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A Study on the Characteristics of HEPA (High Efficiency
Particulate Air) and ULPA(Ultra Low Penetration Air)

Filter Units
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Table 1. Types of Air Filters
Class T Range of Pressure Efficiency Operating Main
ype Particle Size | Drop mmH20 [(0.3 zum DOP) |Air Velocity | Applications
A | Prefilter > 5 pm 5~15 | Low 100 ~ 250 Prefilter for
(Z=d 40 ~ cm/sec | HEPA or
80 %) ULPA Filter
B | Medium 21 ym 10~ 20 Medium lower than | Extract or
Filter (30~80%) | Prefilter Recirculation
C HEPA > Submicron 12.5 ~ 25.4 |high 1~6cmsec| Clean Room
| Filter (0.3 pm)- (>99.97%)
D ULPA > Submicron 19 ~ 35 Ultra high 1~6cm/sec | Super Clean
Filter - (0.1 pm) (>99.999%) Room

1A Ee o PAE N 4oz 25 A
£ A F 4o gloj4 & Clean Roomo| o] &

= HEPA Filter, ULPA Filter 2 o] 5 ¥
ol A 3l= Pre-Filter 24 #.& wx] A7
g5, ¥ 24%59¢E, t]¥7] Process Gas
o A3E FH oz HAgHA Aot

| Eo] AAL BAogd EEHE AE
27, A okE29 Biological Clean Room 2 &
Ax 27 ] W FA Aol F. 23 Bio-
Hazard tj& Ao o] &=|nj, HEPA Filter, ]
Fzzo TI3719 A3 2 2(EE FHe
Vent Gas 9 ojAl & AAS Ex o223 Ay
5ol =t

HEPA ( High Efficiency Particulate Air)
Filter = 0.3 gm u] & =}o] dls) 99.97 % o1 4
9] A48 7} HeEloln, ULPA(Ultra Low
Penetration Air) Filter & 0.1 pm o} A2 ¢
Aol sl 99.999% ol 49 S KA H
Hol o},

u] = IES (Institute of Environmental
Sciences ) ol A]+= &4} HEPA, ULPA Filter
so) F#4¢ $459F0l glosl, ULPA Fi-
ter 7} Ao & &= JAAL 0.12 um

o2 33 g}

oo HZ

o} &

Fig.1¢ HEPA Filter o F2% Jehll A
o8 A$4 1pm A% Glass Fiber 2 o]
Folxl= F7 o Imme Filter Media 2 o
HHes A& T8 5o} ¢k (SEMz7 7
Z A #2)

Filter Unit 24] AJ 2 7Awts AL v]F FI
ELDTEC Co., 2] Vector Air HEPA Filters

L Filter media

spacer
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EERRERN .
Z N S
A
NERERN
L
Fig.1 HEPA filter 9 1%
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3. Air Contamination

1) Air C;'mtaminationfl] A9
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o AEAL dx gt 2
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2) Air Contamination &} A A 3]

Air Cleaning Equipment Q] 37|44 JA 2
A

baffle plate

cyclon

filter (bag filter E3})
electric precipitator { A7

A7)

Hod
o ez L

HEPA filter
o WxyAe {

electric Precipitator

air washer
o gas & gas filter (4 ebALL)
adsorber
5ol At

4. Yxte| E4

d7] gl EAstE A ded $LE
B Fig.3o]4 Xt upebzle] abzbdlql <lak
b 0wt %2A AH3 woh 2dn 1% A
£ 4 2719 APl A 5 pm o] o] oF
91 wt % & A=A|3}3, submicron 379 Y=
© 3wt %ol EASAY FFH 2 submi-
cron QJ A7t A9 100 %% #= stz lch(Ta
ble 3 2 Fig.4 F=z) o]&l3} H9Q=e E4

