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History of Photometers &
HEPA Filters

“You can’t have one without the
other”
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The photometer was first
since there was a need

David Sinclair, Ph.D.
(Nephelometer 4 it)

(Not portable and had logarithmic
display N2 E#ENH H 2R ELER)




Air Pollution Research 1933
19334 R iy 2 K75 BeRf 5
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WW |l generated a high
priority need_rEZ_EEéj —

R

It all started in 1942
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Some Key Players-

Wendell Anderson, Humphrey Gilbert, Dr. Melvin First



Captured WW I
German Gas MasksfE [E KB &

1 HIRG

« The US had performed no gas mask
development since WW 17E15gRT, SEE%

£ B &1 A

e German masks used cellulose asbestos
media patented by Drager Werke in 1933
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« Wendell Anderson working with H&V
developed media comparable to the
German sample Wendell Anderson Flig {3
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M10A1 Canister M10A1JE 5 fE




Tank & APC M-25 I\/IasklL
&APC M-250; 5 1]

Hg



Smoke Penetrometer to test the
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as mask paper & fllterS‘.A%

D OP SMOKE PENETROMETER, Q127



First Linear Photometer&sE—1>
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Space Filter 28] i € 2%

 US military needed filtration of room areas
for people and used gas mask media for a
pleated filter for larger air flow (1943-1948)
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« Know as “Collective Protection” #i\ N2 —

NERENER R

 Used cardboard spacers between pleats,
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which had high air flow resistancefE$g 2 [d]
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Cardboard PleatZ&tk 52

Straight Pleat Filter with Cardboard Dividers
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1/4"
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Froom “History of Research and Development of the Chemical Warfare Service through 1845 — Antigas
Collecuve Protection EQuipment,” December 1968.




Manhattan Project = Fgin TF%

« Humphrey Gilbert safety engineer at Los
Alamos was sent to Oak Ridge

* Filters used in Manhattan Project were

very t
dropH71
i)

in HVAC systems TRl ZTEHVACERIE R SiF
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« Foresaw need for high efficiency air filters

nick with extremely high pressure
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Absolute Air Filter58 &K%
SIS IERS
Gilbert (now with AEC) unhappy with Army
Space filter and its limitationsGilbert (AEC)*}

2% 1) 1 Y A R0 B B PR 7 PR AR AN 1 2%

AEC in 1948 gives Author D. Little a contract
to redesign filter and find a suppller AECTE
19485EAECHD. Little =/ MN& A TEH &M I
S R LA

Walter Smith Ph.D. comes up with corrugated
cardboard separator idea

Walter Smith Ph.D$& 45 404K 43 B 2 A 4R 12




Improved Pleated Filter Designit B J& HI#Z4R
ELipuR S

P PARTICLE BOARD FRAME

CORRUGATED ALUMINUM SEPERATORS

- FILTER MEDIA PAPER
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I-QI-"-G FLAT HEAD SCREWS ‘i—XT GASKET-NATURAL SPONGE

RUBBER-CEMENT TO FRAME

SEAL MEDIA TO FRAME WITH
ADHESIVE NO, 3M-EC 847

CORRUGATED SEPARATORS

*009 CALIPER BOGUS PAPER

i
m

. ) ————————

FILTER MEDIA
cM #jo|

NOTE.

-~
I. FRAME CONSTRUCTED or-i- FIR PLYWOOD
SPEC. EXT.-DFPA-A-B.

2. TOLERANCES:

~
Tli' ¥ ON OVERALL DIMENSIONS,

3. MAX. DEVIATION FROM THE SQUARE NOT
MORE THAN+ AT ANY CORNER.

RATED CFM DIMENSIONS
MODEL Ly "'wc.| A B C[_ D E
| [A25-1 iA2s-2
IA-28-0| 30 s | 8 |35
IA-50-0| 30 e | s
1A-280-0| 250 24 |24
|A-600-0| 550 24 | 24
1A-1000-0] 1000 24 |24
IA1280-0| 1280 24 |30
ng ng
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—adwlaw
N x Nwx
i, W 2092209
sSEcTioN F-F 330|339
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THIS DRAWING IS THE PERSONAL PROPFRTY OF

CAMBRIDGE
FILTER CORPORATION
SYRACUSE, NEW YORK, U. S. A
ALL USE IS FORBIDDEN EXCEPT ON ITS WRITTEN CONSENT

TITLE: TABULATED DIMENSIONS

IA-SERIES
CAMBRIDGE ABSOLUTE FILTER

CAUTION: At OO A AR e =
F R.J.
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HEPA Filter Develo
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o First Air Cleaning Seminar for AEC personnel
held June 1951 at Harvard Air Cleaning

Laboratory19514E6 H 1

T H DT RERINT &
 First Handbook on Air Cleaning distributed at
meetingfE= ERIT T — 1M RZESGEFB T
 Fires at several weapons plants made need for
high temperature and water resistance

- I 2 [B) ¥ 1 SR g = A5 )

necessary JL/ MRS
IKMESFIERR T oK .

L] KR

DK R T R R IR AT



Second Air
Cleaning
Conference held
INn Ames, |A
1952

Melvin W. First
Ph.D.

Presented four
research papers
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Edward M. Berly, Melvin W. First and Leslie Silverman,
Harvard University ool of Public Health, Air
Cleaning Laboratory, Boston, Massachusetts. (Work
done under AEC Contract AT 30-1(841)

2. Performance of reverse jet _cloth filters . . . . 24
Charles Billings, Melvin W. First and leslie Silveman
Ibid

3. Field studies of commercial dust collector performance. . . -33
Richard Dennis, Melvin W. First and leslie Silverman.
Ibid

4.. Electrostatically charged aerosol filters .des\. ..!h-.L"'."_. .o
August T. Rossano, Jr., Edward W. Conners, Jr. and
Leslie Silverman. Ibid
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First and lLeslie Silverman. Ibid ,

6. Dipsolver off-gas filtration . . . & & i . % % BB
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Richland, Washington.
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C. E. lapple, Depertment of Chemical Engineering,
Ohio State University, Columbus, Ohio



Military develops
procedures and

Apparatus to test
High Efficiency
filters and related
products

Penetrometers
Q-127 Low Flow
Q-76 Med. Flow
Q-107 High Flow
Rough Handling
Water Repellency
etc.

MIL-STD-282

28 May 1956

SUPERSEDING

MIL-F-10462A (CmIC)
30 October 1952 :

MILITARY STANDARD

FILTER UNITS, PROTECTIVE CLOTHING,
GAS-MASK COMPONENTS AND
RELATED PRODUCTS: PERFORMANCE-
TEST METHODS




HEPA Development for Fire &
Water Resistance (1953)

DEVELOPMENT OF A
‘ﬁmﬂ_ TEMPERATURE - HIGH EFFI'CIENCY, :
By AIR FILTER

Summary Report
Division of Engineering == . .=

" Issued: August 18,1953
 Under Contract AT(30-1)-1013 SR
C-58197 ;



Irst HEPA Guide (1961)

HEALTH AND SAFETY

HIGH EFFICIENCY

PARTICULATE

AIR FILTER

UNITS

[ ]
HUMPHREY GILBERT
U.S. Atomic Energy Commission
Washington, D. C.

L]
O JAMES H. PALMER
General Electric Company

Richland, Washington

U. S. Atomic Energy Commission
Washington 25, D. C,
August 1961



Willis Whitfield (1961)

Discovery of
Laminar Flow
at Sandia
National Labs

Sandial®E 25
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SNL Demonstrates Clean Room Concept In
Chicago for IES(T)
K SEU S AE Z IR YIES TN E# =

andia




First “In Place Filter Test”



First Portable Linear Photometer TDA-2
(1962) 55— AMEHE R LML FE T
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JM-1000 Photometer (1964)
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Next Portable Photometer
TDA-2A (1964)

Cabinet covered
In white Formica
(White Rooms)

First Scanning
Probe



Next Portable Photometer
TDA-2B (1965-66)

TDA-2B
PARTICULATE
DETECTION UNIT

Ergonomic front
panel design




First Commercial Standards (1967)
g F AR i

Tentative Standard for

HEPA FILTERS

AACC Designation: CS-IT

AACC Tentative Standard CS-1T has been prepared by Sub-Committee
CS-1 of the Codes and Standards Committee of the American Associa-
tion for Contamination Control, Committee members and principal
contributors to the Standard are:

John M. Eagleson, The Baker Co. (Chairman)

Clifford A, Burchsted, Oak Ridge National Laboratory (Secretary)
Richard D, Bond, Air Control Inc,

George H, Cadwell, Jr, Flanders Filters, Inc.

