electron microscope, or measurements with a
transmission electron microscope.

[0004] Real-time particle composition analysis can be achieved by using an aerosol mass
spectrometer which analyzes bulk particles, and an aerosol time-of-flight mass spectrometer
which analyzes single particles. In either case, particles are drawn through an orifice or
aerosol lens into a particle beam, in which they are partially or completely vaporized using
any one of several methods. Ions from the vaporization process are detected to infer the
composition of particles from the ion fingerprint. Laser-induced breakdown spectroscopy
can also be used to measure aerosols, either singly or in bulk. In these instruments, analysis
can be real-time or nearly real-time. Many implementations of such instruments tend to be
expensive and physically large, and complex.

[0005] Researchers at the National Institutes of Occupational Safety and Health attracted
particles to a charged pin, and performed laser-induced breakdown spectroscopy to create a
plasma to vaporize the attracted particles, exciting atomic emission that provides information
about the composition of the particles. This approach can provide simplicity of concentrating
the particles and good analysis results. The approach does rely upon a laser, which may

present optical hazards, requires maintenance by skilled technicians, and other complications,
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and also may lack electrical and efficient acrodynamic focusing.
SUMMARY

[0006] Techniques, structures, apparatus and materials are disclosed for implementing
particle detection.

[0007] In one aspect, a device for detecting particles includes a gas flow chamber to
receive aerosol particles and carry the received aerosol particles a stream of gas or gas
mixture; an aerosol charger to place an electrostatic charge on the aerosol particles carried in
the stream of gas or gas mixture; a collection electrode downstream from the aerosol charger
to attract the charged particles in response to a received initial voltage and polarity; a power
supply to charge to the collection electrode to the initial voltage and polarity to cause the
collection electrode to attract the charged particles; a grounding electrode to provide an
electrical flow to produce a spark discharge on the collection electrode; and an optical
detector that receives light emitted by the spark discharge and detect a property of the
particles from the received light.

[0008] In another aspect, a method for detecting particles can include receiving particles
at an aerosol inlet of a detector; carrying the received particles within a stream of gas;
charging the particles within the stream of gas using a charger to have a charge; transporting
the charged particles to the location of a collection electrode; biasing the collection electrode
to a voltage using a high-voltage apply to attract either negatively or positively charged
particles; and analyzing the charged particles to determine a property of the particles.

[0009] In yet another aspect, a device for detecting particles can include an aerosol inlet
to receive airborne aerosol particles; a gas flow chamber to carry the received aerosol
particles in a stream of gas or gas mixture; an aerosol charger to place an electrostatic charge
on the aerosol particles carried in the stream of gas or gas mixture; a transport component to
convey the aerosol particles to the vicinity of a downstream collection electrode; the
collection electrode to attract the charged particles in response to a received initial voltage
and polarity; a power supply to charge to the collection electrode to the initial voltage and
polarity to cause the collection electrode to attract the charged particles; a grounding
electrode to provide an electrical flow for a spark discharge of the collection electrode; and
an optical detector that receives light emitted by the spark discharge and detect a property of
the particles from the received light.

[0010] The subject matter described potentially can provide one or more of the following
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advantages. The described techniques and apparatus for spark emission particle detection can
be used to measure aerosol composition and improve upon all of the current methods,
concentrating the aerosol particles and using simpler instrumentation than previous methods.
This new combination of components can yield significant advantages for aerosol
measurement. Also, the real time analysis possible with the described particle emission

particle detector can reduce the analysis time and cost related to analytical equipment.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows a schematic of an exemplary spark emission particle detector.
[0012] FIGS. 2A and 2B show a process flow diagram of a process describing an
exemplary process of detecting particles.

[0013] Like reference symbols and designations in the various drawings indicate like

elements.
DETAILED DESCRIPTION

[0014] Techniques and devices are described for implementing a spark emission particle
detector. In one aspect, airborne aerosol particles can be concentrated in space, and their
chemical composition can be analyzed once sufficient particles have been collected. Among
other features, the described techniques and devices can be implemented in ways that provide
particle detection in a compact size with simplicity of collection, a robust plasma generator
with no optical hazards, and easily variable collection time to optimize signal.