Petcant Prosent
Deseription Appesrance Kinds by Weighe
Renge Aversge
Spherical Smokes 0-20 0
O Poilens
Fly ash
treegular Minecals 10-90 0
conie (S Cinder
Flakes Minercls 0-10 s
& Epidemmis
Fibrous Lim -3¢ 10
. ? Flont
fibers
Condensation Carbon 0-40 15
flocs g Smokes
Fumes

Fig. 3 Distribution of airborne particulates
in the atmosphere, by particle shape.
From K.T. Whitby

2 gAY 27, ¥ 9 SHe Aol we}
295 o}

AALE] AL oA T 54
dae g, dAnFe A4, ARILE A
A7 e S5 A4 2404, 854 5
94 295¢ £ 4 ek

AAAA 7 e BEG 4L
(1) 214 o - 2ok, 72, 95
(2)Mzo 44334 24, dA=E, &
2, B9AE, ARH F
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- AR, A4, 2H94Y
84 weE, F34Tol
9l ch,
= JH8qe £9,
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G)Akd4
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Table 3 Distribution of particles in typical

urban air sample

Mean Particle size Approximate Percent  Percent
particie size range panticle count by by

(um) (um) per cubic foot of air weight  count

20.0 50— 12.5 % 10’ 8 xi"
7.5 10-5 10 x10' 63 gx10™”
2.5 s—1 S5 % 10 6 1%10”
0.75 1—0.5 10 x10' 2 ax1o”
0.25 9.5—-0.t 12.5 % 10" ] 1x10™
0.05 0.1 —0.00 12.5 x 10" <l 99.9999

Source: From the Frank Chart, American Air Filter Co., Louisville, Ky.

Mittlerel Relative | Volumen
edchen-| Teichen. %

GraBle| 2Zoh
npm in%

20 0.005 28

LA 0166 52

o | e n
2 | e s
ors| &3 2
05| 92175 )

Fig. 4 Particle size distribution in the
a tomosphere source:from the Vile -
don Filer Industry,Carl Freudenberg ,
W.Germany
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5. 1MSZEl (HEPA Filter)2 4
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A ZAAHAc} Fig.b+ o3 71 7FEE QA7 4
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7}. A& 43 (Straining Effect)

AR AR o & 43 & /M 4
A= 5H4sx Zdch (Fig.5-a)

Y. AA 857 (Inertia Effect)

FA4e 32 AR BAol FeHe, ¥
A% AL BE A6 TN S4L e
o]
?51

T3z o AAYAE AP A A
9 A4 559 ZAYG (Fig.5-b)0] &3
e fazu 473 3% 4% 20l 4
%9 Aol 24T £5 AN,
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I
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e

W
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"/
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Fig. 5 Particle collection as achieved by different filtration effects.
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t}. ol 4] 4 &7 (Interception Effect) bag A2} F A& £8-3 HEPAFE Y A4
Fz 7 A7t FAE weba I 9 d EAE Bz g,
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. -p
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2. 8487 (Diffusion Effect) ! 11 1
FAFANAS BA AHEEQ B} ¢F Powr Supmty
(Brownian Motion) ol 9J#4 d%& W # Fig. 6 Electrical diagram of electrostatic
29 A (<1 pm)EL G-l A B} Aol HEPA -Filter (Delbag , W/ Germany )
A3 g (Fig5-d) o; e &% 92 ‘ '
A 9 AR 44T 5 Sk,
b, A 71A ] i (Electrostatic For - t DENSITY CONSTANT
. VELOCITY CONSTANT
ces)
>
25 QAEe vlmd 22 H3E HAq & H4
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B 2ot E Ak Adhe 59, 47 &
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w
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Fig. 7 General effect of Principal mechanisms that affect the arresting efficiencyof the HEPA
filter. Effectiveness of diffusion (a) mechanish decreases wish increasing particle
size; effectiveness of inertial mechanism increases, at a given velocity. (b)Effectiveness
of diffusion decreases wish _increasing velocity;effectiveness of inertial effects increase
for a given particle size. (c)For a given particle size and velocity, increased density

decreases effectiveness of diffusion and increases effectiveness of inertial effect.
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2) E5gst ga
324 A5 4 (Monodisperse Particulate
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f= fractlon of penetration (£3¢)
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AP = pressure drop at defined velocity for
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p =181 &2 733h)
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Fig.9 Penettation versus pressure drop for

various filter media

wn
(o]
e

n (%) o
o o o
i ] .

