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Improvement of indoor air quality using ACF air filter

In passenger vehicles

Hyung Suk Moon

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime University

Abstract

Recently, The Korea Ministry of Environment has revised the Public
Facilities Indoor Air Quality Control Act, and monitors indoor air quality of
public transportation vehicles. So, it is necessary to design a program to
make sure that the concentrations of ultrafine particulate matter (PM,s),
carbon dioxide(CO2), and VOCs will not exceed the limits the Korea
Ministry of Environment set.

We measured the concentrations of PMss, CO; and VOCs in passenger
vehicles by changing driving conditions to find ways of reducing those
concentrations in downtown Jeonju. We found out that when the actuator
was set to the internal circulation mode and the air blower to Level 2, the
concentration of PM,s was quickly reduced to the lowest level.

When car windows were opened during driving, outer pollutants entered
the car and also inner paticulate matter flied in all direction and increase
of passengers caused scattering of the ultrafine paticles. When the
actuator was set to the external mode and the blower to Level 2, the
concentration of CO, became relatively low, revealing the opposite outcome
to the case of the PMss concentration.

When the windows were closed and the actuator was the internal
circulation mode, the concentration of CO; rose up rapidly. As the number

of passengers increased, the concentration of CO; increased as well.

= Vil -



A great amount of VOCs was generated in new passenger vehicles.
Measurement through the gas detecting tube method revealed that removal
rate of the ACF nonwoven filter for three VOCs (formaldehyde, toluene
and benzene) was over 97.5%, being much more efficient than commercial
PP nonwoven filter and (PP+AC) combination nonwoven filter. It was also
efficient in removing PMsys and COs.

Then, when ACF was filled in an adsorption tower and toluene was
consecutively adsorbed under various experimental conditions, it was found
that the adsorption efficiency was enhanced when filling height of the
adsorption tower was increased rather than when diameter of the tower
was widened. It was also found that under conditions with initial
concentration of toluene 200 ppm; fluid speed 2 L/min; filling density
0.1779 g/m’, the break—through point adsorption amount and the maximum
adsorption amount for Japanese's ACF (KF—1500) were 71.8 mg/g—acf and
181.5 mg/g—acf, and for Chinese’s ACF (MD—1100) were 45.55 mg/g—acf
and 53.77 mg/g—acf.

Therefore, this study concludes that the ACF nonwoven filter can be used

effectively in removing PM,s5, CO, and VOCs in passenger vehicles.

KEY WORDS : ACF 4241 PMas ZPIA WA (PM25); COz ©]2bstghar; VOCs

A f7) BFE; Car 583 Air cleaning filter 371334 ZH
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A=(v=, &) FHSE PMysd A4S A8k, PMosAl ARRKS A%
of dt}. oldl vt AR = AT 7|A #EHI 20069 1290 tlFn
ST A F71E #E Thol=gdl, bgFol&Ald T Ad FUE #EH
S At AW FE HIARE AS #EEr] AFslg e 20119
—2012d (297D =4, 9EE, 5, 5A4, AFAYGY PMess =5 S43)
I AA RAE AF Fo Ak [15-17]. Table 1& HEFuETE Ay 3712
By 7rol=gkels AAFE Aolw Table 2& tEol A4 59 AUF72 &
gijol #AHE 5719 FA7IEH du|ES AT Aotk

Table 1. Guidelines for indoor air quality in public transportation [16]

Pollutant Type Level 1(Normal) Level 2(Rush hour)
U.rban Below 2,500 ppm Below 3,500 ppm
railway

COq
Train, Bus Below 2,000 ppm Below 3,000 ppm
Urban Below 200 gg/m' Below 250 wg/m
railway
PMio
Train, Bus Below 150 pg/m’ Below 200 ug/m'




Table 2. Indoor air quality standard for multi—use facilities [15]

Pollutant Standard Remark
PMio Below 150 pg/m'’ Maintain standard
CO. Below 1000 ppm Maintain standard

Formaldehyde Below 120 ug/m® Maintain standard
Total airborne bacteria Below 800 CFU/m’ Maintain standard
CO Below 10 ppm Maintain standard
Recommendation
NO: Below 0.05 ppm standard
Rn Below 4.0 pCi/L Recommendation
standard
TVOCs Below 500 ig/m® Recommendation
standard
Asbestos Below 0.01 ea/cc Recommendation
standard
Recommendation
Ozone Below 0.06 ppm standard

PMyse 7] Foll Hoys A4 2.5 umBE ok 22 WXz wfrtet 2734 (oF

50~70 um)e] Hd| 1/30014 HA 1/200F0lth. &3], AAsAF w717k 2 =
29 WA Fo2RY WA= PMy 2 582 AW PM & 1 A7]9 A&
ol vj% Hatstal tpeFet™ 19| FebA x4 HE3, IZke] AAe T
B2 ML Aew Fed YO o]d@ PMiol LEd BE ANE +8
2 el B 1S A & ez =EFHZA XA diHT s o] F

o = A



2.1.1.1 vlAIH X9 &F

A==717F AE 10 um(10 pm+= 0.001 cm)o]3FE PM,o(Particular Matter) ©]
2} &t A4 2.5 pmel|stE ZW|AIUA (PMas)ehal o 53] PMas= # 7}
gt 273 vlaste] oF 1/30 ~ 1/200FF°l™ -8 o HolA s BER
Vol EF A H & ZE A EEete QA dFS ZAA "ok 4A
A717F AE 10 um(10 um= 0.001 cm)e]3tE PMjeolgt 3t 217 2.5 um
olstE ZmAHUA (PMys)etal g
AR A= £5 HSAY #2718 &4, LdE As, H2 %
718, SAF SAE FHAA &3] dojues FETORE W0l FHo] FY7}
32 HAR A 2y

F= UEhd Aold, Fig. 12 vwAdAY I FES =43 v

Table 3. Dust sources [18]

Type Source
Stationary
emission Heating, Industrial, Development, etc
source

Anthropo Mobile

genic emission Automobile exhaust and tire wear
sources source

Construction site fugitive dust, open

Etc .
burning, etc

Fog, smoke, dust, volcanic eruptions, wind

Natural sources . .
erosion of soil, etc.

By reaction of the secondary sulphate,

Other sources .
nitrate produced




Table 4. Contribution and emissions of PM.s by sources [19]

. . Emission PMazs
) Contribution i
Article (%) quantity /
¢ (ton/year)  PMy,
Combgstlon energy 54 7.406 0.90
industry
Non=industrial 2.0 2,680  0.90
combustion
Combustion of
. 10. 14,4 .
CAPSS manufacture 0.6 41.9 00 0.90
Production Process 4.6 6,199 0.90
Road mobile sources 16.7 22,781 0.90
Non road mobile 96 3.584 0.90
sources
Waste Treatment 0.0 58 0.90
Petrol cars 0.5 687 1.00
Mobile Motorcycles 0.8 1,027 0.90
emission 7.1
source B ST 5.8 7915  0.94
Machinery
Road scatter 9.1 12,458 0.14
Road scatter 70 9.552 010
CAPPS (unpaved)
supplem :
ent / Construction 0.8 1,025  0.10
addition activities
Fugitive Cultivati 0.4 597 0.20
dust Agricult ultivation 29.3
ural 1,803 0.20
activitie  Harvest 1.3
S 3,567 0.15
ground 2.6
] o 1,389 0.19
Livestock activities 1.0




Grilled meat 2.9 3,975 0.93
Open
) . 4 )
burning(Disposal) ¥ 4,683 0.92
Open
CAPIPS Biological ~burning(Agricultural 8.5 11,630  0.95
Suepnpt e/m combusti residues) 28.7
addition Forest fires 0.7 890  0.95
Charcoal burner 8.8 11,938 0.95
Furnace 1.1 1,545 0.95
Firewood stove 3.2 4,406 0.95
Total 100 136,195




Chemical Conversion
of Gases to Low
Hlae vt Volatility Vapors

: |

Condensation (o
Volatility
Primary Vapor
Particles l
l , Homogeneous
Coagiﬂauon Nucleation |
Chain Condensation |
Aggregates Growth of Nuclei ['|Wind Blown Dust
_ +
| Emissions
| +
Droplets Sea Spray
+
Volcanoes
+
Coagulation Plant Particles

Washout
/. A 4 1
0.001 0.01 0.1 1 10 100
Particle Diameter, um
__ Transient Nuclei or Accumulation__| Mechanically Generated _
Aitken Nuclei Range Range Aerosol Range
Fine Particles Coarse Particles

Fig. 1 Dust formation and separation [18]



2.1.1.2 WA AA Y QA FIF

DARA= 10 umolde] & WA= i =29 My AR 2y A
WZ fYo] A9 ¢t = 5.0~10 umwu|vre] =7] GA] Hutyp dre 2 A
Agoz wjEo] Hrh AT FAE 0.1~2.5 um=7]9] UAZ 7|AAE 57
& Qo] #H X Ul FFeo] M E=H. ol JHFolY THSS
o 22 T dAE 2ARE S rAdAs 2 2] 4579
Fo| Axze HE7 folsta, =77 & YA Bt Hu 7=
A A7 A FEa B3, HolAM Alzske] vkgAe] SUtee AL
HA St Fig. 2& 4AE 857 W &2 X dFS Yl ot [18].

