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(57) ABSTRACT 

There are provided a proceSS and apparatus for biologically 
treating an exhaust containing nitrides without requiring a 
large amount of water by treating a circulating water con 
taining ammonia in the treating System, preferably by which 
clogging of the packed layers can be prevented. 

The first embodiment of the present invention relates to a 
process for treating an exhaust gas containing nitride by 
passing it through a microbial carrier packed layer while 
cyclically spraying circulating water thereon, which com 
prises nitrating the circulating water containing ammonia 
formed therein, reducing the nitrated water to effect deni 
trification, and cyclically using the resulting water as the 
circulating water. The process of the Second embodiment of 
the present invention comprises dividing the microbial car 
rier packed layer into a former Stage and a latter Stage, 
carrying out the Spray treatment of the former Stage with a 
circulating water having a weak alkalinity of pH (8) to (9), 
mixing the circulating water withdrawn from the former 
Stage with that from the later Stage to form a circulating 
water having a pH of (6.0) to (8.0), and carrying out the 
denitrification treatment with the obtained circulating water. 
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APPARATUS FOR TREATING EXHAUST GASES 
CONTAINING NITRDES 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to the treatment of 
exhaust gases and in particular, it relates to a proceSS and 
apparatus for treating an exhaust gas containing volatile 
organic compounds (VOCs) or malodorous Substances Such 
as ammonia by passing it through a microbial carrier packed 
layer. 

0002 Heretofore, the biological treatment of exhaust 
gases containing VOC's generated in chemical plants and 
the like and those containing ammonia generated in facilities 
for treating raw Sewage, plants for composting Sludge and 
the like is a known method. In Such a treatment process, the 
most Serious trouble in the operational control of equipment 
which is highly possibly caused is clogging of the packed 
layer. This clogging is easy to occur at the part around the 
inflow opening of an exhaust gas where the concentration of 
the VOC's is highest. Further, when the exhaust gas con 
taining nitrides having nitrogen in the molecule Such as 
acrylonitrile, dimethylformaldehyde, ammonia are treated, 
ammonia accumulates in the equipment, particularly in the 
circulating water to be used for Spraying in the course of 
treatment. Ammonia not only raises the pH and lowers the 
capacity of treatment but also causes a malodor by itself. 
Further, ammonia is oxidized mainly to nitric acid depend 
ing on the condition and also, this nitric acid lowers the pH 
to reduce the capacity of treatment. Therefore, this nitrogen 
component has to be removed out of the System. The 
nitrogen component can be removed by replacing the cir 
culating water, but it will cause the use of a large amount of 
water and the treatment of waste water. 

0003. In view of the above described prior art, the present 
invention has an object to provide a proceSS and an apparatus 
for biologically treating an exhaust gas containing nitrides 
which treat a circulating water containing ammonia within 
the treating System and do not require a large amount of 
Water. 

SUMMARY OF THE INVENTION 

0004. In order to fulfil the above described object, one 
embodiment of the present invention relates to a proceSS for 
treating an exhaust gas containing nitrides by passing it 
through a microbial carrier packed layer while cyclically 
Spraying water thereon, which comprises nitrating a circu 
lating water containing ammonia, reducing the nitrated 
water to effect denitrification, and cyclically using the result 
ing water as a circulating water. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 is a flow constructional view showing one 
example of carrying out the proceSS for treating an exhaust 
according to the first embodiment of the present invention. 
0006 FIG. 2 is a flow constructional view showing one 
example of an apparatus for carrying out the treating proceSS 
according to the Second embodiment of the present inven 
tion. 

0007 FIG. 3 is an explanatory view of showing one 
example of the pH and the amount of the circulating water 
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in carrying out the treating process according to the Second 
embodiment of the present invention. 
O008) 
meaning. 
0009. In FIG. 1, 1:exhaust gas; 2:packed layer; 3:treated 
gas, 4:first exhaust gas treating tower; 5:Second exhaust gas 
treating tower; 6:denitrification tank; 7:pH adjusting tank; 
8:Sludge Settling tank; 9:circulating water tank, 10:Supple 
mented water; 11: waste water; 12:pH sensor; 13:sodium 
hydroxide aqueous Solution or hydrochloric acid aqueous 
solution; 14:methanol acqueous solution; 15:line; 16:line; 
17:line; 18:line; 20:line; 21:line. 
0010. In FIG. 2, 101:inflow gas; 102: treated gas; 
103.packed layer of former stage; 104:circulating water of 
former stage; 105:effluent of circulating water of former 
Stage; 106-packed layer of latter Stage, 107:circulating water 
of latter stage; 108:water to be supplemented in former 
stage; 109:denitrification tank; 110:hydrogen donors; 
111:returned sludge fluid; 112:denitrified water; 113:effluent 
of circulating water of latter Stage; 114: aeration tank; 
115:aerated water; 116:settling tank; 117:supernatant of set 
tling tank; 118: tank for Supernatant from Settling tank. 
0011) 
amount. 

