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Autotrophic Biofilters for Oxidation of Nitric Oxide

Chen Jianmeng] , Lance Hershman®, Chen Jun', Daniel P.Y. Chang2(1 .College of Biological and Envi-
ronmental Engineering , Zhejiang University of Technology, Hangzhou 310032, China; 2 .Department of Civil & En-
vironmental Engineering , University of California, Davis, California 95616, USA)

Abstract :Carbon foam ,a kind of new engineering material as packing material was adopted in three 450.8 mm biofilters
with different pore dimension and a domesticated autotrophic nitrite nitrobacteria to investigate the purification of nitric
oxide( NO) in air stream. The biofilm was developed on the surface of carbon foams using nitrite as its only nitric
source . The moisture in the filter was maintained by ultrasonic aerosol equipment , which can also minimize the thickness
of the liquid film . The liquid phase nitrification test was conducted to determine the variability and the potential of per-
formance among the three carbon foam-based biofilters . The investigation showed that during the NO influent concen-
tration of 200 to 800g/( L* min) , the 24PPC ( Pores Per Centimeter) carbon foam-based biofilters had the greatest po-
tential , achieving re moval efficiencies of 94 % to 98 % . The 8 PPC and 18 PPC carbon foam-based biofilters achieved re-
movals efficiencies of 15 % to 21 % and of 30 % to 40 %, respectively . Further research showed the potential for this
system to remove NO from an air stream on the base of a steady re moval efficiency of 41 % to 52 % was attained for the
24PPC carbon foanr based biofilter at specified NO influent concentrations of 66. 97 to 267.86 mg/ m’ and an e mpty bed
residence time of 3.5 minutes .

KeyW)I‘dS :nitrification ; biofilter ; carbon foam packing ; purification of nitrogen oxides ; air pollution control

(=31 NO s
NO NO - NO; = NO;
4-71 NO
’ : (20276070) ; 863
N, . (2002 AA649310) ; EISG
( Grant No.00-04)
s NO : (1966 ~), . ,

P 5 :2002-03-03 :2002-09-16



1
1.1

Carbon Foam ( s Ultra met

) .Carbon Foam

S
P
’ P
N . 1098
(8] PR, DM A48, D HUKE, CF. BB

1

Fig.1 ~ Sche matic of inoculation basin

8 PPC.I8PPC  24PPC 3 HR
’ HIZ spgppC : 2
1175 2345  3655m%/ m®. o e
8 h K
76.2mm . 50.8mm E
¥ L
1.2 # be— AirtNO
. b4
i 3\
, NaNO, , ! ! fi 4]
A ; \
, 1 2L , izm'{ ﬁi«gll W 111
133.93mg/ m* NaNOrN  2.67mg/ m’ \
Ko HPOf P > Fig.2  Sche matic of biofilter syste m
> NO3- >
1 50.8mm s
40L 8PPC.I8PPC 24 PPC
PVC s 305mm,
, 3
1 5
15L , ,
, 8PPC. ( 2),
18PPC  24PPC 3 4 , NO
200mg/ LNO; - N
4mg/L HPO; -P, NO; - N NO
10mg/ L : NO
, , NO
1- 3 2



Hach Nitr Ver
Shimadzu UVI60U
585nm ,
Timberline Model 383

5

NO, - N

2
(6g/ L NaHCO; ) TN NO; - N (91,
pH (7.0~7.5), NO; -N.NO; - N NH,/-N
NH,-N TN ;
23°C NH,- N NH,- N
TN NO; - N NH, - N
1.4 NO;- N
1.8
( , NO; -
N) . [ NO; - N.NO;-N NO ’
(NH,/-N), TN 1,
’ NO) *%02(9 +1§H20(1) = NOiyg + Hiug
’ 2
1.5 2.1
3 50d 87d ,
, 3. ,
, 50d TN(
TN NO;-N NO; - N ) 115.6mg/L; 12h ,
NO; - N 49 %,
, NH,-N , NO; -N
NO; - N,
1.6 87d ,12h
5 , 204.5mg/ L NO;-N 65 %
s Lear Siegler 8840 NO/ NO;-N.12h ., 50d 87d TN
NO, ( Monitor Labs ) 16% 3%.TN
NO
1.7 ,
30mL
0.45pm
- 250
. = 200
S 10c ' 5150
%100
, NaNO; . NaNO, §so
( NH,),S0, NO;-N.NO;-N  NH/-N 200
0 5 10 15 20 25

t/h "
—e— TN(Z 87d %) —0-NO»N(# 87d 5E5%)
—a—TN (£ 50d HF)—0—NO-N(% 50d H5F)
TN NOG;-N

