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( SUMMARY )

Purpose &
Contents

Develop the environmental friendly bio-physio air cleaning technology by
introducing plant roots, minerals, moisture, etc.

Enhance the air filter capability for reducing the air pollution and
improving the air quality of the indoor spaces by developing the
eco-purification technology and validate the performance via Chamber
experiment.

Develop the eco-purification system applicable for cleaning the indoor air
pol lutants for different location and sources.

Develop the environmental friendly and natural air purification technology
using micro-organism/moisture, bio-plant roots while the micro-organism helps
to reduce the VOCs whereas the plants root with moisture so called as
bio-filters absorb the VOCs, CO2 and also block the particulate matters.
Mineral filters are designed technically for filtering the fine to coarse
particulate matters whereas the EM plays the additive role for absorbing the
gaseous pol lutants, especially VOCs.

Both the filters are integrated as one single unit to enhance the filtering
efficiency of air pollutants covering both the particulates and gaseous
pollutants.

The system will be stand alone type while in-situ performance is tested by
designing the special experimental chamber.

Results

Reviewed natural air purification technology using micro organisms/moisture
and bio-filters.

Developed the Eco-purification technology integrated with bio-filter and
mineral filter for removing the ultra dust (PM2.5) and Sick Building Syndrome
(SBS) causing substances.

The system was reasonably applicable for filtering the PM2.5, PM10, VOCs of
the indoor spaces.

Expected
Contribution

Natural environmental friendly air purification technology will be developed
for filtering the particulate and gaseous pollutants of the indoor spaces.

The optimized technology will be applicable for improving the air quality and
maintaining the comfort of the indoor spaces.

Further, the technology will be helpful to catch the public perception
regarding the health, nature and satisfaction as public are aware about the
indoor air quality mostly in the urban life.

Keywords

Eco purification

Micro organism Indoor air Smart Sick building
filter system quality ventilation syndrome
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A A HAXH(HA7IE 9 FA=Y A 3784 A aa))
e 2008. A= oSt UpAb
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gL 574
7] Data Logging System (Z300—Xp, Envieronmental Sensors Co., Boca Raton
HAAE54: PM10574d 2 E-BAM Mass Monitor.Met
Oneinstruments, Inc, USA
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—EZFLHS] = ¢ DNPH-Cartridges ©]&-3to] vUHZR2 375 3023t A=
HE 3 & Acetonitrile® 9] 5mlZ %%3}9] Hplc® (hihg performance liquid
chromatography) &4
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benaene
Nlene 7 7146 |6[ 2 | 5 5 3 2 1 3
Stylene 3 1 Pl SLT |7 i % 2 i} 3 5 &
Form
4 715 T 2 5 4 2
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= Al FEADHue '] &5

B EEALEI%] &9

Hsst By 58] V=dd

=99 AEE o]&d A7 Ve AEAANEE o] &3 WA oA "oy A&
o] 7= sy (2= AA, e, FEx) S A5 &85 vrls AEe] ol
gks] X Folu, o]F T Ad &8 N Al et 3R], AT, %
47 9 71AZHE dAE = o, oo mE BAlA HEe AdadsE Vg
2= o]o

T A T™m

T3k 71E AN/ ARA SHe AYAES o] 83 ZAERAL W E o
Ix7Ee AEAFACEN, S e A Qi A A V=] FoiAANE &
gote AT7A TS Hola glon, o= ALY AEs 83 A9 EE A oA
Sk A RS 2R 2kl AT g o® x| dit 2y 9 oskEd Ad g
74 Aol Thsstthe ZRol &

3 3-2. %9 M4 FuEd

Green wall plants best at removing these
toxins
Peace lily (Spathiphyllum sp.)
Boston fern (Nephrolepis exaltata
‘Bostoniensis” )
English ivy (Hedera helix)
Spider plant (Chlorophytum comosum)
Janet Craig Dracaena (Dracaena deremensis
‘Janet Craig’ ")

Common indoor toxic chemical

Formaldehyde (CH,0)

Carbon Monoxide (CO)

Ficus sp.
Golden Pothos (Scindapsus aures)
Volatile Organic Compounds (VOCs) Devil* s ivy (Epipremnum aureum)

Philodendron sp.
Mother-in-law’ s tongue
(Sansevieria trifasciata ‘Laurentii’ )
Chrysanthemum (Chrysantheium morifolium)
Dracaena sp.

Kimberly Queen Fern (Nephrolepis obliterata)
Orchid sp. (Phalenopsis sp.)
Dieffenbachia sp.

Toxic chemicals and the tropical (green wall) plant species which are best at removing them.
Adapted from Dr. B.C. Wolverton's book - How to Grow Fresh Air, 1996.

Trichloroethylene (TCE)

Benzene (CgHg) / Toluene (C;Hg) / Xylene
(CSHlO)
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(2) Green Flow
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TSI Aerodynamic
Particle Sizer
3321, Grimm
Aerosol
Spectrometer
1.109, HCT
Particle Sensor
3030& o] &3t
PM2.5 5443
v, 2012

e TSIAS] APS 3321

o GrimmAFe] AS 1.109

e HCTAFS] PS—3030<
o]-g3lo] PM2.5 JA}ol

ge =4 95 u

[SR=1

o PM2.5 4#ke] EARS I8
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University of
Washington Lander
Hall Construction
Project: Final
Assessment of
PM2.5 Air Quality
Impacts and
Potential Health
Risks, 2013

e BAM—-1020

e DustTrak

e WCCC Playground for
approximately 20 days

between January 9 and
January 28, 2013.

PMZ2.5 Hourly—Average BAM
vs DustTrak : R2=0.90

PMZ2.5 24—hr Average BAM vs
DustTrak : R2=0.97

Comparison of
Particulate Matter
(PM10) Monitoring
Using Beta
Attenuation
Monitor (BAM)
and Simple
Instrument, 2013

e Beta Attenuation
Monitor (BAM)

e Direct Reading Monitor
(DRM)

e 16 to 29 July 2011
(14 days)

e Perai, Penang (Sekolah

Kebangsaan Taman

Inderawasih)

PM10(a Record) BAM vs DRM
: R2=0.9170
PM10(b Record) BAM vs DRM
: R2=0.7810
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— Blower door@d &2 7|4AS =A sl AL EHE A AH

— Auel Hef Aol ¥V 35S FA%H 7] 7 FeE FHob |

— Chamber® 7% T3o] 3o FA& Aol dopx|= J& WA ] Slsf 7IEA H
~ES Y

— Blower door AUlE 7het, #h= Al = Sle #oR oF gy A9 FTFe =
87t

— 7122 0% Blower door A|2~EIL- wA Wl o] Wjd AlxEl gy A x| VAR

74

— Blower door 7]&2 19779 A8glelA A= 270 X1t el &2 A

= A&

— Fo FAE = WS Princeton tehell Al Harrje, Blomsterberg, Persilyoll & 7§25
AL 1980 wl=ell A Ak, 1981 ¥

— 9 gHe s SAHE #2> AEY Fa 74 W (Effective Leakage area) & A4k
F el 4 23 AN 799 F A G HA o
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ELA = OBuildz’ng* 5 * APRffld

2 1. 8 74 WA (Effective Leakage area) AAHA

ELA = Effective Leakage Area (m? or in?)