In these drawings, the numerals has the following 

In FIG. 3, Q means an unit of circulating water 

DETAILED DESCRIPTION OF THE 
INVENTION 

0012. In the process for treating an exhaust gas according 
to the first embodiment of the present invention, the nitration 
of the circulating water can be conducted by leading the 
ammonia-accumulated circulating water to a pH adjusting 
tank, for example, under the condition of a amount of the 
organic carbons loaded of 0.8 kg-C/mday to adjust the pH 
of the circulating water and Spraying the circulating water on 
to the above described microbial carrier packed layer. By 
this step, ammonia may be oxidized to nitric acid (nitration). 
Further, among the effluents generated by Spraying the 
above described circulating water on to the microbial carrier 
packed layer, the effluent from the most upstream packed 
layer is led to the denitrification tank to effectively effect the 
denitrification. Since the effluent from the most upstream 
packed layer contains a largest amount of the organic 
compounds derived from the exhaust gas and thus, is effi 
cient from the Standpoint of Supplying necessary organic 
compounds as hydrogen donors in denitrification Step. 
0013 Further, the present invention also refers to an 
apparatus for treating an exhaust gas containing nitrides 
which comprises an exhaust gas treating tower having a 
microbial carrier packed layer through which an exhaust gas 
containing nitrides is passed and a mechanism for cyclically 
Spraying water to pass, a circulating water tank to Store the 
circulating water, a nitration mechanism to nitrate the cir 
culating water, and a denitrification tank to reduce the 
nitrated water to effect denitrification, each tank being 
connected with a line. 

0014. In the above described apparatus for treating an 
exhaust gas, plurality of the microbial carrier packed layers 
with a mechanism of cyclically spraying water may be 
provided in series. The above described circulation line of 
the circulating water may be connected with the mechanism 
of cyclically Spraying water of the packed layer at the most 
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upstream, to thereby constitute the above described nitration 
mechanism to obtain a nitrated water. 

0.015 The first embodiment of the present invention will 
be explained in more detail. 
0016. In the process for removing the VOC's having 
nitrogen or ammonia in an exhaust gas by using a biologi 
cally treating method according to the present invention, a 
packed column equipped with a packed layer filled with a 
packing retaining microorganisms is provided as the treating 
tower, and the packing material is allowed to retain micro 
organisms, and the exhaust gas is passed through the packed 
layer while spraying water on to the packing material to 
maintain it in the Wet State. The water spraying is carried out 
by repeatedly drawing the circulating water from the circu 
lating water tank and Spraying it from the top of the packed 
layer onto it. The effluent of the Spraying water is returned 
to the circulating water tank. 
0.017. In the course of treating the exhaust gas, ammonia 
accumulates in the circulating water. The ammonia is oxi 
dized to nitric acid (nitration), and the nitrated water is then 
reduced to conduct denitrification. At this time, the circu 
lating water having ammonia dissolved therein shows a high 
pH and accordingly, the pH of the circulating water is 
adjusted to not higher than 7.5 with an acid Such as hydro 
chloric acid. On the other hand, the nitric acid formed in the 
course of the nitration step lowers the pH of the circulation 
water and thus, in the denitrification Step, the pH of the 
circulation water is adjusted to not lower than 6.5 with a base 
Such as Sodium hydroxide. 
0.018 Nitration of ammonia may be conducted by using 
a separate bioreactor tank (a nitration tank). However, 
according to the present invention, the nitration can be 
carried out in the apparatus for biologically treating an 
exhaust gas by Spraying circulating water on to the packed 
layer. 

0.019 Thus formed nitric acid is then discharged out of 
the system by a denitrification reaction (2NO->N+3O). 
The denitrification reaction may be anaerobically carried out 
in the presence of a denitrification bacteria in a denitrifica 
tion tank which prevents infiltration of oxygen. Thus deni 
trified water loses nitric acid by denitrification. Therefore, 
the pH of the water is raised. Thus, the circulating water after 
denitrification may be mixed with the circulating water after 
nitration step which has lowered pH by nitration or with an 
acid such as hydrochloric acid to thereby adjust the pH of the 
water to not higher than 7.5. 
0020. The denitrification reaction requires about 1-3 kg 
of hydrogen donor per 1 kg of nitrate nitrogen. The ratio of 
the hydrogen donor to the nitrate nitrogen can be confirmed 
by measuring the concentration of the nitrate nitrogen and 
that of the TOC in the water flowing in the denitrification 
tank. 

0021. In the case that the organic nitrides are treated or in 
the case that both the organic nitrides and the inorganic 
nitrides are all together treated, in order to effectively utilize 
the organic compounds as hydrogen donors for denitrifica 
tion, the packed layer may be divided into two or more, and 
the effluent of the Spraying water which has passed through 
the packed layer at the nearest Side of the exhaust gas inlet 
(that is, the packed layer at the most upstream) may be 
allowed to flow into the denitrification tank So as to allow the 
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organic compounds to be introduced into the denitrification 
tank as much as possible. Further, the amount of the Spray 
ing water at the Side of the exhaust gas inlet (upstream side) 
may be decreased compared to that at the downstream Side, 
whereby the concentration of the organic compounds flow 
ing into the denitrification tank can be increased to improve 
the utilization of the organic compounds as hydrogen donors 
in denitrification. 

