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Effectiveness measurement of the Cirqulair at office j.j. bos b.v. (TSI distributor for

Benelux countries) in Gouda, NL

USED EQUIPMENT
AND SETTINGS:

AIM Version; 10.2

Classifier Model;3082;Classifier S/N;3082001714002;Classifier Firmware Version;2.1
Neutralizer Model;3088;Neutralizer S/N;3088011613003
Impactor (cm);0.0710;Impactor S/N;7100490

DMA Model;3085;DMA S/N;3085A1748001

DMA Inner Radius (cm);0,937

DMA Outer Radius (cm); 1,905

DMA Characteristic Length (cm);4,987

HV Polarity;NEG

Detector Model;3787;Detector S/N;3787111703
Detector Sample Flow (L/min);0,60;Detector Inlet Flow (L/min);0,60
Reference Gas Viscosity (Pa*s);1,832450e-005

Reference Mean Free Path (m);6,730000e-008

Reference Gas Temperature (K);296,15

Reference Gas Pressure (kPa); 101,30

Sutherland Constant (K);110,40

Tube Length (cm);29,00

Tube Diameter (cm);0,48

Channels/Decade; 64

Multiple Charge Correction; TRUE

Nanoparticle Agglomerate Mobility Analysis;FALSE
Diffusion Correction; TRUE

A. Total concentration measurement by CPC (3787) only with a starting point (D50) of

5 nm.:

1) Background measurement (Cirqulair = Off).

CIRQULAIR



Eile Run Playback Format View Sample Window Help

<] J

03

Data Gi \chtergrond_CPC_5.C87

D@D S &L ME A E @M X

05/22/18 16:46:37 | 257e+03

05/22/18 16:46:38 |  2.55e+03

05/22/18 16:46:39 |  2.58e+03

05/22/18 16:46:40 | 2 58e+03

05/22/18 16:46:41| 258e+03

05/22/18 16:46:42 | 2 62e+03

05/22/18 16:46:43 |  253e+03

05/22/18 16:46:44 | 2 52e+03

05/22/18 16:46:45 |  2.57e+03

05/22/18 16:46:46 | 2.57e+03

05/22/18 16:46:47 | 2 58e+03

05/22/18 16:46:48 |  2.60e+03

05/22/18 16:46:49 | 2 55e+03

05/22/18 16:46:50 |  2.58e+03

istics [Achter d_CPC_5.C87

Mean (#/cm’)

2.56e+03

[Sample Length:02:00 ‘Sample # 1 [Connected | 3\

o [ =] 23]

Min. (#/cm®)

2.39%e+03

Max. (#/cm?)

264e+03

Std_ Dev. (#lem?)

477

Sample Time (hh:mm:ss)

02:00

[Sample Length:02:00 Sample # 1 [Connected |

[

Conc: 2.6E3 part/cm3

2) Measurement at Inlet and Outlet of the Cirqulair (Cirqulair = On).

Le
w @ e

Sample =1 Viewing Sample 2 New Sample

Mean (#/cm®) 132e+03
Min. (#/cm?) 0.00

Max. {#cm?) 240e+03

Std. Dev. (#cm?) 1.12e+03
Sample Time (hh-mm:ss) 02:00

Sample Length:02:00 Sample #2 [Connected @B

[/

Conc: Jump from 2.6E3 part/cm3 at Inlet to 1 to 5 part/cm3 at Outlet and viva versa

W
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B. Concentration measurement per Size bin by SMPS(3938N87) over size range [5 -

150 nm.] determined by used nano-DMA and CPC model:

1) Background

.

Eile Run Format View Sample Window Help

N e

Sample #1 Viewing Sample #2

D@D SN L BEE KU EI) O »HX
Size Data Graph [Omgeving2.582]

o Size Data Table [Omgeving2.582] o
Dia. | Number | Diameter | Surface | Volume | Mass 4| |||
| nm | #cm® | mm/cm® | nm¥cm® | nm¥em® | pg/m*
(385 000 | 000 | 000 | 000 | 000
400 0.00 00 00 00 00 '
(414 000 00 00 | 000 | 000
1429 000 00 00 00
45| 0.00 00 | 000 [ 000 ||
(461 000 00 00 00 |
(4781 000 | 000 | 000 [ 000
1496 000 000 | 000 00
(514 000 | 000 | 000 | 000
(533 000 | 000 [ 000 [ 000_
1652 | 0.00 00 00 00
73| 000 00 | 000 | 000
1594 000 00 00 00
(615 000 | 000 [oo0 [oo0_ |
1638 000 00| _0.00 00
(661 000 | 00 | 000 | 000
(685 000 | 000 | 000 00
10 |2.01e+03 3.18e+05[377e+05| 3.77e-04
76.3 1.49e+05[1.83e+05| 1.83e-04
4e+03 2.83e+05|3 60e+05| 3.60¢
| 7 e+03 2.70e+05|3.56e+05| 3.56e-04
| 8.20 |1.83e+03 3.87e+05|5.30e+05| 5.30e-04
.51 731 6.21e+04 |8 80e+04 | 8 80e-05
e — s e e
dW/dlogDp | [l [Sample =2 [
Diameter Surface Volume Mass 4
Particle Size | Particle Size Particle Size Particle Size | Particle S