Cpuiding = Building air leakage coefficient

[y = Air density (kg/m® or 1b/in3), typically a standard density
is used

4dPret = Reference Pressure (Pa or Ibpoce/in®), typically 4Pa in US
and 10Pa in Canada

Npuiding = Building pressure exponent

— CBuilding ¥ nBuilding SI &85 A&

— 08} JPRef 47}t ke/m' 3 Pa® ARG

— CBuilding ¥ nBuilding> 9= @95 ARgste] A4l = 4 93l p & JPRefd 7}
Z} 1b/ft3 ¢} bForce/in2 =& A&

VT GYHES

flo

— FETY g2 Adef o AW HAE A4 & FEI
o Ad& 3y
— IS 943 WOl Chamber QFel g o] o} A5 Blower door7} ZAA|7] wj
3

ol HoE e A=

er 1774k 2l

3% 3—6. Effective Leakage area test

BT A3t BTy A3t
A A 3/4 2/4 1/4
Effective
Leakage 106.1 87.3 55.4 30.5
area(cm?2)
Leakage
139 104 70 35
area(cm?2)
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Geometric Design

Solver Control & Convergence

Governing Equations / Boundary Conditions

1% 63. CFD simulation process by covering from geometric design to post

processing
CFD #Alo|A Parameters
| - =g+ Chamber &71F Zof AAE Fo=
AE B REEH odd 3V 3 F
- BT B AuAS T A oA
Ae g

N

1% 64. Case I. Without the
vertical baffle plate

1% 65. Case II. With the
vertical baffle plate

I

P

—
—
~—

A3kl AAA7]+= 50cm X 50cm X 50cm©]
At e (Case D F7F #&x+0] (Case
= AlEgo]do] A3
7] 8 AAxA

AW TS JFgWo g npo] FAyE= Zlo7
Has

A T AA AdAg wet 65g/s2 +
.

S5 A= STPelA o] 7IAZ 1hF3t.
5, oY, 47 5 oduA TE I™E<K68>
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Case ll
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A2 qeto] RO A
(b g 78 CFD Al Ed o)A
Simulation cases Parameters
— e 3 CFD AlE#olAS F2 582 A3 2
% fel 4 el AR ol o T
41 A g9 (UEAd)
—CFD AlgdoldE ZHzhel tayAd =3l fst
10cm$} 50cm Ao~z R
e Case I (Thickness = 10cm, porosity
1% 67. Filter section with 4.1%) - Hydro ball (5mm diameter)
thickness 10cm e Case II (Thickness = b50cm, porosity
4.1%) - Hydro ball (bmm diameter)
] e Case III (Thickness = 10cm, porosity
— 8.6%) - Mineral filter (1cm diameter)
:_: e Case IV (Thickness = 50cm, porosity
=i 8.6%) - Mineral filter (1cm diameter)
1=
= - A% FF 65g/sE 17F
— -2 wAHS = £33 Chamber$t fFARSHA A%
1% 68. Filter section with
thickness 50cm
— ORKT71>9 REg o AedAe g8y S HAHstE (DY IDE Yol BAEA
Iy wjAE Fdste Hd &85 S%7F oF 5.36m/s0lH S EHE A 65g/s
— Case (IDQ! ¢ AW SelA o8 HEo] gl o3 A7) o =2 AFH Y F7]
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— webA], Chamber A3l AF&3h= ZEH Afo]=E A
— Case (IID$} Case (IV)ol A&y« e & vulgdE AF lem Alol= & A7)
t3de oF 8.6%C % ol AfHy V¥ 5
2.5m/s® 2w FE viA e HWEE IHT2>T P
FS Fdl 0.16Pa~0.29Pa7tA] W3t

EEL L]

Hydro ball (5mm diameter) 10cm Hydro ball (5mm diameter) 10cm
A ¢F Sk 9

am

Hydro ball (5mm diameter) 50cm Hydro ball (5mm diameter) 50cm
Ay ¢y S gk

[E] 5]
1) B

Hydro ball (bmm diameter) 10cm %< | Hydro ball (bmm diameter) 50cm %<

1% 69. Summary of the airflow characteristics in the filter bed with porosity
4.1%
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1% 70. Summary of the airflow characteristics in the filter bed with porosity
8.6%
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a 10 20 30 40 &0 B0 70 a0 a0 100
Blower door control (%)
1% 77. Blower Ring W3l2 QIst 54 $] 182
¥ 3-7. Blower Ringell & /&% 9
Ring A Ring B Ring C
Blower control | o . Blower control | o Blower control | o
0.72 1.28 0.72 0.50 0.72 0.14
5 1.84 5) 0.80 5 0.22
10 2.68 10 1.13 10 0.32
20 4.10 20 1.81 20 0.54
30 5.39 30 2.43 30 0.74
40 6.62 40 3.03 40 0.94
50 7.92 50 3.51 50 1.10
60 9.10 60 3.99 60 1.26
70 10.05 70 4.35 70 1.40
80 10.95 80 4.69 80 1.50
90 12.20 90 5.14 90 1.67
100 13.60 100 5.63 100 1.84
- AR @47)s Fdel §52 0.18m/sE ARSIl old FUE HAFS 1

st A] Blower Ring C, 3% % Controldte] %4

1.2~1.8m/s7F4+= Blower Ring¥} A#glo] =4o] 7153t 0.14~0.5m/s= Ring C
T AHE7bs el 5.6~13.6m/sE Ring A¥F ARE7Hs

46



1200 | =—&— Chamber
—E—Change Chamber

1100

1000

800

800

Total Flow (Lfs)

700

s00

500

100 i i ; i : ;
-40 -35 -30 -25 -20 -15 -10
Auvy Pressure (Pa)