Pressure drop mm wg
3

0 T Y T T

! 2 3 4
Velocity cm/sec

Fig.10 Pressute drop versus velocity thr-
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Fig.1l1 Variation of penetration with veloci~
ty through a paper filter.
(Courtesy Butterworth and Co.Ltd.,
London.)
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Fig.12 Penetration of HEPE filter medium
by submicron particies as function of
flow rate through medium normal
flow rate at manufacturer’s rated
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(vertical line). From MSA Ultra-
Aire Filters, Bulletin No. 1505-20.
Mine Safety Appliances Co.

Typical HEPA Fiiter Performance

0.20 035

0.25
Particle size {mictons)

0.30

Fig.13 Average efficiency of a typical HEPA

Filter (Courtesy Cambridge Filter
Corp.)
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Fig.14 Loading -penetration characteristics
of a glass paper filter.
(Courtesy Butterworth and Co. Ltd.,

London.)
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24% BE 9 A ARAAAY Apzle] A
Bz gl vhshzlel Hep & FA Af
(1-4pm)vfE o] HHu]3 2 27]9] o}
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Table 4 Fibre characteristics

Chemical resistance

= exceilent
G = good
F = fair
p = poor
— -
£ 3
e 2 W
£ BE ® -
= © 2 H =4 =)
Fibre Commercial 2 2 = & - ==
brands = 8 35 s ¢ = S S
£ 2B = o = S 22
235 EXs E S = - oo
2e fFgEZS e =2 =2 =2 s&
Cotion — 1.7-45 105 P F G G F
Wool — 12-16 % F P [
Poiy viayt
Chiorige Thermovyl 24-33 % £ G £ G ¢t
{PV.C) '
Polyamide Nylon-Perlon- 43-84 120 P F G G P
Rilsan
Potyester Trevira-Terylene- 43-71 15 F F PG & &
Dacron-Tergal
Acrylonitrile Orlon 28-32 1% 6 6 P E G
Acrylonitrile
homo poiymere Dralon T 43 W 6 G P £ 6
re
Poiypropylene Mesakion, Herkulon 44-77 100 EE 3 G F
Potyamige
aromatique Nomex, Conex 5 . 20 F G 3 06
Glass Fiberglass 5.5-6.6 20 G G P t t
PTFE Teflon, Hotstailon 14 2100 & € £ It
Metat Békinox 2-25 50 & E £ £t

7. IMds UHY JIZMH

1) =A% WY AA FEAe 53

nAEBY F, dATE4e o2 & o
A5 B (Extended Media Filter) & 7|24 o=
A Aol Pele A HAH F—F4Hu7}
HES F52 Fol FL U AAE 22 9
9. A S FAY £z UHe T
7] A& &% (Air Approach Velocity of the
Filter) ¢} vlaslel Fdelat &, oAl F
el wep gaate

o] 59 Ae & FHIE A A WA ut
225 EA 9 gelel HE AL o AFFH
Zraoj o,

24% Weel A% 2o TAH 53 o

£7h 97 B BH FEg
B BAAZ glol £ TEY AHF 4
% + Uu

()= oA HAL A AT 4 Yo
o2 Az 99 dA el ZAHE UA Y

¢ 4 Ax, ol 94 4
o
=2

2) YE 9 QA% 7
4% B2 dAel oA shg Fask
e slojol ¢ ARFE HH Y 2 Appel of 3
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Table 5. Requirements of filter media by Mil-F-51079C~1980

548 %

Tt 7 i &

1. g4

4&ol 9lof wciol(Media) $o4 57 320 em/min. o W 2 FHEAL
40 mmH,0 o] 3kl A.

