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ABSTRACT

A process for desulfurization and denitration of waste
gas by multi-stage electron beam irradiation and an apparatus
used for the process are constituted so that the waste gas

> 1s passed through the electron beam irradiation zones in
multiple irradiation chambers that are arranged in such
a way that the center-to-center distance (m) between two
neighboring electron beam generators is not shorter than
distance X calculated by the formula, X = 200 + t V wherein
10 Ze means distance over which an absorbed dose extends into
a waste gas, Tt means a residence time (sec.) of waste ras

in a non-irradiation zone, and V stands for the flow velocity

of waste gas, whereby t can be reduced to 0.01 - 0.5 seconds,

sO that irradiated energy can be utilized efficiently and a
15 maximum effect can be obtained with a minimum expenditure of

irradiation energy. Therefore, the waste gas can be treated

rapldly and economically.

. U T L T T IR
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DESCRIPTION

PROCESS AND APPARATUS FOR
WASTE GAS TREATMENT BY
MULTI-STAGE ELECTRON BEAM IRRADIATION

Technical Field

This invention relates to a process for waste gas
treatment, particularly to a process and an apparatus for
desulfurization and/or denitration of waste gas by multi-
stage electron beam irradiation.

Background Art

There has heretofore been developed a process for
waste gas treatment, which comprises introducing a waste
gas containing sulfur oxides and/or nitrogen oxides into an
electron beam irradiation chamber and irradiating the waste
gas with an electron bean, adding ammonia to the waste gas
before and/or after the electron beam lrradiation, removing
the resulting by-product by means of a dust collector, and
discharging the waste-gas into the atmosphere. Further,

improvements for the above process have been studied. With

respect to the process for waste gas treatment using a multi-

stage electron beam irradiation apparatus, a process using
a plurality of irradiation units is proposed in "Process and
Apparatus for Desulfurization and Denitration of Waste QGas
by Multi-stage Electron Beam Irradiation" (Japanese Patent
Publication No. 40052/1984). The document makes no theo-
retical description as to why the multi-stage irradiation
provides increased desulfurization and denitration rates.
That is, the document makes no mention of the distance of

two neighboring electron beam generators in an operational

L N
-----
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plant. Similarly, no mention is made of the effect of
non-irradiation zone(s), in "Process for Selectively or
Simultaneously Separating Harmful Substances from Waste Gas
by Electron Beam Irradiation"” (Japanese Patent Publication
No. 501142/1988).

As described above, there has heretofore been Known
a process for waste gas treatment using a plurality of
electron beam generators. However, it has not been known
with regard to the process exactly how the multiple electron
beam generators should be arranged. For example, the
residence time in the non-irradiation zone(s) has been

considered to take several seconds TOo several tens of

would have to be very big.

Hence, it is an object of the present invention to
set the conditions for arranging a plurality of electron
beam generators and thereby to provide a multi-stage electron
beam irradiation apparatus capable of effecting electron beam
irradiation efficiently and treating a waste gas economically

as well as a process for waste gas treatment using said

apparatus.

Disclosure of Invention

In order to achieve the above object, the present
invention provides a multi-stage electron beam irradiation
apparatus for waste gas treatment, comprising an electron

beam irradiation chamber accommodating a plurality of
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electron beam generators, wherein the acceleration voltage
of the electron beam is 300 - 3,000 KV, the flow velocity of
sald waste gas 1s not more than 30 m/sec and the temperature
of saild waste gas to be treated is not lower than the dew
point but not higher than 100°C, and the center-to-center
distance between two neighboring electron beam generators

is not shorter than distance X calculated from the following
formula:

X = 20 + t V

wherein X center-to-center distance (m) between two neigh-

boring electron beam generators,

20

distance (m) over which absorbed dose extends in
waste gas, (the direction of this distance inter-
sects the flow direction of waste gas and the
direction opposite thereto; the distance refers
to a distance up to a point where substantially
no electron beam reaction takes place and varies
depending upon the acceleration voltage of
electron beam generators, the temperature of
waste gas and the composition of waste gas)

V = flow velocity (m/sec) of waste gas; and

ct
I

residence time (sec.) of waste gas in a
non irradiation zone, (this time is about

0.01 - 0.5 seconds).

In the above formula, t is 0.01 - 0.5 and refers to a

residence time (sec.) at a site (non-irradiation zone) where

substantially no electron beam reaction takes place. This
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value is based on the result of two-stage irradiation test

shown in Examples.