'
=

2% 80. 1Ak Hek - {7 Bl o EA T

¥ 3-8. 12 B¢ H - & F3F 4 kgl dolE

<t ¥ —15Pa

2 Chamber

B¢ A Chamber % 570L/s
Hek T 1200L/s

2  Chamber Y75 7NWste] 23S 28t Chamber WH 4¥o] —15Pa
FFe g9l

hamber= {+&°] 7t Bejopx] St#o] Aejv ;o] Hst= s —20Pa ]

—

3
=

T
An)
f
r o
o
2
)
b

|
f
e
Rl
o

hamber 141%‘*01]*1 dAees dgEde 2 4 5 9o ol
o
A=

47



1200 F-omeren s ........... i

1100

200

800

Total Flow (Lfs)

700

B00

200

400 i i i

000k ........... :

......... Leiensn| =——— Chamber I
: —&— Change Charnber

-40 -35 -30 -25

79 81, 12 Bk A -

® 3-9. 12 B¢t A

i
-20 -15 -10 3] o

CF % w el doly

= H
4 g —20Pa
B¢ A Chamber % 588L/s
Bk & Chamber % 1030L/s
4 9 —30Pa
B¢k A Chamber % 718L/s
B¢k % Chamber % 1142L/s

— 2z A3&-e Chamber Y+ 2000cr

Awrsre] 4@e AAstol kol HolEe] A4

2 AFAR B F Chamber #HA S &4
7;

2000
e
2
o
&
Z
@
3 1000
= 900
= o0
=
8 700 ; : .
500 e e e e e
4 5 10 20 30 40 50
Envelope Pressure (Pa)
Labsl ‘ Basa? ‘ start ‘end |nnbs |Avg Pressu |Tntal Flaw
base True 4 121 AL 1013 i
imin)  False 222 260 2 341 544
5 False 447 475 28 458 7408
-10 False 541 BEB |28 |-9.28 (9641
-15 False 7549 87 29 -15.08 11987
hase True 863 980 118 0.08 0 Y
3 3 3 S
19 82. 2500cm Effective Leakage area 19 83. 2500ch 7" A3
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i
1000 i
% 900 it
2 | .
% 8O0 L sk -
= i =
3 : =
5 oo P =
= |
= i
= |
= B00 Iy
m ) ]
j
500 e
+ i
4 10 20 3n 40 &0
Envelope Pressure (Pa)
Label |Base7 start end noks Ay Pressu \Tota\ Flows
base True 8 128 118 0.08 0
-10(min) False 206 235 30 -9.69 6a9
-20 False 323 35z 30 -15.85 928.3
-15 False 434 463 30 -15.04 811
=25 False 510 538 pc] -24.29 10315
-30 False 615 B44 3n -24.79 11418
base True ‘B34 a11 118 0.07 0

19 84. 2000cm Effective Leakage area

Building Leakage (L/s)

10

4 20
Envelope Prassure (Pa)
Label [Base? [ stan [end [nokbs | Avg Prassu| Total Flow
base True 26 143 118 01 0
-18(min)  Falss 327 EE 30 -17.85 570.6
25 False 13 a41 23 2498 5445
-0 False 535 564 30 -30.34 6853
40 False 525 853 29 4016 e
50 False 71z 741 30 -49.83 857.1
hase True 787 03 117 0.05 0

19 86. 1500cm Effective Leakage area

111 S U ST PRTS TS U SRTIS Sy ey
vzt i
5 400 o
- |
g ;
T gy sy "
= |
5 !
L T O . T, R s Sirsibins
|
4 10 20 30 40 50 BO 70
Emvelope Pressure (Pa)
Label [Base? | start |end [nabs [ Avg Pressu| Total Flow
bisie Ttz 33 |12 il e e
-43(min)  False 448 474 L] 4317 456 6
50 False 1531 559 28 -48.94 4839
60 False 837 BE4 28 -59.38 527.2
-70 False 780 619 an -70.09 |568.4
80 False 928 956 2a -79.08 8147
base True 11034 1151 118 0.04 0

1% 88. 1000cn Effective Leakage area

1% 85. 2000cr 71 AE

18 87. 1500cn 7iH; A&

2% 89. 1000cr 7 A
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100
30
4 5 10 20 30 40 &0
Erwelope Pressure (Pa)
Label |Base? start end [nobs: Awg Pressu| Total Flow
base (True ] 21 118 0.0 a
-17{min) False 195 224 30 -17.23 1671
-25 False 267 286 130 -24.91 1897
-3 [False 352 380 29, |esme 2184
-35 False 426 455 130 =-34.75 229.5
-40 False 524 551 28 -39.47 2433
50 |False 588 816 29 |-49.74 2n4
base True B63 780 118 0.05 1]
. .
19 90. 500cr Effective Leakage area

. 500cn 7HH A8

3000 T
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2000

Effective Leakage areas (cm2)

1500 y = 446.57x
R? = 0.9598
1000
o 500 1000 15iuu 00 zsiuu 3000
Leakage areas (cm2)

Leakage area(cnf) 500cnt 1000cn 1500cnt 2000crt 2500cm
Effective Leakage 334.7cr | 669.6cr | 1210.5cr | 1791.3crf | 2418.2¢i

area (cm)

7% 92. ¢k ¥ Chamber? QAAIS
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1D AARE A5 EUEE 9 VA A" HE 2d 231 A

O A AE AHo] W AFEEE oIt

VR=A v ART =171 « v !
VR: #7143 (cm® sec™) ART: 37| AF A 7 (sec)
A: mlo] @ FE] o] A (cm?) L: 2 AESFS] zlo](cm)
v: vtol @ FE Y F4 (cm-sec”) v: vto] @ FE Y F<5 (cm-sec” )

— Stabilization of Soil Moisture and Improvement of Indoor Air Quality by a
Plant—DBiofilter Integration System =%°lA YEld F21& o] &