0022. When hydrogen donors are still insufficient or the 
exhaust gas to be treated does not contain hydrogen donors, 
the denitrification reaction may be carried out by adding a 
hydrogen donor Such as methanol into the denitrification 
tank. 

0023. According to the first embodiment of the present 
invention as explained above, accumulation of ammonia in 
circulating water to be used in the process of treating an 
exhaust gas by passing it through a microbial carrier packed 
layer is inhibited. According to this process, when the 
concentration of microorganisms in the packed layer is 
maintained at a comparatively low level, organic com 
pounds are not decomposed in the packed layer. Therefore, 
the organic compounds derived from the exhaust gas are 
Supplied to an denitrification tank, whereby the organic 
compounds may be efficiently utilized in the denitrification 
reaction. 

0024 However, when the concentration of microorgan 
isms in the packed layer once rises, the organic compounds 
are decomposed by oxidation in the packed layer, whereby 
the amount of the organic compounds Supplied to the 
denitrification tank is reduced. Then, not only the capacity of 
denitrification is lowered but also exceSS microorganisms 
are propagated in the packed layer, which causes increase of 
a preSSure loSS, and finally the packed layer is clogged. 
Although the capacity of denitrification can be recovered by 
Supplying an additional hydrogen donor (for example, 
methanol) to the denitrification tank, clogging of the packed 
layer cannot be inhibited, as well as a possibility of further 
causing clogging is increased. 

0025) Further, the concentration of nitrides in an exhaust 
gas is generally not constant and varies. Especially when the 
concentration of the nitrides in the gas rapidly rises, the 
concentration of ammonia in the circulating water rises, and 
in its turn causes formation of free ammonia. Amounts of the 
free ammonia exceeding a certain level damage nitrating 
bacteria in the packing layer to reduce the capacity of 
nitration of the apparatus. AS the result, the concentration of 
ammonia in the apparatus further increases to cause lower 
ing of the treating performance, leakage of ammonia and the 
like. The nitrating bacteria have a narrow optimum range of 
pH and are highly Sensitive to free ammonia and, in addition, 
are low in the propagation rate and thus, once damaged, it 
takes a long period of time for recovery. 

0026 Further, nitric acid is formed by the oxidation of 
ammonia (nitration) to lower the pH of the circulating water, 
whereas the pH of the circulating water will rise upon 
denitrification. Accordingly, if the entire ammonia flowing 
into the System is denitrified, the pH of the circulating water 
is retained constant. In other words, when the denitrification 
is insufficient, nitric acid remains and as the result, the pH 
of the circulating water is lowered. The denitrification 
requires a definite amount of hydrogen donors relative to the 
amount of nitrogen, but depending upon the composition of 
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the exhaust gas introduced, a Sufficient amount of hydrogen 
donors is not necessarily be Supplied. Further, part of the 
organic compounds undergoes oxidative decomposition 
even in the packed layer, and the decomposed organic 
compounds are not Supplied to the denitrification tank and 
accordingly, not utilized as hydrogen donors in the denitri 
fication. Thus, it is necessary to Supplement organic com 
pounds. However, the amount of the organic compounds to 
be Supplemented must be appropriate. If exceSS amount of 
hydrogen donors are Supplemented, not only the cost is 
increased, but also the residual hydrogen donors are Sup 
plied to the packed layer which breed the microorganisms in 
the packed layer to thereby increase the pressure loSS in the 
packed layer causing clogging. 
0.027 Accordingly, the second embodiment of the present 
invention is to provide a proceSS for biologically treating an 
exhaust gas which can inhibit the decomposition of organic 
compounds in the packed layer to prevent clogging of the 
packed layer and, at the same time, efficiently use the 
organic compounds as hydrogen donor in the denitrification 
and, in addition, hardly damage nitrating bacteria when the 
concentration of the nitrides in the exhaust gas is rapidly 
increased and furthermore, Supply the hydrogen donors to be 
Supplementarily added for the denitrification neither too 
much nor too leSS in treating nitrides. 
0028. In order to fulfil the above described object, the 
Second embodiment of the present invention relates to a 
proceSS for treating an exhaust gas by passing an exhaust gas 
containing nitrides through the microbial carrier packed 
layers while spraying the circulating water thereon, which 
comprises nitrating a circulating water containing ammonia, 
reducing the nitrated water to effect denitrification, and 
cyclically using the resulting water as a circulating water, 
wherein the microbial carrier packed layer is divided into a 
former Stage and a latter Stage, the circulating water of the 
former Stage is regulated at a weak alkalinity of pH 8 to 9 
and that of the latter Stage at a weak acidity to a neutrality 
of pH 5.0 to 7.2 to effect water spraying, the water circu 
lating water withdrawn from the former Stage is mixed with 
that from the latter Stage to render the pH of the circulating 
water at a neutrality of pH 6.0 to 8.0, and the resulting 
neutralized circulating water is Subjected to denitrification. 
0029. In the above described process for treating an 
exhaust gas, the microbial carrier packed layer can be a gas 
Scrubbing column of the dropping type or bubbling type. 
The mixing of the circulating water withdrawn can be 
carried out by combining the circulating water withdrawn 
from the latter Stage with the denitrified water, Subjecting the 
combined circulating water to aeration treatment, and mix 
ing the Sludge Separated by the precipitation treatment of the 
resulting treated water with the circulating water withdrawn 
from the former Stage. 
0030 The denitrification treatment can be carried out 
while measuring the pH value of the water to be treated and 
adjusting the amount of hydrogen donors to be added 
depending on the measured value. More Specifically, when 
the solution to be treated is acidified (pH of 5.5 to 6.6), 
organic compounds as hydrogen donor is Supplied, and 
when the Solution to be treated is neutralized or alkalized 
(pH of 7.0 to 8.0), the supply of the organic compounds is 
Stopped. 
0031. In the second embodiment of the present invention, 
an exhaust gas containing nitrides is passed through two 
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Stages packed layers in which the circulating water of the 
former stage is rendered at a weak alkalinity of pH 8 to 9 and 
that of the latter Stage is rendered at a weak acidity to 
neutrality of pH 5.0 to 7.2. The circulating water withdrawn 
from the former Stage is mixed with that from the latter Stage 
to render the pH of the mixed circulating water at a neu 
trality of pH 6.0 to 8.0, and then supplied to a denitrification 
tank. In order to maintain the circulation water in the former 
Stage at a pH of a weak alkalinity, the amount of water to be 
Supplemented to the former Stage is regulated depending 
upon the load of nitrogen and the concentration of carbon 
dioxide of the inflow gas and the alkalinity of the circulating 
Water. 