2. D.O.P £3}¢

0.3ymDOP £% 3(Smoke) T L3 &7 5 4719 22 F522 vide}
of EHAA FFHEF) 283 FEo| A HFEY 28A FEI} 0.03%
o] 3}el A. .

3. AR TAPPI T4949] Aol 93
3.1 QAzt=el | Zelwg 2.5Lb,inch(1.13kg inch)
ANE 7k2u8 2.0Lb,/inch ( 0.9kg, inch)

= 7 9l Audk FebA 0.5% o] A

3.2 9Z4
1%

A5 FFNA T00°+£50°F (371°£10°C) 9] LEelld 587 %3 F
At 2L AR sE AP £y st A2 whdkel A BF 0.6Lbinch
(0.27kg/ inch) o} A< A.

i

3.4 AzAEY
=

3.3 FRUBZE | A2A 1587 5o AT T A 2L AAYE AP L Py
ksl 4 HF 1Lb inch(0.456kg inch) o] 44 7
2.5 megarad /hr ©]3}e] ZAFEZ ;ML 2Abshe] A Aby] 2 Al o] 6.0X

107~6.5x107 red 7+ & A3z 722 AL E AFS 85t 7)el s,
sk2upsk, HF 1Lb/inch (0.457Tkg,/inch) o] A< A.

4. sy

(Water Repellency)

Q101 <=8 7] (Water Repellency Indicator)e] A A{

4.1 AzAA

18 inch H,0 (457 mmH,0) | 8+9] %47} shhe gl HFA 7k 20inch
H,0(508 mmH,0) o] A A.

4.2 AzA%E

3.49 e FANA r AL ZARF £ FFA 7} 6 inchH,0(152 mmH,0) ol
Ao 2 5inchH,0(127mmH,0) o] A 247} shis ¢-¢ A.

5. WERl 4

(Mildew Resis-

Fed. Test Method No. 191-5750 2] A& o A ZHol2l Aol ¢l A==
e A YA AdRY FASlA o APdAdoz dideist AFE

tance) BAANA Fe AL AFHE AL, $TAE 45T A9 A7 3
2% 29 2.
6. & 7 0.015~0.04 inch (0.381-1.016 mm), TAPPI T411%®

7td A A1 A ZA Dol 7% ol8, TAPPI T413%¢
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Table 5. (Continued)

548% # A ! &
8. AFEA
QL))
8.1 4% 474 3/16inch) ¥ FoI% H4 180°CY T e, Aol 53] A

A B 5 v, 2, AR gl Y& A

8.2 DOP ~® = | 8.19 Ay

F4g

0.3ym DO.P 223 F3ge] 0.03% olslg A

9. #A L2
(BRIERRR)

9.1 #4224 | geudel: 3

10% RH, 4 AY :
el P& A

F7HE 14 ZR 3o 3749 Mol
AelgdE 157me A AY ¢
113°F (45°C), 88% RH, 7 spol 29 H3g 1540]

hahe] aiey 7

—-65°F(-54 °C), A=A & : 160 °F (71 °C)

9.2 ZzsjelZ

Aol 22 ~ g,

Dol 28l 37hx Aol F(PA 9 F Dol skl Pt
Aol Z1 - du, G, Aot
Ak, o)

AolF3 - A}, @,

gl

9.3 EZAol2F
o A%

7 BAZZ A0l F %,
o FAAF
AFRE, Wy, AF

%ol 71438 57143, DOP g
WAEAA et A7lo] Frstel HolF 39 Fole 8
40 A A

» A= A

B, 2N AAF 5 Yde SUF E I
B A gHAstelet of FollA o <
HEZ she A9 A9 2 A" ARE &
4R FAel dE AFAde FYFeEA
Tbesteg dAdore HEAA F o ¢l
oozEv 3 R A dAe duAe=
ol AAE AHEste zAdT HE M E
FHAE HaPo B stn A + e F
e Ao e AL FRE 3 9
2322 AR Tl AAE AFA AW A
?Lv_ ol st T2 A dH e 4
& A4 Aol AR Fasich
o2 F7] 434S PE - A9 A
Zote FF A Avuld 2A%E, =3