Humphrey Gilbert, U, S, Atomic Energy Commission
Roger T. Goulet, Cambridge Filter Corp.

Charles A, Gunn, Mine Safety Appliances Co.

R. Claude Marsh, Envirco, Inc,

Robert D, Peck, Controlled Environment Equipment Corp,
Wilson V., Pink, Western Electric Co.

Samuel B. Steinberg, Air Technology Associates

Charles D, Weston, Dynac Corporation

@ Copyright American Association for Contamination Control 1968

Tentitive Standard CS-1T was approved for publication by the National
Council of the AACC in Chicagp, Ilinois on May 17, 1968,

Comments on CS-1T are invited and should be addressed to: Codes and
Standards Committee, AACC, 6 Beacon Street, Suite 620, Boston,
Massachusetts 02108, All comments should be received by May 1,
1969,



First Commercial Standards (1967)

Tentative Standard for

LAMINAR FLOW
CLEAN AIR DEVICES

AACC Designation: CS-2T

AACC Tentative Standard CS-2T has been prepared by Sub-Committee
CS-2 of the Codes and Standards Committee of the American Associa-
tion for Contamination Control. Committee members and principal
contributors to the Standard are:

Robert D, Peck, Controlled Environment Equipment Corp. (Chairman)
Clifford A, Burchsted, Oak Ridge National Laboratory (Secretary)
Boyd Agnew, Agnew-Higgins, Inc,

Wendell L. Anderson, Naval Research Laboratory

John Bolt, Morison Products, Inc.

Richard D. Bond, Air Control, Inc,

Burt Brown, The Lau Blower Co.

George H. Cadwell, Jr., Flanders Filters, Inc.

Robert N, Culbert, Farr Co.

Harold F. Farquhar, The Lau Blower Co,

Humphrey Gilbert, U. S. Atomic Energy Commission

Roger T. Goulet, Cambridge Filter Corp.

Charles A, Gunn, Mine Safety Appliance Co,

Alexander E. Irons, Jet Propulsion Laboratory

Paul C, Issberner, Jr., Farr Co.

Keith Linn, Pure Aire Corp, of America

R. Claude Marsh, Envirco, Inc.

Wilson V., Pink, Western Electric Co.

Samuel B, Steinberg, Air Technology Associates

Charles D, Weston, Dynac Corporation

L +]

Copyright American Association for Contamination Control 1968

Tentative Standard CS-2T was approved for publication by the National
Council of the AACC in Chicago, linois on May 17, 1968,

Comments on CS-2T are invited and should be addressed to: Codes and
Standards Committee, AACC, 6 Beacon Street, Suite 620, Boston,
Massachusetts 02108, All comments should be received by May
1, 1969,
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Before Photometry7E 112 Hil...

e What is a Filter?id jE 28 2 H 4
— Filtration Mechanicsit gL
— MPPS#: & % iE AL
» How to Test a Filter EFEII— 4 1) e 28
— EfficiencyZ %
— Leak (Integrity)itgs (582ME)




What is a Filter? ™

RS0 S ) A

Separation of one phase from another M 5 —##

YU HH 0 i — R ot

*Solids or liquids in Air (Home Furnace)= <+

[

«Solids in liquid (Auto Oil/Gas)# {4

&

(NGB

1]

E]

(L

eLiquid in Air (Air oil separators)zs =, ) RAA
TR (EIE)

eLiquid in liquid (RO)¥&4A™
Gas in Gas (Activated Carbon) S f4r

CRERTP)

)R (



What 1s a Filter?
A Controlled Leak!—/M 55 1] {1 it 75

Filtration controls the amount of impurity that is
allowed to pass. it JEF il 4% 57 7o Vs I 1) &

There Is no such thing as a ‘perfect’ filter
(no resistance and 100% efficiency)¥% & —~5¢

LR yERS, BB SMEA 100%%50%




Filtration TypesidjEasRAY

« MaterialsjiEff
— Fibers#f-4
— Fibrous Structures4t 441K 45 14
— MicroporesfifL.

e Performancef4:ge
_ High Efficiency 5%
— Low Efficiency 3%



What are we dealing with? AL ®

a7

Solids or liquids in Airzs = 5 &

&
Fibrous Filters£fF 41 ik 28

(ENERUEEN

Other structures are more common in ultra
filtration and special applications? E i RO

i HHORRT R B S FH B e I 45 4 tH 72

R



Fibrous Filters&-4E 1t € 2%

 Typically Depth Filters #2818 B i g 23

TR R e

— Filtration throughout media depthi@id JE#+

— Very low to very high particle removal & 3|

=1 FRRIURE R 25 V0

 Fibrous Filter Construction

— Filter Disks/Pads = gtk

— Pleated Cartridges4is 8 i)
— Bags/Pocketstl/ 143

%}ﬂﬁ

JG

EIRIN



Filtration MechanicsiTJEHL:

 Pressure Drop/t /J[%
* Single Filter Efficiency®./~ 1 & 3 202
e Collection Mechanisms{t£E ) 7%




Darcy’s Law Darcy e

* A way to determine pressure drop while designing a
filter

AP = KUul

Where:

AP = pressure drop

K = Darcy’s Law constant
U = face velocity

U = viscosity

L = filter thickness AP

Bt AN uEAR T, ey URRD Bas, K&, UEs
i, ukAsEE, LidyEss B




Darcy’'s Law
Simplified: AP = KU

Key take away:

Pressure Drop is Proportional to Flow

ASCIN R S EPARS PR8N



Pressure Drop

Filter Pressure Drop

CLEANROOM

>
Linear Pressure Drop & IX | Inertial (PR A1IX) Velocity

(Darcy Law) Regime ‘ Regime



Filtration AssumptionsidJ&i% &

e Fibers are in cross flow
A AT X s —>

e Particles are ‘collected’ 5
upon contact with fiber >
—_

o LMl YE, TR R EE
e Uniform fiber diameter 132]
— ML 4E HAR

 Uniform particle size #J2] ]
FORL R~




Single Fiber Efficiency B —4f- %

P&

—

—_> : _
Air Volume swept out by fiber

—

—

Single Fiber Efficiency

Particles collected by fiber ## £ 4k 4L K ik

Ns =

Particles in volume of air geometrically swept out by fiber#f

YE 45 R BRI



Fiber Structure — HEPA
HEPA EF'Q?QEH’JQ**’J




Particle Collection Mechanics
RIURL A7 WS B2 AT L

Sieving i

nertial Impaction{f P4 & 7

Diffusiond &Y

nterceptionf=#




Particle Collection: Sieving

Fibers

Particle Flow

i e — i B AR 72, SRR AN HL B8 5 A2 & AR AE T T
A& HEPAJT g 2%



Particle Collection: +245'S. .
Interceptiont=#

\ P& Chilcinvent.Colm

FRPLES M, BRI R A4 BT R, KRR
KA RN LA AR J /b 1 H3 Ji i Al ge



Particle Collection:.‘Pases

e |
_‘ _.v._hki 1TANYE Ltf’ﬁ[l!