30 microns

9.2 - 30 microns

5.5 - 9.2 microns

3.5 — 5.5 microns

2.0 - 3.3 microns Trachea & primary
bronchi
10 - 2.0 microns Secondary
bronchi
0.3 - 1.0 microns Termir:all
bronchi
0.1 — 3.0 microns Alveoli

Alveoli

Fig. 2 Location reached by particles in the respiratory system [18]
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<7 P }fﬂ 718A A 2 =

=4 5o FEFS 7Y B3 AAY ST AT Hade vAlEA R
A3 7] AbHlEo] QI tiR] AM2o] ZAeddl v ok dsi= <A
Wuto] olynt. = SAAARGIIAF AN = FEAA G vAEARZ Qg
ALS A Fefu &2 At 4x 43 ol Gete Aow Fsta Jdom AR
ATdelds Hol 102dez2 F4 Tl vk gt} Table 5= v A A

ek A FFe HERH AT [20].
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Table 5. Effects of fine dust on the human body [20]

Approx. number
Fine Dust of fine dust

: ) Health Eff R i
(by weight) particles per ealt ects ecommendations
liter of air
0 pg/m' to . No negative health effects to be No special
) 0—30'000 i
9.9 pg/m expected recommendations
10 pg/m tf) 30'001—60'000 No negative health effects to be No Spec1a.l
19.9 pg/m expected recommendations
20 pg/m' to Hardly any negative health No special
., 60'001—-105'000 i
34.9 pg/m' effects to be expected recommendations
) ) ) | hil
Asthmatics and children with Adults apd children
suffering from
asthma may show cough and . .
respiratory diseases
asthma symptoms when exposed .
35 pg/m’ to to dust over a long period of and people suffering
. 105'001—150'000 ! . from cardiac and
49.9 pg/m time. People suffering from .
y , vascular diseases
cardiac and vascular diseases
. should reduce
may also show a worsening of
exposure to
symptoms .
contaminated areas
50 wg/m' to Long exposure can lead to Time spent in
99% o/ 150'001—300'000 irritations of the respiratory  contaminated areas
A tract, coughs and headache should be reduced
Can lead to irritations of the Time spent in
100 pg/m' and 300'000+ respiratory tract, coughs and contaminated areas
higher headache. The frequency of should be reduced to
asthma attacks may increase. a minimum
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o
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As) Fof “jr. SIE=3 -‘HEH X = A7+ X (DPF: Diesel Particulate Filter)
a5t AFs] AFAEAY RS st Jow Fuld AR AS-

g 7009, 18 o3} 3EAE tiE 1~2009H99) BEE &ar ok
of gt viE7|ES A3t v A3t o 20~25% =R VE

€l
Fstetd e EURO 6 7S =8t wesae] wi7izized g 7|&

o
=

o
=

3|
Table 62 Zstd A4 =23 SAYHS yebd Aol [19].
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Table 6. Standards and measurement methods of controlled substances [19]

Article

Standard

Way of measuring

SOy

CO

NO,

PMio

PMos 5

Ozone

plumbum

benzene

The annual average

below 0.02 ppm
24—hour average
below 0.05 ppm
1—hour average
below 0.15 ppm

8—hour average
below 9 ppm

1—hour average
below 25 ppm

The annual average

below 0.03 ppm
24—hour average
below 0.06 ppm
1—hour average
below 0.10 ppm

The annual average

below 50 pg/m’

24—hour average
below 100 pg/m®

The annual average

below 25 wg/m®

24—hour average

below 50 wg/m®

8—hour average
below 0.06 ppm
1—hour average
below 0.1 ppm

The annual average

below0.5 pg/m®

The annual average

below 5 pg/m®

Pulse U.V. Fluorescence Method

Non—Dispersive Infrared Method

Chemiluminescent Method

Ray Absorption Method

Weight concentration method
or
Automatic measurement

U.V Photometric Method

Atomic Absorption
pectrophotometry

Gas Chromatography

_14_



2.1.2 o]t g

o] 2kt ek A (Carbon dioxide, CO.)9 g HiE=E st AT 237 7
23] Hgla}xm At Park (2006)2 21009 t7|e=e ARG Fat 2 T
- Wo] W 50 cmASITI BUSAIL Vi et al. (2010)2 2%7}
73% S 2 A FAEAd ATkd wstE e 6 CHAs

me Zo]l BES 28 4 gdw st} [21,22]. ke
00 ppm¥ W = 3L wx] Uk 1,000 ppmo]AFo]
Y™ 2,000 ppme] HW AG el w37 4717
TEFHE o ™oy FF, @75 9 ARAE olE
23]. AW 371 F9 CO; s5+ AW 3712 (TAQS ¥
P A 22 ZEsht Kwon et al. (2011)2 CO, =9 ##

off
L
£
ol
:=
=2

)
(@
O>'
o]}
>

N

4

o
=
X
o
ol

¢

i

Me do fr
&
ol
b1
_\‘l_‘

o o ok
oo KM & o
4 o L oy
g o
W
a:d
;30 o>" B~
r°“$~ o
>,
U )

N
ol
o
i
a2
r&
—U
i
),
o?‘:
ol
o
J
@
@
O
P
N
N
i
o
L
A
JE

Els
SRS zﬂz‘s}/\]?l—‘& vﬁ—xﬂ% okﬂf‘&t}rﬂ Erﬂfﬂ%
, Cho et al. (2012)2 AWFAA LA 5o BE CO; B AL %
E AT st QY BE CO, w29 ABAHE Husdy [24,25]. &
&k 195 0] &5 ’}}EHOHH =743 CO,9 T}
°F 5,000 ppm
7hA] A2t S AustHTh [14]. Lee et
al. (1999)2 <27k 2919 239 208¢] 73?%’8}% A 5,000 ppmell =3 gtk
3 B uEch [26]. B Shin et al. (2010)& &M Y CO, ¥EE 34 2
FA SHA 107] =464 A F 7ol =891 Level 1 (2,000 ppm)Z} Level 2
(3,000 ppm)E RFEAIF O, a1A HIF7] SHATE IF Pl A Level 1
S 2t Ao 2 ZAFE Y [27]. Kim (2008)% A&tE 5 3712 B
Hlotol] #3F AFE stHA HE SV E B 23] #EE st AT CO,

iy
i
|o
fru
N
11t
>
lo

R M
»<i°l

ang
781 b

3>
L
to o
ri
ot
s
o)
=
-\
HN
-
o
(@)
S
%
3
ra
o 5
]
£,
i
rlo

[1

=

1_4

F=7F B 2,000 ppme]do]l Ho © A Az BadS U
At [12]. ool A F-A A= ‘ﬂrvolﬁ-*] AU 7138 #eW 2 A S
| 5 @astal Aok [15]. 28 =4
FE e AA/VI7Y ofH 9 4R
7H78 3l COz 7l&< 1,500 ppm7i}7< 9‘r§}o o #eskal ot Sohn et al. (2006)