—_ 0N

A LEl= F%0) Tt wep dFRs = A
ul# 2o Z F7HE 2]l olAde F
717t 9 2% 64 525 9 FHA4 &4
(Aerodynamic Loss)e] A 7]7] wffo|c} o] £
AL F719 W 2 £ Wil 7llskd o
b o 2 F o] Lol Auld e} whepd o]
A I A oFE AL S 3o
EAH

lru ﬂli

£
z

4P = cl% + G

4P :de Age FAAs
A godd g
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GQAxT A4 &5 ¢t AsE Ve
Az, G2 42 e FZ A 2 (Flat Pie-
ece) 9] A9 ¢+H FsHE Ao 2N Zigt
3 24449 5 30k G2 FE A4 T, n
E Y 4fAe dEshm, =3 Y Hgo
AAg A7 At CE v 2a ¢
A &4 Aolnl, UE 4AY F23 F3F
9 o}"}i 7hed & AA fAS ok e Aol
o shie) WAl e Qe A FE A
7] (pleat) & 752 FF(Fold)2 Ao
oz 7}4 (Controlled Media Spacing) ¢ & ¢
HA AE Vior Ags ool gt Feold,

ol AL z YAl F&Foll AH3] vl s}
Zo] o 7x|el E7 B2 E 7«1]5’—-6‘}71] QD} o]
YA ] TR SRE QA 4FEH HFS
of dal b5 7t He ez %lzds}?‘ﬂ +

AR AR SR Asd @ Agslo
oF @ Aold). Figalg UY 3 Vel 584
7 Zg vehis 9l

Fig. 21 Effect of vee pleats an air velocity

C:E A¥Hoz WA $E AL, oA
£ Col A=o7 FE8l AL Total
e FPlA &
AozA AA2 ARl Ak AR
#9 G 2 GE FARA FANR o ¢
AHEAL Azt Fol oA olF Wl

Pressure Drop) & olu] <51

‘A}oko] BA LY, ABES

o ¢HAAEE ol F3lzd A A g

a8y, 4% FEd A ALEHE 22 £
AL C>Cyolx, 7R HErt HeiyA
A A% vl 2 4H A S5 A
BE Moz AMolBZ C, e FALF 2
o C#F G BE A §3hrt AA sl
ZF7KRe AdA R L FE4 $AHn
A= F4% BE(Medium Filter)} = x| g
(Prefilter) o]l dal A= C, 3ol C 2o o3
3 dokn ¥Ags A9 £ gled, 4G
/5% ABy AAolelr Bk 253 Py
£ FHskA 2 Aol

aelBg, e oAbz $£AHT 9
245 BE Ao FHAs= AY o
7o Aoz AT 4 ot

Mo

AP;Cl%ZCIV

wetd o ¢a7eh o Aol ot ezt
oz ¥E 4% e AAY & ok 5 4
A BE §4 dudx, oJoEg 9 AT
3 5 A4 ARAGe] og A e A
A% % 9ok

AAH AL TEZ = oA AR @&
o web 22ta 4 oo, A WAL 2

HABTE A E F3ke 37 S Fa=d
233 2.5cm/ secs] Y A4 EE (lami-
nar Air Flow)< & 4 93, 43582 =
A sz b EAL Pl fek

=5 B8 o %%.4%5 Zof
Z

¥ B2 Qe

4% 9He dAdE 245 BHY F2
2 Gl o
AzAA ogel £ L AFYN 54 X 2
A% BHZAY Exol RE AYTE HEA
B 4 9t APE A FYYEES 449 A
29 2334 5 A21$E L9847t ol
Folxlof ¢ Aelch
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8. Super Clean Room®| Filter T4
“of”2 Ms