0032. The dissolution of various nitrides in water is 
mostly quicker than the nitration reaction, and thus the 
Volume of the packed layer for the former Stage can be 
miniaturized. Accordingly, the packed layer of the former 
Stage can be a gas Scrubbing column of the dropping type 
Such as a Spray column, a Venturi Scrubber and a cyclone 
Scrubber or a gas Scrubber of the bubbling type Such as a 
bubbling tower. 
0033. When the pH of the circulating water is acidified 
(pH 5.5 to 6.8), methanol is introduced as the hydrogen 
donor, and when the pH of the circulating water is neutral 
ized or alkalized (pH 7.0 to 8.0), the introduction of metha 
nol is stopped. The concentration of the residual nitric acid 
can be controlled by changing the set pH. When the pH is set 
at a high pH value, a large amount of methanol is introduced 
to lower the concentration of nitric acid. In Some cases, it is 
possible to decomposing all residual nitric acid. On the 
contrary, when the pH is Set at a low pH value, the amount 
of methanol to be introduced is decreased to raise the 
concentration of the residual nitric acid. 

0034) Next, the second embodiment of the present inven 
tion will be explained in more detail. 
0035) In the second embodiment of the present invention, 
there is provided two packed columns of a former Stage and 
a latter Stage each having a packed layer filled with a 
packing material retaining microorganisms. The packed 
layer is allowed to retain microorganisms and the exhaust 
gas is passed through these two columns in Series while 
Spraying water on to the packing material to maintain them 
in the Wet State. In this instance, the former Stage is rendered 
in an alkaline condition of pH 8 to 9. 
0036) The water spraying in the former stage is carried 
out by repeatedly drawing the circulating water in the 
receiving vessel for the Spraying water and Spraying the 
water from above the packed layer onto it. Volatile nitrides 
are dissolved in the circulating water, and are decomposed 
to form ammonia in the circulating water. Accordingly, the 
concentration of ammonia in the circulating water is 
increased. To the receiving vessel for the Spraying water, a 
definite amount of water is Supplied. By controlling the 
amount of the water to be Supplied, the concentration of 
ammonia in the circulating water is adjusted So as to allow 
the pH of the circulating water to fall in the range of 8 to 9. 
The preferred amount of the circulating water varies depend 
ing on the amount of the nitrogen loaded and that of the 
carbon dioxide loaded by the inflow gas, the alkalinity of the 
circulating water and thus, an optimum amount of water to 
be supplemented is determined each time. The effluent of the 
circulating water from the former Stage is introduced into a 
denitrification tank. 
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0037. The water spraying in the latter stage is carried out 
by drawing the circulating water from a tank for the Super 
natant from a settling tank (explained below), and spraying 
the water from above the packed layer onto it. The Sprayed 
water is received by a receiving vessel for the Sprayed water 
and then introduced into an aeration tank. The exhaust gas 
after the former Stage treatment contains ammonia, which is 
then oxidized to nitric acid in the packed layer of the latter 
Stage. Thus, the pH of the circulating water of the latter Stage 
is lowered. In the aeration tank, the circulating water from 
the latter stage is mixed with the denitrified water from the 
denitrification tank. In the denitrified water, ammonia is 
present and nitrate ions are decomposed by the denitrifica 
tion reaction. Therefore, ammonia contained in the denitri 
fied water neutralizes the circulating water of the latter Stage. 
However, when the denitrification is not sufficiently carried 
out, nitrate ions remain in the denitrified water which render 
the neutralization insufficient, and the pH is lowered. The 
aerated water is then Subjected to Solid-liquid Separation in 
the Subsequent Settling tank. 
0.038 Into the denitrification tank, the entire amount of 
the effluent of the circulating water from the former Stage is 
introduced, and a Sludge mixed fluid Separated in the Settling 
tank is also introduced. When the exhaust gas to be treated 
contains organic compounds, they are dissolved in the 
effluent of the circulating water from the former stage. The 
Sludge mixed fluid from the Settling tank contains nitrate 
ions. Accordingly, the nitrate ions are reduced in the deni 
trification tank to release a nitrogen gas. 
0.039 When organic compounds are not present in the 
exhaust gas to be treated, or when they do not reach a 
Sufficient amount as hydrogen donor for denitrification, a 
hydrogen donor may be Supplementarily added to the deni 
trification tank. AS the hydrogen donor, methanol, ethanol 
and the like can be utilized. The denitrified water is sent to 
the aeration tank where it is mixed with the effluent of the 
circulating water of the latter Stage. 