Inertial Impactionf HEf "

KEkL, mTHERMFE, A RE6TE, AEZ3h0E, B5EES
—AebdE, PR RIAYE L, E DR P R O R IR K



Particle Collection: Diffusidisss. -
A N, [Jfrllirlll‘\’ﬂht {"F.r[ll
BRI EE: F BN

’$
@ . O
"' . .o ® o
o* TS * o % 0%
s g
® o
.......... 9.
.:o.o.o.
..................................... »
TY 1L

BT/ NIRRT igs), §Ea A, /NIRRT BSOS R YR, ARAT]
(176 38 3l =l B 2T 4Rl > R 2, AEX T RO Y BUSCR 22
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Particle Collection Mechanls,m$ E‘”‘F-C“‘_'?-_ﬂ.-c_-x
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INTERCEPTION ELECTROSTATIC ICINL.CO ITi
DEPOSITION

‘é.:é%

FLOW
STREAMLINES

Na—
INERTIAL

IMPACTION DIFFUSION

ﬂfﬁ“ﬁﬁmémﬁﬁi BRI ST 2 o X2/ NHIFE T8 1 HL 7 R4 T, IX 2 D9 frT B jR RETE 5 ELIY

, IR RECKH AR VG . T4y b, RO E AR SO AT, A R AR, (EAUGR
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R et gt o SBT3 T



High Efficiency Filter MPPS
(Most Penetrating Particle Size)

Im}_)action _
= =~ ~ - - -
\ \ / , - -
~ Diffusion
7 N
Ve \
7/ \
c 7/ \
/ \
2 ’ : \
(o] / : \
) / : \
Q / : \ > MPPS 0.08 to 0.18um
() / . \
ol / : \
/ : \
/ . \
/ : \
/ : \
/ : \
/ . \

Particle Size



Filtration IS
Selective Particle Collection

0
.....................................................
0Q6 0
09
0
00 0
Y iiiinaaa 0 00
00g 00
00 00 00 0
006 .................................................................... O

Small and big particles are more effectively collected



Impact of Flow Rate on
Efficiency

PENETRATION

3
PARTICLE SIZE



Media Velocity is Lower Than Face
Velocity A i3 BE A2 KT 1] &

—_—— —_—— =
Face Velocity o> Media Velocity e e
. > S

A Filter’'s Performance is Determined
at Media Velocity 1y a5 11 B8 B2 T I8 13 5



Consideration in Filter Design

LLyE RS T H 5 RE
« Penetration or efficiency % it Z B 3

o Critical Particle Size =ik )N ~F

« Pressure Drop or resistance [ /7 &5k [H
7

o (Cost)liA



Filter Testsid & 28 )i

e EfficiencyziZ
— Media ManufacturerJ&#1 5 /£
— Filter Manufacturer;id J& 28 Hi{E
— 3" Party Certification#s = 7 121k

o Leak/Integrityiilt £&/5¢ 24
— Filter Manufacturerid J& 22| {E
— Field/In-Situ¥il 37




Efficiency TestingZ i

» Challenge filter with aerosol at or near the MPPS
— This requires a mono-dispersed aerosol (tight distribution)

& T aifia T MPPS RS B BieRs R Bk ik i Jig- 75 22 s — 9 Af
HISIB R

« Measure upstream and downstream concentrationll & I~ ik
i3
e Sequential or parallel (simultaneous) measurements
PR PP ) BT A7 I
e Efficiency = 1 — Downstream
Upstream

Note: This is a ‘global’ measurement (i.e. entire filter)



Typical Filter Efficiency
Test System #i. 7Y )ik

SR A BRI

] | |

FLOW SOURCE

FILTER TEST DUCT

agen

fea

3

Simullaneous
Particle Counling

J Syslem J

FLOW SOURCE

1. Inlet filtration

2. Blower

3. Temperature and humidity control
4. Flow measurement and control

AEROSOL SOURCE

5. Aerosol generalor

6. Neutralizer

7. Aeroscl sourc
adjuster

e output rate

Recommended filter performance test system from

AEROSOL

SOURCE

as shown at right

PARTICLE-COUNTING SYSTEM

Either simultanecus or sequential,

FILTER TEST DUCT

8. Upstream mixer
9. Filter test chuck
10. Temperature and relative

humidity measurement
11. Pressure drop measurement
12. Downstream mixer
13. System pressure control

PARTICLE-COUNTING SYSTEM

14. Diluter

15. Subsampler

16. Vacuum pump

17. Upstream particle counter

18. Downstream particle counter

i1
sequential
Particle Counting
System
| I

19. Upstream/downstream sample valve

20. Particle counler

IEST RP-CC-0021



What is a Leak?/t4 & it 2=

« Leak is a local measurementjiit = 52— J&) 35 i =

e Leak is generally 5 -10 times the average
penetration at a local spot.

o MR AE— AR E A IR 51065 1T 5B

 Therefore we do not require a mono-dispersed
challenge aerosol at the MPPSIA TR AIIAFE
— RST R PR 1
— Easier and less costly to generate larger particles
with a broader distribution.

— & oy HARRA B 7= A R0 H— A V2 0 A




A Good Filter Will Allow Few
Particles to Penetrate iy [{] i & 28

JUVFD—p aE

OO0 oo 0O

O

00O §O (OO (io
O 0000O0 @)
o @ P HG °°

00 *
0O :0-00000

O000H O



Add a Leak and...

0000000 oo 00O

0000 000 00O OO0

NIV

OO'O (OO

O 0O00O 0,

OOOOOOO o (j)@ocyoo
00
0] 0-00000



Test for a Leak/Integrity

 Measure local penetration at each sample
location to determineE4:—/ MU B BURE B
TE AR ZF 15 %
— Filters are not faulty / not been damaged
— A IEAR A 0] H A R
— Filters have been installed properly
— IR AR 1R A ) 22 %
— There are no leaks in the mounting frame /
between mounting frame and housing 7t &

e e 22 2 B TME B, 359 i B

— Svstem contains no bv-pass of the filter




Leak/Integrity Scanningiit &% ¥4

Ensure that all parts of filter are wit
E o 1 Y [

BT IE A5 BT B 4l 1

Nin specification

A




Efficiency vs. Leak/Integrity
INn General Terms

Efficiency Testing Leak Testing
BRI JC 22 U3
Global Z /4 Local /57

Determine % Penetration € Yes!
B R Yes

Pinpoint Leaks %1 iR it &% No Yes
Manufacturer Test]  Z iR Yes Yes?
Field Test #3712 No Yes

1 — Local % penetration, not overall efficiency
2 — Due to variations in the media manufacturing process



Discussion
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When Testing a Filter What
are We Looking For?
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Let’'s Review...

« Particulate penetration asifi Z iE1E N
— Efficiency i %
— Leakijit 5=
¢ Size of interest?E % #x ]~}
— MPPS from 0.08 to 0.18 micron MPPS
0.08-0.18%k

— Even when looking for a leak? & 22 24347
FHE—

HoweverZii ... ..
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What is a particleft 4 & ki ?

{} OO
@

BORLA ANF R IR RS, AT LA HUDE RESCA AR, PrAFRATTE 4
RETE E — IMRIURLRLAZR I ?




The Simplest Particlef ] &[]
i ?

HSLHE A2 BRI, Fr DL T i e T BATT B SR, dse ] O 34k
AR EE 2 —AER, BRI RS2 e R B ER



Equivalent Particle SizestHZ: 1 Bk

NG

» Diameter of a Sphere that has the same magnitude of a chosen
Property as the particle In question EL{%A A [E # )@ 14

— Optical Diameter (Eye/microscope)):22 B A2 CHR/Z e )
— Scattering Diameter (Light Scattering) 55 B4 OGBS

— Electric Mobility (Charge On Particle)d, 7T (455iki 75 H
)

— Mobility (Diffusion) 43 (¥ H0O
— Stokes Diameter (Drag Forces)
— Aerodynamic Diameter (Settling Speed)=s <5 /1 EH 4%




In Filtration, Collections of
Particles Interest Us7E i £ 2%,

& SURTLL IR N

Aerosol’ A Solid/Liquid and Gas
(dust, fog) Bl 4/ A4 A< AR
Hydrosol/Ki# % Solid [l 44/Liquid i & and Liqu &y
(milkZE- 475, paintyiiiZ, lotiondeiti 3

Foamjifd ik Gas in Solid or Liquid

FE [ A BB TR] Y A4
(spongeifi4h, & shampoo)