({h) TVOCS CO2 A3t 48 1d 9 Hslags <

# 3-11. TVOC AAEE +4 = A7
o

nz2e TVOC AARE #2748 TVOC AAZE
1000 : . . : . 1000 : . : . :
: i | = Cocopeat VOCs pollution : —— Cocopeat+Water YOCs pollution
900 - | —&— Cocopeat YOCs clean 900 3 : —&— Cocopeat+WWater VOCs clean
= enf : & 800} :
£ £ :
2 gmf 2 et :
& : k L : & et g, o
soo | 5 ] a0 _
q ; | I i ; 0 L i i i i
5 10 15 20 25 a0 i 10 18 20 25 an
Time{min) Titne(rmin)
AT % Ht 1 793.6 pg/m' AT & Ft D 7454 pg/m
=T T P ©703.1 pg/m’ =T v B 0 425.2 pg/m’
g3k 58 Bd 1114 % g3t v Bd 43 %
® 3-12. CO; AAREE 4 =4 A+
Az COp AARE F24H COp AAEE
1000 . . . - - . . , . : - 00— : . - . : . . - ;
- : ? —w— C0Z21 : | —— Cocopeat+Water CO2 pollution
aoof o e L sl : : : § ; :
g =
200 : : . 440 o
100 : ¥
il i I i i | i | i i i 400 | I i i L i I i i
0 20 30 40 S0 EBO O Y0 BO S0 100 110 2 4 B 8 10 12 14 16 18 20 22
Time(min) Time(min)
Y §% B 1 493.4 ppm A ¥% FF 1 515.2 ppm
=T F% HA : 498.9 ppm =T 55 A+t : 502.1 ppm
st w5 Bt : — st % Bt :2.54 %
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(th 22+ As37HdAelA 2E TVOC test AF 3

% 93. 20169 5€ 10 54943 % 94, 2016 6€ 19 544}

4500 T T T T T T T T T T T
& 20MB0510 TVOC test :

4000 k- __B_EFIEDEE_H T‘v"O:C tESt:

3500

£ 3000

kS

g {

}QEDD

'_

2000

opple £ B 7 @& 03 05 4 8 0§ 0 % 3
5 10 15 20 25 30 35 A0 45 a0 55

Tirmelrmin)
20160510 TVOC Ht&% 3179 peg/m'
20160601 TVOC Hit5% 1963 pg/m’

9 95, 22k dsW I A UiF TVOC 574 A
— 20169 5€ 10¥ 2x 58 7F FA A 2 TVOC =S &<l
— 225 A TVOC 4 Hgh
—Ad 2EE ASAA fFEl7tS SAEel 843 A1A 7187 92}l Bake—Out W
215 T8 2345 AW TVOCE 713A1A AA
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— 225 HA Ul 2EE 6~10A%F & A Al V]S 6W HEESte] A
TVOC &% AWAHALIF FFo =2 A7t
140
/‘——’7 ® s =
120
- Time(min) h
=@—/0OC|j12/m3)_bake-out T =@ \OC{pue/m3)_bake-out
Bake—out W2 A& A AedA Fds® 1344 Og/m3
Bake—out W4 A& A AedA Hdsx 513 Og/m3
9 96, £ Rk AW Y TVOC 5%

% 97, 13k 2208 5

‘ SMx2.73Mx2.2M
S L =
. - = 5Mx2.73Mx2.2M
Door™, ‘ 5 . - /
“77 —

L o

u o

“tong Sedticn

1™ 99. 32k 223 T H PR AA R 1™ 100. 43 2238 537 A AA =
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Mixdng fan
Ieﬁcnanner[mmaj
KCl aerosol -
] i
Diffusion i;-‘
Constant output dryer Sampling g
EYbONTH Der probe- pipe
h |
KCI solution |~
Cylindrical ESP
COrmputer
% 103, 22k AsH 7R A A
DY HAS 1S 25 F B4 W 4 240)ES BRS TR % 53 A
A3
2 avle FRAAY JeBrbE fs Add 2 AW Al A5, ECOPS Al2H
2 ABE 5 3 T EE AL AEEe} QA e Adoloid pl

ARz KACA 149 4 F43t
SPS—KACA002—-132 43¢ wa} 974
%, 37 T JdAY T Aarges S5
o} AAztael o At sEE SHst] 3V S B
o g A EE W e S8l A" 22 WM 0.3m dAF 271 Ad
o] wi7d F%7F 300,0007H/m® olst7} HEE FAF o]F wHV|E FI dAE YA
FERE FHsteE AldYdA 3334 (Dust Generator) 2 KCI YAE /3531, A
gzt FgFo] £a5E T A Y AHE 24vE FEHAE 2Hdse AW wigow
HFE 120cmel AA¥ MEY FEE o838 dAAFEE A% ZYHH &
587 A7 Aol 24
BUEE Aol A57] 914, Data MEE 54 A
7l

ot
©
i
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Cl==

5Mx2.8Mx gl

3 53
(h A 33 HA =

— 1%} Chamber 23 A& &
A

— CADR¥ 712 ©]l=r AHAM (Association of Home Appliance Manufacturer) 9|4 3%
o7 A ¥/ WA AdeAFEA Tobacco Smoke, Dust, Polleno] thst A A 5=
®7]

- 248 2B B3] A FAYE FANF K AQBAYE K& VY




¥ 3-13. C ADR -3 A

—Kt
Ctzcie

Co: ti BHF YAk

G =7 A . o
K : 2845 (minute™) V i room AF (ft°)

t © A7t (minute)

V(KKp

&g A CADR A4 A4

=429 dEd A 2% Chamber Wi &%l wE 7]34E 1128t
CADR A& A sl @ ao7|adA9 exdxds 485t 49 I3

1CyclePM 2.5 H[H B & L]
yele [H=g 1cyclePMIOEIH HE
250 100

W—*“-—wv’“—“"—'—ﬂn

) 500
s__,/'—"‘—"’M 70
150 B0
B ®
s q = ,, N o 5 w15 n 25 3w 3 4 45 50 55
15 2 2% 30 3/ 40 45 50 55 60
time
time
- o e —— 10T E 10um(SE)  ———FHZE (P
a2 5um (T £ 25miEE)  —e—FAEEPMLE)

S| 2~8 &4 27 A E leycle "AHA 2 ZVIAAE 4 274 u]AE lcycle UAWA FE

1CyclePM 2.5 M H =8

t
;’
|
|
|

@ ] 5 10 15 2 5 30 s 55
10 15 20 25 30 35 40 25 50 55 60

time
time

AN 28 &H 2 AL leycle "AWA FE S7AAE 94 27 AL lcycle AWA FE
1% 106. 1Cycle W2 VA AE A8 AS v|MHA 5% T2

—2017.05.06. =5% S7AAE 4 1S 48 F AY

—AtEd 3] 21 A8 A A8 A B mAdaR] AAEEe] Zokxl AS #F<l

—S7A 8 1 =4 AE A A8 d AAZE By PM10 28.2%, PM2.5 32% 359
AA &agol s
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Recycle PM10 H| AEZE .
Recycle PM2.5 H AR E