Clean Room? 7% A¥ Loz nt5olz
Super Clean Roome]| Qlo] 2] z+& 2] vl
HA A 5ol A ddact )P A3t
Azl o2 97 AFzr|e =gy
(%Y ZAE 85%), ool dlal F27]4
A 245 HMAY ZAE 95 %), IAF
o 24 Clean Room2] JA A=} ULPA I
B1(0.1m & 99.9995%)7} A= = o 214 o
AAE #AE5% 27104 ULPA I AH5& =
Alst7] 918l Clean Room 37| 37]e] 3]7]% %
Y5t vlg A FEE Folz Ao (Fig.22),

0.11pm o] A9l vl Ao FEF v, g
971FY Ex oF 1084 /ftdo]d, oj7lo] =
HBEoA 10% AL AAHL o] 7| Cl-
ean Roomo 2 B9 75719k &=l oF
5X 10870 /ft2 9 =% sz, z4% HEo
A ok 609 AARS] 2x 1084/ ft?e] Exa
5o} Clean Room #HA Chamber o] ZFF5Hz
o|7lo] ULPA HHo| oJ& 0.11pm o] 49| vl
HAlo Al = 4A3] A7 =le] Clean Room
Woll A& T 2o|th, 2™ Super Clean
Room o] glo4 0.1pm o] &9 v]giA F&=
= olgA Hol v AT

CNC(Condensation Nucleus Counter 0.02um
ol ol dlstel ZAAEIE ol LBl 64 A
A% 243 ARE Fig. 230 Jeblch 274
71 7b5e] AEY Fo1%L 1,15270] 0, o] Alo)

35789 wly At AEHUe}, F, 0.02um o)
Aol A AE 0.867 / ft3 9] AR xwo|ct o,
o] #wlel| F35r] A3 Al A o=
A= 7], 29719, 71g Aol sl + 4
A LHdFE A wASAH

o] 2}zko] Clean Room Wjof 4] whxlo] gl
4% ULPA g8 AfZo] vf$ 2EEel=
TFota, shEolA whEe ue A eI

Rt

rie rl

2 e ot

“pre-titier  TFOYERE Filter UL P A Fliter

ARBA 2 8 wl 5
< “144&15&)\ B is
)

10°

BARTREME )

0.1lua KLk
10° -

Fig.22 Z7|3 A Systems 7} 599 AT

474 E Clean RoomAP 5EA)

5@ _
BRTFRE 55~ = 0.86 @ ~ ft?

Ho10

BN 5{

gig o o th .JLn.. ﬂﬂ.nn

®qo O 10 20 30 40 50 60
BEER ()

Fig. 23 CNCof| 93} Super Clean Room W,
AAx, 24747 (0.02pm o] )

9. HEPA, ULPA Filter 2| M=

HEPA Filter o 452 o4 A8 ¢
Yol E4o] wie} MIL-STDe| 53 5 of
et
22 E 1 @ DOP A} 0.3pm) o] 3

99.97 % o] 4
FHEA AT F 2ol 25.4mmH,00| 3,
G714 T2 EA L daiA Az 3
. HEPA Filter o disjAl BF A2 2
g ol AYY EAY, dFFY, £39, 2

FCEHR) 9 dlrle2Ae a7g sHEEHA
ZEHWEER 5ol 9oy 9714 & Table
6ol hehd uie} 2L ZF(YL Maker — 67)
Do A5 FAAE Yebd e

ad JE ofk i
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A5&Ago] odeid= dAl Clean Room &
) Abo 2 & HEPA, ULPA Filter 9 24& 93
AL gl o] MIL-STDW JIS Z4812
2 83tz ok 2y o] AFuielAe o
27kl A F ek =3 wlo] A Ao APy
HE A2 o Rez gz 9t

o714 Z7)7F 610X 61091 Filter £ Sam-
pling 3t 7, W 4F3ol FA=E] ¢7 0.137
pm DOP A5 ¢k 1X 10'27],/min(g7 0.09
pm o] Aol ) FFaA A o