Key Concepts 3= E [ &

Drag Forcez 5| Jj — proportional d, > 10um
Slip Correction for d, < 10pum

Stopping Distance and Relaxation Time
Settling velocity

Mobility and Electric Mobility

Diffusion and Brownian Motion

Coagulation

Dimensionless Numbers



Units of Measurement In
Filtrationill = H {5457

 um Micrometer, 10-° meter
e Nm Nanometer, 10° meter
e A Angstrom Unit, 10-1° meter

1 um=1,000 nm = 10,000 A

Some perspective:

1cmis 1000 pm
1lin = 2.54 cm = 25,400 pm



Particle Sizes of Interest/z&24 4 [t fjik; ] ~]

ltem Approximate Particle Diameter
X B RURL R~
Eye of a Needle4 iR 1,230 microns
Beach Sandyb i 100 — 2000 microns
Table salt& & F 1 ih ~100 microns
Human hair A\ =k & 40 - 300 microns
Talcum powder ~10 microns
Tobacco Smoke/fA 0.01 — 1.0 microns
Bacteriadll [# 0.2 - 0.3 microns
Virus’i & <0.005 — 0.05 microns




Typical Particle Sizes

0.3um

Reverse Osmosis | Ultrafiltration _‘ | Particle Filtration
] Nanofiltration i Migro Filtration ]
_‘Symheuc) < . - L~
Dye Cla Silt Fine Sand Course Sand
A.C. Fine Dust
Cement Dust
Aqueous Salt Beach Sand
Carbon Black = = Pulverized Coal =
it >
Haint Pigments
< e it _y, <
Insecticide Dusts Spores Visible to Eye
T — > - -
H?H:'D co, Colloidal Silica Ground Tale b "
goz [ = Pollans il
QJG; P
Molecular Diamete Alburnin Protein Molecule
| Atomic > <t
Radii Atmosphenc Dust Point
-« ( > =
Asbesl}D Protozoan Cysts
il Red Blood C II|D' 1
ed Blood Cell Diameter
e / ™\ S T W———
L i 1 1 1 L i i
I LR LI L [ T TTTT0m | T E]1H LN AL L [ T TTTTYT LIRS U [ T TTTT
00D oupOaz 00005 Q.0008 0.001  0.002 0005 0.008 0. ooz 00s 00800 0.2 0.5 o8 1 z -1 & 10 mn 50 &0 100 200 500 BOG 1000

{1mmj

Typical water contaminents grouped by color PARTICAL SIZE in MICRONS



Another Particle Size Chart

Relative Sizes
of Small Particles

MICROMETERS

(um)
- 1000 -
- BOO -
« SEWING NEEDLE
-600-  DIAMETER
- 500 -
[ - e00-
DRIZZLE —
_: « RAZOR BLADE
SEACH - 200 - THICKNESS
SAND _1
ﬁ MIST
0% juMan RaR
_ -80- . DIAMETER
-60- « FLOUR
-50- .
_40. o SMALLES
WHITE VISIBLE
r LIGHT -30- PARTICLE
MICROS- RAGWEED
copyY ~20- {pOLLEN
POLLENS ALUMINUM FOIL
I =il RED
BACTERIA JEWELERS “8- . BLOOD CELL
ROUGE -6- * YEASTS & FUNGI
- niie
=il =
cLoups/
FOG .3-
h uv iD=
LIGHT
MICROS-
LLNG copPY
~ DAMAGING s
DUST - SERRATIA
MARCESCENS
i m T {ORGANISM
L . 4. (PSEUDOMONAS
o OIMINUTA
i Ted .,pono.»z_mz
T
PLEURO- s i ﬁo_ OCTYL
PNEUMONIA PTHALATE
LIKE ORGANISMS AEROSOL
[
= o1-
ELECTRON ot
CARBON MICROS- 5
ELACK coey - .06-
- -.05 -
ETE ULTRA- . p4-
TOBACCO MICROS-
SMC#Z COPY - .03
- .02
VIRUS
= = L .o0t-
-.008 -
- .006 -
- .,005 -
-.004 -
L - .003-
-.002 -
- .001 -




Typical Settling Velocity it 4 i |2
i

Diameter (um) Feet/minZE R /45

q!

0.1 0.00016
1.0 0.002
10.0 0.59
100 59.2

FA T 8R () FORL AT 7R 25 < A5 — BB TR], R RURDR OB A5 R
T%M"I‘;%o



How Is an Aerosol
Characterized 2574 1% 1o 4 1E

Consider this data set

bbb

Freguency
X (range) Raw Data Normalized
Oto5 100 20
5t06 70 70

6 to 8 60 30



Normalized Frequency
Distribution®r (A 0 Af

Y/AX

X X
Raw Data Normalizedl



Size Distribution Terms X~ 43
e Independent variablefii v/ 25 &, X

e Mean “F-1JX

e Standard DeviationfrifE i %, o

« Mode (peak)Ti{E

« Median (50t percentile) P {H (50%
)




Arithmetic Standard Deviation

VN

-(X-X,,)%/2 §°

\»_: :'
- 11
R L]

7

Arithmetic



Geometric Standard Deviation /L,
(AT PHE A 2

F(x) =

-(Inx-Inx,)?/2(In s )?

S e

/ \ (2p)”~2Ins

F(x)

/ | XA LR LT, I B RXT 4L,

Geometric



Particle Size Distribution

 Most Natural Processes are Geometrically
Distributed and often multi modal H 72X A ) 7
1R 2 B LRI BRAE 70 A1 I Hoe 2 P A7 1E

 Number (count), Surface, or Volume (mass)
Distribution are common weightingsit#t, #*

MAREARTR (Fis) SR E




Why is this important? {14
& BT

Due to data weighting#i T Z#EFR=...

...the 0.3um DOP particle measured in the 50’s
is a volume (mass) mean...0.3um DOP ¥ il

B £ 50%] & /R A1~ 1)

...whose number (count) median is actually
closer to 0.18um...the MPPS ‘& iit# b B 5
0.18um.




Geometric vs. Arithmetic ) L7 &HF A

e Consider Geometric as Arithmetic or Linear
on a log scale®% [& J L{AE N E AR B 2 M HI1E
N E A

o Geometric spreads out the lower end

o JUATr AR — S S

* In Arithmetic, equal differences result in equal
spacingfE & AR, FHSER)ZE Al)id SAH 7] 1) 25 (8]

* |n Geometric, equal ratios result in equal

spacingfE J AT, AH[A] 1 B 49136 Rl A 1] 1) 4 1)




Geometric vs. Arithmetic) L{A[&H A

JUT R EL Bl 22 AR5 A T I =80 o0 A 2 AR
PN PNEE )i i ON i 1]

1.78 316 562 V.48

1 | 10 100

Geometric

12 14 16 L8

1 2 3
Arithmetic

Equal intervals
Arithmetic: 2-1.8 = 1.8-1.6 = ... (equal differences#H [A] {2 5)

Geometric: 10/7.48 = 7.48/5.62 = ... (equal ratios#H [&] [ Bt 451



Why Use Log Normal
Distributions 414 FHXT 8053 4 ?

» No Negative ValuesE 1 5 {H

e For known distributions, the Means of
different weightings can be calculated from

the others X TR B K 7041, AFFIFR=ER]

e 20 h A

* For example, Mass (volume) Mean
calculated from Count (number) mean

o M, FiE (AP P, tHE M

N




Number and Volume
Weighting £ & A4 FR R &

d, Number Counts Volume (1rd3/6)
1 1,000,000 523,000
10 100 523,000

100 1 523,000



Key Points to Remember
Particles come in many shapes and sizes
RIURLA ¥ 2 FIRAT R
ALL measurements determine some physical property and
provide an Equivalent Size

A I ) B VR DR E /R R B — A SR R RST
In filtration, larger particles settle out and are not important,
particularly cleanrooms

EES, (H— SRR FREAEZE, Rl ik =
Geometric Distributions (aka Log Normal) are used to
define particle size distributions

JUT oA (B Eor A D) 5 T 7€ SOBURLR ST o9 Afi
Mass and Number weightings are common in particle
measurements it & L & PR & 2 8 A RUR THE
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Now we know we are looking for particles...