[0015] FIG. 1 shows a schematic of an exemplary spark emission particle detector 100.
The detector includes a conduit or chamber 110 with an aerosol inlet 112 that allows airborne
aerosol samples to enter the instrument 100. This aerosol inlet 112 may be a simple opening,
a critical orifice, the exit of a reduced-pressure aerosol lens, or other opening.

[0016] The instrument 100 is operated to provide a gas flow in the conduit 110 to carry a
stream of the aerosol samples from the inlet 112 to the other end of the conduit 110. For
example, a pump may be coupled at the output end of the conduit 110 to create the gas flow
from the inlet 112 to the output end. The pump may be located downstream of the detector
180 functions to pull sample gas through the instrument. In other configurations, a Venturi
arrangement, a gas push, or other means could be used to direct gas through the instrument.
The gas flow may include a gas or a gas mixture of two or more gases. The gas composition

or mixture for the gas flow may be specifically chosen to enhance the detection plasma, for
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example, enriched in argon or helium.

[0017] The gas flow leads the stream of aerosol sample to an aerosol charger 120 that
places an electrostatic charge on the aerosol particles in the stream of aerosol sample. The
aerosol charger 120 can include a unipolar charger or a bipolar charger. An example of a
unipolar charger can include a charger using radioisotopes to charge particles, and an
example of a bipolar charger can include a corona charger. Various implementations of
unipolar or bipolar chargers may be used.

[0018] The aerosol particles having the electrostatic charge placed by the aerosol charger
120 are led to a mechanical and electrostatic focusing component 130 that more fully aligns
the aerosol particles with a downstream collection electrode 140 which includes a grounding
electrode and a collection electrode VI. This may be accomplished by using one or more of
the following: a simple narrowing of the duct, sheath flow from the walls of the duct,
charging the walls of the duct in opposite charge to the collection electrode VI to repel
particles to be collected, or other mechanical and electrostatic means.

[0019] A high voltage power supply 150 is provided charge the collection electrode to a
sufficient initial voltage and polarity so as to attract and collect charged particles from the gas
flow. A grounding electrode VII, spaced at a specific distance from the collection electrode,
forms the other portion of a circuit with the high voltage power supply 150. Ata
predetermined or user-specified interval or time, the high voltage power supply 150 forms a
high voltage pulse that causes a dielectric breakdown or spark between the collection
electrode and the grounding electrode. The high voltage pulse may be of the same polarity as
the initial voltage, or the polarity of the high voltage pulse may be reversed to quickly repel
particles from the collection electrode that had been collected before creating a spark. The
spark becomes an analytical plasma from which light can be collected and particle
composition analyzed.

[0020] As shown, a collection optical unit 160, e.g., a lens or lens assembly, can be
placed near the collection electrode to collect light produced by the emission spark. A
collection fiber 170 can be used to direct the light collected by the collection optical unit 160
to the detection module 180, which can be, e.g., a spectrometer or an optical detector.

[0021] In operation, the collection electrode attracts charged particles in the gas flow for
a user-defined period and thus concentrates the particles. A high voltage pulse generated by
the high voltage power supply 150 later forms an analytical plasma between the collection
electrode and the grounding electrode VII. The collection electrode can be of any one of

various configurations, for example, a pin. A cleaning mechanism, including but not limited
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to reversing polarity, mechanical agitation, mechanical abrasion, or fluid pulsing, may be
incorporated into the collection electrode.

[0022] As described above, the grounding electrode forms the other portion of a circuit
during a spark discharge with the collection electrode VI and the high voltage power supply
V. The grounding electrode can be of any configuration; one example is a pin.

[0023] Emission from the spark discharge is collected via collection optics 160 and/or
fiber optics 170 for transmission to the spectrometer / detector 180. The collection optics 160
may be any optical elements including lenses, mirrors, and/or dispersive optical elements.
The fiber optic 170 may be of any type able to transmit the emitted light to the spectrometer /
detector 180. The fiber optic 170 may be omitted and the collected light can directly impinge
on the spectrometer / detector 180. Alternatively, the collection optics 160 may be omitted
and a bare fiber may be used to collect light. In other implementations, the spectrometer /
detector 180 may be used to directly collect and detect the plasma spark without the
collection optics or fiber as shown in FIG. 1.