200

150

——oum(E 8] —e—llum  —e—TFAHEE(PMi0)
—EmEE) —em25um  —e—RASEEMLS)

700

500

i
&
8

{pg/m3)

19 107. Recycle W2 7|A 4" AL 3 ojqHA] FE 132

/\/-/—\W -
500

5 10 15

20000

1BDOO

16000

14000

- 231 A8 /% 1Cycle B3 sdsHA A
= "AE s A Bu vAEA L] AAREe] PM10 12%,

23]

=
g W
)
Eao
300
200
100
20 25 30 35 40 45 50 55 60 65 70 75 B0 85 90 55 100105110115120125130135140 145150 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 B0 85 90 95 100105110115120125130135140145150
time(min) time(min)

1

1Cycle A& A TVOC

3

—e—TWOC(pug/m3) T —a=TVOCipe/mHE L —=TVOC(ug/mI T L —e=TVOCue/m3T T

1Cycle && % TVOC
Recycle TVOC

5 7 9111315171921 233527 2931 3335537 3941 454547495153 555759616365 6769 71 7375 77 7981

time(min)
——F 2 ——H%

Recycle TVOC

-40%

-60%

-100%

-120%

HAH &=
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~VOC® A%, 1Cycle ARAeAME F7AAE &4 AgA TVOC %7t A8
A48 A9 AAE

69.93% Hu 60.38%F °F 9%°] AARZEC] T AOE YEROH,

Hu} tdH o7 AAGE] eSS
—Recycle 28] 01]/\1—— 7] FEXRT ok 27%°] TVOC s%7F 743}
=24 wEFA 2eUS 7o FE Bdstr] s o] HA =

rlr

A9l
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2 A 718k Eco—Purification 7)< 7|t

24.

7}. EcoPS (Eco Purification System) 7] 7H&

(1) EcoPs (Eco Purification System) &7]43% 71&
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. 2] A71RE Eco Purification System 715 A5

(D) AYRE A 2 A%

A B7NAS @]l AEY A7) Hi AAE Aol 4#3] 44T S A AW
al7h goldlol s, % Ty} AATES Enlale] AE o) Mg w HWa)n
MNALEES Fa 2u|HX (PM2.5) 2F VOCs7F AlAE = AlAdo|ng F77F S &=

A TRE AT
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-1 E AAEEAD S AEo] AAEE AAEE’ ¢} AEo] AFsts Ml Ery
2 7ok AR

—AMFEEE o}aY AR AZsF o FE o] TS £o] Ade] ¥HFH Eo] &
el AGHESE sgon, mRuAas o] s FAT uF ax] @ gjRe] FZ 4
e ST.S Ad=z =ZHdds Aztstly Ayl St & T
Ao s AAT

—AAEES} WA AE AAEE TER AAELE U AAE= 249
of we} wixutAm SAFete] Ao F7|H3t Vs = =
2 QI e mAEe] MAggte] Tt g QRS g

—1AEE AAREARD Y FUFHES dolr ] $35te] Leakage Areas

HYEE 3719 BBL WAsn HPRES AARL] ohd AAHEE
A =]

_

S
0
e
o

1o

—ol& MAsH7] fste] AAEE ) A7 A A)
NN 715 FHAZ F e 1AEE AARE (29D AAES A

-3k F7)9 FyE g8 AA AAEE ddy Fke] ololojwH st U F iAo Qb o
o] MEo] WAt EfFHo T wA st YrAdS FAAF

— 28 AANELES WA U AQlshe WAoE AES ALEF 9 I T olFE
A& | A7t ol g

Fabsto]  wpAmaR  sgstiel golsA o &
500+500mm 2719 AAYRES BE F AW/ A3 ARG e Egere %
o7} MG
—2hAE AARES JARE] 4B vtz AAste] wel BHo] folsu Ay
13 E 2425 (500 X 500X 100mm) Bt} 23Hd % A4 RE (500X 165 X 100mm) & &
93715 Fol AYRE ) FREE} FEFES AT
H Y M EEA o AR 2E 4% Kol

— 7)ol A 3 2 1 s wsks A
L ooy Fhow MAs AFY SN FUWFOE ol o]FE] wel
gRE Azsn S HEEE BAEC AT

—1, 23 E AARES B Pl 4R BEAgA EL wud A7 JYrES
A SR AgHs gaelnE AYREY FUATF EFFE FAF 5ol 3pdE 4
BRES AYEEL GANE TR Bo] BAAE RRE Relste] AP o] A%
Mo AYSER FUE & YL AYLES FEE WIT

~EcoPs Aol AX® #gA o)A e 4ARER Bo] Wolw 2459 (17mm) 2
A o AARER overflowslo] ATH: WO 27be] AARELS Ag o)
2o TP Qo] B oldRH RAlH Zgel o8 A% FrHE AUns WA
oful A%HQ el 3 moFo] wukaA HEY A% A WA e 2
o Aolz Aze) Frol WA BANS AAFAS
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#® 3-16. AAEE /NN F(AAE)

HEtype AAE 54 8 A =AH

~AALES} WX AT He)

P | —271RAE Sl wres AR S
(e g ARt agemy | ) SR ISR w

A 5

~AALES W] A

12Rd = - _ —AATEN A AT A
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- 1 1
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ot AARE TelaY] HpA) o 2 Folst 7 old e
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g | O AT Ree gpHes |
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(2) AARES] nAEA AALE AT
b 12 54 _ AEE AY A¥
—AAEES] vAHA AAERES gt fste] AAREC] AXE F UEF T
10mme Fyolad AAL AFEEe] YHr=7] 500%500500mm=E FHE A 2t

- AW ARl vAWA HA7|E AR T = blowers X34 blowers
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- AR EAA AEAEH vARA AA Ves ke AAEES] AEE fld sol=RE
(FES} BS £3sto] n&oA A7), FoloAE (ofA-A ] <] JJran ES

=
FZsto] A7), ZIIE(ZIY Aol A4S FEea G FUS EA)

o '

5 3% Austel MAWA AANEE AT

—AAREe] Feje] W vANA AAZES AR A5l AASEI FA A WA
M due] AEe AAT & b EEZ AAH CAANEE type'sh HHvts 2l
HES AAT 5 Qb FEZ Ho} b AN ype's Ade] AP AYF

79 110. AAEE type_1xPdE 1¢F (F—-2AEE type, $—H1A A type)

— AR AL ofF xe} o] Ffo|uRE FoloJHAE FIFIE AALE 3FI AALE
type, WA 8 Atypel] AARE 2502 F 67H1K 7o w Ay Aysh