The Light-Particle
Interaction &AL A BAE H

IEST




Primary Light-Particle
InteractionsZt A (1 6 MUK AE -

o Elastic Scattering 4 85t
— Rayleigh Scattering i F) 5t
— MIE Scattering K2 5t
— Phase Shift #7354k
— Polarizationf &

 Absorbtion Uk




LIGHT PARTICLE INTERACTIONY: ik
M EAE

Ramah
)
Reflection ;’luj\loﬁrescence
"""""""""""""" WX f A Diffraction
79
—
Incident Light \ Refraction
e it}
Emission

FERG SR



Common Properties 3 [7] [t 44

* Refraction — the apparent change in direction of light
due to change in refractive index within one medium
or between dissimilar medium©E—"#1 i # 5l AS [F] )
M A G A 7 1A

« Reflection — redirection of light at the surface of a

material [ 55 —44 J51 1 2% 1H 2022 77 [7]

 Diffraction — bending or deflection of light around a

particlefiT -t A8 Uk J [ 25 it 5w 7%

» Polarization — oscillations of the light occurring in a

defined planefmdk-1£—> & X 1 TH DGR 20




Complex Numbers#{

(4)1/2 =2
What is (-1) /2 ?
It is defined by the symbol i

A complex number is written as (a - b i)
where the imaginary part is represented by the
symbol i



Ve

Refractive Index¥7 5T £ %%

* Refractive Index of a material is a complex number

— PRI R Boe AR 2RI, R

Usually given as 2 - 4i

e The imaginary part is due to absorption



Refractive Index of Common
; el L N N =N3
Materialsif & 4 il i B 47 5T £
T REE —NE IR, By LR R, 28 2E80P 8o, £
B IM RN BE S, s, ARG 4y, UF2 & @ A B IS A TS oy

e Quartz 1.54 - 0¢

e Glass 1.5t0 1.9 -0i
e PSL 1.59 - Oi

e (Ca Sulfate 1.57 - Oi

e Carbon 2.0-0.33i

 |ron 1.5-1.63i



Refraction?7 57

Refractive Index = siner/ sine |



Size and Scattering Regimes

Size Range
of Interest
a=md/\
I T T 1] T T T T T 1
o~3 10~ 2 jo~! | 1o 102 103 104 io3 108
| o
e——— RAYLEIGH -l MIE -{-( GEOMETRIC
— REFRACTION —m oo e e e e
DIFFRACTION —————————————oommm = = —|
I-‘ ! [ FAR-FIELD ONLY)
‘L= REFLECTION
PARTICLE SiZE(d)FOR A =0.55 um:
I 1 T ] I . ] ] 1 I
m g—9 io=8 jo—6 lo=5 io—4% 10-3 Io=2 10-1
] I ] P T i
pmoo=3 1o~2 10~! | 10 102
-G.usss-]- AEROSOLS —|
| HYDROMETEORS -~

From Univ of Minn, Aerosol Measurements Short Course



»

Elastic Scatterings

1 £

U

Redirection of Incident Light without change in
wavelength 64 % [n] J5 P KA AR

« Refraction — internal to particle, wavelength

and composition dependent

* Reflection — at surface of particle, dependent
on wavelength and composition

 Diffraction — external to particle, independent
of wavelength and composition



Particle Size Affects
Elastic Scattering

« Optical Particle Size (o) Yt2# @ik K~
a=T1d/A

where:
d = particle diameter i B 4%
A = wavelengthif K

e Scattering Intensity (I.)HUT
|, = A% f(a)

where:
f(a) is a size dependent function



Light Scattering 75U

o Particles much smaller (< 0.025um) than the
wavelength of light results in Rayleigh
Scattering ki /N F0.025umid fi Fii F1 S

« Particles comparable to the wavelength of
light (0.025> x < 2.5um) results in MIE
Scattering Jii ££0.025%12.5umA] 5 ik K %=
A2, RN BARAKLH

 Much larger particles result in geometric

scattering. K— s 1 RIURL I %) LA B




Light Scattering 75U

o Particles much smaller (< 0.025um) than the
wavelength of light results in Rayleigh
Scattering i /N T-0.025umid Ji Bt £ U

« Particles comparable to the wavelength of
light (0.025> x < 2.5um) results in MIE
Scattering

 Much larger particles result in geometric
scattering.




Rayleigh Scatteringi F| &

Raleigh
ascattenng

Crirection ol imcaming Light

—_—




Rayleigh Scatteringi F| &

|
YA

\

\

|

RSN

i
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Mie Scattering & #it5

|
YA

Wavelength, A

)\

Incident light

BRI RS BRI o6, /TR ASOH SR 5, WU D T S B 44k
Ty X STURLTHE Y PR A R P



MIE Scattering & it

Mie Scattering

[/

Direction of Incoming Light




MIE Scattering
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Multiple and Single Particle
Sensing and Sensors Z™fl

FANURL BN A% TR A

IEST




Multiple Particle SensingZ /™

Sampling Volume = 1/number concentration
B R T R0R B = IR 1 2 40
Independent of sample volume (measuring a
‘cloud’) 7 T EUREARER Gt — MR =)
Precision depends on averaging time (due to

variations in

UEL TSR

the ‘cloud’)
- IETAIL C

T =S



Multiple Particle Sensors# fikif% &% 2%
e Extinction (umbrella) Yt BH %

— Smoke Meter (soot content in exhaust stack)
— JRARI A CHRFE E B2 D
— Transmissometer (visual ranging)

— EeC (Al E 2] Lot ve D

« Scatteringi
— Intensity (nephelometry) F&E (JdE )
— Backscatter (LIDAR) &5 G HU
— Photometry Y5211 &



Photometer )t 1t

Aerosol Is illuminated by a light source
A B G IR S

Total scattered light is detected by PMT
T BT YA PMT S B 3 186 5 0 2

Total concentration iIs measured
AR S BRHE 1 =




Photometer = 1t

Aerosol

00

Photodetector

0 Focus Optics

Collector Optics o

—9

Light Source

Electronics  SSEETFR — AN CANISE R RS, oAk, DOPELPAO.
EWH 2% e wn] DR e AE BB . AT
W A I BT P R S 1)
W RETREZ D, KER BT EERRE,



Photometer Focal Point

716 /;Ff iJr ,/5:\ )5\




Nephelometerjdt J5 11

o Particle density is a
function of the light
reflected into the
detector from the
Illuminated particles

PARTICLE
STREAM

>,

(>

SOURCE
DETECTOR

0 o ) L PR B ORI SR B, LR Bl BT ==
AR —L8, FTANRRITS 3, G E LS ] WL ER -l &



Summary 2 N UKL [Bas L 4

Multiple Particle Sensors

Light-Particle interaction results in scattering
JCRURL ) AE BA'E FH 3& BRI

Optical instruments in particle measurement
IS dependent upon the particle size and
scattering properties

FERURLIN & 1 DB AN AR 25 T 0RO A B R 1k
Multiple particle scattering is independent of
volume; depends on averaging time. 2 4™ ik

HUH BT, TR LS




Single Particle Sensing&#.—fj

JURE B

\I‘n-r

o Sample Volume << 1/number
concentration

 Requires a precise, known volume of
sampled air & E—/MEER), O REEH

A

LN

* Same as counting events; precision
depends on total countsis & K FEEE 1t

p2



Single Particle Sensors . — ik /% J&
myu]

Ay

e Light attenuation (extinction)J%fH

e Scattering (Particle Counters) )t &t

— Laser¥t
— White Light 5%

« Angular Scattering ff & it
« Doppler anemometerZ ) X it




Particle Counterfikiit#1X

Photodetector
\
g
Electronics Light Source
Collector Optics




Common Particle Counter
Challenges R i1 H{ 3 7Bk bk

« Multi Valued Response Z1E ] V.
« Coincidenceifi & &

* Problems at small particle sizes

o /INFIURL ST ]




Multi Valued Signal ZH {11 5

L

]

-

o

o

oo

0

s

=
=
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Coincidence

Photodetector

< —

Electronics Light Source

Collector Optics Focus Optics




Small Particle Detection’)> ik {yi i

e Scattering intensity is very small5{ 5T /e
E N

« Common Solutions 3 [F] B fiE 77 %
— Increase intensity of light 30t HE &

— Change light source wavelengthi{t 28 Y6 %
K

— New techniques?#rHi AR ?




