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DMS500 sizing, resolution & time response

Introduction

The Scanning Mobility Particle Sizer (SMPS) haglteen established to measure mobility based size
spectra. The SMPS using a Differential Mobility Ayser (DMA) to select particles by size and using

a Condensation Particle Counter (CPC) as a detaotmrently requires scanning operation,

preventing real time measurements with such teciasiq

Alternative measurement techniques which produeetigétal mobility spectra still classify the

particles according to electrical mobility, andrihese parallel electrometer detectors to simultasigo
derive the calculated concentration across the uneagent range. In the DMS500 this allows real-time
measurement of particles in the 5 — 1,500 nm rgogg — 2,500 nm for the 2.5 micron version of the
instrument).

The scanning nature and bipolar charging regimte@SMPS does offer advantages in terms of
resolution and sizing accuracy over fast respomsteuiments with unipolar chargers. However, this
application note describes the theory, technologl/calibration techniques unique to Cambustion fast
particle sizing instruments which ensures theyaghieve sufficient resolution to resolve multiple
aerosol modes and sizing accuracy to within a goleslance over the whole specified size range, as
well as a fast time response to rapidly changingsus.

Theoretical Background

Instruments such as the DMS500 follow on from mgegrs of research principally in the University
of Tartu in Estonia latterly under Professor Tamri@tial usage for such instruments was in
atmospheric work. This research is summarised]irildese instruments operated over a wide size
range with no assumptions in the data processingtabe number of modes present.

The Cambustion DMS instrument incorporates a furtley improvement in this technique to allow
resolution of large particles. The upper size liofimeasurement by electrical mobility with diffasi
charging is caused by the difference in the depseelef particle mobility on diameter in the free
molecular and continuum regimes. Above the meanfiath of the gas, in the Stokes regime, mobility
is approximately inversely proportional to diametgrile the mean charge per particle is
approximately proportional to diameter. This resuita mobility invariant with diameter, which

means that as the particle size approaches thistlienresolution gets rather poor. In the DMS5be,
classifier operating pressure is reduced to 250rpdaich increases the gas mean free path and allow
good resolution up to 1 micron, or higher at lowperating pressures. This principle has been
presented in [2].

The unipolar charging process for these instrumieetgtably produces a charge distribution which is
pseudo-continuous for larger particles and theeesignificantly broadens the response compared with
equilibrium charge used in an instrument like th&PS. To minimise these effects, the charging ion
density.residence time product in the DMS chargenaximised and the charger is designed to
minimise the variability in the residence time. gaedlless of this, it is necessary to account fer th
broadening when processing the raw signals froningteument by deconvolution with the instrument
kernel functions, as also required for impactor sne@aments. Such a deconvolution process assumes
no constraint on the number of modes in the sigiidution, but is just limited by the broadenirfg o

the instrument. This process and the effect onlwdea of multiple modes was discussed in [3].

Subsequently, we have developed an additional psoug technique which does look for discrete
aerosol modes: this technique offers improved sgitgiand convenience of data analysis when there
is prior knowledge that only a number of modesdadri@terest. This is described in [4]. Howeversthi
always operates in conjunction with the unconsgedideconvolution above, and itself is designed to
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detect one, two or three modes. For more detaith@tognormal inversion see
http://www.cambustion.com/sites/default/files/apptions/DMS/dms06v03.pdf

Many aerosol instruments rely on the accuracy efcttarging model used to describe their chargers.
The DMS500 is no exception. However, each and eRdi$500 is traceably calibrated using real
aerosols (both spherical lab aerosols, and sodbmggates) before leaving Cambustion. This ensures
that sizing and concentration accuracy is muctebétin other instruments with corona chargers
which rely on fixed, theoretical models alone.

For more information on DMS500 calibration see
http://www.cambustion.com/sites/default/files/instrents/DMS500/dms_calibrationv3.patid also
ref [5].

Experimental Summary

e Asizing comparison is made between a TSI SMPSaan1S500 using a bimodal sulphuric
acid aerosol, representative of a real world a¢roso

e Asizing comparison is also made between data &ar8l SMPS and that from a DMS500
using two monomodal aerosols selected with DMAs

* Aresolution test is performed by moving those teoosols in size to show when they are
spectrally resolved

» Sizing data using polystyrene latex spheres isgntesl which shows that the DMS500 can
correctly size aerosols over the entire specified sange

* Finally a time response test demonstrates thaDM8500 is genuinely capable of resolving
transient aerosol features on a sub 200ms time,se#th data rates of 10 Hz.

SMPS and DMS comparison with Bimodal Aerosol

A sulphuric acid re-nucleation rig was used to gatgea bimodal aerosol representative of a realdwor
aerosol — for full details see [6] from where thdaga are taken. DMS500 spectrum is shown against
that from a TSI SMPS, where a nano-DMA is used.
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The work in [6] also addresses the sampling oftilelaerosols with the DMS500, and see also
http://www.cambustion.com/sites/default/files/apptions/DMS/dms02v01.pdf
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Twin DMA and SMPS Experiment

Two TSI 3081 DMAs were used to simultaneously sielect dried NaCl particles produced by a
Collison nebuliser and silica gel drier. The outfratn the two DMAS, which could be set to different
mobility diameters, was combined and sent to bdiiM&s500 and the SMPS.

