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3,520,172 
AEROSOLSAMPLER 

Benjamin Y. H. Liu and Kenneth T. Whitby, Minneapolis, 
Minn., assignors to The Regents of the University of 
Minnesota, Minneapolis, Minn., a corporation of 
Minnesota 

Filed May 29, 1967, Ser. No. 641,896 
Int. C. G01n 31/00 

U.S. C. 73-28 17 Claims 

ABSTRACT OF THE DISCLOSURE 
A two stage electrostatic aerosol sampler having a 

charger and a separate precipitator for collecting micron 
and Sub-micron sized aerosol particles on any flat collect 
ing surface. The charger has a looped corona tungsten 
wire located in the aerosol passage leading to the pre 
cipitator. A DC biased alternating voltage is applied to the 
wire to provide pulses of positive ions to impart an elec 
trical charge to the aerosol particles without precipitating 
the aerosol particles. The precipitator is a non-conductive 
box having a removable cover forming a channel in which 
the charged aerosol particles flow under the influence of 
a suction pump. The collecting surface, as microscope 
slides, are located on the bottom of the channel over a 
plate on the bottom of the cover. A pulsed voltage is 
applied to the plate. The voltage is of a magnitude so 
that the precipitating velocity of the aerosol particles is 
in a direction perpendicular to the direction of air flow 
through the channel whereby all of the particles are col 
lected uniformly on the collecting surface. 

BACKGROUND OF INVENTION 

Aerosol samplers of conventional design, as the inertia 
impactor, electrostatic precipitator or thermoprecipitator 
have severe limitations when used to obtain samples of 
aerosols for sizing and counting in light or electron micro 
scopes where quantitative data is required. The limitations 
of these samplers stems from the fact that the aerosol 
sample collected is usually not distributed uniformly over 
the collecting surface and the presence of a considerable 
amount of size classification of particles over the collect 
ing surface. When size classification is present, the meas 
ured size distribution of the aerosol particles may not be 
representative of the aerosol particles in their original sus 
pended state. In conventional electrostatic precipitators 
where particles are simultaneously charged and precipi 
tated in a corona field, the collecting surface for particles 
must also conduct the large corona current. Under these 
conditions a non-conductive collecting surface would ac 
quire sufficient electrical charge to repel the ions as well 
as the charged aerosol particles. The result is that aerosol 
particle precipitation becomes impossible. 

SUMMARY OF INVENTION 

The invention relates to an apparatus and method for 
obtaining a uniform deposit of aerosol particles on any flat 
collecting surface that is particularly suitable for use with 
electron microscope grids, microscope slides, cover slips, 
glass slides and other surfaces with high electrical re 
sistivity. The sampler is a two stage electrostatic apparatus 
capable of sampling aerosol particles and depositing them 
uniformly over a relatively large area onto any type of 
flat collecting surface. The deposit is quantitative so that 
absolute particle concentration of the aerosol particles can 
be determined. The sampler comprises a combination 
charger and precipitator having connecting flow passages. 
A steady aerosol flow is maintained through the passages 
by a suction pump attached to the discharge outlet of 
the precipitator passage. The inlet end of the charging 
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passage receives the aerosol particles for delivery to a 
charging region. In the charging region, the aerosol parti 
cles are exposed to positive ions for imparting an electrical 
charge on the aerosol particles. The positive ions are pro 
duced by an ion generator located in the charging passage. 
The ion generator has a corona wire to which an AC 
charging voltage is applied to intermittently obtain a 
corona producing pulses of positive ions. The charged 
aerosol particles are distributed uniformly in the entire 
volume of the precipitating region of the channel where 
they are subjected to a pulse voltage applied for a short 
duration of time during which time all charged particles 
are deposited uniformly over the collecting surface. Dur 
ing the time when the electric field is zero, another volume 
of charged aerosol particles move into the precipitating 
region. A second pulse voltage deposits these particles. 
This cycle is repeated until the desired number of de 
posits have been collected on the collecting surfaces. 

IN THE DRAWINGS 
FIG. 1 is a longitudinal sectional view of the precipita 

tor of the aerosol sampler; 
FIG. 2 is a plan view taken along line 2-2 of FIG. 1 

with the top member removed and the charger shown in 
section; 

FIG. 3 is a sectional view taken along the line 3-3 of 
FIG. 1; 

FIG. 4 is an enlarged sectional view of the charger 
shown in FIG. 2; 

FIG. 5 is an end view taken along line 5-5 of FIG. 4; 
and 

FIG. 6 is a voltage diagram of the voltage applied to 
the charger. 