Small Particle Detection’)> ik {yi i

IN=|

e Increase Intensity ¥ NfE &
— Improves signal from particles iniki (K115

_I%L
— Increases noise from air molecules{H 14
T NG N s P =
« Reduce the wavelengthji /> K

— Shifts the curves to smaller sizes #7345 i £& %]
/NIRRT
— Increases noise from molecules¥¥ N T 24 %
« Reduce the viewing volumei /) a] #4&FH




Condensation Nucleus
Counter&e 45 #% 228

< (==

B e e o i ol

Saturator Vapor

AR

Condensation Nucleii

<Illlllllllillllll

Aerosol
Alcohol

BRI S AN B — DA RMZTRAE, SRR O, A HERK. ZREHEKS
Pl G NN R SRR o X BIURLAE 283 A7 i P R R — AN K AORE A T B £ 4
FEHCH IR BT N LRz AR LA RO, UKL 2R0.03umERREIN 2, 28 )5 0
BLAERURL_E A3 AN BEI 21 SERBR B RURL R ST




Single Particle Sensors Summary

SN

—

NI 1T

Most optical measurements are in the MIE regime

2 HDGIF R KR

Single particle counting requires known volume of sampled air &
— MR T 2 O R EUREAAR AR

Same as counting events; precision depends on total counts —

long sample times at low counts 45 HURE e [a] 4 ok /b 2 v —
it

Problems of coincidence at high concentrations? =ik Ik 245
H A ) &

Non unique response and low signal to noise ratio at small sizes
/N RSPTu R, 58

Small sizes handled by using smaller wavelengths or proprietary
methods



Photometer vs.

Particle Counter vs. CNC
JCIE & BN &I AL A
« Photometer)tEE T
— Measures Total Aerosol il & ¥ /NS
— Response Linear With Total Aerosol Volume 5%
AR B O 26
— Requires Known Aerosol And Relatively High
Concentration 75 22 4118 S A AR X iE ik B
— Problems:
« No Particle Size Information & ik K~ &
« Requires High Concentrations 5 % & < &

N—



Photometer vs.
Particle Counter vs. CNC

« Particle Counter (Laser)fikiit%ias (o)

— Detects and sizes particlesiljist fl <~ Fik:

— Counts by sizeifiid R ~Fit%k

— Measures down to 0.1 pmis /Ml & £]0.1um

— Can use any aerosoln] S5

— Problems|n) @i:

« Assumes everything measured is a PSL RN kLl & T8 3¢

N
Multi Valued Response % {8 Jx v
Coincidence £ S
Problems at small particle sizes/)NFifi 7] #
Long sample times to obtain a statistically valid results



Photometer vs.
Particle Counter vs. CNC

* CNC BRI EUX
— Particle detector only{X X Il fif;
— Can measure less than 0.05 uym

— Problems ja]
« Requires mono-dispersed aerosol 5 H.— 7741 )
SR
e Counts all particles, noise at bottom end

* Long sample times to obtain a statistically valid
results
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What is a Standard?454E 24+ 4

« A KNOWN and Universally Accepted
value of a physical property or quantity
o TRIHIIF HAR) VZ 852 BV B T B
K]
— Meter for measure of length>K
— °C for Temperaturei [ &




Why are Standards
Necessary? Nit 4 7 EixX Lt

* They establish accuracy of measuring
instrumentsix $8 48 37 1 I AN 28 1 UER FE
o Calibrate the accuracy of instruments in use
o RANARHET IR
— Temperatureii. /&
— Scales k4]
— Flow Metersii &
— Photometersyt & it
— Particle Countersiifiit-%ix




How Does this Affect AerosolsixX

LS

REF

SR S

« A Standard Aerosol has KNOWN properties T F145 4
— Particle Size and Distribution ¥ )< ~) #1494
— Concentrationi{< &
— Shape (usually spherical) IR
— Chemistry (inert)ft2% (154
— And Refractive Index in our business x5 &%k



Aerosol Standards=./%
Mono-disperse Aerosol B#.— 4 )< ik
— ‘Single’ size particles o, < 1.4
e Instrument Calibration for PCs
* Research & Development
Near Mono-disperse Aerosol i T #.— 40 4ii SV IR
— Narrow distribution 1.4 <o, < 1.6
» Some Production QC Level of accuracy
Poly-disperse Aerosol £ 7 BU< AR
— Broad distribution 1.6 < g,
— Industrial measurements
— Instrument verification
— Some instrument calibrations

i

bRt

»

—a




Mono vs Poly Disperse

A RTINS [ 70 At



Mono vs Poly Disperse

2o — I KRYog » AR T2, PRI 5E
CEAi] |




Implication on Size Dispersion

e For a log normal distribution
— 95% of the particles are between

— X T X oA




Implication on Size Dispersion

e An aerosol with mean of 0.3um

- 0,=1.2
* 95% of particles are between 0.21 & 0.43um

- 0,=2.0
* 95% of particles are between 0.075 and 1.2um



Mono vs Poly Disperse




1

Three Types of Aerosol =%
gl

* Mono-disperse: 0, < 1.4

* Near Mono-disperse: 1.4 <0, < 1.6

s WL TH—M AR BUNTLEKR

T1.4
* Poly-disperse: 1.6 < g,




Typical Poly-Disperse Aerosol

Standard #7411 2 43 BE IR B v

e Laskin Nozzle Laskinmi

« Wright Nebulizer #it 5 1k 28

« Pneumatic Nebulizer’S.zh %1425

» Condensation Generatorsa it x4 25
« Spinning Disk Jigifi A

 Exploding Wire } 22 ¢

o Standard Dusts




L askin Nozzle
Alr

Aerosol

AR AT, BRI IR E, 1
F2UEEIE Jﬁﬂilﬁ‘]?i@ﬁﬂ“

7 A B = H LA &



Laskin Nozzle




Laskin Nozzle

0.203cm
(0.080in.) dia.

0.95cm
(0.375in)

—+ + 0.165cm (0.065in.)

/I
’ /
4 V]
7
4 4
/.
7B LENGTH VARIABLE
% ’ TO SUIT
7 4 INSTALLATION
7 4
4
1 7
4 9 SECTION A-A
/A’
7 4
’ /
’ /
SILVER BRAZE g ]
/ 1 03%cm
1]
? 1 (0.156in.)
0.101cm ,; 5
(o.mom.)\/’/’ /—E
o
p— N B
R n.
476¢m (0.187in. \\
. ecm(l I ) /\ ‘

BRASS PLUG
SILVER BRAZE

Figure 1. Details of Laskin Nozzle |EST-RP-CC-013-86-T



| askin Nozzle
Concentration Calculations

Output of Laskin Nozzle is defined:

 By#Nozzles @ 20 PSIG

Concentration = # Nozzles x 13,500
Total Flow (cfm)

« By#Jets at 20 PSIG

Concentration = # Nozzles x 3,375

Total Flow (cfm)
*Note: there are 4 jets in a standard Laskin Nozzle

Laskintims 2 o126 [H I 0T 50 3048, S HOM K E R KRR B, I
R RS RO, WREEAL TR, ] A




Laskin Nozzle
Concentration Calculations LaskinHi

s B 1T AL

* You can calculate the system

concentration, if you know:
— System Air Volume (CFM)
— Number of Laskin Nozzles/Jets at 20 PSIG

e You can calculate the number of

nozzles/Jets, if you know:

— System Air Volume (CFM)
— Desired system concentration
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Wright Nebulizer