The DMAs were operated at a sheath flow rate dftdds per minute, and a sample flow rate of
approximately 1.5 litres per minute. This produaersosols with a rather narrow GSD compared with
many real-world aerosols.

Collison Aerosol Generator
(NaCl in water)
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Differential Mobility Differential Mobility
Analyser (DMA) 1 Analyser (DMA) 2

HEPA Filter
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DMAs set to 50 nm and 110 nm
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DMAs set to 60 nm and 110 nm
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In each case, both the full spectral and bimodgidomal inversions of the DMS500 are shown. The
lognormal inversion is capable of much higher reoh than the full inversion, and the DMA modes
are resolved to be almost as narrow as the SMP.STbarfull unconstrained inversion does indeed
show less resolution than the SMPS, but is stplatde of resolving multiple peaks per decade & siz
range.

Furthermore, the size accuracy of both inversiothods is shown to agree well with the SMPS. At
first glance, the full inversion does not appeaadgoee with the SMPS is concentration terms atl tha
well. However, it is really just the peak heightdN/dlogDp which does not match. The integrated are
under the peaks, which represents the aerosol ntvatien, is very similar for all three data seroes
each graph, it's just that the decreased resolatiche full DMS inversion results in a wider, lowe
peak with the same area as the narrower, talldespafethe lognormal inversion and the SMPS.

Note that the two smaller peaks present in each aasthe +2 charge particles selected by the DMAs
— these are not resolved by either inversion metised by the DMS

Twin DMA Experiment

Due to the scanning nature of the SMPS, real-tiomparison between the DMS500 and SMPS is not
possible. However, since the DMAS settings cantamged rapidly, the opportunity exists to study
dynamic sizing by the DMS500.
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Collison Aerosol Generator
(NaClin water)
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A video of the DMS500 User Interface shows theditians in measured particle size:

www.cambustion.com/sites/default/files/instrumedMS500/DMS500 Accuracy and Resolution.mp4

One DMA remains set to a fixed mobility (50nm) vehihe other DMA settings are changed. Initially
the second DMA is changed in a single step togelasize. The second part of the video shows the
second DMA being changed in steps of 10nm.

The ability of the DMS500 to correctly resolve the distributions is demonstrated, although as with
other instruments of this type, there is a resoiutimit which can be also be seen.

Large Particle Sizing

As described above, low pressure operation of t&B00 allows the mobility inversion point of
unipolar charging to be extended to larger sizég. data below show DMS500 spectra of nebulised
Thermo Scientific Polystyrene Latex (PSL) nanosplgwhich are traceably certified for size. Two
modes are produced, the broad, high concentrataderat smaller sizes in the blue region of the plot
is caused by surfactant chemicals in the PSL, aopdiiities in the water used to suspend the PSL. The
actual PSL peaks are in the green area of thegidtshow good agreement with the certified siZes o
300, 600 and 903 nm.
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Time Response

A key advantage of the DMS500 compared with scapimstruments is the real time nature of the data

available. However, a fast data rate, whilst neamgsss not sufficient to resolve transient evefitse

response of the instrument to a change in cond@ntranust also be sufficient. Careful consideration

of the fluid dynamics in the DMS500 means that glaith a data rate of 10 Hz, itschowresponse to

a step change in aerosol concentration is faséer 200 ms.

The ability of the DMS500 to respond to a rapidiyanging aerosol may be demonstrated using a step

change in aerosol concentration. In this caseddi@&Cl aerosol is suddenly disconnected from the

DMS500 to produce a rapid decrease in the inputetnation.

Page 7 of 9




Cambustion DMS16v01 DMS500 sizing, resolution & time response

8.00E+06 \, Tog.10% = 179.6 ms
|

7.00E+06 ! 90%
:\

6.00E+06 :

—~

3
O 500E+06
c
o

T 4.00E+06
-

O
= 3.00E+06

2.00E+06

1.00E+06

‘;\ 10%
0.00E+00 I

39.5 I - I | I 40.5 | 41.5
Time (s)

Curve fitting of this data shows that theyTos response time is 180 ms. Coupled with a dataafate
10Hz (appropriate for the physical response ofittectors) this demonstrates the DMS500’s abitity t
resolve highly transient features.

A video of the User Interface during this testvaitable here:

www.cambustion.com/sites/default/files/instrumedMMS500/DMS500 Time Response.mp4

For more information on time response, see
http://www.cambustion.com/sites/default/files/instrents/DMS500/timeresponsevsdatarate. pdf

Conclusions

The DMS500 is capable of correctly resolving thee gif DMA selected aerosols.

The DMS500 is also able to discriminate betweenDMA aerosols sampled simultaneously
(providing that these are separated by at leagegwution limit of the DMS500.

The DMS500’s transient measurement capability @sdlution is demonstrated through small step
changes in the DMA which are correctly resolved.

The DMS500 is capable of accurately resolving dnithg multimodal real world aerosols, including
PSL and nucleation generated aerosols.

The DMS500’s time response is demonstrated be#ponse to a step change in signal.
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DMS500: www.cambustion.com/products/dms500/aerosol
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