Referring to the drawings, there is shown in FIG. 2 
the two stage electrostatic aerosol sampler of this inven 
tion indicated generally at 10. The sampler has a charger 
11 and a precipitator 12 providing separate charging and 
precipitating regions permitting the use of collecting sur 
faces with high electric resistivity, as glass microscope 
slides. The aerosol indicated by arrows 13 flows into 
charger 11 where it is charged with positive ions. The 
charger 11 is of a type capable of charging aerosol par 
ticles without collecting or precipitating the charged par 
ticles. The charged aerosol particles flow into the pre 
cipitator along with air carrying the aerosol particles. A 
Suction pump 14 coupled to the outlet of the precipitator 
draws the aerosol particles at a steady rate through the 
charger and into the precipitator. 

Precipitator 12 has a box-shaped body 16 closed with a 
cover 17 forming an elongated flow channel 18. The vol 
ume of channel 18 is the precipitating region of the sam 
pler. A seal 19 around the periphery of the walls of the 
body cooperates with the cover to prevent the entrance 
of foreign material into channel 18. Thumb screws 34 
threaded on upright studs hold the cover on the body. 
The body 16 and cover 17 may be formed of material 
having high electrical resistivity, as a plastic. Channel 18 
extends between an entrance chamber 20 and an exit 
chamber 21. An upright perforated metal plate 22 sepa 
rates the entrance chamber from the entrance of channel 
18. In a similar manner, an upright metal perforated 
plate 23 separates the exit of channel 18 from exit cham 
'ber 21. The metal plates function to maintain a uniform 
flow and even distribution of the aerosol particles in chan 
nel 18. To minimize the accumulation of charged parti 
cles in entrance chamber 20, the chamber is lined with 
metal walls 24 maintained at zero potential. The upright 
plates 22 and 23 are also maintained at zero potential. 
A connector 26, as a flexible tube, couples charger 11 to 
body 12 so that the charged aerosol particles are deliv 
ered to entrance chamber 20. 
The bottom of channel 18 has a flat metal plate 27 
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connected to a ground 28. Plate 27 functions as an elec 
trode and a support for the sampling surface 33, as elec 
tron microscope grids, microscope slides and cover slips. 
Located above plate 27 and secured to the bottom of 
cover 17 is an electrically conductive plate 29 connected 
by a suitable line to a power source 31 capable of gen 
erating a pulse signal 32. Plate 29 covers the entire width 
of channel 18 and is spaced from upright plates 22 and 
23. The pulse signal or voltage has a square wave form 
illustrated at 32. As an example of the pullse signal 32, 
the electric field is zero for a 3 second period during 
which time the entire volume of the precipitating vol 
ume of channel 8 is filled with charged aerosol particles. 
A 4200 volt pulse is then applied for 1.5 seconds during 
which time all the charged aerosol particles are deposited 
uniformly over the lower collecting surface 33. Under 
these conditions, the aerosol flow rate in channel 18 is 
sufficiently high to permit the precipitating region to be 
completely filled with charged aerosol particles during the 
3 second filling period. The total aerosol sample is de 
pendent on the number of cycles of operation and the 
volume of chamber 18 over the area of the collecting 
surface 33. The sample volume is independent of the aero 
sol flow rate since it depends only on the area of the 
collecting surface, the height of channel 18 above the 
collecting surface and the number of sampling cycles. 

Referring to FIGS. 4 and 5, there is shown charger 
11 for charging the areosol particles without collecting 
or precipitating the particles. Sampler 11 has a body 36 
comprised of tubular members 36A and 36B secured to 
gether at a right angular relationship forming an inlet 
passage 37 and a charging passage 38. Members 36A 
and 36B are one-half inch copper fittings. One end of 
charging passage 38 is closed with a collar 39 slidably 
Supporting a cylindrical support 41 for an electrode rod 
42. Support 41 has an outer metal tube 43 slidably sup 
ported in collar 39 and a non-conductive cylindrical 
member 44 within metal tube 43. The electrode rod 42 
extends longitudinally through member 44. The forward 
end of rod 42 projects from member 44 and carries a 
looped corona wire 46. The wire 46 is a fine wire hav 
ing a loop shape capable of taking large currents. Wire 
46 is 0.0025 cm. diameter tungsten wire. The opposite 
end of rod 42 is coupled to a power source 47 generating 
a charging voltage 48. An example of the charging voltage 
is an AC voltage in the form of a 60 c.p.s. sine wave with a 
peak amplitude of 800 v. FIG. 6 shows the wave form for 
the charging voltage 48 having a shifted base line. The AC 
voltage is subjected to a DC bias 49 sufficient to move 
the peaks 51 of the voltage wave above the voltage neces 
sary to accomplish corona in the area of wire 46. This 
causes pulsed or intermittent corona. 