H mzm

_15_



e NE AR AY wEFR AYFE BB Sa, AT F A
P Lo DA BR 92574 AR B ARB7180 A ay
gee musgnt (28], uae 3
o}

¢}
o] 57T%=ZM ol HMHT F7F3F FA|o)ARE ARRIS 2 ofAE &
el

. Lee et al. (2006)-2 o}9tE 7} A CO, &
st 1~4W 9] 3L7] 3o W& CO, 5w 16.5 ~ 418 =
E ARAE F Ad= Az BekE AR, Kim et al. (2012)& 734
Aol CO, v% Alo] Weter 7|ge] F7iet A& Fddel g 3714
32 AA BT [30,23]. Kim et al. (1994)& AJAEEAZSNE fste] A
7F BHE s Ji CO, s&7F S7sted Aol AFsie AlgEY Ade A
dole WHHESFT 22 A4S 9o F dvkar Basdu [31]. Oh et al
(2010)52 AY CO; =71 24 FEFS dTstA=d AW CO,
Oél

’
N

N >
fuj
Ll
Ry
]=J
ol

FAE 7lio}%‘\ﬂ‘rﬁ ot [33]. o= AlAIZ1 4717 (WMO) oA 3k A A+
AFFZ7HEF (94~043)1 1.9 ppmell HIs) F=3] =& FX|o|th. A 3}¢fo]
vpy 2ol #=40M FA-H CO, 355 A2 2 400 ppm(ppmv), = 0.04%
s =RPot Buste CO.9 s S7H5 st vk [34]. Fig. 32 ot
S} 2ol CO, 3% WalE ag=zz el Aot}

i

_16_



400 L ] 1 I I ] 1 . ]
Scripps Institution of Oceanography
NOAA Earth System Research Laboratory
= 380 -
o
=
=
=
o 360/ |
LL
o
w
£
< 340 |
o
320 - - g
, . a
1960 1970 1980 1990 2000 2010
YEAR

Fig. 3 Atmospheric CO, at Mauna Loa observatory [34]
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Table 7. Body response to CO; [35]

concentration
(ppm) Influence
0~450 Good
450~700 No health problems
700~1000 Feel discomfort
1000~2000 Condition deteriorates
2000~3000 Stiff neck, headache, etc.
3000~ Detrimental to health
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o= B2 ojggol Atk AT VOCsES #3838t vh-g-4d 2 Ao gt &
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Table 8. 37 Types of controlled VOCs [36]

No Products and Name molecular formula

1 Acet—aldehyde CH ;CHO

2 Acetylene C.,H,

3 Acetylene Dichloride C.,H,Cl,

4 Acrdein C3H 4,0

5 Acrylonitrile C.H N

6 Benzene Ce¢Hg

7 1,3—Butadine C.Hg

8 Butane C.H

C,H4lCH3CH,CHCH

9 1—Butene 2—Butene C44H8£[ CI{33 (CIZJ) ZCH;]]
10 Carbon Tetrachloride ccl,

11 Chloroform CHC/! 4

12 Cyclohexane CeH 5

13 1,2— Dichloroethane C,H,Cl,[CICH,) ,CI]
14 Diethylamine C ,H ;NI (C ,H 5) 2,NH]
15 Dimethylamine C.H:;N

16 Ethylene C.,H,

17 Formaldehyde HCHO

18 n—Hexane CeH

19 Isopropyl Alcohol C3H Ol (CH 3) CHCHCH ]
20 Methanol CH ;CH

21 Methyl Ethyl Ketone C +H 3Ol CH ;COCH ,CH 4,
22 Methylene Chloride CH,Cl,

23 Methyl Tertiary Butyl Ether CH ;0C(CH 5) ,CH ,
24 Propylene CsHg

25 Prorylene Oxide C3H O

26 1,1,1— Trichloroethane C.HCl,

27 Trichloro ethylene C.,H,Cl,
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28 Gasoline -

29 Naphtha —

30 Crude Oil -

31 Acetic Acid C.H 4,0,
32 Ethylbenzene CsH
33 Nitrobenzene C¢HsNO,
34 Toluene C.Hg
35 Tetrachloro ethylene C,Cly
36 Xylene CH
37 Styrene CgHy

2.1.3.1 VOCs &7

A #7771 =Y FES EAs= AY FHEd wEt SR8 (STl
10—2 kPa°l’d) 3t W34 (57]%F0] 10—-2 ~ 10-8 kPa), BIF A (F71%o] 10-8
kPaols}) o &2 &3t
AARAZIF(WHO) = S 771 stdeES vlsid wet F&st=t #
o] 0 T~(50—100 C)Q 4% 1394 (VVOCs), (50—100 C)~(240—260 C)E
24 (VOCs), (2540—260 C)~(380—400 CTHE RE3Z(SVOCs), 380 Colds 11
A ) (POM: Particlebond Organic Compounds) & #7/3al €354 F = 9 9]
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Table 9. Industrical sources of VOCs [38]

Industry Sources

Chlorinated hydrocarbons, Ester, Alcohol, Boqueron,

Paint Shop Toluene, Dimethylformamide

. Chlorinated hydrocarbons, gasoline, fluorinated
Dry Cleaning

hydrocarbon
Print and Chlorinated hydrocarbons, BTX
Paper
Textile . . .
. Acetone, alcohols, methylene chloride, methyl disulfide
Manufacturing
Rubber and Ketones, ethers, BTX
Glue
. Chlorinated hydrocarbons, esters, alcohols, ketones and
Plastic

xylene

Automobile and

) Aliphatic hydrocarbons, benzene, an aromatic hydrocarbon
petrochemical

Metals and

. Chlorinated hydrocarbons, esters, alcohols, organic acids
Electronics

Chemical and

; All sol t
pharmaceutical solvents

Wastewater

Amine, mercaptan destruction
Treatment
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2.1.3.3 VOCs9 33|

w7 HEBY PFE w£E TAS SEFaE BAAA} AH 50
2 QA frafstth. = ANS g gife dAd i falido]l ZA] A
g Bsetekgo] Jolup AEwAe] fdlo] HYE @tk AEW oA
LEY A #AstY A}l FHOE VAR i ZH S AF
Ao 2% w3 990 delA vk Table 10& LA £7] &=
AGee e Rolth.
Table 10. Health effects of VOCs
Hematopoietic dysfunction (pancytopenia, aplastic
Benzene .
anemia)
Halogenated Hepatotoxicity, renal toxicity, cardiac toxicity
hydrocarbons (arrhythmias, sudden death) Carcinogen

Vinyl chloride

Methanol

Formaldehyde

Carbon disulfide

N—hexane

Toluene

Musculoskeletal disorders, liver toxicity,
carcinogenicity (liver vasculature six kinds)

Blindness, metabolic acidosis

Allergic dermatitis, lung function decline,
carcinogenic

Encephalopathy, peripheral neuropathy, coronary
heart disease, vision, disability, hepatotoxicity,
nephrotoxicity

Peripheral neuropathy

Visual disturbances, dermatitis, respiratory disease,
central nervous system disorder
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2.1.3.4 VOCs Wi A
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External mode I F
—

[ P J [ Duct

Air Filter | @ ]

Blower motor Heater & cooler

I Internal circulation mode

Fig. 5 Schematic diagram of airflow

2.2.1 PP 22 ¥ U¥

A2} B4 A AL e 23 (two layers) B 3% (three layers)o & & A
o] A=Y, 15(1st layer) prefilter 224 A &AL polypropylene &
polycarbonate A-F2 W&ol RAXZ o . F HA =(2nd layer)
micronfiber 2. 24 &AL polypropylene =+ polycarbonate fiberE A}&3+
AARZE Folt}t. A WA F& XAFCS=2ZA polyethylene net HE+=
polypropylene spunbondZ AF-83}$1t}. Fig. 69l particulate filter® #+%Z e}

i

_31_



L ] .
- ° : - .
< " Prefilter
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™ Separation layer
a0 *  Between microfiber and activated-carbon meda
“ .
o ) =>
0° et
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0
0 .
o °g- . :
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Fig. 6 Structure of particulate filter