3 50d 87d

Fig.3 TNand NO; - N concentration as a function

of time after 50 and 87 days of acclimation



4 24
,NO; - N NO; - N , 0 , mL* min~'
s Vtotal amL'
5 5 NO; - N
2.2 ,8PPC .18PPC 24PPC
s NO; - N,24PPC
NO, - N , .8PPC 18PPC
NO; - N s
Ci - Ce R 8§PPC
= | V| x 100 % (1)
i 18PPC
> Ci NOZ--N > Ce
NO; - N
,8PPC.18PPC - 8
= 7 [ e24PPC
24PPC 3 4. E u 8PPC o
. r ®
4 24PPC 25 fAT8RC
, 94 %, T J
on S
E A
98 % .18PPC % ?- . & A A
, ol ., u"® ® x
38 % ~ 45 %, 23 % ~32%. Moo 4t 2 3 4 s 6 7 8
8PPC 15 % #OfMH/mg . (mL . min)
~21 %, 5 3 NOG;-N
120 Fig .5 Relationship between the re moval capacity
100 - o—s ° - — and NO; - N influent
X g0 | —e_24PPC _[—18PPC
g 60 r —a— 8PPC 2.3
+H 40 _D/D_D_‘D\D\Q//u
2 [
[ — 6
1] T T S VS SO S S SA R SR SRR N 5
25 3 3s 4 45 107.14mg/ m )3
# i/ mL emin! ( Empty-Bed Residence Time, EBRT)
4 3 6 3
Fig .4 Removal efficienies of three biofilters at EBRT s EBRT 3.5 min
different liquid flow rates 24PPC .18PPC
8PPC
NO; - N / L* min) ,
O: (e ) 50 % 42 % 34 %.24PPC
NO; - N ’
Qci - ch
=~ - 2
Vtotal ( )

« ”

; EBRT ,

>



2
:@® EBRT ,
,EBRT : 60
NO ; ;@ EBRT
&
2 2 ‘Bﬂ-
NO g
’ H
,EBRT >
43 »
NO, 30 . . . .
( NO ) , 50 100 150 200 250 300
HEOR B /mgem™
7 24PPC NO
Fig .7 Relationship between NO re moval efficiency and
50 [ = influent gas concentration in a 24PPC carbon
N I . foam-based biofilter
40T .
& ' A
H 1.00
30 —=— 24PPC
[ . — 8PPC 095t
— 18PPC S 0901
20 L L L L & 085 L
0 2 4 6 8 10 o
EBRT/MiN ¥ 080
Sors|
6 EBRT & g0 [T 24PPC
o —o— 18PPC
Fig .6  Relationship between the re moval efficiency and EBRT = 065 8PPC
060 L L L
EBRT 3.5min .NO 66.97 ~ 0 100 200 300
R/ mm
267.86mg/ m’ ,24PPC
8 NO
7
Fig .8 NO removal profiles along packing depth
.NO 41 % ~52 % ,
’ (NO; = NOy)
8 EBRT 2min. NO NO
107.14mg/ m* NO [10]
3
6
’ (D
’ NO ,
43 »
’ NO
, (NO;-N  NO) (2) i
NO
5 EBRT 2 min 5 ( 3) 3

,24PPC



24

200 ~800g/ L* min ,24PPC
. 94% ~98 %;8PPC
18PPC
15 % ~21 %
(4)
EBRT3. 5 min

8PPC
50 % 42 %

NO

30 % ~ 40 %.
NO 107.14mg/ m* .

,24PPC .18PPC

3. 5min .
,24PPC
41 % ~ 52 %

34 % EBRT
50 ~ 200 mg/ m’

NO
(3) ;

1 , .
,2001 ,22(2) :31 ~35.

[J]. , 2001 ,6:76 ~ 79 .

Adler Stephen F. Biofiltration ——a primer[ J]. Che mical
Engineering Process , 2001 , 97(4) : 33 ~ 41 .

Apel W A, Turick C E. The use of denitrifying bacteria for
the re moval of nitrogen oxides from combustion gases [ J].
Fuel, 1993, 72: 1715 ~1718 .

Klasson K T, Davison B H. Effect of te mperature on biofil-
tration of nitric oxide [ J]. Applied Bioche mistry and Biotech-
nology , 2001 , 91 ~93: 205 ~ 211 .

Barnes ] M, Apel W A, Barrett K B. Removal of nitrogen
oxides from gas streams using biofiltration [ J]. Journal of
Hazardous Materials, 1994, 41(2) : 315 ~326.

du Plessis C, Kinney K A, Schroeder E D, Chang D P Y.
Denitrification and nitric oxide reduction in an aerobic toluene
treating biofilter [ J]. Biotechnology and Bioengineering,
1998, 58(4) : 408 ~ 415 .

Sherman A J, Tuffias R H, Kaplan R B. Refractory ceramic
foams: A novel, new high-te mperature structure [ J]. Ce-
ramic Bulletin, 1991 , 70(6) : 1025 ~1028 .

Mansell B O, Vellis L D, Sheroeder E D. Automated separa-
tion and conductimetric determination of inorganic nitrogen .
Journal of Enironmental Engineering , 2000 ,8:778 ~ 780 .
Baumgartner M, Conrad R. Effect of soil variables and sea-
son on the production and consumption of nitric oxide in oxic

soils. [ J]. Biol . Fertil .Soils, 1992 .14 :166 ~174 .