0040. The pH in the denitrification tank is determined 
mainly by the alkalinity of the circulating water and the 
concentration of the residual nitrate ions to be lost in the 
denitrification. Accordingly, when the amount of the hydro 
gen donors to be Supplied to the denitrification tank is 
Sufficient, nitric acid completely disappears to render the pH 
of the denitrification tank neutral. On the other hand, when 
the amount of the hydrogen donors to be Supplied is insuf 
ficient, nitrate ions remain to lower the pH. Thus, when the 
pH is lowered, Some organic compounds may be added, and 
when it reaches a definite amount (which is determined 
depending on each loading condition and the target of 
treatment), addition of the organic compounds may be 
Stopped, whereby the organic compounds to be Supple 
mented can be Supplied neither too much nor too less. 
0041. The present invention will now be more concretely 
explained by an example. 

EXAMPLE 1. 

0042. This example explains the first embodiment of the 
present invention. In the experiment, the apparatus shown in 
FIG. 1 was used. A simulated exhaust gas containing 
acrylonitrile which is a volatile organic nitride was continu 
ously treated for a long period of time. In this instance, the 
ammonia which was formed in the course of biological 
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treatment and dissolved in the circulating water is removed 
by biological nitration/denitrification, whereby a proceSS 
capable of preventing accumulation of ammonia in the 
circulating water and carrying out the treatment of exhaust 
gas with a reduced amount of water could be established. 
0043. The apparatus of FIG. 1 was composed of exhaust 
gas treating towerS4 and 5 each having an organism carrier 
packed layer 2, a pH adjusting tank 7, a sludge Settling tank 
8, a circulating water tank 9, and a denitrification tank 6. 
0044) In the organism carrier packed layer 2, a carrier 
made of a foamed polypropylene was filled to a height of 1 
m. Two treating towers thus filled were connected with each 
other in Series, and designated as a first tower 4 and a Second 
tower 5 from the gas inlet side (upstream Side). In the packed 
layer 2, an activated Sludge liquid from a plant waste water 
treating facility was added as the VOC decomposing organ 
ism inoculation Source. Water Spraying was continuously 
carried out. AS the acrylonitrile-containing Simulated 
exhaust gas, commercially available acrylonitrile was aer 
ated with a nitrogen gas to generate an acrylonitrile-con 
taining gas, which was then Supplied by a compressor and 
mixed with air added with an almost Saturated Steam to 
adjust the concentration of the gas to about 200 ppm. 
0045 Gas 1 thus prepared was supplied at a space 
column velocity of 50 h (6 L/min) from above the packed 
layer 2 of the first tower 4. 
0046) The inflow gas 1 and the treated gas 3 were 
collected, and the concentration of acrylonitrile was ana 
lyzed by gas chromatography to clarify the removal ratio. 
0047 The water spraying in the first tower 4 was carried 
out by drawing a circulating water at a flow rate of 60 
ml/min from a circulating water tank 9 through line 20. The 
entire amount of the effluent of the Spraying water in the first 
tower 4 was Supplied to a denitrification tank 6 (Volume: 
15L) through line 15. In the denitrification tank 6, an 
activated Sludge liquid from a plant waste water treating 
facility was added as the denitrification bacteria inoculation 
Source. A pH adjusting tank 7 was provided downstream of 
the denitrification tank 6 and further a sludge Settling tank 8 
was provided downstream of the pH adjusting tank 7. A 
Sludge collected in the sludge Settling tank 8 was returned to 
the denitrification tank 6 at a flow rate of 5 ml/min. The 
circulating water tank 9 was provided downstream of the 
Sludge Settling tank 8. The water spraying in the Second 
tower 5 was carried out by drawing the circulating water 
from the circulating water tank 9 at a flow rate of 150 ml/min 
through line 21. The effluent from the second tower 5 is 
introduced into the pH adjusting tank 7 through line 16. 
0048. In the pH adjusting tank 7, in order to maintain the 
pH of the circulating water at 6.5 to 7.5, the pH of the water 
was monitored by a pH Sensor 12, and depending on the 
monitored result, a Sodium hydroxide acqueous Solution or a 
hydrochloric acid aqueous Solution was added through line 
13. Furthermore, Supplementary water 10 was supplied to 
the bottom of the first and second towers 4 and 5 through line 
17. The Supplementary water 10 was preparing by adding 15 
mg/L of dipotassium hydrogen phosphate, 5.4 mg/L of 
ferrous Sulfate and 2 mg/L of yeast extract to tap water. 
0049) Water 11 overflowed from the circulating water 
tank 9 was collected as the waste water, and the concentra 
tions of nitrate nitrogen and ammonia nitrogen are mea 
Sured. 
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0050. The conditions under which the experiments were 
carried out are shown in Table 1. 