2.2.2 (PP+AC) Evlvlo]Ad HH

Zuldlo]d FEE PP B AX AHY Al AR Z< electret filterE A}-8-31
e~ YA(Activated carbon powder)E FESI=E WHOoE A HAE =&
prefilter, = WA S& JJLHZF, Al WA S2 43F & 7123 2 =4S
& AAse ARLYA, A AT OE FAE Ut Fig. 79
(PP+AC) FrlMlelAd ¥ 9 25 Yetldd.
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Prefilter
for arresting coarse particles

Gases o

particles 0 Microfiber layer
for arresting respirable ultra-line particles
L~ L]
. 9 bl !
Separation layer
e o . Between microfiber and activated-carbon meda
2 # ) =D
0 v g -
- o Activated-carbon layer
= for adsorbing gases and odors
e 9 Cover stock
o for protecting the activated carbon

Fig. 7 Structure of combination filter

2.2.3 ACF ¥¥

Faol sl AelEALE St (39]. 7 A3 BIMSY BE T 9%
% 3~47) BBN B ARAFS 2AFFE o yehdon grEe 58

°ﬂ e A&, 1 Ao, mj2A g 9 ALY
s ee et al. (2011)S A5 To]EHY
A F713EE HorE slged EFde F= TPO skin® PP
l:l o
T —

g W8S 93l [40]. Lee et al. (2010)2 A&AHE 7133 7]

:\o—E
—
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o s B FAHLrE Ao AsA S FrIHAVIE AAY
4% &332 VOCs Az Aol vebdtia BHastar, Cho et al. (2008)

=S vtg A e} WAA A WEEE VOCs7t A4 529 A4S A
T deE® VOCsE & WaEste WAAZE ARgHo o st F3eit
[41,42]. Cho et al (1998)% F7]1d 2HZA AFo2 S&a WHo F7|24&
Hrtstdoen, oA = Kouichi et al. (2009)¢] A&3F AuleA LA st=
VOCs BE&= =788t Bastdvt [43,44].

A

A Age] 48D U PP RATIH FAGL BHE Fruold
HE VOCs AAel BRolx 28 Row Fed Ak BABEE A4
518 2 2% Bl U@ el T, Hujazbyy wmste A
3 147 54 220 gF 54 Holx = FHEe AAL Yoy 27 o
AEe WA FEd 4 £4, =L BA B4R, AL e 59
9He AL A [45]. Tela] AAACE FAVLE QAT F AE A
=29 9ol 24 gl a7 Utk FABLYF(ACHE ol8d A=
& B F2AA ArhAolh = ACFE AfARaEdAzA vEEgel o
w8 23 gdel dud AFEe] Ad BEo} HAFER WRe A2 BE
go] YoM BAAY AFo] W Homz FAEEs B2 1008 of
Al Aow FA Aok b Zeol ACFE A& VOCs Fo] Bg
T7h Bws FAE ok [46].

3921, Byun et al. (2009)% ACFE o] &3l EFllz} [PAS &3 A

Kim et al. (2008)2 ACFE o]&3te] FHbedolM o EFd FHAEAHE AT
e
EAS A7sFAY) [47,48]. Park et al. (2006)S ACF ZE 9] A =

2.2.3.1 LR A8

st d ek A3 fr (Activated Carbon Fiber, ACF)& #7]4 /5 w3}
d FHAE wetm AFA (precursor)id
=

=]
FAA, AAA o= Ys F U

243 3
o uet

:‘0 >{1E

Al
=
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Raw Material Fabrics

- (cloth, felt)

Carbonization

& | » ACF

Activation
800-1000°C

Fig. 8 Manufacturing process of activated carbon fiber

Table 11. Raw materials of activated carbon fiber

Raw materials Carbon content
Rayon—based 44.4%
PAN—-based 67.9%
Phenol resin—based 76.6%
Pitch—based 93.1%
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Table 12. Characteristics of ACF produced from various materials

Phenol-based  Cellulose-based  PAN-based Pitch-based

ACF ACF ACF ACF
avg. pore
Diameter 1.5~3.5 1.0~1.6 2.0~3.0 1.7-2.1
(nm)

Tensile

Strength 30~40 7~10 20~50 15~20
(kg/mm?)

Tensile

Modulus 2000~3000 1000~2000 7000~8000 400~640
(kg/mm?)

pH 7.0 7.0 7.0 7.0

Adsorbed

Benzene 30~80 30~60 20~45

(Wt %)

ACFE 71BRE7 Afaolng Az RA%, Fo| 5o FH= 712
AT 5 A Aol Folsth =
Aol woluth =& A Hste] MERH] A5 An FAAS

Saa e vAg

o
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flo
o H
ki
=2
>
s
D
%)
oo
)
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(d
fru
2

% = = AR :Yl:
A Es} WATE Bgel Atk 2RAW BT § $3)7h 25 AN
g v agone ENAY FHL FAT 5+ AT
Table 139] ACFS} B4%he] 4L Mmsdrh. ACFE @AZAA BEe 7|
gAy FRFR AFHL Y Y TS PRY BHYSY TS0 0
28 5w ot o F BaFAAY P2 Aoz 43T 4 Uk
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B2 A7 =277k 8 Aolstel AAS z2te 71¥S = v A F(Submicropore) 2}
2} 2 %o t71&(500 AolA)

o2 FAH U= ¥ ACF= A9 dFio] HAFog o]Fox Ut} w
A ACFY S FAT 7139 Fyo iw Aol &g Hlg) X a8 =8
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Table 13. Properties of ACF and AC

Article

Activated carbon fiber

Activated carbon

The specific surface
area

Pore volume

Pore radius

The adsorption rate

Reproduction

Pore Structure

Sorption

Driving Problems

1500~2000

0.7~1.2

10~20

More than 100 times
faster than the
granular activated
carbon (micropore
filling)

100 ~ 200 C hot air
or steam heated

Mostly composed of
micropore

Benzene removal rate:

45 ~ 50%
Amine odor removal
rate: 96%
Mercaptan removal:
100%

No changes in packing

density
Dust not occurred
No recontamination

1000~1100

0.3~0.7

10~3000

3 mass transfer

(diffusion) — (capillary

condensation) —
(micropore filling)

280 C due to the
decomposition of the
metal impregnated
Difficult to play

macropore, mesopore,
micropore 3 classified
by type

Benzene removal rate:
30 ~ 35%
Amine odor removal
rate: 13%

Mercaptan removal rate:

95%

Changes in packing
density
Dust generation
Possible
re—contamination
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2.2.3.2 ELAFY 724 42

FAVLYRFE WY TE RTY BHG] BHL 2 HE deg 5YD
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Surface of activated carbon fiber

(a) activated carbon fiber (b) activated carbon granular

Fig. 9 Structure of granular activated carbon and activated carbon fiber
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Pore size
distribution/

[ Properties of ACF }

Fig. 10 Main factors of the ACF structure related to its properties
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Adsorption Isotherm

Quantity - Relative
Of Adsorption ' Pressure

for ACF, Type I (Langmuir model)

Multilayer

[ micropore filling ] 3}:130rpt10n on
the nonporous

surface

Fig. 11 Adsorption isotherm curve of activated carbon fiber
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Table 14. Development history of activated carbon fibers

Year ACF AC
1959 Industrialization of CF(UCC).
1962 . Shindo(MITI) found PAN as a precursor for CF.

ACF from viscose rayon(Abott, USP 3053755)
1966  AC textile from viscose rayon (Doying, UCC etc)
1967 Johnson improved stabilizing process of PAN-CF
1968 Economy(Carbonrandum succeeded in phenolic resin fiber)
1972  Arons & Mcnair : ACF & fabric from phenolic precursor
1975  Viscose rayon tape ACF from Toyobo Co., Ltd.
1976  PAN ACF by Toho Beslon(Toho Rayon) Co., Ltd.
1977 Honeycomb type solvent recovery equipment(Toho Rayon Co..Ltd.)
1980  Kuraray Chemical initiated ACF production from Kynol.
1983  Nippon Carbon Co., Ltd. joined ACF production from viscose rayon.
1988  Coal-tar pitch ACF(Osaka Gas Co. Ltd.)

