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An Experiment of NO (nitrogen monoxide) Adsorption by a Soil Filter
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Abstract

In this paper, NO (nitrogen monooxide) adsorption ability of a soil filter was considered both experi-
mentally and theoretically as the first step in developing a new nitrogen recovery system using the soil
filter and plants. In this proposed system, a gas component NO that is discharged from fixed sources such
as incineration plants will be trapped by a soil filter and transformed into NO,”, and then absorbed by
the plants. At first, by comparing the O, breakthrough curve obtained experimentally with that calculated
from the analytical solution of O, concentration, the apparent gas diffusivity in the soil filter was obtained.
Next, assuming that the rate of adsorption follows a linear driving force (LDF) model, two parameters
a (equilibrium constant) and @ (time constant) of the LDF model were evaluated for each experiment,
and a solution of NO concentration was numerically derived. The validity of the solution was proved
by comparing the NO breakthrough curve obtained experimentally with that calculated numerically. The
value of @ greatly differs according to soil texture, and the value of « is large under moderate moisture
content conditions. Since the adsorption ability of the soil filter is small, however, it seems insufficient to
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use the soil alone as a filter to trap NO from fixed sources.
Key words : adsorption, breakthrough curve, LDF model, nitrogen mono-oxide, soil filter

F—T— N —@BtER, LDFETIL, Was, THET )b x—, BoHRihi

1.#% §

FEIERN, LAY T DREPEO—DE L THIBA
TVBRZERMBY (LR, NOx &&Rd9 %) I, HE)
HZEOBIIRHROE DL, HHERFEEY (Hlid37k
EN) RVERTBOBEAIF % EDEEREROE DN H %,
HEEEELE R 2IVND NOy 1%, BEIRTH2HE)H
PEARDFBIC KD, BREFEAE (NO, (& 0.06 ppm LLF,
NO IZDWTORAEG R ) 232 MITEAT 1 ppm i
LETHENH D, E, TOBEEELIIRY VA
D NOx DWW T HIBE RPN K2 WERD T tafsil hd 2 i &
T35 (Fujita corp., 2002), TOMFREAIE, Wl
ELTOBEICHTE NIz NOy & LAY o = ¢
THEREZEE NO, ICEL 1%, WiPIOREE LTI

2006411 H30H 226}, 20074 7TH13H 28
RAE, (FR)FY A A

HELEIEWHIEDTH S,

—77, FHEIRD—DTh2BEEMBEAIF 5D NOxHE

HIEEHEL 250 ppmARE L R & < (Editorial board of

“Technology and regulations for pollution control” ,
1998), FlrlFMERERIG IR OB SHELFEHELD E
ST LW HASHE 2 3 THEAN O U 721X % HiR K
M ZTETWA (HIZ1E, Editor of Journal of solid
and liquid wastes, 2004),

THEmYIC kS Ll NOx Ly X7 L&, b
FIVINOD NOx KD 12 I = T & 2 & & PR HEH
NOx O— {72 2 DITFIH TR EREFIHER
FIHOBRMN OSBRI TH S, 72720, TDOVAT LD
REATREMEZ IS MMCT BICiE, T8, EEEFR,NHDOHE
H A NOx D 90%LL 7255 NO D13l K2 W&
e 172 TR D DEERAYICIHS M L THBLTE DA AR
THb,

— 193 —



BEEXR (J. Agric. Meteorol.) 63 (4), 2007

CNET, NODHBICKDWAAICEILTIE, 1960 ~ 70
FRICEBRIISHETEN, R O A HIL N ER &8
THIMEN TS L EICNO 2059 % 2L (Mortland,
1965), WeAAE X NO RS L LB o R IR
L, "4 NO & NOy iIc&ffians & (Prather et al.,
1973), NO & H,O (Z [F MWk 45 9 % 72 8 1 3D NO W%
EARRZ, TEMESTVBIRETELLEL KB TE
(Miyamoto et al., 1974), 7 RIK O, HxWV A, NO
WEMHTFENZ L, NO WA NOy NDKIGIC K
ZALZEW S A H T H % T & (Prather and Miyamoto,
1974), REQOBRELMAEAMNFASMCINTND, KTz,
1990 hi#icid, Remde ef al. (1989), Baumgartner
and Conrad (1992) Ickb, 1D NO Wz, 4
EVCENCE S L TADKRENTE DRI SN TV,