3E 317 AAEES] vAAA AALSE A=A _1ad =015

T WA AW EE type A L] Afo]l=
1 SOl =2 & (5mm) 2 AEE type 42Kg
2 sto] EZ & (5mm) Hj A HEA type 40Kg
3 ol AE AAELE type 15Kg 50cm X 50cm X
4 Folo|HE Ui EE type 13Kg 10cm
5 FFAIE AMAEE type 22Kg
6 FFINE A EFA type 20Kg

— A8 AE v A HR] AAEE SPZATE ofdl EelA X ukel Zo] PM103 PM2.5
ol =7 E(Bmm) Fo|o|HAE £07F A|AFGE0 =& Aorw =4H

—ol= ANREY V] ERALE =43}7] 98 A&s Leakage Areas=4 A] HoIA
gole= Foz Fo|ojHE > slo]EZE (5mm) > I IIE £O97F Leakage

Areas”7} W< Zlo=®2 S4H

— AR E typed 77t wiAEE vlaehH A EEA typeRth AAEE typeo] WA A

AA et a&S Hole= A
— 2 EE typed wjA g AAXET ATgH 3
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3 3-18. AAEEE vAMA AAE 12 = (1))

AAE (%)
T H) 2] & 57 A RE type
e =P PM2.5 PM10
1 dlol =2 & (5mm) AANEE type 23.8 31.7
2 glo] =2 & (5mm) ]R8k A type 10.1 17.1
3 FolojdE AAEE type 6.9 12.3
4 Folo]HE A8k A type 4.7 9.0
5 IFIE XA EE type 37.2 42.6
6 IFIIE iR 8k A type 32.4 37.2
45 - B PM2.5
apy ® PM10
35 -
_ 30 -
% e
" 20 -
T
15 -
10 -
5
u -
1. H+pot 2. H+box 3.F+pot 4 F+box 5.C+pot 6. Ct+box
EEES]
a9 111, AARES] 20 vAHA] AAE_ 1A= (1%

—12PA = (1% AARES] uMaA] AA HAFeA mAHA] AAC 53 a&S Hl
solez®y AIAES A48EZ Adetel 71E AYRES AT 1AL RD A
de na
AT E typed HIX|HEA typeR T A EE typeo] PM10, PM2.5A| ANA 53 &
5 Heloy AR AALEY FdE ¥77F AR ES Tyl WalaaE #
gohm, WAAG AR ohe FRACR TASEE fEael RIEQD A9
o= wlA|EA typelS 2 A Fste] AHS st
ARxAL o Woh 2ol doluaB, TIAE 5 ANEE 258 Aded A¥L A
getglom, 12 A4 PM10% PM2.59] AA= wiA e &AAQet =52 7] #A
7F Q= Ao Ity slol=g2E A7]E 7]E bmmolA dmmE WAHSH] AYS 2
0

¥ 3-19. AJAEE vAHA AlAGE AdxA
T ML ETF AR E type A= IE Afo]=
1 | 8le]=E2E(dmm) | HIAEA type of ] = 2 50cm X 50cm X
2 AT E Hi A 8k type of| 9] 2 7| 10cm
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e obe] EeA B vhel ol 13 AP AR} vl
2 AAEgO] Fe

=0

stol| =2 & (4mm)

AAGLEH AR AARZSE 594
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Removal Efficiency(%)

—+—PM10 —=—PM2.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

measuring numbers

PM10

44.7%

PM2.5 H+ #A|AE

38.9%

114. PM10, PM2.5 AAS _ 12395 Ay s

Removal Efficiency({%)

—+—PM10 —m—PM25

1 2 32 4 5 B 728 9 141 32 1B

measuring numbers

14 15 16 17 18 19 20

PM10 B+ AAE

45.4%

PMZ2.5

o

38.1%

% 115. PM10, PM2.5 AAE
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- 1P = (Typel), 22 % (Type2) AAEES PM10, PM2.5 AAS V2t 44.7%,
38.9%% 45.4%, 38.1% % 2 oS Ho|A o= o R Hol AALEL é,*ﬁ w59 7%
Hop APEESY T/ 2D FFEL Zolo|A yEtv= Jow dvd
(h 3x 54

=1k, 22k S4E 1A AN Aol $ubite] SAHAAE AAste] ¥71E AR
BE 13 SN F TR A, o ¥71E SAsEY] nAEA AALES S35
O} o= AIZF Hiv] A3a S-S SHst=d AT =

-3% 54 6,500x2,800xH2,200 Z7]°] Wa® ¥t EcoPS(Eco Purification
System) AAIFES AXg F wAWMA BA7|E Sl 37 U vAAaA FRE SR
3 AZHe] ZEe wet AAEE e S

—EcoPS(Eco Purification System) AlA|# $Wel blowerE AX|3}o] blowers &3 2
AE F71E st A EES FHsto] vAMAIE AAStL A WF-E wjEste] &
%3}% wAow AEs g

—EcoPS(Eco Purification System) A A%<
FEAIY, dFAAZE FAE] o T

- I_‘-_
5000 1500
o ol LT
S =i
5Mx2.8Mx2.2M
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1 {
23 =99

1,065 %530 < H2,000mm 7|7 AR5
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a9 119, 927)% E84A A% 9 A

—EcoPS(Eco Purification System)A|#|&S 1z AgHE|el AR5 23 A3t E
FEAIHEHZE o] Fojx] o AARES] Astsy S Hristy] Yt FEAIZEHE A9
Stal AR ET dAsle] AdS 2y

—WAEYIE RS AR W mARXA

Purification System) A A& 7}e3slo] 18A] 7 %<l
—PM2.58 PM10& 101 @912 242 SAsiglon A3 o

concentration of PM 2.5 { 2g/a7)

S00
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_‘d
£
o
i
dlo
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EcoPS(Eco

—+—PM25EC | [
— HAHE

i 4 il

o oo o OO0 OO0 o0 o000 o0 o000 0D D000 D000 oDo0o0 o000 0o oo
L L= = O o I ¥ B e N RN Y o SUR e I T o e TR IO ¥ T T R R o S e Y o ¥ N T o O O I B N o SO s R o L o Y o N Y I i B

time{min)
= 0 s [e) &
198 120, AAEES PM2.5 % 9 AAS W3t

FoG0%

Removal rate (%)
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¥ 3-21. JARES PM25 AAS