_44_



2.3 FFo)|E

5 ZF(Adsorption) o] & A AL o AR o] 114 & 24 (Adsorbent) ] A AW
o2 HAgHol Fx7l FUkste @RS v [52]. #H 7t T 71A
e 71749 29 B2 EXEL 1A 229 xde XFHEL. FFse
aAG EdE FRAGL st v, FREHE VA E2e 1Y E2E
F&xdolgta gt o] §3 AL T HZIEREH 4HY 29 EHES
AAS=H F8& B ol HlwA Y FEY Wiyl F 29 EES A
stet=d] a3F otk F, 71%dolv Ao F2d (Adsorbate)o] 2+ A7
Z dgolyt w2 3] (Van Der Waals forces)oll &3t x| 2] 737w ol
Ads grlsta, wiglE nAe] FHORERY F3Ho] 2YHe 9

O
Mo 4
g
L
=)
&
w
e
—
k=)
jg
o
2
)
u

3ttt g2t 9l &A= 2] A (Regeneration) &)

¢}
gve 3 FaH@AM JAHeZ AN FEst e 392

o
(absorption)ol 2t AT}, F27 FHE AAW FHE @A) oz
THEAY, FR} 57 BA DRHAYG AR vl T ARL

E:l
BE =94 &FZ(physorption)elg} FE2=H| ©] Z-¢, ~§—ﬂ% TA= SHg A
o 2l

wRHE AndE AW QoA Aol 239 HALEL 3

FA&EEs wEn Yo =dite 17%01 weh zaM ERA Y ATl of

F 7t FL& uAEe AL A2 o] mH A EFAGo] XHAEHo] T

o] =g AXY BRI Atk o] Beld FAe BAY FAAIL Be 7
_‘|



ol Ao 5ol glo] Aoz EAY FFHY

:&l

g 2AANE F

ol

—~
o

Tl o8 gEA 7] wjFel aiA <]

2.3.2 833 &%

iolm

(chemisorption)& 3}

£
lor #4367k

52

3}
2=

A7 A Aol AAZH

L
L

of AA7} o] EH o] AR ol-eAtele] Lheh
2 A4 WERTst Gepd e A%e] FAHClor dojuy] el FH

o R 3fet ddto] A

a4

7}

of 5

o]

° g Agsrh

=

o

Els

Aol

AN

!

==
=

233 &¥% 33

AR ol 4]
Al ol A 9

Eidsg

F3oletn

ol

To-

™

ojn

W
i
o
:&l
ojm

=
o

7F Shof w7t

o]
N

_46_



Edo. =& v 2202 Jojy AVY Fol sl FFH7| wiol 2
FollJA7F 10~15 keal/molo]st2 Agte o] oFa Hlw A &o]tA G2Ent. o]
itol] Aol & g3d EAE FHAZ AMEStA A T 538 H4Es
TE == AAstE Aot

T = 71AY sE(Ee 4Y), &) dojue &%, 2 GFH
A F2Fo 2 Uebd & Aok o9 AZFH TP €A 250
A ZIA el dis) 2 S UElle §3 524 (adsorption isotherm)¥ ¢

4 4™ SellM 2xo mE FHEFS Yehle F35 ¢4 (adsorption

isobaric) @ F&&ko] IdAI F 25322 (adsorption isosteres)o] AT o=

A
FAY} FRHANE fF50 HARo} AF27] REE FHE 5 uAE
W 448 AYFE ARZAE FASLAL Bo| AR, FAERE B
dshy] AsAE FRAEHAL Bol e

=48 FARNY F3o] Lolups st

o ot = FHA =

o] Fejel FAT el vEhdT

=A% F23 gt FAelA 7 st Al AHE-H =
Qo

2lo] Langmuir &

2] &}
o} Lagnmuir 5242 59 7H4d 7|2& T Ut}

O F2E BAY 927} 54 FHAA FHA 2ADT

@ Azte] AR @ o) BA QA AT 5 A

® RE FARANAY FRAFAE AFEH oSk FAAT 45 el
et



]
E

(sticking

Ul
o
:&l

ot

L
a—

ay(1=6)elth.  o7]A

probability)©] 3L, yv&= & 3l4=(collision frequency)®]|t}.

iolm

T oQon oA BE BHL

E=Agolt}. Langmuir

o] iz,

KR
L

= 2

o

& el el A

(1)

o]},

L
L

Langmuir 45¢|H, P

L
L

, b

al

1938 Brunauer, Emmett & Tellerol] 23}

AN

Al Aol A=} Ado]

Z}

249} F

J))
.X_l
ol

AN

AN

9o} eistdyt 2o

71sHd W AL

) 32

Z

=
[$)

=33}

=Py (Po

i P

o] ¢

bulk liquid=

KR
T

_48_



Via
Type | Type Il Type Il
§ — Plpg
Wom |
Type IV Type WV
H PPy

Fig. 12 Different types of adsorption isotherm
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Fig. 13 Breakthrough curves for adsorption [54]
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START & FINISH

City Intercity

Fig. 14 Driving routes
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Table 15. Conditions for test driving

No Time Actuator Window Persons Jeonju area Blower Filter Model
A AM Inside Close 2 Down town  Off Non— K5
air woven
B PM [nside Close 2 Down town Off Non— K5
air woven
Outside Non—
CcC PM air Close 2 Down town Off woven K5
Outside Non—
D PM air Close 2 Down town 2 woven K5
Inside Non—
E PM air Close 2 Down town 2 woven K5
. Front _
F PM Inside windows 2 Down town Off Non K5
air 0 woven
pen
G pu Inside A 2! | Down t off ~Non—= g
air ng OWS own town woven
pen
Inside Off Non—
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) Off
Inside Non—
I PM air Close 4 Down town (gergge woven K5
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3.2 438 Fx € A7 Wy
321 vMHA AF ZX L 4F U

PMys S82 Zabets) miAwx

] 4% (Grimm Co., Model 1.109 Type,
Germany )& A3l &Ax] 2L

Dust Monitor= H &2l Probes &ZF

A Frl el A 10 cmsttte] AX]stR L, A& viE 2le] DC—AC Trans1000A

2 4 X3} Dust MonitorS Q239 21H, ProbeE =EXo| AAste] =A =}
EE AAstAt. vAHA S71Y 92 X dAE+= Fig. 15, Fig. 169
£3d At

: Dust
Z2 monitor
2 g

Fig. 15 Location of the dust monitor in the test car
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Fig. 16 Connection of the dust monitor

AR = Table 159 202 79 & 13244 F 914 o] S4L 8l

o 2374 9 x40l 1900] G5l 3087 5

o
ol
Ry
38
o

3.2.2 o|Atsteba AY A2 2 43 WY

oltstgt e GFCH 9 #4711 ojitstga 5443 (SIGNAL Co,, Model
7200FM Type, England) S AH&-stlon, ddxtd f 44w 4219} 42
S Fig. 17 @ Fig. 187 2t} GFC Infra—red Analysert= S #FAl9), Probet &
A FrldelA 10 cmstde AA&RAiL, AE wiEHE ol DC—-AC Trans
1000AS A X3} GFC Infra—red AnalyserE AZA3YG 2, ProbeE =E &
AAste] SHAEE AGSHAT
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Fig. 17 Location of the GFC Infra—red analyser installed in

the test car
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Fig. 18 Connection of GFC
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3.23V0Cs 4¢ AX &£ 438 Wy
3.2.3.1 43A=

B oAdo) Alg" EF4A2 AeFF (Aldrich co., 99.5%)°]a, FAELH R
(ACF)& MD—1100 (Sutong ACF Co, China) 2} KF—1500 (Toyobo, Japan)& AH&-
39t o5 ACFe 4F 3 A 200 T2 fAD Ax7|A 24X Az

A Al E el Ya dFFH Aol ARgstnt o5 AF5AS BET
xHZA Z44A (Bel japan. inc,, BELSORP—max, Japan) & AF&-3te] =735}

AT,

k-3
H]

