This article was downloaded by:

On: 18 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

-"'""""‘-'-' "’-'{ " International Journal of Environmental Analytical Chemistry
3

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455
International Journal of

ENVIRONMENTAL Development of a Preseparator for Denuder Sampling

R. Niessner?®; D. Klockow?; A. Plomp®; J. Slanina®
ﬂ‘mrl meac | °University of Dortmund, Dortmund 50, FRG ® Netherlands Energy Research Foundation (ECN), The

Procossngs of the 8" Workshep 2n Netherlands
and s in

Ermvircmmental snd Gleicsl Analysin

EMEA, Boma, fealy, 813 Octadar 2004
Gasat Bditar Rabesis Pillaten
Parl 2: Ersernrsenial e Foed Applic sliee

@ Tanhor & Francis

To cite this Article Niessner, R. , Klockow, D. , Plomp, A. and Slanina, J.(1988) 'Development of a Preseparator for Denuder
Sampling', International Journal of Environmental Analytical Chemistry, 32: 3, 243 — 254

To link to this Article: DOI: 10.1080/03067318808079115
URL: http://dx.doi.org/10.1080/03067318808079115

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iliable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067318808079115
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 15 18 January 2011

Downl oaded At:

Intern. J. Environ. Anal. Chem., Vol. 32, pp. 243-254
Reprints available directly from the publisher
Photocopying permitted by licence only

© 1988 Gordon and Breach, Science Publishers, Inc.
Printed in Great Britain

Development of a Preseparator
for Denuder Sampling

R. NIESSNER and D. KLOCKOW
University of Dortmund, P.O. Box 5005 00, D-4600 Dortmund 50, FRG

and

A. PLOMP and J. SLANINA

Netherlands Energy Research Foundation (ECN), NL-17556 ZG Petten,
The Netherlands

Dedicated to Prof. W. Haerdi on the occasion of his 60th
birthday.

(Received 13 August 1987; in final form 20 August 1987)

A simple aerosol preseparator was developed and its size classifying characteristics
evaluated. The preseparator operates as a combination of a virtual and a real
impactor. Two final versions are presented, both possessing an effective cut-off
diameter (ECD) of about 2.3 um. They are designed for combination with denuder
sampling.

INTRODUCTION

For almost 30 years so called denuder tubes have been used
successfully for diffusional separation of gaseous and particulate
matter in air sampling and analysis (Pack et al., 1959; Weinstein and
Mandl, 1971; Bailey et al., 1976; Gregory and Moyer, 1977; Ferm,
1979; Niessner and Klockow, 1980; Slanina et al., 1981; Niessner and
Klockow, 1982). Compared to sampling with filters, denuder tubes
have the advantage of minimizing interactions between reactive
compounds during the enrichment step. This technique is now
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frequently used to collect ammonia and acidic airborne material,
whereas filter sampling of these species is strongly subjected to
artifact formation (Klockow et al., 1979).

It is a well known fact that ammonium salts and particulate acidic
constituents of the atmospheric aerosol predominantly occur in the
so called accomulation mode (Junge and Scheich, 1969; Brosset et
al, 1975; Marlow and Tanner, 1976; Tanner et al., 1979), with
particle diameters below 2.5 um (respirable fraction). It can be shown
(Ferm, 1979; Niessner, 1981) that particles of this size range are not
deposited in properly designed and operated denuder tubes whereas
gases are almost completely retained if suitable wall coatings are
used. Larger particles, however, may be lost by gravitational settling
and consequently contribute to the results obtained in the analysis of
denuder tube wall coatings. To avoid such an interference the tubes
should be employed in a vertical position only. An additional
remedy is the use of a size classifying preseparator which allows only
particles below about 2.5um aerodynamic diameter to enter a
denuder tube (Lippmann, 1976). By this means also turbulent losses of
larger particles at the entrance of a tube are minimized.

Accordingly the preseparator to be developed should exhibit the
following characteristics:

1. An effective cut diameter (ECD) between 2-3 um with a sharp
particle fractionation.

2. No real impaction plate because of the possibility of topochemical
reactions between the impacted particles.

3. A design such that the connection from the aerosol inlet to the
entry of a denuder tube is as short as possible, thus minimizing
diffusion losses of gaseous acids in the preseparator.