SAHAIZHE) | PM25 F=(ug/m® ) A A &%) ANZZ AAE%)
0 468 0.00 0.00
60 233 50.21 50.21

120 142 69.66 19.44
180 88 81.20 11.54
240 57 87.82 6.62
300 40 91.45 3.63
360 29 93.80 2.35
420 21 95.51 1.71
480 16 96.58 1.07
540 12 97.44 0.85
600 12 97.44 0.00
660 8 98.29 0.85
720 7 98.50 0.21
780 6 98.72 0.21
840 5 98.93 0.21
900 5 98.93 0.00
960 5 98.93 0.00
1020 5 98.93 0.00
1080 5 98.93 0.00

— PM2.5% EcoPS(Eco Purification System) 7Fg AJZHHE] 60% ZA Al 50.21%, 120%
69.66%, 180% 81.20%, 240+ 87.82%, 300 91.45%, 360% 93.80% 2 AAE
< HS

- A AAES 60 AIHA] 50.21%, 60~120F 19.44%, 120~180% 11.54%,
180~240% 6.62%, 240~300% 3.63%, 300~360% 2.35% s= H] EcoPS(Eco
Purification System) 7F& § 180% oJul =2 &85 Holtprt Axl fasks FAE
®el
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% 800 \ [re
':E -"-.._b L a0% E
g 400 N I
200 ".\" [ 27
m*w" L o10%
v A RRAARAARTAIARANR .
g e o A 7
time({min) T
a9 121 AAEES PMIO 5% YW AAS Wl
3 3-22. AEES PM10 AAE

ZAANZIHE) | PMI0 F=(ug/m® ) A A &%) Nz AAE(%)

0 1102 0.00 0.00

60 509 53.81 53.81

120 297 73.05 19.24

180 181 83.58 10.53

240 115 89.56 2.99

300 82 92.56 2.99

360 o4 95.10 2.54

420 41 96.28 1.18

480 31 97.19 0.91

540 24 97.82 0.64

600 23 97.91 0.09

660 16 98.55 0.64

720 15 98.64 0.09

780 12 98.91 0.27

840 11 99.00 0.09

900 12 98.91 -0.09

960 10 99.09 0.18

1020 10 99.09 0.00

1080 10 99.09 0.00

— PM10< EcoPS(Eco Purification System) 7}g A|ZHEE 608 A A 53.81%, 120%F
73.05%, 180+ 83.58%, 240+ 89.56%, 300+ 92.56%, 360+ 95.10% &2 #A|AE
= 1Y

—AG AAEL 608 BHA 53.81%, 60~120% 19.24%, 120~180+% 10.53%,
180~240% 5.99%, 240~300% 2.99%, 300~360% 2.54% s H] EcoPS(Eco
Purification System) 7Fe § 180 oJUl =2 a&& Holtprt Axk fasts FAE
)
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(3) AAEES VOCs AAaE HF

oh 12 A 574
—FFINE, Ffo|ERE FIFINE+AE Fo|ERE+ AL 471X typed A AdFo] 23y s)
Fom AE2 oy (Epipremnum aureum)s 283t AAES vl 543

—UF =27] 500%500+500mm<] ¥ o ARAEES X3 5§ AW Hd, T VOCs
SA7] AAE

-y Fue BRS woE Agslel Fu ) ¥ gl WS sof AW A, Far
9 SA7I2 AARES SHE] A 719 FaE $9 3715 FAs] VOCsAA &
&8 23%

—AdA= ofy Zol 2o AW H, AR VOCswsEE S48kl AAES vluiA
sl e

AW A, A VOCE R VOC AAE
900 COCGPEBt a5 CDCDPEET
800 40
= R 2 |
% 700 .;3_.35
2 600 830
'1% 500 - E25
E 400 § 20 -
§ 300 - §15
Q o i
8 200 8 10
100 —e— front —=— back 57
0 : ‘ : : : : 0 : ! ! ! ! !
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time(min) Time(min)
AW AW B T 834 pug/m' At VOC AAE
I R T 519pg/m’ 37.7%

19 123. VOCs 5% 9 AAS _ IFIE
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AW A, FEFE VOCs® VOC AAE
50 hydroball & hydroball
200 FHEE 0100008490040 00 0000000000 bb000l
2 700 g% ;W
2 600 - — 840 - R o -
g i | ....‘.-.'m‘,..u“l pEEEERE S - i
T Lo T30 - Treeee, Sreasey
E 400 3
5} E
§ 300 - f 20 -
9]
200 - 8
g =10 -+
0 T T T T T T 0 { T T T { T
0 5 10 15 20 25 30 0 5 10 15 20 a5 30
Time(min) Time(min)
A AW Hd = 816ug/m' Hat VOC #AA+E
Ay 9 B s 521 pg/m’ 36.1%

19 124. VOCs %

gl AAE _slolERE

AW A, 397 VOCEE VOC AAE
t+plant:

5 cocopeat+plants & cocopeat+plants
I T PO TS N N I | = ' ' sesrrberesterts
o) *eeee + ! | MWW"'"
& 700 ?é. 40 Jerateee?
b3 c 35 +&*

2 g P4

8 230 ¢

® =L

£ 3

g 220 -

c

§ 300 2 i |

g 200 S y

g S w

0 5 10 15 20 25 30 35 40 45 0] 5 10 15 20 25 30 35 40 45
Time({min) Time(min)

2 5 ; i o
R I ST 754ug/m M3t VOC AlAE
A 9 Fd T 450pug/m' 40.4%

I3 125. VOCs 5% W AAE _ IFIE+E

= 5 o
A A, $F VOCEE VOC A&
hydroball+plants TE 2 hydroball+plants
900 i L e[u— i s
800 N
s 200 MAAASASASSESESSSanace sy LD PSWDN Y g 0 .
£ E M
od c *e
2 600 8 40 i~
5 =l *eera, n
E 500 - aEaaaREREREEEEEEEEEEER & - trerersetayd
¥ 100 P i M g
E g
§ 300 §2
Y 200 8
g = 10
0 T T T T T T 0 T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time{min) Time(min)
- — 5 I o
A AW H % 730ug/m' H+ VOC AAE
Al Ht F% 464 pug/m’ 36.3%

19 126. VOCs 5% 9

AAE _ sl ERE+2 5
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—ujx 9] zfol g} A E] fHo WE ZF AW VOC AAREES A5t 294
- A3 A3y FIINE+AE 404% > FTIIAE 37.7% » slo| TR E+AE 3639% > dlo]=
28 36.1%cC 2 471X 24 F FIYES AlEo] A" AdxAdA 7+ AlA