THEIC KD NO WRaE SN B T & DL E ORI ZE
MHH S EM, Kaneko and Ishikawa (1998) H¥ &
TBHEIC, TAEHEMBRUZNICRIRT 25 W
TIBORAREMIC I > TRELHELZD, ZNBHICDNT
MM EN o BRI REN TV EWVES T
BB, £le, RVATLOWRENZ, AT LGt 72 H
& LIz EH RN SHND edITid, W dE Ot
FRICHAT, TEEOIZE, g, LR 28
HBAATZREREROBEANET VR ERL, x5 11
JEN D NO J DRI, B2 ez gl Tl T
FHINCLTBIREN DS, LNMLINET, THD
NO W5 $ % OO T4 F D MGG R
FHE TN TR,

ZFTTAFRY T, 72 NO MBS AT LD Al HEM: %
MEd 27208 1 5L LT, NO WgHlE LTI
DFEREZ LA R B R ERI N D BRI 35 C
EEREHME LT,

X9, HEETHLSMEEHRIC NO 2B BERH A%z
BRI E D NO WA FERZIToTee RWT, Wiz

15 L HER ) A 5 OB IR O BCANE T LR,

FEE MO0 NO JRE OGRS R ZEAE R e D LEigic X
DETFIVOZYWERGFEELZ, ZLT, ERhSELNT:
W75 DFEFRICH D E L HED NO WA RE T DOWNWTE
%"gl./fCo

2. MEB LU HE
2.1 HAHLEIBSURBREE

HERITH W ZaE 11& Table 112”9 4 fECTH 5, o
F1LO, @Mt AL’ TIy2—HicHIlEn
TeERt, B T@ER (P 545 ) Thb, [HERICE
Hadk O EEE L RS R U,

FERFEE L, Fig. LIORT RIS, AARASRAK, <
A7n—arbtra—5— (KOFLOC %, MODEL3660,
HERE L 1.5% ), FABHZARYX (N, HAHIZNO
A 200 ppm FH ) H 575, ARG AKIEIEES S
mm, W 200 mm, &E 650 mm O7 27V )VEHIEEL
BARMRT, ETFHICEATAF ¥ N—DIONIFTH %,
TERTF v 2 N—PICIE, B NEICRD (RERD 545 1 SEEk
F4% 0.5 mm) Z AN TZERB OB ZIEL, D
BICHEE 30 mm O T AF v 7ERE, B 15 mm OH
FABRZ AL, FEF v N— NI G SN IR
AWK L oFHE NGRS FEA» S I~
EASNDEICEE LIz, EEF v 8= @E 150
mm DM T, EENCERE LI HERUE D SR D A
A EN, RIT72—Z2N L TRANREENS XS
WCLTHb, iz, EEFv N —WIZIE NO BXU O,
HEEHE Y — (Testo 8, 300M, HIEREE : Oy
+0.2%, NO-+ 5 ppm) HFEINT N5,

22 REBRFIE

s E DR B KR E NT T Y IK D (AR —RLUR
&, HB43) lckOHELIzDB, iR L2l A R
FHT %, FREESIE 650 mm & Uiz, HARIARHD
A A%, <A T7a—aY b a—5—%FN LT FfiF+
UN—ICERR L, ERZERIET 5, FROKFHFRT L
HF ¥ IN—HNDNO BXU O, IBEZNE - LiFkT %,
EEROMBUIHE N7z NO BEEDIRAA ZHDJREIC
WHE S 2DOD R TESHET (3 ~9%) LT,

RERENOIREE 17 ~ 23CTHo7z, BllOFEE L,
HADFARIE, WEBRDY > T IV ADYsAR =L |
DAL T B E WS HIFIZET FICBWGRR O KHHE D
Mz2ERLT, HAORBFOMRNE (=78 A6
Wriiifd ) 725 0.5h FEREE 2% T2 HZIC 0.04 m* h' &L
7zo

Table 1. Characteristics of the sample soil
Soil type Density of soil particle Volume fraction of solid
(kg m™) ©
Sample @ Field soil A 2486 0.335
Sample @ Field soil B 2137 0.520
Sample ® Prepared Soil 2206 0.238
Sample @ Sand (Silica sand No. 5) 2490 0.539

— 194 —



B - UK @ HEET LR —IT & B NO Wers 9288

Mass flow controller

Gas bomb

Sample container

(a) Survey view

Unit'mm

Gas sensor

Gas chamber

Sample container

Sample soil

Gas inlet
Gas chamber-

@ 270

rass beads
Plastic beads
Sand

(b) Details of sample container

Fig. 1.

