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Overblik DM

« Eksempler for partikeltyper

 Fra meter til nanometer

« Partikelmorfologi med optiske mikroskoper
» Partikelstgrrelse i suspensioner

 Partikelantal i rumluft
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Partiklernes mange ansigter —

biologiske partikler =dinli

Bakterier (1-3 pm), pollen (5-50 pm), svampesporer (2-10um), pektiner (0.1 pum)
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Partiklernes mange ansigter —
forbraendingspartikler

Sod partikel, diesel motor

wiu 008

7
€ 500 nm > 4
Dieselpartikler (— 1 um) bestar af
primaerpartikel af ren kulstof (30 nm) Vulkanaske
Eyjafjallajokull
(400 nm)
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Partiklernes mange ansigter —
funktionaliserede partikler

Titandioxid partikler (100nm) Glasfibre (500 pm x 10 pm)
Maling, selvrensede vinduer Varmedaemning Fremmer benveekst

N =7 @  Kulstofnanorgr (4 pm x 0.1 pm)
.. 7 Vindmgllevinger, racercykler,
. tennisketcher ..
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Particle measuring instruments D =N

e.g. 30 nm gold particles
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Nanometrology —

The science of measuring at the nangmetre scale

Drr=mmM

+ Definition of measurements units

+ Realization
DFMs laser
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local morphologic variations:
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Atomic Force Microscopy
Nanometer accuracy in 3D

Stitching error of an e-beam writer
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400 nm roughness polished aluminum
400 pm x 200 pm scan

ZRange: 4166 nm

Accreditated measurements

Dansk Fundamental Metrology
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Opgave: Ngjagtig udmaling af
partikelmorfologi med optiske mikroskoper
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Optisk graticule

En reference til partikel morfologi

MICRO LINE/DOT STANDARD"™

50 TS5 DO MICACHE




Kalibrering for kvalitetssikring og
malinger med stgrre ngjagtighed

MICRO LINE/DOT STANDARD"™

¥ 10 25 50 TS5 10O MICACHE

Kalibreringsydelse:

Cirkel eekvivalent diameter

Diametre : 1 pum to 50 um
Exp. usikkerheder : 0.1 um to 1 pm

Danish Fundamental Metrology Ltd.
[ B el W% B Matematiktorvet 307
DK-2800 Kgs. Lyngby, Denmark

Calibration certificate

Circle equivalent diameter
of specific dots on a graticule

11 2012-06-08




Particle measuring instruments

Drr=mmM

Suspended particles:
20 nm — 2 mm
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Size-certified nanometer particles traceable to the

meter with a metrology Atomic Force Microscope
Measurement method AFM image of particle sample Data analysis
Apex height = 488.7 nm, Upgex ﬁl_=L‘J.5 nm
AFM probe -
Particle
ha
Mica substrate
ylpixel ir::de:-'. 4 o .‘r.u"pixé:l index
T
Distribution of estimated apex heights Certlfled dlsperSIOnS (15 ml)
™ — available at DFM
... Mean diameter =
1l (4981 9) nm
g ot Calibration certificate
g ol Nanoparticle diameter
I w0 %0 w0 B0 o w e 5w Zh:b:j:n | Diameter ranges: Uncertainties:
apex height in nm
. . . . L. . from 100 nm from 5 nm
Result: diameter distribution Certification to 5 000 nm to 50 nm
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Partikler 1 suspensioner

Kalk (til beton)

Maling

Mejeri produkter
Farmaceutiske partikler

Introduktionskursus
til industriel
partikelanalyse

4. September 2012
4. Oktober 2012 ?

0209 KDI
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Particle measuring instruments D =N

Counting and sizeing of
airborne particles:

100 nm — 7.5 um

1
10000.0
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Partikelteeller baseret pa lyspredning:

Drr=mmM

Fysikken sasetter begraensninger for stagrrelsesmaling

Kalibrering af en look-up-table:
Spaendingssignal photodiode = partikel stgrrelse
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Spredningsteorien bestemmmer malefglsomheden
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Innovationskonsortium NaKIM
Nano- og mikropartikler — karakterisering, D =M

innovative anvendelser og miljgrigtig teknologi

'''''

L image metrology l]
AALBORG . N mifﬁdigk.
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) NOTO i TC “Fmgwﬂugmmr ONE II. mg‘_\m !

+ Partikler i veeske (mejeri, medicin)
+ Aerosoler (sod partikler)
+ Renrum (genbrug af luft, medicinale produktion)

Miljo

FORCE

uolneAouy|

garakterlserln -?SYDDANSK UNIVERSITET
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Andre ikke-billeddannende partikelmalere

Drr=mmM

ELPI:
Electric Low Pressure Impactor

Corona charger

Impactor with insulators
and contact needles

/{;acuum
pump

i e
A )

aerodynamisk diameter

SMPS:

Scanning Mobility Particle Sizer

Forskellige teorier
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Partikeltzellinger er ogsa metodeafhaengige

Drr=mmM

500 nm, low conc 500 nm, medium conc
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Detektering af biologiske partikler

ved hjeelp af fluorescens inlis

Air In

PMT

(Fluorescence Detector)
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20 2012-06-08




Evaluering ifglge 1SO 21501-4 D=M

Zero count

Recovery time after contamination

Total particle counts
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Size setting ved greensen 1 pum
Biologiske partikler:

Inerte partikler:

Mean: 1.33 um, SD: 0.031 pum
Mean: 0.73 nm, SD: 0.016 um

I Teeller identiske stgrrelesforhold i en blanding !

Counting efficiency
Intern luftkoncentrator har stgrrelsesafhaengig effektivitet

0.9 biologic 0.64
1.3 biologic 0.57
3 inert 0.1

5 inert 0.055
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Perspektiver og gavn af partikel metrologi

2 - - D=M
pa det hgjeste niveau

+ Centre of Excellence — Partikelmaling (T1,FORCE, Novo Nordisk)
+ Dansk primarnormal for partikelteelling ifglge 1SO 21501-4

+ Etablering af umiddelbar sporbarhed

+ International anerkendt certificering (FDA godkendelse ...)

+ Storre ngjagtighed ved maling af partikel kontaminering hjaelper
med at optimere omkostninger for rene rum (energiforbrug,
filterudstyr, finer fglsomhed for hurtigere fejldetektering)

Partikelstgrrelse
AFM

Dansk
Primaernormal ’

Partikeltzelling
LSAPC
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