[0024] The spectrometer / detector 180 functions to measure all or some portion of the
wavelengths of light emitted by the plasma, to identify the composition of the particles
entrained in the plasma. The detector 180 may be simple, such as one or more photodiodes
or photomultiplier tubes with band pass filters to allow only particular wavelengths of light
onto the detector, or the detector may be a dispersive spectrometer, such as of for example a
Czerny-Turner, Paschen-Runge, or echelle design, with an array or camera detector.

[0025] As described above, particles entering the device 100 are charged and directed to
collect on a collection electrode that is biased to attract particles of either a positive or
negative charge. A high-voltage pulse forms plasma between the collection and grounding
electrodes that involves the particles on the electrodes. Light emitted from the plasma
contains information on the composition of the particles. The emitted light is collected for
atomic or molecular spectroscopic analysis.

[0026] FIGS. 2A and 2B show a process flow diagram of a process 200 describing an
exemplary process of detecting particles. A detector (e.g., detector 100) can receive particles
at an Aerosol Inlet (I) (202). The received particles are borne by a stream of gas (I) which
may be air or may be of any composition, which may be chosen to enhance the ensuing
plasma detection (204). The particles are charged in a unipolar or bipolar charger (III) which
gives them positive, negative or positive and negative charges (206). The charged particles
are transported to a location of a collection electrode (VI) (208). Transporting the charged

particles can be performed using a focusing mechanism to focus the particles mechanically
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and/or electrostatically to the location of the collection electrode (VI). The collection
electrode (VI) is biased to a moderate voltage using a high voltage power supply (V) to
attract either negatively- or positively-charged particles (210). When analysis is desired, the
high voltage power supply (V) can suddenly cause a high voltage difference to exist between
the collection electrode (VI) and the grounding electrode (VII), which are separated by a
small gap through which gas and particles can flow (212). This can cause dielectric
breakdown in the gap, forming plasma that can be used to analyze the particles which were
collected on the collection electrode (VI). Emitted light is collected via collection optics
and/or fiber optics (VIII) into a spectrometer or detector (IX), which can measure the desired
atomic and/or molecular emission (214). Spectroscopic algorithms and calibrations can be
used to determine desired atomic and molecular composition information from the particles
from the emitted light (216). The gas flow may be pulled through the instrument via a pump
(X), or may be pulled through by another means such as a Venturi device, or may be pushed
through the instrument by an upstream device (218).

[0027] While this document contains many specifics, these should not be construed as
limitations on the scope of any invention or of what may be claimed, but rather as
descriptions of features that may be specific to particular embodiments of particular
inventions. Certain features that are described in this document in the context of separate
embodiments can also be implemented in combination in a single embodiment. Conversely,
various features that are described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any suitable subcombination.
Moreover, although features may be described above as acting in certain combinations and
even initially claimed as such, one or more features from a claimed combination can in some
cases be excised from the combination, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

[0028] Only a few implementations and examples are described and other
implementations, enhancements and variations can be made based on what is described and

1llustrated.
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CLAIMS

What is claimed is

1. A method for detecting particles, comprising:

receiving particles at an aerosol inlet of a detector;

carrying the received particles within a stream of gas;

charging the particles within the stream of gas using a charger to have a
charge;

transporting the charged particles to the location of a collection electrode;

biasing the collection electrode to a voltage using a high-voltage apply to
attract either negatively or positively charged particles; and

analyzing the charged particles to determine a property of the particles.

2. The method of claim 1, wherein charging the particles comprises:

charging the particles using a charger that comprises a unipolar charger.

3. The method of claim 1, wherein charging the particles comprises:

charging the particles using a charger that comprises a bipolar charger.

4. The method of claim 1, wherein charging the particles comprises:

charging the particles to apply a positive charge.

5. The method of claim 1, wherein charging the particles comprises:

charging the particles to apply a negative charge.