Pneumatic Nebulizer7a. S Z 4V, 75

| Compressed Air
Aerosol

e R SR R A, AR R A TR, ERRIH AR TOBRL. SRLT
E%?ﬁ?ﬂé?iﬂ%@ /N BORL BRI 7E 25 S P LS IRAFAE IF Bt R Bk
EINIEE A



Thermal Condensation
Aerosol GeneratorsHA -kt

SIEE R

Quench A|r

00000 Aerosol
Liquid I Vapor
Quench Air

Compressed Gas
VRV T Z5 35TV RGO, R4 T 55 AR B o)
Rr 1 R~F A4 A A R



Thermal Aerosol Generator#V< & i

95
« Polydispersed £ 7
* Produces a greater level of aerosol N
concentration than pneumatic type nozzler=4:

LR A Z B2 IR RIKE

« Applications include higher flow systems

 Median particle size is smaller than pneumatic
generation -k 2 /N T 785 BY

e Output concentration cannot be calculated as
output is variable

e Size and distribution shift with concentration /X

~J AN A B L ) 4 AR T AR




Ultrasonic Nebulizer;8 = It 5 58
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Spinning Disk Particle
Generatorig ¥ i i K A 2

Adr Liquid




Exploding Wire

Aerosol

T 4\“‘
B ﬁQUl 1

E}ﬁﬁlﬂdiﬁg W[re—r )

| Eecwode

__ Capacitor




Test Dustsili ¥y 2k

/

« Standard Dust (Arizona Road Dust)frf

pree A SRR 22

— Mainly Silica with == 2 [ f:
« Mass Mean Diameter of 7 pm/Jii & BL42 P-4 &7

oK

* 0, 0f 3.677 41 43.7
« Specific Gravity of 2.78E &&2.7
— Originally collected from Arizona Desert

— JR AR AR T

A SR D




Test Dusts

o ASHRAE Z¥ &7 & M An v
— Custom blend of .5
e 72% I1SO 12103-1, A2 Fine Test Dust,
« 72%ISO¥; 2R
« 23% powdered carbon 23% 1A
5% milled cotton linters 5% & {7 2k

— Attempt to simulate natural dust for HVAC

— & TFHVACH] B 28k 4




Test Dustsill ik 22
 SAE Dusts — automotive filter testing
« SAE¥ZE-H B gl
— Fine #4H#2b
« Mass Median Diameter ~ 25um Jii &1~ 512
« No particles > 100pm ¥ Bk KT 100um

— CoarsefiF;2k
« Mass Median Diameter ~ 60um 60um-F-3 5 & kit
« 10%+ may be larger than 100pm, 10%/0LL FKF100um.



Common Mono-disperse Aerosol
Standards F.— 73 i A AR E
Poly Styrene Latex (PSL) 23k LG nERL T
Vibrating Orifice #&zh7L
Electrostatic Classificationif B, 73 2k
Condensation Techniques4 &t A




PSL Aerosols PSL ¥k

e NIST Traceable PSL Particles n] #1J5 2INISTPSL¥ +

- E o]
Xam eS PSL Spheres, NIST SRM, 60.4nm, 101.8nm, 269nm, 89%5nm
Product Nominal Certified Mean Solid
Part # Diamete Peak Std. Dev & CV Content
AP1690 895 n 895nm £ 5 nm 0.7 nm 0.50%
AP1691 269 nm 269nm = 4 nm 5.3nm 0.50%
AP1963A 101.8 nm 101.8nm £ 1.1 nm 0.55 nm 0.50%
AP1964 G0.4 nm 60.39nm + 0.63 nm 0.31 nm 0.50%

— Methodology /7%
«Atomize PSL in Liquid (water)7E {4 B 55 L PSL

«Evaporate the liquid & & I {4

*NIST Traceable PSL Aerosol A] 7R ZINIST

PSL¥+



—

PSL Aerosols PSL =42 4%

Dilution Air

P .
> Heater ; i I PSL Aerosol
— ]

Compressed Air

Atomizer

e



Residue & PSL Aerosols %% 4
&PSLAH I

 Impurities in water become small
particlessK 5 i 2% Jii A% Al /N FURL

 These particles can be counted as
particles in standard aerosol, especially
by a CNC iXLERTREMETTEL,  Hr il el 2R
2T EUX




Residue & PSL Aerosols

Assuming a typical 2um atomizer droplet and 10 ppm
purity water, E 77 P4 T4 2um 55 A A1 10ppm g 46 7K

Residue particle size can be computed

10 x 10 = (residue dia/drop dia)3

Residue Diameter = 0.04um



Residue Particles’ & 1 Bk

Residue Particles

0.1007 pm PSL



PSL AerosolsPSLE A

Common for Cleanroom Applications# i T &% = M H

NIST traceable PSLs are expensive f] iy 2|NISTPSL¥ I
PSLs are easy to aerosolize, but output concentration is variable% %
A, (B4 IR AR K

Limited by residue at small sizes 7£ /A% X A W BE

Not available in large sizes?% A KR ~F ki

PSL gives excellent optical response Y& . % BEAL 75

Used as calibration aerosol for particle counters FH{E 1% IR S
g



Electric Mobllity Classification
L8507 2R

Mobility Range Z, to Z, * | |



Points to Remember

Standards are required to verify and calibrate
iInstruments and devices

A Standard aerosol can be either poly or
mono disperse

R&D standards are more precise and are for
aboratory use

ndustrial standards are easier to produce
and are widely used




Points to Remember cont'd.

Poly-disperse aerosols are commonly
generated by atomization, nebulization or
mechanical means

Only a few technigues are available to
generate very tight, mono-disperse aerosols

NIST traceable PSLs are generated in small
guantities and are very expensive

PSL concentration output is variable

Residue particles can be a problem in small
sizes
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Photometer Testing
Standards & Practices

G B T I A R SE 2R

IEST




What is a “Fllter” Testlng
Standard? it & 25 s

« A DOCUMENTED and Universally
Accepted method of obtaining a
Qualitative Performance Measurement
— N AOR T SR, JE - AE
AR =




Why are Standards
Necessary?FrifE b 75 A4

« They establish consistent methodologyZ: 37—
S

* Provide a guide for understanding and
compensating for variables encountered

during practical application#&fit—AN g 5%} 3
AN 2 AR ST e




How Does this Affect Filter
Testing?

A Test Standard defines methods and limits

— Aerosol characteristics’, 7 k4 14

— System Operating Conditions & 4i #:4F 2514

— Testing protocolsilliz 5 3¢
« Allowable Challenge Concentrations o £k 14 i &
 Sampling Rate BUFE & &
« Maximum “Allowable” Leakagex K ] ¥ i it 7%
e Scanning Speed¥#ti# &



Standards & Recommended Practices
Organizationstrf & Z2 13 #5420 24

AACC (American Association for Contamination Control)
56 [E V5 Gz il o2

ISO (International Organization for Standardization)

5] b 1 2H 21

BNL (Brookhaven National Laboratory)

ASTM (American Society for Testing and Materials)

EN (European Norm)

IEST (Institute of Environmental Science & Technology)
ANSI (American National Standards Institute)

ASME (American Society of Mechanical Engineers)

DOE (Department of Energy)



Filter Testing Standards

CS-IT (1968) Standard for HEPA filters

CS-2T (1968) Standard for Laminar Flow Clean Air Devices - Installation Leak Test (filter and
gaskets)

CS-2T (1968) Standard for Laminar Flow Clean Air Devices - Induction Leak Test (seams and
joints)

14644-3 (2005) Cleanrooms & Associated Environments, Annex B- Test Methods (Informative)
IH62300 (2001) In-Place HEPA Filter testing, Section 6.2 Equipment

EN-1822-2 High Efficiency Air Filters (HEPA & ULPA)-Part 2: Aerosol Production, Measuring
Equipment, Particle Counting Statistics

IES-RP-CCO001 HEPA & ULPA Filters
IES-RP-CCO006 Testing Cleanrooms
IES-RP-CCO007 Testing ULPA Filters
IES-RP-CC034 HEPA & ULPA Filter Leak Tests

Fed Std 209E (1992 by IEST) Most referenced in “Filter” industry was replaced by 1ISO 14644-1 &
2 in November 2001

NSF 49:2008 (Annex A:2008) Biosafety Cabinetry: Design, Construction, Performance & Field
Certification-Performance Tests

NSF 49:2008 (Annex F:2008) Biosafety Cabinetry: Design, Construction, Performance & Field
Certification-Field Tests