H7E0| iﬂl ek o o E 37 2059 F AolE HolA ¢S
= 2% AA {7l g VOC Astsds H]Iﬂ_ﬂ B Ay 3IIEE 2

0.2%2] ztolE Ho] AE° VOC H3tsdo] und Aoz ZHHJAAN 14 43

T AAREANA 3719 13 SR AsH = AAES SHFEZ J3r1a g Al

o] 2QHE A& EAo] uyEA FForz 23 AN AtY FI}aES

N E rlo

h 22 3y 54

—6,500x2,800xH2,200 =712 A|&¥ 22 AW EcoPS(Eco Purification System) Al
AFEe AAT = VOCsE Tt v5F T7RA F Aze] 550 wet AAYE &
= 53

—EcoPS(Eco Purification System) AJAFo] AX¥ AAWEEL 500X100XxH165mm
18700y, AL EE FFFNE AELS o Zdd (Epipremnum aureum) < ARSI 1

IAZF B 5 48 A48

— EcoPS(Eco Purification System) AlA|#% $We blowers A #|3}o] blowers &3 2
S2h=) 517] Eolatd ANRES E3sle] VOCsE A At thA] WHEE viE3te] <=3
&= HpAl o 7 A3 S 2 &y sk

3E 3-23. AARES VOCs v% 9 AAE _ 22k I (=32])

SN E) VOCs &%= (0g/m?® ) AAE (%)
0 801 0.00
20 768 4.12
40 705 11.99
60 660 17.60
80 548 31.59
100 499 37.70
120 459 42.70
140 434 45.82
160 417 47.94
180 405 49.44
200 336 58.05
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time{min)

a9 127, AR ES] VOCs % W

— AR ES wAHA] AAEEC] 27 F}TE FETF oA WA AAEEC] A=
S HolE= whd VOCs AAEES AHFH R fAHE A4S By

AR = g o, AUESE EY U i 5o &5 9 23S 53 AAHEE
VOCsE %9 73s Fdll FFH2z A= 3550 #A7E o] AAZ] 4F 6}7%1
FA = Aoz s

(4) AARES] A=d2E AS

b AR
— s Ay
VOCs7} a4
— Orwell et.al., 2004)
W FFol wekA st

= W 29

AEEgs B3l WA, dRyol, EgUs|E, AaxaksE g
# (Orwell et.al., 2004, Kim et.al., 2008)
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- AR A9e smEe Selmed QNGRS AHgst] AAREC oAy 4w
AAste] 25 25+5C \FE 45+110% Aol 20159 49 F5RE 69 Fw7HA
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8573 Ads Al 2abd e AddS AHEER AV ES AAstr 12hd = (29D
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——1% = =
oA TAPA Qlo] BE A&

¥ 3-24. AE2RAE 9 A4eEd A4 _ 1AdE
iRl A& AT 484 (cni/plnat) A A% (g/plant)
lo] =2 2 (4mm) 0 904.7 51
A E 0 974.8 58

AR E Type IARAE A o3 A (cnt/plnat) A A= (g/plant)
123 = (2¢h 0 966.8 56
22Pd % 0 971.2 57

- 1R, 22hdE AdeA FRHoR T4
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ojglon, glo] Za PJF7E We oI ZAde] 5 o] AF U He FEI
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(5) AARES) FRAEHIE 0T

p 12 A
— 2 E5AS] Hed R o
& Fxoz wix =

9 129, AARFAAMY FRd e E A

st w]w g
—EcoPS(Eco Purification System)?] #5F7]8F 22 202 1A #4 F AALE
U 2 W3t Fols SHE

dolE| =7 : WP700 EoF B AN - CoCo—200

[ |
— SIZE: W82 x H150 x D32mm
— SIZE: 26 x 17.5 x 100cm — Charge: 110/220V 9V 500mA
— Contact output: 2kW — Measuring Range: Moisture 0—99.9% (=
— Input Voltage: AC 220[V] 3%)
— Operating Range: 0~60 ° C — EC: 0—-9.99dS/m(£ 0.1 dS/m)

— Temperature: 0—60 ° C(£ 0.5 ° C)
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30 2 O{N JlNI

¥ 3—-27. EcoPS(Eco Purification System)x]#&49] HGAl =443}

Wi

n
SR %A 2332 (L/min) AT gakgk CFU/m'
e Tenre 24717t | 48A7H -
- 100 10 4 14 140
27k 100 10 2 12 120
o] %] A1 X o 100 4 12 16 160
LA A 100 3 4 7 70
A3 22 A= 120, 140 CFU/m', 1A Aol A+= 70, 160 CFU/mZ t}
o] A4 /A ]Zo] 800 CFU/m' °olstz 54 %
F A= 201739 3€~727H4] EcoPS(Eco Purification System) A|#|&#S 335t
19l o™ FH-AAl é—@éﬂr FHAR T2 TS vAA Y= AoxE Fd
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3. 299l ed=d AAE fT G2 9 v|d=EH A

7} detolE EAE B Abo]= ¥ SEM, BET, XRD +#4]
== A A dEtelEs 7 FHE dAstel A A= R=1cm, Z2em,

— Aol =g

- #4723

-1, 3 cm
A&

- Jeto] =9

Wkg-o] o]

5.0V 11 S 5,008

15,064, 11 8mem 5,00k TREN D" 506V 11 8mm x10.0k 2 S D0um 1506V 11.9mim 50,04

1% 133. R=2cm dglolE E
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(2) defolE #F= & BET #4
—A% 1, 2, 3 cm®] YPolE BE BYFARAYBETE Fo nEAH 24 3 )3
719 +xE 57
—ZF Afo]= W Aol E £ Yy Ao W VY EEE FF A HE AEFE Koy
7} Aol = W gkl Apolr} AA g
— 93 A 7} Afo]= 8 AglolE B AT wkE AT R
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E o] FEHAA £2 #= Hole Ae o F e
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—a— 3cm
0.0010
0.0008 w
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g
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q
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T e e 2 e 1
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27 135, FAA 7] g el w2 Ato]=® £
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—1cm

Intensity (A.U.)

79 139. R=1cm ¥z2}o]E & XRD #4

illite ball(R=2cm)

—2cm

Intensity (A.U.)
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illite ball(R=3cm)

—3cm

Intensity (A.U.)

U defelE g 2H 2 EM(AE) FHE o83 mAdA AALE

(1) 3= 2HE o] &3t vAwA AALE
== Yo vAEA AA 28-S 1] fste] detolE 55 o] &3t F= AE < vAd
A AALE S K13
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