TABLE 1. 

Amount of 
pH Supplemented Water 

Denitrification Adjustment (L/d) 

Condition 1 yes yes O.7 
Condition 2 yes yes 3.7 
Condition 3 O O O.7 
Condition 4 O O 3.7 

0051. That is, in Conditions 3 and 4, pH adjustment is not 
carried out in tank 7. 

0.052 The results of the experiments which clarified the 
removal performance of acrylonitrile in the exhaust gas 3, 
and the concentrations of ammonia nitrogen and nitrate 
nitrogen in the waste water 11 under the four conditions of 
Table 1 are shown in Table 2. 

TABLE 2 

Removal Ratio Concentration 
of of Nitrate Concentration of 

Acrylonitrile Nitrogen Ammonia Nitrogen 
(%) (mg/L) (mg/L) 

Condition 1 >99 123 7 
Condition 2 >99 22 8 
Condition 3 81 O 1228 
Condition 4 >99 O 292 

0053. It appears from the results shown in the above 
table, that, without carrying out denitrification, the ammonia 
nitrogen was accumulated in the waste water as in Condition 
3 and Condition 4. Furthermore, with a reduced amount of 
the Supplemented water, the removal performance was low 
ered. On the other hand, when the nitration and denitrifica 
tion were carried out while conducting the pH adjustment 
and the Supply of water to the denitrification tank, the 
ammonia nitrogen was decreased and a high removal ratio of 
acrylonitrile was obtained. Further, the concentration of the 
nitrate nitrogen rose, and reached 123 mg/L under the 
condition of a reduced amount of the Supplemented water. 
0.054 Then, a methanol solution having a concentration 
of 10 g/L was added to the denitrification tank at a flow rate 
of 20 ml/d through line 14. As the result, the concentration 
of the nitrate nitrogen was decreased to 9 mg/L. Thus, when 
the hydrogen donors for the denitrification reaction were 
insufficient, the denitrification reaction could be effectively 
carried out by adding an additional hydrogen donors. 

EXAMPLE 2 

0.055 This example explains the second embodiment of 
the present invention. FIG. 2 shows a flow constructional 
View of an apparatus employed in this example. In FIG. 2, 
numeral 103 is a packed layer of the former Stage, numeral 
106 a packed layer of the latter stage, numeral 109 a 
denitrification tank, numeral 114 an aeration tank, numeral 
116 a settling tank, and numeral 118 a tank (an effluent tank) 
for the Supernatant in the Settling tank. 
0056 By using the apparatus as shown in FIG. 2, a 
Simulated exhaust gas 101 containing acrylonitrile of a 
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organic nitride (acrylonitrile concentration: 200 ppm) was 
continuously treated. In this instance, as the microbial 
carrier packed layer, two layers of a packed layer 3 of the 
former Stage and a packed layer 6 of the latter Stage were 
used. AS the microbial carrier, a packing material of a 
polypropylene (trade name “POLERING”, a product of 
Dotwell) was filled in the former stage packed layer 103, and 
a packing material of a foamed polypropylene (trade name 
“BIOSTAGE”, a product of Tsutsunaka Sheet Proofing Co., 
Ltd.) was filled in the latter stage packed layer 106. In the 
packed layers 103 and 106, an activated sludge liquid from 
a plant waste water treating facility was added as the VOC 
decomposing organism inoculation Source. The Space col 
umn velocity of the exhaust gas to be treated relative to the 
volume of the packed layer was set at 500 h" in the first 
stage and at 100h' in the second stage. In other words, the 
Volume ratio of the packed layer of the former Stage to that 
of the latter Stage was set at 1:5. 