3.2.3.2 A¥AX 4 WY

ACF ZE ¢ 74l g SEFHs82 AARY 71=S4 714 (KSI-2218)
o oste] FYHAT. =, ACF H(76 9)& A AHEHIL = PP FH %
HE(40 g) F (PP+AC) FHMIe)A BH (127 g)E Hlastr] flste] 242 5 LE
o] FHEZA rtzde] Y3 OEFLHE, QEF, OWAS 44 7%
%7} 15 ppm, 20 ppm, 20 ppmEAl FAT F 2417t A3 Fo A|F7p2w <l
o Feldle 7t2e] wRE VSN erE FA5Y oW FF"E VOCs
o FH&(D)E the Aol st Ataatt

2AE0%): (G~ C)/G) <100 (9)

C, : blank,2 N 7+ 7 3} 3 A3 7p 22w ko] o

C,: A&, 2 A7 A3k F A G 7F2=ere] o

SHHS ALES EFAY AEFHAX = Suzin et al. (2000), Lim et al.
(2000)°] AAIS vl FAVSHAl AR oM M=+ Fig. 199 2o} [61,62].
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Fig. 19 Schematic diagram of experimental apparatus
@D air reservoir, @ valve, @ dryer, @ mass flow controller,
(® temperature control chamber, ® flow meter, @ VOCs generator,
ACF packed bed, @ heat and temperature controller,
@ VOCs detector, @) computer
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olN
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e
ool
0
2

APgA 9 FoFEE MFCHl o3 fFzdy,
o =
=0

FAYRE B FE37] BHFE FAH] vk A EFAo] AAAL HAx
3714 g3t EF4d F717F #AHE AAEekA9 ACE7E S 39 pyrexr
d& E2g (W73 15 mm, 30 mm, Z°] 200 mm) & 2@ HAHog FAH
A712 7tEEe F23A4 el ¥old Aok FAI7Ie Ax7E AA 77
ZAZAA(MFC)d 93ted 2 L/ming FFHATH o] 71 F2S #4317
Aste] F AR WE FAL Boke F dFE 2570 A&V A FY
il dF= WALVl LAAESEa)2RH EHe 719 EdEH ¥
71T EF9Y TEE £EE F IEFE FEEIAT 4T F4AY 2%
£ 25 C, 35 CE A8t AAStA. &7 2887 53 3712FH 7]

ZS 7Z+7 1 L/minZ 2839 S W 34 =xgoz So
E(Co)E 190~205 ppm(25 C), 395~405 ppm(35 C)o] At}
S Z-3HAN 27|FEE 247 200 ppm, 400 ppml=E 11
A]9] A4S 1/4 inch H|Z& A9 FHE o]&stdtt. ACF
25t °F 3 mmF A2 glass woolg ¢ LA}
A oA 7HA =2dS Atk

Table 16. Conditions for continuous adsorption experiment

ACF Bed Bed

] ) ) Packing Temperature  Kind of
No. packing diameter height ) 3 .
density (g/cm”) () ACF
(g) (mm) (mm)
1 2.2 15 70 0.1779 25 MD—-1100
2 2.2 15 70 0.1779 25 KF-1500
3 2.2 15 140 0.0889 25 MD-1100
4 4.4 15 140 0.1779 25 MD-1100
5 2.2 30 35 0.0889 25 MD—-1100
6 2.2 15 70 0.1779 35 MD—-1100
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VOCs 3| E&FHAFoNAME 7t ATl AAEHJDL FHHFOZRY HWiEHE
T7] W EFAY FTEE VOCs E5=A7|(Indoor Air Quality monitor,
TAQRAE, USA) o 9ty A=) o] &x7] =A-AHL= 0.01~500 ppm©]
o S EFQA 5719 sk dHFHd0E YElided, 33 (L)S &
71E%9] 5%7F viEH e AAS Agedn. 24 439 gy Hdo 2R 33

Tt e, o5 HoHE

d, AHEHEZF(We), FAHANY FEAZFHES
HlwA go] HEE3 A= Yoon et al. Ao tidste] ACFe] EF<le] st
SEEES WAk st [68].
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el Al PMpsoll 9&FS F= 3719 #50°] Ao Aol AdF= =7t
gojx7] WjZolth. & F3; Al $8&2F W PM8 7] HAaEHEE AR A

3
ZA A PMyy ¥5E $83 wol ¢ 150 ug/molw 583 ko] oF 300
ug/m*o 2 FESAEL REF|Ad Hste Aol ¢ E&

EEH3 v Budkda, Kim (2008)% AW PMy, 555 FH 870 wa}
g#td 4 Aok AT [9,12]. B AFdAME oA FH 0 F T &8
2 W PMas =4 ztol7k A9 glleng Az o]|F9 A4S

S 71Fo 2 AAEA
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Fig. 20 PM.s concentration in the test car during (A)morning and

(B)afternoon in downtown Jeonju
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Fig. 21 PM, 5 concentration in the test car with respect to actuator
and blower functioning ; B : Actuator — internal circulation mode,
Blower — off, C @ Actuator — external mode, Blower - off, D :
Actuator — external mode, Blower — lever 2, E : Actuator — internal

circulation mode, Blower - lever 2
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Fig. 22 PMss concentration in the test car with respect to window
opening and closing; B : widow—close, F : window—Front open, G :

window—all open
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3 1

b 3 ol FHEE

gmeold F/hhE FAE Holxw Ytk olud Are 283 W ofy A4
e WER 490 W BESHE T 271 PMuse) AP Fo] Aol FYH
T} oF 7-8% FREE AAZYE WEHE PM,o Fol F/HHEA 587
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Fig. 23 PM, 5 concentration in the test car with respect to number of
person; B : 2 people, H : 4 people [probe front], I : 4 people [probe

rear)
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Fig. 24 PMs concentration in the test car with respect to type of
car; B : K co. Kb, J : H co. AVANTE
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Fig. 25 PM,s concentration in the test car with respect to
(B)downtown and (K)suburb; B : Actuator—internal circulation mode,
C : Actuator—external mode, downtown, K : Actuator—internal

circulation mode
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41.7 &2 W 3713AF €Y F7E PMes9 = W3}

Fig. 2691 83 W 37143 e £79 PM; B= W8S 233 23
g At 1Yo RRE 3744 BEF B FY9 E7)E PMysE A%
3] AASE QA Azbe] BIEE AASHo] AFNAN wheba] PM,s9)
SEE ARF £ FANTL A IFANE PP RAE e AEFM0
ol WA HeuE 27] 15% Ftol $83 Ul PM.sl o 90%E AAsw

S o 10%9) PMys $EE AAS0N FH58S 285w
St} ARG (ACE) RALRE 0] PMy; AALEL PP RAZRE s} 44}
S Felolu BPol EDHWE 27159 OF 2008 FAFORA PP BE
Yol wste] $45AE Rk wee] (PP+AC) FHl¥lold HE o) 7
Age] 127 golt HEUE PMys®] AASHE e 22 B 1)
HRolAn ok THEE 583 W PMos AAS BEEE AA] Bol AHE
93 Q& PP $AZJEs b $5en #uEth Ty Park et al
(2006)9] ATFAH ACF BY Bejs] A72HL w4 71849 F3H 9
B PM,5% Hiol s8td 3wy 2L W7 AANY) s ACF B
Bz A48 Aelstel A4S AT FUG W [49],
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Fig. 26 PM.s concentration in the test car according to the type of
filter (E) non woven filter, (L) combination filter and (M) ACF filter
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42 F T <83 W olitdEds F= WU iFd AT