In use, with the charging voltage 48 applied to the 
charger 11, the aerosol particles 13 move into the charger 
through the inlet passage 37 and forms a moving annu 
lar sleeve of aerosol particles about cylindrical support 
41. As the sleeve of aerosol particles move past corona 
wire 46, the particles are subjected to positive ions. 
The result is that a charge is imposed to the aerosol parti 
cles. An AC charging voltage is used in order to charge 
the aerosol particles during a limited portion of the cycle 
with a pulse or burst of ions. This mode of charging 
minimizes the loss of aerosol particles which would other 
wise occur in the charging process. The charged particles 
flow into the entrance chamber 20 through the perfora 
tions in upright plate 22 which uniformly distributes the 
charged aerosol particles in the precipitating region of 
the sampler. With the application of the pulse voltage to 
plate 29, all charged particles are deposited uniformly 
over the lower collecting surface 33. The precipitating 
voltage is of such a magnitude that the precipitating ve 
locity of the aerosol particles is in a direction perpen 
dicular to the direction of air flow through channel 18 
so that all the charged aerosol particles are collected 
over the bottom area of the channel. During the time 
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4. 
when the electric field is zero, the entire volume of chan 
nel 18 is filled with another volume of charged aerosol 
particles. The next voltage pulse precipitates these charged 
aerosol particles on the collecting surface 33. The total 
aerosol particle sample is taken after a desired number 
of cycles have been completed. 

In terms of the method of sampling aerosol particles, 
the invention comprises the steps of providing a steady 
flow of aerosol particles in a passage having a charging 
region Separated from a precipitating region. During the 
flow of the aerosol particles they are first exposed to posi 
tive ions in a charging region. The aerosol particles are 
subjected to pulses or bursts of positive ions to provide 
the aerosol particles with a charge without collecting or 
precipitating the particles. The charged particles then 
move into a precipitating region above a particle col 
lecting surface 33. The charged particles are then pre 
cipitated onto the collecting surface by subjecting the 
aerosol particles to a pulsed voltage of a square wave 
form. This procedure is repeated until the total aerosol 
particle sample is taken. 
This invention is based at least in part upon work done 

under a contract or grant from the United States Gov 
ernment. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as fol 
lows: 

1. A two stage aerosol sampler comprising in com 
bination an aerosol particle charger having a charging 
passage for exposing aerosol particles to ions to impart 
an electrical charge to the particles, a precipitator cou 
pled to the charger for receiving charged aerosol particles, 
Said precipitator having a channel forming a separate 
precipitating chamber for charged aerosol particles and 
a Support adapted to hold at least one member having 
a particles collecting surface, an inlet chamber at one 
end of the precipitating chamber and an outlet at the 
other end of the precipitating chamber, said charger con 
nected to the precipitator with the charging passage con 
nected to the inlet chamber whereby the charging pas 
Sage is separate and spaced from the precipitating cham 
ber, an electrode means spaced from and located over 
said support, and means for applying a pulse precipitat 
ing voltage to the electrode means to deposit said charged 
aerosol particles in the precipitating chamber on the col 
lecting surface. 

2. The sampler of claim 1 wherein said charger has 
a corona wire located in the charging passage and means 
for applying a voltage to said wire of a magnitude to 
CallSC COOa. 

3. The sampler of claim 2 wherein said voltage is an 
AC voltage of a magnitude to cause intermittent corona. 

4. The sampler of claim 3 wherein said voltage has an 
additional DC bias. 

5. The sampler of claim 1 including means for uni 
formly distributing the charged aerosol particles in the 
precipitating chamber. 

6. The aerosol sampler of claim 1 wherein said elec 
trode means for applying the pulse precipitating voltage 
to the charged aerosol particles comprises a plate along 
the top of the precipitating chamber of said channel and 
circuit means for applying the pulse precipitating voltage 
to said plate whereby the charged aerosol particles are 
uniformly deposited on the collecting surface. 