These requirements are only fulfillable by the “opposing jet”-method
(Willeke and Pavlik, 1980) and the “virtual” impactor principle (Loo
et al, 1976; Dzubay et al., 1977, McFarland et al., 1978). Particle-size
classification by the opposing jet method needs a rather complicated
design and the combination with a denuder tube is difficult to be
accomplished. At the other hand, the combination of a virtual
impactor with the inlet of a denuder tube is easy to be achieved. A
detailed theoretical description of the behaviour of a virtual im-
pactor is given by Marple and Chien {1980).
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It was the purpose of this work to develop a simple single stage
virtual preseparator for use in combination with denuder tubes and
to evaluate its collection and separation characteristics as a function
of operational and design parameters.

EXPERIMENTAL SECTION AND RESULTS

From a first version (NieBner, 1981) and a further development
(Plomp, 1981) two final versions (Preseparator I and Preseparator II)
were designed.

Preseparator |

The constructional details of Preseparator I (stainless steel) are given
in Figure 1. Coming from the aerosol inlet with accelerated air
stream Q, is divided into two flows, one with a minor flow rate 0,
and the second with the major flow rate Q5. The particles are
injected into the coarse particle outlet Q,, which has a larger
diameter thus forming a flow stagnation zone. Only the larger
particles are able to penetrate this zone due to their inertia. Smaller
particles are drawn into the fine particle outlet Q; at a flow ratio of
Q,/0,. Between the axes of acceleration inlet nozzle and the fine
particle outlet there is an angle of 60°. For the proposed low-volume
sampling the total flow rate Q,=Q,+Q, was chosen to be in a
range between 210 1/h and 400 I/h with a ratio of Q;/Q, = 10.

As a test, artificial sea-spray aerosol created by the bursting
bubble mechanism was applied. The generation system was described
by Mallant et al. (1978). The sea-salt test aerosol is especially
suitable because of the intended use of the preseparator/denuder-
combination in coastal areas. The aerosol resulting from the “micro-
ocean” typically has a bimodal size distribution.

Calibration of the preseparator was accomplished by use of a
Royco 225 optical particle counter. A schematic diagram of the
aerosol generation and calibration arrangement is shown in Figure
2. The bubbles are generated by blowing clean air through an
immersed fritted glass filter at an overpressure of 0.35 bar. The
aerosol is mixed with 1.2m?3/h of dried air. From this aerosol stream
a definite portion was used to determine the preseparator cut-off



19: 15 18 January 2011

Downl oaded At:

246 R. NIESSNER et al.

Q,

Aerosol inlet

.= 4.5mm,A=2.0mmi.d Fine porhcles
O3

[ 8

Coarse particles

!

Filter
4

Figure 1 Schematic view of Preseparator 1.

characteristic by comparison of the particle number distribution with
and without the preseparator. The Royco 225 always measured the
size distribution of particles in the major flow, Qj, because this
aerosol flow is the important one for denuder sampling. The whole
set of results is graphically presented in Figure 3. Given is the
fractional penetration for a certain size range (in flow Q,) as a
function of flow rate @, and flow rate Q5. The ECD is around 2.3 um
diameter.
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Figure 2 Experimental set up for production of artificial sea spray aerosol and
calibration of the preseparator.
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Figure 3 Fractional penetration of particles through Preseparator I (in flow Q)
as a function of optical diameter at various flow rates Q, and flow ratios Q,/Q;:
O Q=14L/min; Q,/05=1/13, (0 @,=11L/min; Q,/Q;=1/10, x Q,=7L/min;
Q:/Q3=1/6, A Q,=6L/min; Q,/Q;=1/6, @ Q,=55L/min; Q,/0;=0.5/5,
O Q,=4.5L/min; @,/Q3=0.5/4, + Q,=3.5L/min; Q,/Q;=0.5/3.