0.1 #m'%}z}zl Z o] tha A= Fig.24o] X
o} wjglzto], HEPASI ULPAoAE a3}
Al o]} 9lch, )

= 2449 Filter Maker o) A 23 4 415]
HEPA Filter & Sampling 3} 4% A&
Table 7ol Ax2 ‘el

99.99999
(0.1 um)
99.99%9
99.999 +
S
ﬁkﬁ 99.99
'
9.9 | 1
HEPA UyULP!
VA ac
L oD e H
49 O F | N
v B
e G x M
oJ
AQ
AN ) N
10 20 30 10
BEBRE (7 /min)
Fig. 24 RERESN BES HHFK
(0.1 gm )

BE Clean Roome] 4 A1&5 & A Fed
A9 Aut o]slol Ak, o] Fikl 2lej4 HEPA
g sloix ULPAY B3 459 99.999 %el
Zate AR girh

0.3um g xe} A o] AL Fig.250] &
A"l whe} 7o) HEPA Filter o 40| w7
L FAH Axold, AT AL ojRx 3t
A 7} Fot

ULPA Filter ol A= B & dhFZoll A 0.3 um
AAE A&z dedh JAAL 2R LY 3
A¥E Fig.2ls e, A4 & A=A
Z) g},

e £ 32
o orlr ofy

FH Az A

AA el Filter Unitof 9] A5 Fig26e]
el A A HLEAE dAHL 0.0~0.2xm
of wslol 9ok

2F 0.1pm o] ste] QJALA ol widld wEAE
A gHE vehz o, o] H4LELE
AAAo it TAGAE FHAAN Hrista
Clean Room?] Ao disl AAS HEHE A
A% 487 Ak

HEPA, ULPA Filter2] 2z} Unit o] ZlA%
Label g3 44 %48 24 235 vlawshd
Fig.27 9} 7tc}  Label zt3 &4 271 & AR
9l Maker 9} Label gtuch Z3 X7+ At

i

ol

@ Maker & 2 ek o] A S,
A a3 AL59] Aolo] wWE Qo2 AzH AL
o2 % AEHoF & Aoz g7

Fig. 24 o} 4] HEPA S} ULPA Filtere] 4%
Aol 7k gl skAl ARE AL & F AAh &
NE AFUAgE ol oA EAFE ¢
71 98 Ae "AAC R AlE AHEA
ULPA, HEPA7} 9A 4o 2E Alo]7} w33
odort, 7t AEel 3008 o4 4RBE F

pe =
N
4,
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AdA BFA-S F5b9 ULPA 0.62 um HEPA
0.81mee & 4 ARt
4y A, F3&L FYdivtn ¥ o Y

Zebol A= 03] ULPA FilterZo] %o] o -

slehE Zo} vl A EA o] Eo g HE o]

3
Ll

)

At
99.899459
9.9 F / .
99,9949 1
9999 -\'/'/. .
g J
ﬁ 99.99 1
i
KQ
9.9 | HEPA ULPA|
v A A C
oD eH
O F mPp
v B
99 L eG XM
oJ
A O
N , @N o
0.1 0.15 0.2 0.3
g (um)

Fig. 26 & = #H&EH ME(ERRE)

99.9999

(0.3 um)
99.999 + 1
@,
N
@ 9999} \ .
& HEP A
& TS
VA ~
oD
| OF
99.9 VB
e G
oJ
A0
@ N
gg A i A A
10 20 30 40
BERE (»f,/mi)

Fig. 25 AR MEE MR (0.3 xm)
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® 0.01 2 G'
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(‘)J fa) — maker A 4
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0.00IF
~L i -
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Z87% ( Label i ) (%

Fig. 27 #f%& 2] Label e} # izl
H# (HEPA Filter)
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