Table 2. Operating conditions for the experiment

Run Sample Volumetric moisture Gas flow rate
soil content g, (m* h™')
61 (-)
1 (©) 0.080 0.04
2 @ 0.167 0.04
3 ©) 0.249 0.04
4 @) 0.081 0.04
5 @ 0.221 0.04
6 @ 0.389 0.04
7 ® 0.095 0.04
8 @ 0.001 0.04

T, AR LO®, @IKDWVTIEKIT DFEZTINX
BIDIHRFEE KR ZZNT N 3 FEICZE ATz, Table
2 IEBGMRR U,

3. ARRESTEEMICE DS
WEREDR &

—HRIC RO XS 7 AU A Nz A Dl g B & &,

A OE H T 3B IABO RISt > TREIL, Tk
F 72 HES YBT3 H Ry O H TR A ORI ZE B (il
HWHIER ) B, AN GV EDZ U TELES L
WHIBN TS (HIAIE, Bear and Bachmat, 1991),
CTTCHRETZRTIE, B, THEENIKE
ZER (N, & Oy MRS ) WEEL, EERBHIREFIC NO
200 ppm =& ATE Ny "—ZADFHEEH 2% KeR KBNS
T 2. 1o T, WROH AT IEN,, Oy, NO D 3

Experimental apparatus.

B THD, THEREMHTIEE, EOHARNED
BIEWET B, Ny, O, ICDWTIBHBRICENT
.79% (790000 ppm), 21% (210000 ppm) & =i
FHELTWVWAEDT, TNEDHATICONTIETHE
ADFABITHAR TS &I ERMIT NS IEHTE S,
XoT, WA B LT MRATIEERR A A 200 ppm L
IMFAELZRW NO IZ DWW TDRFTAIEL L,

Y Eocekhns, TTTIRET, Ny, O, DEEELE
FF R LTS DR W5 ORI S A R fift 7z XK b
%o RNT, WiEDHZ5E OB ANET IVARZHNLT,
FEATHRHNTZ NO ORGEIIRICIE DN T NO Wl %
RONRTA=RZHT 2 IR DN TIRRS,

3.1 WEHDGWGEDRBESRERE

R DE E -7 AN T N ERAEA ISR AL,
T EE, EMhSHENT AR AR E RS, €T
EICHTz0, LUROIGEZFRIET %,

1) 2 ADTEAIFIS FHE T NDF5 HAH AR D5 13720,

2) LB M BE0IAEN D P LA XD EIE TS
=N %,

3) HHEE O FICRE I NI LERT v 2 N—R DA ZHHK
3g—THs,

PLEDIRED RIS, #EHHA AR O HE N E B
E7IVIE Fig. 2 DXINTREN, BIILEUTERIELLT
DTELIRENS,

X 9’ X X
ot =Dw 5y TV M

— 195 —



BEEXR (J. Agric. Meteorol.) 63 (4), 2007

z=z+dz

Fig. 2. Mass transfer model in a soil bed.
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Fig. 3. Mass balance of a target gas component in a
whole soil bed.
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Table 3. Values of the molecular diffusivities
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>
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Fig. 4.
break-through curve with the experimental results.

Comparison of the calculated results of O,

Table 4. Values of EDup, volume
fraction of gas € times apparent
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Table 5. Values of parameters of the rate of NO

& o 00T adsorption.
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Fig. 5.
break-through curve with the experimental results.

Comparison of the calculated results of NO

200
[m]
180 ood
— ~5o0 e
E160 [
Q
>-<3 140 ﬁ‘ = numerical solution
120 / 5 O experimental results from Eq.(14)
100 ”’ﬁ?
0 1 2 3 4 5
tlhl]
Fig. 6. Comparison of the experimental results of X

estimated from Eq. (14) and the calculated results by
the numerical solution.
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