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Soil biofiltration is an environmentally-sound technology for elimination of VOCs, odorous and NOx com-
pounds from a low concentration, high volume waste gas streams because of its simplicity and cost-
effectiveness. This study investigated the optimal mixture fraction of briquet ash, compost, soil and loess for
NO, degradation. Extreme vertices design was used to examine the role of four components on NOx
degradation. Under our experimental conditions, 74.5% of NOx degradation was observed, using a model mix-
ture(25% briquet ash, 10% compost, 30% soil and 40% loess) containing 100 ppb of NO. It was shown that ex-
perimental design analysis could allow selecting optimal conditions in such biodegradation processes in this

study.
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Fig. 1. The schematic diagram of experimental apparatus.

1248



A2sHE AAE 4T H4 ES vtole Ay EFPnl =39 d3 A7

£ FAEAY. ErAE SR
% AAFe Fgozm HFYE=E
E A5z ME Ozone GeneratorE
PERTS %gﬂ REE72 F NOE NOE 4Hslst
© 98& o, EFFA WM EFE7IA9 A
Eg=o] rlo]e gy FX2 YA du) wiole
el 93 2 FGF7I(NO, NO»Y AASS AHn
7] 98}le] Nitrogen Oxides Analyzer® AH&-3+91
FUEHE O3 B WS F fEHE OFEE 243
71 A3td 03 AnalyzerE AbE3ton, o5 24
FAE AsAEEN FXNE W 523 24 folg}
E ASFoZH nlo]ody Y A AZEEe
AsS ZUHY & 5 o

22. Adz4A 4 Wy

Table 19] & Aol AMEE AEAA U =
1 O} NOBE, %%*, ddigEd g A¥y=A
< UeriZlth 271 §9 NO9 F=& ¢ 100 ppb
AER fAAeH, NO7I~g Ah3tE Hﬁﬂ e

T 27] 039 FEE 650~800 pphbE A3} 0]
9 fFYsE 09 F32 1,000 mL/ming 34T
Hg-7)o) 238 E npo]Q¥E 9 xv) RS
L 60%2 2Asgen, B3 FYHE G729
BHEEE 60%2 FRA 8t w-37]d FAAAT

223 1% cm’e #27)d EF wolodyHE
FAT T, 27 HYdHE NOY 558 &% F
7N1E 01%511 100 ppbE FAIStE T Ex9 9
02 03 FYFEE 650~800 pphE o] &)
o FYAIA NO9 w3l s g 5 "kgrld] 3
A7F2(AIr+NO gas+0s gas)E FYAA §&
NO, NO: B 39 EFFEE 43 AAR
Asret Ao

23 B A

8 A4 e 22 A 2 B4 A2 Ozone

Analyzer(Model. MI. 9811, EcotechA}l, Australia)&
A, NO 2 NOoo| ZAF 2 AAZS &
A3l7] 48} Nitrogen Oxides Analyzer(Model: EC
9841, Ecotechrl, Australia)E AM&8}4th o]5 &£
AFAE Aed&EH AAZ o) 527 4 dHo]

N

re

nrlo )
tlo rfr i

Table 1. Design and operation parameters
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Parameters

Condition of experiment

Initial concentration of NO (ppb)

Initial concentration of Oz (ppb)

O3 gas flow rate (mL/min)

Total flow rate[Air+NO+QOs] (mL/min)
Moisture content of packing material (%)
Size of used mixture reactor (®xH)

100 = 2
650~800
1,000
2,000
55~65
5 Ommx100 mm
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Table 2. The limits of variables chosen for the trials
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Fraction(weight basis) Fraction Pseudocomponents

Components Lower limit Upper limit  Lower limit Upper limit Lower limit  Upper limit
Briquet ash (z,) 0.2 0.3 0.2 03 0.0 10
Compost (z,) 0.1 02 0.1 0.2 0.0 1.0
Soil (=) 03 0.4 0.3 04 00 1.0
Loess (z,) 0.3 04 0.3 04 0.0 1.0

. 02 . 4 0.2
_compost

compost ,
__ compost

Fix value
briquet ahs 0.2
.| compost 0.1
soil 0.3 |
loess 03|

0.2

0.2

Fig. 2. Simplex design in the pseudocomponents.
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Fig. 3. A typical removal rate of Os, NO, and NOx us-
ing Oz oxidation(l stage) and soil bio-reactor
(2 stage).
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Table 3. Experimental units matrix according to the extreme vertices design and results

@

Mixture ; . fe (Somp_qsmons h " ; " Rem(;;zzl) rate
1 0.2500 0.1000 0.3000 0.3500 65.9
2 0.2125 0.1625 0.3125 0.3125 583
3 0.2500 0.1500 0.3000 0.3000 56.8
4 0.2000 0.1500 0.3500 0.3000 62.6
5 0.2500 0.1000 0.3500 0.3000 63.3
6 0.2125 0.1125 0.3625 0.3125 59.0
7 0.2000 0.2000 0.3000 0.3000 66.4
8 0.2000 0.1000 0.3000 0.4000 .2
9 0.3000 0.1000 0.3000 0.3000 59.7
10 0.2000 0.1000 0.4000 0.3000 68.5
11 0.2625 0.1125 0.3125 0.3125 56.4
12 0.2000 0.1000 0.3500 0.3500 419
13 0.2125 0.1125 0.3125 0.3625 58.2
14 0.2000 0.1500 0.3000 0.3500 62.9
15 0.2250 0.1250 0.3250 0.3250 56.0

® Weight fraction.

® fy 5 briquet ash fraction, f, ; compost fraction, f, ; soil fraction, f; ; loess fraction.
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Table 4. Regression analysis and response surface model fitting (ANOVA) for degradation of NOx using the

mixed soil biofilter

Nomial Coefficient Standard Error T-value P-value VIF
“1 586 1.139 * * 1422
Ty 66.2 1.395 x * 2.129
3 69.0 1.260 * * 1.740
x4 745 1.260 * * 1.740
%, -24.4 6.600 -3.70 0.008 1677
Ty -177 6.579 -2.70 0.031 1.666
2,2, -305 6.579 -4.63 0.002 1.666
21, -1169 6.660 -1771 0.000 1677
S = 143345 PRESS = 93.1547
R’ = 98.13% Ri(predict) = 87.27% R(revision) = 96.27%
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Fig. 4. Residual results (normal probability plot, adequacy, histogram, data order).
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Fig. 5. Factorial plot representing the individual variables effect on NOx degradation.

Table 5. Individual effect of components on NOx degradation

Components Fraction NOx degradation
. Increase Decrease after gradual increase
Briquet ash
Decrease Decrease
Increase Increase
Compost
Decrease Decrease
Soil Increase Increase after gradual decrease
Decrease Increase
Loess Increase Increase after gradual decrease
Decrease Increase
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Table 6. Response optimization of NOx degradation vs. mixture components

briquet ash
Hi 0.30
Cur [0.20]1
Lo 0.20

compost
0.20
[0.10]
0.10

loess
0.40
[0.40]
0.30

soil

0.40
[0.30]
0.30

removal rate
Ely) = 745297
d = 0.98119
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Fig. 6. Replication test plot of O3, NO, NOx degrada-
tion using the response optimization.
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