0057 By setting the amount of the water 108 to be 
supplemented to the circulating water 104 of the former 
stage at a low level (0.28L-water/m-gas), the concentration 
of ammonia was increased to maintain the pH of the 
circulating water 104 of the former stage at about 8.4. The 
effluent of the circulating water 105 of the former stage was 
introduced into the denitrification tank 109. In the denitri 
fication tank 109, an activated sludge liquid from a plant 
waste water treating facility was added as the denitrification 
bacteria inoculation source. The circulating water 107 of the 
latter Stage was Supplied from Supernatant tank 118 and 
passed as Such through the packed layer 106 of the latter 
Stage and circulated via the aeration tank 114, the Settling 
tank 116, and the Supernatant tank 118. In the Supernatant 
117 of the settling tank 116, ammonia was almost com 
pletely oxidized to nitric acid to lower the pH of the 
circulating water up to about 5.5. 

0058. The denitrification was carried out in the denitri 
fication tank 109, and the denitrified water 112 was sent to 
the aeration tank 114. The effluent of the circulating water of 
the latter Stage was also allowed to flow into the aeration 
tank 114 and mixed by aeration, and then Sent to the Settling 
tank 116 where sludge was separated, and the returned 
sludge fluid 111 thus separated is allowed to flow into the 
denitrification tank 109. In the denitrification tank 9, the 
nitrate ions in the returned sludge fluid 111 was denitrified 
by utilizing the hydrogen donors in the effluent of the 
circulating water of the former Stage and released out of the 
System. 

0059. The operational conditions as mentioned above are 
designated as Condition 1 in Table 3 as will be described 
below. In this case, the removal ratio of acrylonitrile was 
more than 99%, and 45% of the nitrogen present in the 
removed acrylonitrile were denitrified. As the result, the pH 
in the denitrification tank 109 was affected by the neutral 
ization with the effluent 105 (pH: 8.4; concentration of 
ammonia: 220 mg-N/L) of the circulating water of the 
former stage and the effluent 113 (pH: 5.5) of the circulating 
water of the latter Stage and the denitrifying action, and 
accordingly showed pH 6.5 and the concentration of nitrate 
ions in the effluent showed 120 mg-N/L. 

0060. Then, as shown in Condition 2 of Table 3, when the 
pH of the denitrification tank 109 was lowered to less than 
7.0, methanol was introduced as the hydrogen donors 110. 



US 2003/0003037 A1 

As the result, the pH of the effluent of the circulating water 
of the latter stage rose to about 6.5 to maintain the pH of the 
denitrification tank 109 at about 7, and the concentration of 
nitrate ions came to 8 mg/L on the average. Successively, 
acrylonitrile could Stably be treated under the same condi 
tions for at least one month, 95% of the amount of the 
nitrogen loaded could be released by the denitrification 
reaction. At this time, upon measuring the TOC concentra 
tion of the denitrified water 112, it was found that the TOC 
concentration was slightly increased compared to the case 
where methanol was not added but the added methanol was 

mostly consumed in the denitrification tank 109. 

0061 Further, for comparison, the treatment of an 
exhaust gas was conducted in the condition that the flow 
amount of the water 108 to be supplemented was increased 
in the former stage (4.2 L-supplemented water/m-gas) as 
shown in Condition 3 in Table 3. The pH of the circulating 
water of the former stage 104 showed 7.5. Successively, 
upon adding methanol 110 as shown in Condition 4, at the 
time of initiating the operation, a high removal performance 
(removal ratio: not less than 99%) could be obtained and, at 
Same time, the concentration of nitrate ions in the effluent 
was decreased to 6 mg/L. However, when the operation was 
continued under the same conditions, the packed layer 103 
of the former Stage clogged in five days and the Subsequent 
operation could not be continued. In other words, exceSS 
bacteria bred in the packed layer 103 of the former stage to 
cause clogging of the packed layer. 

0062) These testing conditions are set forth in Table 4. In 
Table 4, "culture medium' means Supplemented water to 
which a nutrient broth having a composition shown in Table 
3 has been added, and “treated water” means effluent of 113 
of the circulating water of the later Stage. 

TABLE 3 

Composition of Nutrient Broth 

KHPO 0.1 g 
KHPO 0.3 g 
MgSO.7HO 5 mg 
CaCl2.2H2O 1 mg 
FeSO.7HO 1 mg 
ZnSO.7HO 0.1 mg 
MnCl4HO 0.1 mg 
yeast extract 2 mg 
tap water 1 liter 

0063) 

TABLE 4 

Flow Amount of 
Supplemented Water 

in Former Stage 
(L-supplemented 

Supplemented 
Water Source in 
Former Stage water/m-gas) Methanol 

Condition 1 Culture Medium O.28 Not added 
Condition 2 Culture Medium O.28 Added 
Condition 3 Treated Water 4.2 Not Added 
Condition 4 Treated Water 4.2 Added 
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0064. The test results are set forth in Table 5. 

TABLE 5 

Concentration pH of Circu 
Removal Ratio of Nitrate lating Water 

of Nitrogen of Former 
Acrylonitrile (mg/L) Stage Clogging 

Condition 1 >99 12O 8.4 O 
Condition 2 >99 8 8.4 O 
Condition 3 >99 101 7.5 unknown 
Condition 4 >99 6 7.5 yes 

0065 FIG. 3 is an explanatory view of showing one 
example of the pH and the amount of the circulating water 
in carrying out the treating process of the present invention. 
In FIG. 3, Q means an unit of circulating water amount. 
0066. From the above described results the following will 
be understood. 