421 LA (AM), £F(PM) W& $8&A W CO:9 = W3}

AQ T Park et al. (2005)
T}

o
o] HuF I WAWALY CO, FEME 4ol BF ATIHE AT
=
¢}

el Fx=rb Fzhe] Aol Hole AL F-EHT 5o ERY AT AEo
234 A4 59 G o BAE, AW 0FE Z oy} Avtn
sttt [64]. 20139 49 Foll ALAIY 187) ARl A o] H8het2(COy) FEES
243 A% 37 HIF 706 ppmO2 YERRTE o)t Sy uE 4
St T XA 396 ppmET X =, o] AR METAI =2
Ho A9 CO, X (790.4 ppm)= FE 7} (682.9 ppm), 3+ (649.4 ppm) HTh
=& Ao 2 e Gwon et al. (2006) CO; &+ =477l A 580-760

ppmPEZA F 670 ppmeS YEHI A3, JFFH2 500-600 ppmAP =
A Hi 550 ppms YERHIL oA B4 L] oF 1.2 A% A vERYAL
Atk [9]. AFA] F47F 22HAgA 9 7] F57F 800 ppm&l AL AE&AY
Bt 706 ppmET 2 FoF AFAY FAVIE AL XA @A T 2
d=o] des & F Utk 9= AE AHEH, T FTH FTANY
zpgFo] Fa st A 9 CO, FEE B 786 ppmOEA HFAIY FA7}
o] CO; T&¢ IA AT [65]. AF AW F47HE F7¢FRES YWRE
2 1R, $FVE offf st FHFUA & W CO.9 F& W3E
4% A7, 2A[A] 2F[B] BEF U7] BEAAE 9F ]9 FFe] glof
A Ulo] Alghe] Y CO7b Btoz wEE A 49y) Eoz s
o %7] 2F 800 ppmolA™ CO, =7} 258 9 5,000 ppmZ7+A] F43}HA
S B & o o]y AFE= Yoon et al. (2005) % Lee et al.
(1999)0] H a3t Ao} Aol dX|eAH [66,26].
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Fig. 27 CO; concentration in the test car during (A)morning and

(B)afternoon in Jeonju downtown

_81_



<&

e

£ Z7])(Blower) 2Z}F9

o
=

Z 71432 = (Actuator)

W CO¢ v% W3}

N
Hlo

Fig. 289

2% &<t

A 1~

o
T

p

(D)4 7

2oz x4

=
=

al, 371

s

500 ppm

ok
2!

o

ta ok 28y £33 77 29ke] A5k U 7]

J]

CO; =& AL 74

F(B)ok vz Al = A

off 2 3}

=
=

+%7]

(E)e] A%< COrs=7}

ks

5000 ppmo. 2 7}

B o

30

™

7}

CO, &7} (D)<} v}

o
il

Hjo
4o

i

B
b

—_—

Ho
E

153 ek

A

A= 27] CO, ¥EE A% #

oj
ojp
oR

™

e
o

oV

@717 <82 W CO»

2:5-1_

AN

Az Aol

By

By

Ho

Kim (2008)¢] dolX= SJF 25

QLSS HAsk v Qo Wargocki et al. (2000)¢] A}

al

il

Fs9oh [12,67]. Myhrvold et al.

J]

o B

J]

10

J 5E o]

T 23 2.51 o]%
Q—\

1

(1997)

o

_82_



6000 -

L'}
) 5000 - VAl E
m IV
8 A' \/
Er; 4000 - me ;
E JAH c
3000 - [
¢ f ——-D
8 Yy e ee-- E
2000 - i
y I o { ‘D
1000 s Sinbi Mottt § st W v
o T 1 T 1 1
0 5 10 15 20 25 30

Time (min)

Fig. 28 CO, concentration in the test car with respect to actuator

and blower functioning; B : Actuator — internal circulation mode,

Blower - off, C : Actuator — external mode, Blower - off, D :

Actuator - external mode, Blower — lever 2, E :

internal circulation mode, Blower - lever 2
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Fig. 29 CO. concentration in the test car with respect to window
opening and closing; B : widow—close, F : window—front open, G :

window—all open
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% 83 W COsF
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= = S & 4= 2t} Shin et al. (2010)% A
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Fig. 31 CO; concentration in the test car with respect to type of
car; B 1 K co. K5, J : H co. AVANTE
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7 g4 S EAT ol £t T4l wel R Fr7F 2E8 AU
2 fr{dol Hol CO, =7t o ol F7lekAl @2 Aoz ®Helth (K)o 4%
7R WriREs i AFaEEd o5 3719 ol 234 3l
S A HAoM R F7] fFYSE Qs CO, FE7F AHEHA
He Aoz By ) wEld Ao e sEHIEgE £ 9
el H=ol wet W) dﬁm & 4= 2tk Gwon et al. (2006)%= ﬁm

o

>
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Fig. 32 CO, concentration in the test car with respect to
downtown and suburb; B : Actuator—internal circulation mode,
downtown, C : Actuator—external mode, downtown , K

Actuator—internal circulation mode, surburb
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427 <& U 371FA 29 F7E COY vx W3}

Fig. 339 &2 W &7143 I8 F7E CO; & W3
ZAEAH. ade 2Ry 37HA €Y 25 S8 Al CO; §
AS & F7F vk AT ACEF #4X B < /\]-%%k(76 g)°] Zﬂ.%EﬂE oF
5%7FA 3,000 ppme 2 CO:¢ ¥=7} o
A &Ehkar o SRRt 24 T8 $9 CO; =S HlulsjEH 37}7‘]
Y7 Hse A Asstal ok ole @A yet e Asakg sl dE7L
CO; AAdE T Aol oldvde AS HAFa v bvk ACF F3 %
Y7 COx9 S7HEEE E0F0] & 248 PP 8% FH 3 (PP+AC) F
"ol FE ol Hlg] dFo] £ A E KAt} Yoon et al. (2011)0] A3
A8 o= ACFY F2h&ol £, 71w o] Bol F3A 5ol F-sttta gt} [70].
wHebA] Park et al. (2006)9] A72 7 ACF #AX 2y 29 A754< F
2 712 F3S fs CO8F HEo g4 g 225 @A AA
&7 sl = ACF RAE FEE Ads] A gste] AHste A= FHE o
st [49].

rkg = rlr

a7
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Fig. 33 CO, concentration in the test car with respect to kind of
filter. (E) non—woven filter, (L) combination filter and (M) ACF

filter
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4.3 F71AA L EY VOCs A|A &L thdk A
4.3.1 7}2AXNBAYHI 9% ACF BH 9 VOCs ¥F59

Table 179 7}=7AAZoZ
. E2H5E PP mateE ETEYUHIE=S

ALY AASA F&9a, PP+AC mats EESLH 3
sty EFAL 78.9%E $-okA Rttt whHo| ACF FAXx=

1

A€ 3% BAE] VOCs

H VOCs BEF5 97.5%°1F AATgLZA 3F9 F3
4 S5 & 5 ok olE@ AnE W ALY o] AR t=Aw
VOCs §35dn A4A vk B & Utk Tey Az oE g
A AATEHE & F leEZ o]F9o AP ACF FX& st 749 n
F20e 2Hse] ACFY) A4FA5AL ZA AT
Table 17. Reduction efficiency of VOCs by 3 kinds of mat filter
(%)
VOCs PP mat (PP+AC) mat ACF mat
Formaldehyde 20.0 > 99.3 > 99.3
Toluene 5.0 78.9 > 97.5
Benzene 0.0 > 97.5 > 97.5

% measured by FITI Testing & Research Institute
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4.3.2 ACF $5° W& E599 ¢

pr

%59

Fig. 34 ACF9 7ol w2 579 F& 4349 vud 2
PO ZXHE (1) MD—-1100 ACF$} (2) KF—1500 ACFE 2% 315 o]%
[e]

—_L

H
deRds Boled o3 FHe EFAY FFol F& =EAEA
o :

(%
o
ks
J

rok

rr

E]ol'

By

é

1._4,

B
™2 8

ofj

(narrow mass transfer zone)olA ZIsg S oJu|gtt}, 1 o]
WMoy TS0 YRR nATEEA B2 F3o] Dubining "M Z
o] &l st wig A&FHA FHAEHASS BT 2VIEEY H5%E WED
o] AIZES FH(t)elgt & W, F ACFe 334 7247} 61 min F 230
min & 24 KF—-15009] 32} 0] MD—-1100%.t} 3.764) Zith o] KF—15009]
H EH A o] MD—-11009] BIFWAA KT} Z7] WFolth gulx o2 A% KF—1500
2 HE WAoo 1500 m*/g ©]a2 MD—11002 BIEHZ o] 1100 m*/g I< L&}
a8 22 KF—-15009] B¥A2-S MD—-1100Kt} 1.360] At o)ty ad )
KF—15009] 33471219 2 QAl7to] 3,764 & AL AFe 27 RIS
F O AAE] HEZT BoAdS AAso. 1glste] 7 ACF tist 5252
A3 BET HIEWAS oA #4304 Aot
Fig. 352 & ACF9] 77K o|A¢ HAagH e g 5253
o