247



19: 15 18 January 2011

Downl oaded At:

248 R. NIESSNER et al.

An identical preseparator made of Akulon® was independently
calibrated with monodispersed DOP-aerosol produced by the spinn-
ing disk aerosol generator (Model 8330, Research Appliance
Company; Gibsonia/Pa., USA). The DOP aerosol was labelled with
0.5% Uranine for fluorimetric analysis (Rao, 1975). The aerosol of
each flow, Q, or Q,, was collected by means of Teflon® filters
(LSWP, Millipore Corp.). These filters were selected because of their
low blank values in the fluorimetric analysis. The extraction of filter
and preseparator was accomplished by treating them in a 1:1
mixture of isopropanol and bidest. water in an ultrasonic bath for
15min. The penetration of particles through the impactor as a
function of aerodynamic particle size is given in Figure 4. In this
case the ECD is around 1.7 um diameter. From the detailed values of
DOP deposition, given in Table 1, one can see that in case of an
acrosol with a high sticking probability, like DOP, larger particles
are preferably impacted on the walls of the duct of flow Q,. This
indicates that the preseparator operates not only on the basis of
virtual impaction but also on real impaction of the larger particles.
Compared to a real impactor there exists, however, one advantage:
The impaction enrichment takes place mainly in the conducting tube
of 0, and possible secondary reaction products are pumped off with

Fractional penetration

[%] " " T
100} 1
B
50t 8
I o ]
I o ]
10t g
s " L N Q .

0 1 2 3 4 5 6 [um]
Aerodynamic particle diameter

Figure 4 Fractional penetration of monodisperse DOP-particles through Pre-
separator 1 (in flow Q) as a function of particle diameter. Q, =5.0L/min; Q,/Q;=
0.5/4.5.
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Q, such having no influence on the composition of the fine particle
flow Q.

Based on these results a final version of preseparator I, made of
Kel-F® (because of its minimal adsorption of gaseous HCl and
HNO,) was built and combined with a Teflon® wind shield. The
coupling to the denuder tube was accomplished by an isokinetic flow
divider (see Figure 5).

Teflon
wind shield

S
N
N
N
N
N
y
N
X
3
N
N
N
\
N
N
\
N
N

N Ambient air

Preseparator
Type 1

To pump 1l/min

Filter 2

To denuder
system 1l/min

¥
To pump
41/ min

Figure 5 Experimental arrangement of the wind shielded Preseparator I connected
to a denuder system for field measurements.
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Preseparator Il

For combination with a linearly arranged multidenuder system
(Niessner and Klockow, 1982) a preseparator with an ECD of about
25um at a flow rate Q;=1201/h was required. The first denuder
tube had to be inserted directly into the preseparator housing in
order to minimize unwanted diffusion losses of gaseous HCl and
HNO; prior to entering the denuder system. From the results
obtained during the development of preseparator I an inlet nozzle
with a diameter of 1.5mm was selected to achieve the required ECD.
The flow velocity within this nozzle is 18.9 m/sec.

The constructional details are given in Figure 6. As can be seen,
the connection to the denuder tube (9mm outer diam.; 6 mm inner
diam.) is accomplished by a construction consisting of a screw cap
and a short piece of silicon tubing as an O-ring, which seals the glass
tube. All inner walls which come into contact with the aerosol are
made of low porosity Teflon®. To improve its mechanical stability
the preseparator is completely covered by a stainless steel housing.

Preseparator II was tested with a dry polydisperse Fe,O5-aerosol.
The experimental arrangement is presented in Figure 7. The Fe,O,
powder was dispersed by means of a fluidized bed aerosol generator

Fine particles

[03=1201/h

N— Denuder tube

Aerosol inlet

Q=18 Uh Ny

—1.~ 0-Ring

Stainless steel housing
(SS 14571}

/.0
N

N

N

PTFE
\(Jzz 18Ll/h

Coarse particles

Figure 6 Schematic view of Preseparator II.
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Figure 7 Experimental set up used for calibration of Preseparator Il by use of a
polydisperse Fe,O; aerosol and an APS 33 optical particle detector.
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(TSI Model 3400). From the aerosol generator outlet the aerosol was
drawn directly through the preseparator II into the Aerodynamic
Particle Sizer (TSI Model APS 33). Within 50 sec measuring time
the whole size distribution was obtained by computer assisted data
evaluation. Comparing the number size distributions up- and down-
stream of the preseparator allows a quick determination of the size
fractionation characteristics. The result—as fractional penetration
with flow Q;—is plotted in Figure 8 and confirms the ECD predicted
from the experiences gained with preseparator I.

Fractional penetration
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Figure 8 Fractional penetration of Fe,O, particles through Preseparator II as a
function of particle diameter. Q, =138 L/h; 0,/Q5=18/120.
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