0067 By operating the packed layer 103 of the former 
Stage at an alkalinity, clogging of the packed layer of the 
former Stage could be prevented. 
0068. By maintaining the circulating water of the former 
Stage at an alkalinity and the circulating water of the latter 
Stage at an acidity and combining them, the circulating water 
of the former Stage and that of the latter Stage could be 
neutralized with each other. 

0069. At a volume ratio of the packed layer of the former 
stage to that of the latter stage to 1:5, acrylonitrile could be 
sufficiently removed. 
0070. Upon feeding methanol to the denitrification tank 
and controlling the amount thereof to be introduced based on 
the pH measurement, the methanol could be introduced 
neither too much nor not too leSS. 

0071. Upon treating an exhaust gas containing a nitride 
according to the present invention, accumulation of ammo 
nia in a circulating water can be prevented. Thus, the amount 
of water to be used can be decreased to a great extent and the 
lowering in the capacity of treatment due to the presence of 
ammonia and the Secondary generation of a malodor due to 
the generation of an ammonia gas in the treated gas and the 
like can also be prevented. 
0072. In the apparatus for biologically treating an exhaust 
gas according to the present invention, the packed layer can 
be utilized as the nitrating tank and thus, the nitrating tank 
which is necessary in the treatment of waste water becomes 
unneceSSary. 

0073. Furthermore, according to the second embodiment 
of the present invention, clogging of the packed layers can 
be prevented. In the case of an exhaust gas containing a 
nitride, not only the prevention of clogging of the packed 
layers but also the prevention of accumulation of ammonia 
in the circulating water can be done, and hydrogen donors to 
be Supplementarily added can be Supplied neither too much 
nor too less. 

What is claimed is: 
1. A process for treating an exhaust gas containing nitrides 

by passing it through a microbial carrier packed layer while 
cyclically spraying circulating water thereon, which com 
prises nitrating the circulating water containing ammonia 
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formed therein, reducing the nitrated water to effect deni 
trification, and cyclically using the resulting water as the 
circulating water. 

2. The process for treating an exhaust gas containing 
nitrides of claim 1, wherein the nitration of the circulating 
water is carried out by Spraying the ammonia-accumulated 
circulating water having a pH regulated to not more than 7.5 
on to the microbial carrier packed layer. 

3. The process for treating an exhaust gas containing 
nitrides of claim 1, wherein the nitration and the denitrifi 
cation of the circulating water is conducted while the pH of 
the circulating water is regulated to 6.5-7.5. 

4. An apparatus for treating an exhaust gas containing 
nitrides comprising an exhaust gas treating tower having a 
microbial carrier packed layer through which an exhaust gas 
is passed with a mechanism of cyclically spraying circulat 
ing water on to the packed layer, a circulating water tank to 
Store the circulating water, a nitration mechanism to nitrate 
the circulating water, and a denitrification tank to reduce the 
nitrated water to effect denitrification, and each tank being 
connected by a line. 

5. The apparatus for treating an exhaust gas containing 
nitrides of claim 4, wherein plural of the microbial carrier 
packed layer with a mechanism of cyclically spraying water 
are provided in Series, and a circulating water circulation 
line is connected with the mechanism of cyclically spraying 
water of the packed layer at the most upstream to constitute 
the nitration mechanism to obtain a nitrated water. 

6. A process for treating an exhaust gas containing nitrides 
by passing it through a microbial carrier packed layer while 
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Spraying a circulating water thereon and withdrawing the 
circulating water to effect denitrification treatment, which 
comprises dividing the microbial carrier packed layer into a 
former Stage and a latter Stage, carrying out the Spray 
treatment of the former Stage with a circulating water having 
a weak alkalinity of pH 8 to 9, mixing the circulating water 
withdrawn from the former stage with that from the later 
Stage to form a circulating water having a pH of 6.0 to 8.0, 
and carrying out the denitrification treatment with the 
obtained circulating water. 

7. The process for treating an exhaust gas of claim 6, 
wherein the microbial carrier packed layer is a gas Scrubbing 
column of the dropping type or bubbling type. 

8. The process for treating an exhaust gas of claim 6, 
wherein the mixing of the circulating water withdrawn from 
the former and latter Stages is carried out by mixing the 
circulating water withdrawn from the latter Stage with the 
denitrification treated water, allowing the mixed water to 
Stand to thereby carry out precipitation of sludge, and 
mixing the sludge Separated by the precipitation treatment 
with the circulating water withdrawn from the former Stage. 

9. The process for treating an exhaust gas of claim 6, 
wherein the denitrification treatment is carried out while 
measuring the pH of the denitrification treated Solution and 
feeding hydrogen donors when the treated Solution is acidi 
fied and Stopping feeding the hydrogen donors when the 
treated Solution is neutralized or alkalized. 