ASME N509 (2008) Nuclear Power Plant Air-Cleaning Units & Components)
N510 (2007) Testing of Nuclear Air Treatment Systems

N511 (2007) In-Service Testing of Nuclear Air Treatment Heating, Ventilating and Air-Conditioning
Systems

N~ A LIS AAaAA ~ A~ n ] [N} ] A" ~I1 - (] n ] ~ .t ~ A~ a —~1



Industries Using Photometry>J't;)
PHT
e Pharmaceuticalii|z4

« Non-pharmaceutical JE#124
— Civilian
 Nuclear Powert% )~
— Military
 Nuclear Weapons #% i 25

« Chemical Weaponsft. 24, 2%
« Biological Weapons E¥ i &5

Ky



Photometer vs. Discrete Particle

Counter)t 1T AT #04X

e 1968 CS-1T Standard for HEPA Filters
e 19684F-cs-1THEPAM X Ax v

Photometer)tfE it Particle Counter
eUpstream challenge aerosol *No defined method
must be at least 27ug/I
eMaximum Leakage = 0.01%
eScanning rate = 2 inches per
second @ 1 inch from filter
face



Photometer vs. Discrete Particle

Counter
e 1968 CS-2T Standard for Laminar Flow

Clean Air Devices
— Installation Leak Test (for filter & gaskets)

Photometer Particle Counter

eUpstream challenge aerosol *No defined method
must be at least 27ug/I

eMaximum Leakage = 0.01%

eScanning rate = 2 inches per

second @ 1 inch from filter

face



Photometer vs. Discrete Particle
Counter

Clean Air Devices

e 1968 CS-2T Standard for Laminar Flow

— Induction Leak Test (for seams & joints)

Photometer
eAmbient aerosol must be at
least 10 E2 above FF
eMaximum Leakage = >FF
eScanning rate = 2 inches per
second @ 1 inch from joint or
seam within clean zone

Particle Counter
eAmbient aerosol must be
>300K particles/ft3
eMaximum leakage >100
counts
eScanning rate = 2 inches per
second @ 1 inch from joint or
seam within clean zone



Photometer vs. Discrete Particle Counter

e 2005 1S0 14644-3 Cleanrooms & associated controlled

environments, Test methods

— Installed Filter System Leakage

— 20054F 1SO 14633-3#5 14

PhotometerJtE it
eUpstream challenge aerosol of
between 20 & 80ug/I
e [ £20-80ug/L]]
eMaximum Leakage = 0.01%

o Kl  /20.01%

eScanning rate = 2 inches per second

@ 1 inch from filter faced i )& 2 &

Mr2gesy, BRI RS 198~
LimitationsR i

«Efficiency < 99.997% @ MPPS

«Qil aerosols allowed i< V&K fo i

«Ability to achieve required

concentrations W 74 2| 75 Z K

Particle Counter 11+#{X
eUpstream challenge aerosol (Too
much detail to list here @ 6 pages)
sufficiently high that N, >2 & <10
o ERIAIIRIE LT
eMaximum leakage = 0.01%

o5 K1t #50.01%

eScanning rate < 3.14 inches per
second (varies depending on probe
dimensions, N, sample rate+= % /&
AR/ T3.14%0 (kR A
A



Photometer vs. Discrete Particle

e 2005 1IS0O 14644-3%8%?50?%5 & associated

controlled environments, Test methods
— Containment Test 2005 FISO 14644-3%x

Photometer
eUpstream challenge aerosol
of between 20 & 80 ug/I
e [Ji#7E20ug/L-802 |]
eMaximum Leakage = 0.01%

eScanning rate < 2 inches per

second at 2 inches from joint,

seal or mating surfaces
Limitations

«Efficiency < 99.997% @

MPPS

«Qil aerosols allowed

Particle Counter

The greater of:

e ambient count X E103

« >3.5E10°

particles/m?3

eMaximum leakage = <
ambient count X E10-2
eScanning rate < 2 inches
per second at 2 inches from
joint, seal or mating surfaces



Photometer vs. Discrete Particle

Counter
e 2001 IH62300:2001 In-Place HEPA Filter

testing

Photometer Particle Counter
e Upstream challenge aerosol e No defined method

104 greater than ambient

« Maximum Leakage =
0.03%

e Duct measurement-No scan



Photometer vs. Discrete Particle
Counter

e IES

eUpstream challenge aerosol

-RP-CCO006

Photometer

of between 10 to 20 ug/I

eMaximum Leakage = 0.01%
eScanning rate = 2 inches per

second @ 1 inch from filter

face

esting Cleanrooms

Particle Counter
«3 X E108 #/m3 @ particle size
of interest (10 counts per
Appendix B, Exp. 1)
eMaximum Leakage = 0.01%
eScanning rate =

[(CHLI(FI(D]+

[(60)(N,)]
Result 3.3 ft/min @ 1 in or 0.65
Inches per second
(Appendix B, Exp. 1)



Photometer vs. Discrete Particle
Counter
e [IEST-RP-CC034 HEPA & ULPA Filter
Leak Tests IESTII R ke

Particle Counter

Photometer «2.8 X E108 #/m3 @ particle size
eUpstream challenge aerosol of interest (10 counts per
of between 10 to 90 ug/I Appendix G, Exp. 1)
eMaximum Leakage = 0.01% eMaximum Leakage = 0.01%
eScanning rate = 2 inches per eScanning rate =
second @ 1 inch from filter [(2.8)(108)-+-1000][(0.0001)
face (28.3)(1.25)-+-(60)(10)]
Result =1.25cm/s @ 1 in
or 0.5 in/sec

(Appendix G, Exp. 1)



Photometer vs. Discrete Particle

Counter

o 2008 NSF 49 Biosafety Cabinetry
o 2008FNSF 49 AW 4:Hb

Photometer Particle Counter
eUpstream challenge aerosol e No defined method it
of at least 10 ug/I N ENE N
e |3 KT10ug/L

eMaximum Leakage = 0.01%
o i K % &20.01%
eScanning rate = 2 inches per
second @ 1 inch from filter
face #2595,
PEIT JE AR T 10~ )



Points to Remember!

 Photometer & particle counter results are not likely to
correlate due to the different weighting of the
technology used.

— Photometry response is mass weighted while
particle response is number weighted.

 Filter testing process is the same regardless of
photometer or particle counter use.

— Measure upstream challenge

— Measure downstream penetration by scanning or
point sampling

— Calculate penetration



Points to Remember!

» Filter testing process complexity varies between photometers
and particle counters.

— Challenge concentration
* Photometers: Variable range of 10-100 ug/l with 10-30
ug/l being typical (Std defined)
 Particle counters: Variable range of 3.0 E10° to 3.0 E108
(Std defined, calculated to achieve desired N,)
— Measure Downstream

 Photometers :0.01% leakage maximum while scanning
rate of 2 inches /second in most cases (Std defined)

« Particle counter: 0.01% leakage maximum in most cases
while scanning at a calculated, statistically, determined
rate (Std defined)



Points to Remember!

e (Calculate Penetration

— Photometer: Ratio of upstream challenge to
downstream expressed as a percent

— Particle counter: Ratio of upstream challenge to
downstream expressed as a percent



Points to Remember!

« Each technology has design strengths and weaknesses which decide where its use is
“reasonable” in filter leakage testing.

— Photometer
» Aerosol generator for upstream challenge “oil” aerosol
* No diluter necessary for Upstream measurements
» Consistent & essentially “Calculation Free” test method
« Limited to systems with efficiencies <99.997%
» Typically consistent results among multiple units
* Robust “core” technology
— Particle counter
» Aerosol generator required in most cases, but at a lower output
» Use of solid or liquid aerosol possible
» Ability to test systems to 99.9999% efficiency
* Diluter required for upstream sampling
« Unit to unit result consistency difficult to achieve
* More sensitive detection system results in less-robust instrument
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Hands On Demo:
Photometer Filter Leak
Scanning
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Review and Discussion
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Thank you

David W. Crosby
Tim McDiarmid
Don Largent
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