[Sample #2 | 53.7 %RH 211°C 1008 kPa |OB |% (%% | |0C Den

=

Total conc. from 5nm up to 140 nm, (determined by SMPS settings): 3.3E3 part/cm3

2) At Outlet of the Cirqulair

Eile Run Format View Sample Window Help
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Size Data Graph [SmogKiller_Counts2.582)

[T 1 [sample#1 [537%RH 210°C 1008kPa @B 4" [%: | DC Density:100 (g/cm’)
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Sample =1 Viewing Sample #2

OB (% [%: | DC Density:1.00 (g/cm®) | |dW/dlogDp | [

Dia. | Number | Diameter | Surface | Volume
nm | #cm* | mm/cm® [ nm¥cm® | nm¥cm®
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ol Number Diameter Surface Volume
@ Particle Size| Particle Size Particle Size Particle Size
Geo_Mean (nm)| _ 66.2 691 27 766 6
Mode (nm) 573 573 94.7 94
Geo_ St Dev. 122 124 26 2
ITota| Conc._|0.93%#/cm) | 6.35e-05(mmvcm?) | 1.41e+04(nmcm) | 1.76e+05(nm*/cm) | 1.76e-04 +
M »
- [ ] [Sample #1 537 %RH 210°C 1008kPa (OB (4% (%3 | 0C Den

—
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Total conc. from 5nm up to 140 nm, (determined by SMPS settings): 3.3E3 part/cm3

C. Raw particle counts per Size bin by SMPS(3938N87) over size range [5 - 150 nm.]
determined by used nano-DMA and CPC model:

1) Background

] trument M N o [ ™ tole )
File Run Format View Window
D@ H & L FME W EIL) O »iX

|| B Size Data Graph [Omgeving_Countst.582]

[ Sample#2 539 %RH 21.2°C 1008kPa OB 4 (42 | |DC Density: 1.00 (g/cm’)
—
Particle Size | Particle Size icle Si Particle Size

Median (nm 85 1013 1102 1102
ﬁ 2 | [~ Mean (om) - 82 9%.5 105. 1051
] [ | [Geo. Mean (am a3 72, 907 1014 1014
Sample=1  Viewing Sample =2 Mode (nm) 9.2 121, 1310 131 131
Geo_St Dev. 228 179 148 133 133
Total Conc. |2 20e+03(#/cm?®) | 0.127(mm/cm?®) | 3.28e+07(nm?¥cm?) | 5.28e+08(nm*/cm*) | 0.5

] T [Sample#2 539 %RH 212°C 1008kPa (GB % 1%: | 0C Den
| —

Total counts from 5nm up to 140 nm, (determined by SMPS settings) during 100 sec.
Scan time: 78533

2) At Outlet of the Cirqulair
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B ot o ) B S
Eile Run Playback Format View ple  Window  Help
D@l B S0 |0 ME W E )@ »H[X
Size Data Graph [SmogKiller_Counts2.582] X Size Data Table [SmogKiller Counts2.582) | o || & ][ |
Number Al
#
57.
594
61.
63.
66.
u- |
71.
73,
.4
79.
82,
85,
88.2
91.4
94
98.
101.
105..
109.:
13.
17,
121
126..
1311
135.]
Totals v
] Sample #2 537 %RH 211°C 1008kPa OB % (%2 | |DC Density:1.00 (g/cm”) | |Raw Counts ] Sample 22 [!

=8 =B~ Statistics Table [SmogKiller_Counts2.582]

. - Number Diameter Surface Volume Mas «
@ Particle Size| Particle Size Particle Size Particle Size Particle

(= @[=]

: 137 3338 672 882 88
Mode (nm) 8.20 20 117.6 176 7.
Geo. St Dev | 227 264 192 151 15
Total Conc._| 6 93(#/cm) | 146 )[2.296+04(nm/cm?) (2 99e-+05(nmlcm) | 2.996-04

—E D
I [ [Sample 82 (537 %RH 211°C 1008kPa (@B (4 (%3 | [0C Den
| ) |

Total counts from 5nm up to 140 nm, (determined by SMPS settings) during 100 sec.

Scan time: varying in 2 samples from 6 (to 9 counts

conclusion:
The Cirqulair proves to be very effective in removing (nano) particles in size range up
to 10 pm as shown by CPC measurement 1 and in range of 5 to 140 nm. as indicated

by SMPS measurement 2 and 3

Kind regards,
Jan Troost

Product Specialist TSI Particle Instruments j.j. bos b.v.

Note:

CPC = Condensation Particle Counter (in this case water based) SMPS = Scanning
Mobility Particle Sizer

DMA = Differential Mobility Analyzer
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