2 =
Holth. 1Yo 2RH F ACFE BF FUG(P/Po)o] &L W Akel F
1

E

o] A3 Z/15tn T HPol o|ZA BowA AFHQ Type I F4, = %
Hol| FE AFE5o] R HATERE o] FoARSS Lgoh, 3, Table 18
o g ]

24 KF-1500%= vl o] MD—-1100X.t} 1.558) o] it
o Zth 283 v R s KF-15000] 1.418) 9. FE2 AMAS 27|35
324 KF-15000] 3.768] © Zth o] F7]F 9 & vE 933744 o2
E FF5g v 2ok HE P AF2717 1.75 nmé 1.70 nmE H| S
A% MD—-1100-2 Al&E°] 1.70 nmA ol JF= o] U= vl KF—1500-
1.75 nmXEtt A Ze nHFEZHE 2.0 nmEY th 2 FU)F(F7]E:
2=50 nm)7HA] WA BEHO Q& SR o]H @ A e TUT REERY

B <18 4 glth. Fig. 362 5 ACF9 BJH 2ld] 93 £7]|3 E¥ %ot} 1

1 M
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Fig. 34 Breakthrough curves of toluene on ACF bed at 25
C.Q=2L/min, C,=200 ppm, M=2.2 g, ¢=15 mm :
(1) MD—=1100 and (2) KF—1500
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Fig. 35 Adsorption isotherms of toluene on (1)KF—1500 and (2)MD—-1100
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Fig. 36 Distribution of mesopores measured by BJH equation
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Table 18. Adsorption characteristics of KF—1500 and MD—1100

Specific surface Total pore M1cr(;pore Average pore
ACF area volume (em”/g) diameter

(m?/g) (cm%g)  Mesopore (cm’/g) (nm)
0.6032

KF—-1500 1690 0.7388 1.75
0.1356
0.4279

MD-1100 1090 0.4640 1.70
0.0361

C/Co=0.57} & Wi o] FHAZE2 242k 72 min, 243 mino] At} webA 27)1F =

< wje] MD-1100 ACF2] 973 (61 min)7+A 9] F
ey HAAE TR L EFS ZH2b 45.55 mg/g—acf, 53.77 mg/g—acf , KF—1500
ACFe] 9744 (230 min)7HA1 &} F2 0} Al F2-8-32 77 171.8 mg/g—acf |

181.5 mg/g—acf ©]Ath. 218 == MD-1100 ACF9] F7q o)A o] &8
N AEEZg 0] 84.7%, KF—1500 ACFe] B3t o -] E358e HARd&Es
2go] 94.7% 24 ACFe FFE&o] vl$ wom, KF-1500 ACF= 84 &
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T 71 271% %= 200 ppm ThE Aol o]ste] 821.43 mg/m o2 3}

(10)

S ERAEAY FHE Ho

2 MASIE7I7EA] 71 ARbo

71go] gol FE3s7] V] WiEo = AWttt
Fig=gl|

et al. (2003)9] AFoE Ax3h

=
7} vtz AdET [45]. Kim et al. (2008)2 o8 71A G838 2702 w3}
E

Aol wo] S71ES BRAAT ACF @2 FT EF S&F2 AAISHA &%
o} [47]. Son et al. (2005)% F2FS AAFIAE Erov A A9 T
ACFo] &8 EFAL o 90 CollA A9 &o] HS Hustt} [50]

133 ACFY) 23%% 37950 B2 8349 4&FA5

Fig. 37 ACF 9 %ﬁ%hﬂr FALEE GEsin
Aot F 4 )

mm =02 A ZAUEE 0.1779 g/m’ HA 3P, 2A¥ (3)= 2.2 g& 140
mm =0l Y Z=AULEE 0.0889 g/m A o}ggouq A8 (D 44 g

140 mm ¥°|2 A5 FAEEES 2 (1) o] -3 Aol
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Fig. 37 Breakthrough curves of toluene on MD—1100 at
different packing amount and density at 25 C, ¢=15 mm,
Q=2L/min, and C,=200 ppm, (1) 2,2 g, 70 mm,
0.1779 g/em®, (3) 2,2 g, 140 mm, 0.0889 g/em’, (4) 4.4 g, 140
mm, 0.1779 g/cm’
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OYoRYE FHENE 58 FALUEE FFAYAIEQ), FALEE 22
TAFS 202 S7MAHS H(ETED) d3d] o]FY dixidel mEF S
FH=E F43] dssta & 7R E9ste Eage A3 (D)F dA st
ATt 2HY FAEE 58 FIEUEE BFH g A7ke] 61EREY d=d
53702 AFD 86.9%9 &&S R, C/Co=0.59 | F3l= FGA|7HS
6202 HAFAEF (W) A (1) 86.1% oIt TR &Fo] 2oy &
AEolE T7HA7IH SR YL ZastHA F2-A9 F2AY HFo| B3|
A a2 )2 ¥ (Channeling) Aol TA3 Ao =w HAddHT T3z G313
FXd AAE Setde FHAY A4S FIEE e FES & F U 1
gt FFH FHEOE 2R FVHAFHOY FAEEE ZASE =74
o] yttple] 128F 24 A (1) 2.18, C/Co=0.590 sliFst= A 7HE 154
FOoRA HAHFHEF(W)S AA(1)9] 2,148 oAtk = F2H] @ Z o]
2 AY FAEEE ZAS e FX=0lE /7Y AT A FEHEF

7}= 8] AF&Z Zo](LUB, length of unused

bed)7 skl MA FAE Folst Z7s] MEolth ul AHgF Pole

w,
LUB= L1~ ) (11)

A7 W HEFEFoln W 3ol el F2ekelth (11)4d 9
A A7 (1)9 HAFEZZolE 10.7 mmol ATt o]E AL&Z9] Zo]r} o] 23
© 2 59.3 mmete FEojth Ad(4)9 A+ HAFE =9 Aoyt 23.7 mmEA]
AF(DHREG 290 28 (4)9] o]&72 LUBE 23 (1)3 2] 10.7 mmo]o]of
stEE AYA(4)7F AA(1)FH Zo] FRHATGE AA FHFY Zole 129.3
mm=ZA] 37 (Wy) A17be] 133%0] ®oh wepx] AA gy 128%-2 F3A
7F o B s SEHY] Fo 2 ddEth Kim et al (2008)2 ACF #
ATE o AA &S DYslu ERA F52 gElste] APE 2
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Fig. 38 Breakthrough curves of toluene on ACF (MD—1100)
at different diameter of packing bed. Q=2 L /min, C,=200
ppm, M=2.2 g, (1) ©=15 mm, 70 mm), (5) =35 mm, 35 mm
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Fig. 39 Breakthrough curves of toluene on ACF (MD—-1100)
at (1) 25 C (Co=200 ppm), and (6) 35 C (Co=400 ppm). Q=2
L/min, M=2.2 g
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Fig. 40 Time dependence of breakthrough concentration of toluene

on ACF(MD-1100)
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NOMENCLATURE

Ce : Concentration at equilibrium (mg/l , ppm)
Cs : Concentration at surface (mg/l , ppm)
P/Po : Relative pressure of nitrogen

q : Adsorption amount at equilibrium (mg/g)
T : Activation temperature (K)

r : Radial coordinate for adsorbent

t : Adsorption time (min)

m : Adsorbent weight (g)

0 : Diffraction angle

w : Adsorption amount (g)

N : total number of absorbent at equilibrium
Nm : the number of molecules in the completed monolayer

cC A]Vze(ElfL)/RT

Ayv
Po : saturated vapor pressure [mmHg]

P : vapor pressure [mmHg]
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v . vibrational frequency of adsorbate of 1st and 2nd layer

1»

A1, A2 : condensation coeffcient of 1st and 2nd layer
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