6. The method of claim 1, wherein charging the particles comprises:

charging the particles to apply a positive charge and a negative charge.

7. The method of claim 1, wherein analyzing the particles comprises:
using the high-voltage power supply to cause a high-voltage difference to exist
between the collection electrode and grounding electrodes, creating a dielectric breakdown in

the gas.

8. The method of claim 7, wherein analyzing the particles comprises:
collecting emitted light using collection optics or fiber optics into a spectrometer or

detector.
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9. The method of claim 7, comprising:
using spectroscopic algorithms and calibrations to determine desired atomic and

molecular composition from the emitted light.

10. The method of claim 7, comprising:
pulling the gas flow through measurement using a pump or pushing the gas flow by

an upstream device.

11. The method of claim 1, wherein analyzing the particles comprises analyzing the

particles in real time.

12. The method of claim 1, wherein transporting the particles comprises focusing the
charged particles mechanically or electrostatically in a focusing device to direct the

particles to a location of a collection electrode;

13. A device for detecting particles, comprising:

an aerosol inlet to receive airborne aerosol particles;

a gas flow chamber to carry the received aerosol particles in a stream of gas or gas
mixture;

an aerosol charger to place an electrostatic charge on the aerosol particles carried in
the stream of gas or gas mixture;

a transport component to convey the aerosol particles to the vicinity of a downstream
collection electrode;

the collection electrode to attract the charged particles in response to a received initial
voltage and polarity;

a power supply to charge to the collection electrode to the initial voltage and polarity
to cause the collection electrode to attract the charged particles;

a grounding electrode to provide an electrical flow for a spark discharge of the
collection electrode; and

an optical detector that receives light emitted by the spark discharge and detect a

property of the particles from the received light.

14. The device of claim 13, further comprising:
collection optics to collect an emission from the spark discharge of the collection

electrode.
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15. The device of claim 13, wherein the transport component comprises a focusing

component to align the aerosol particles with a downstream collection electrode.

16. A device for detecting particles, comprising:

a gas flow chamber to receive aerosol particles and carry the received aerosol
particles a stream of gas or gas mixture;

an aerosol charger to place an electrostatic charge on the aerosol particles carried in
the stream of gas or gas mixture;

a collection electrode downstream from the aerosol charger to attract the charged
particles in response to a received initial voltage and polarity;

a power supply to charge to the collection electrode to the initial voltage and polarity
to cause the collection electrode to attract the charged particles;

a grounding electrode to provide an electrical flow to produce a spark discharge on
the collection electrode; and

an optical detector that receives light emitted by the spark discharge and detect a

property of the particles from the received light.

17. The device as in claim 16, comprising:

a pump coupled to the gas flow chamber to cause the stream of the gas or gas mixture.
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Receiving particles at an Aerosol Inlet ()
(202)

Y

The received particles are borne by a stream of gas (Il) which may be air or
may be of any composition, which may be chosen to enhance the ensuing
plasma detection
(204)

Y

The particles are charged in a unipolar or bipolar charger (lll) which gives them
positive, negative or positive and negative charges
(206)

!

The charged particles are transported to a location of a collection electrode (V1)
(208)

'

The collection electrode (V1) is biased to a moderate voltage using a high
voltage power supply (V) to attract either negatively- or positively-charged
particles
(210)

v

When analysis is desired, the high voltage power supply (V) can suddenly
cause a high voltage difference to exist between the collection electrode (V1)
and the grounding electrode (VII), which are separated by a small gap through
which gas and particles can flow
(212)

!

To 214

FIG. 2A
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From 212

'

Emitted light is collected via collection optics and/or fiber optics (VIII) into a
spectrometer or detector (1X), which can measure the desired atomic and/or
molecular emission
(214)

'

Spectroscopic algorithms and calibrations can be used to determine desired
atomic and molecular composition information from the particles from the
emitted light
(216)

'

The gas flow may be pulled through the instrument via a pump (X), or may be
pulled through by another means such as a Venturi device, or may be pushed
through the instrument by an upstream device
(218)

FIG. 2B
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