7. The aerosol sampler of claim 6 wherein said pre 
cipitating voltage is a pulsed voltage to uniformly de 
posit the charged aerosol particles on the collecting sur 
face. 

8. The aerosol sampler of claim 6 wherein said pulsed 
voltage has a square wave form. 

9. The aerosol sampler of claim 6 wherein said pre 
cipitating voltage is a DC voltage. 

10. A method of sampling aerosol particles compris 
ing the steps of: providing a steady flow of aerosol par 

75 ticles through a first passage, exposing the flowing aerosol 
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particles to ions in the first passage to place an electrical 
charge on the aerosol particles moving the charged par 
ticles from the first passage through an inlet chamber 
into a separate precipitating chamber spaced from the 
first passage, maintaining the walls of the inlet chamber 
at zero electrical potential, precipitating the charged aero 
sol particles in the precipitating chamber onto a collect 
ing surface on one wall of the chamber by subjecting the 
charged aerosol particles in the precipitating chamber of 
the passage to a pulse precipitating voltage. 

11. The method of claim 10 including: intermittently 
producing ions in the first passage with an AC charging 
voltage. 

12. The method of claim 10 wherein the charged aero 
sol particles in the precipitating chamber are subjected 
to a pulse DC precipitating voltage. 

13. The method of claim 10 wherein the aerosol par 
ticles in the precipitating chamber are subjected to a sin 
gle voltage pulse to uniformly deposit the charged aero 
sol particles on the collecting Surface. 

14. An ionizer comprising a body having a passage 
with an inlet opening and outlet opening directing flow 
ing fluid, an elongated cylindrical member having an elec 
trical conductor located in said passage, means located 
outside of said passage mounting said cylindrical mem 
ber on said body along the longitudinal axis of Said 
passage, said conductor having corona wire loop means 
at said end located entirely in said passage between the 
inlet opening and outlet opening, and circuit means for 
applying an AC voltage of a magnitude to cause inter 
mittent corona at said wire loop means thereby subject 
ing said flowing fluid to pulses of ions. 

15. The ionizer of claim 14 wherein said poltage has 
an additional DC bias. 

16. The aerosol sampler of claim 6 including a re 
movable cover, said plate secured to said cover whereby 
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the member having the particle collecting Surface can 
be removed from the sampler. 

17. An aerosol sampler comprising in combination: an 
aerosol particle charger having a body, a passage in said 
body, an inlet opening and an outlet opening in com 
munication with said passage, for directing aerosol par 
ticles through said passage, and an elongated electrical 
conductor located in said passage between the inlet open 
ing and the outlet opening, means mounting said conduct 
or on said body, said conductor having a corona wire 
means located in said passage between the inlet opening 
and the outlet opening, means for applying a DC biased 
AC voltage of a magnitude to cause intermittent corona 
to said corona wire means to expose the aerosol particles 
flowing through the passage to ions to impart an electrical 
charge to the aerosol particles, a precipitator comprising 
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a body having side walls, bottom wall and cover around 
a channel forming a separate precipitating region, means 
for removably securing the cover to the body thereby en 
closing the precipitating region, said channel having an 
entrance chamber and an exit chamber on opposite ends 
of the precipitating region, an inlet opening into the 
entrance chamber, an exit opening into the exit chamber, 
means for separating the entrance chamber and the exit 
chamber from the precipitating region for uniformly 
distributing the charged aerosol particles in the precipitat 
ing region, electrically conductive walls in said entrance 
chamber, said exit opening of the charger being connected 
with the inlet passage of the precipitator, means in fluid 
communication with the exit opening of the precipitator 
to move the aerosol particles through the charger and the 
precipitator, an electrode plate means on the cover along 
the top of the precipitating region, and circuit means for 
applying a pulsed DC square wave precipitating voltage to 
said plate whereby the charged aerosol particles are de 
posited on a collecting surface supported on the bottom 
wall. 
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Inventor(s). Benjamin Y. H. Liu and Kenneth T. Whitby 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

- 
Column 3, Line lo, 'pullse' should be - - pulse - - ; 

Column 5, Line 28, 'are os ol' should be -- aerosol - - ; 

Column 4, Line 36, 'particles' should be - - particle -- ; 

Column 5, Line 33, 'poltage' should be - - voltage - - ; 

Column 6, under References Cited United States Patents, 
'2,949, 168' should be - -2, 949, 167 --. 
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Attesting Officer commissioner of Patents 