In order to achieve another object, the present inven-

tion provides a process fTor waste gas treatment by eleétron
beam irradiation, which comprises introducing a waste gas
containing sulfur oxides and/or nitrogen oxides into an
electron beam irradiation chamber and irradiating the waste
gas with an electron beam, adding ammonia to the waste gas

before and/or after the electron beam irradiation, removing

the resulting by-product by means of a dust collector, then
discharging the waste gas into the atmosphere, said process
being characterized in that the residence time of the waste
gas 1n the non-irradiation zone between two neighboring
electron beam irradiation zones is 0.01 - 0.5 seconds and
that the waste gas is passed through each irradiation zone
in order.

In the formula, the distance (x) over which the
absorbed dose extends varijes depending upon the acceleration
voltage of an electron beam accelerator, the temperature
of a waste gas and the composition of the waste gas. In
Table 1, there are shown referepce data of voltage, o and X.

These data are for the case where the waste gas temperature

was 80°C and the waste gas velocity (V) was 10 m/sec.
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Table 1

Voltage (KV) | o (m) l X (m)

| 300 : 0.4 | o.;a

l 500 l 0.5 #—i.rlﬁ

> 800 1.0 2.1
i e ee ]

| 1,500 1.4 3.0
[ 2,oooL | 1.5 3.1 ,
‘ 3,00-5_ 1.7 | 8.5 l

10 Brief Description of Drawings

Fig. 1 shows a schematic view of the multi-stage
electron beam irradiation apparatus (irradiation from one
side) of the present 1nvention:

Fig. 2 shows a schematic view of the multi-~-stage

15 electron beam irradiation apparatus (irradiation from both
sides) of the present invention:

Fig. 3 is a graph showing the relationship between
the residence time of waste gas 1In a non-irradiation zone

and the concentration (ANOX) of NOX removed:

20 Fig. 4 is a graph showing the relationships between
the dose (Mrad) absorbed by a waste gas and the concentration
(ANOX) of NO, removed; '

Fig. 5 is a graph showing the relationships between
the absorbed dose (Mrad) and the efficiency of desulfuriza-

25  tion;

Fig. 6 is a graph showing the‘relationship between the

non-irradiation time and the center-to-center distance (x)

A AT
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between two neighboring electron beam generators and the

C

relationship between the non-irradiation time and the total
length of the irradiation chamber: and

Fig. 7 is a graph showing the relationships between
the non-irradiation time and the total construction cost of

the irradiation chambers and shielding building.

Best Mode for Carrying Out the Invention

The present inventors confirmed that the efficiency
of nitrogen oxide removal can be improved by arranging
non-irradiation zone(s) between electron beam irradiation

vessels.

It 1s thought that the denitration reaction in
electron beam irradiation zone(s) proceeds as shown by the
formulas (2) to (8) below, wherein the OH, O and HO, radicals
generated by electron beam irradiation as shown in the
formula (1) act as reactive substances.

Oz, HoO —> OH", 0", HO," (1)

(OH", 0" and HO," each refers to a radical)

NO + OH" —-> HNO. (2)
HNO, + 1/20, + NHg —- NH4NO3 (3)
NO + 0" —> NO» (4)
NO2 + 1/2H0 + 1/40, + NHg —- NH4NO3 (5)
NO + HO," —= HNOg (6)
NO2 + OH" —» HNOgj (7)
HNO3 + NHz — NH4NOs (8)

Now, particular attention is paid to the reactions of
the O radical. The 0O radical is generated in the electron

beam irradiation zone(s), according to the formula (1), and
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this O radical also generates ozone according to the formula
(9). This ozone oxidizes NO and converts it to NO, according

to the formula (10), and the NO; is fixed as ammonium nitrate

according to the formula (5).

O, + Q" — Q3 (9)
NO + O3 — NOs + 0> (10)
NO, + 1/2H,0 + 1/40, + NHz —> NH3NOs3 (5)

Simultaneously with these reactions, there also occur
reactions as shown by the formula (11) or (12) wherein the O
radical is consumed. The reactions shown by the formula (11)

or (12) are not intended reactions but reactions which waste

the 0 radical and, accordingly, are not preferred.
NO, + 0" —= NO + 0O, (11)
O3 + Q" — 20, (12)
As mentioned above, the denitration reaction is based
on radicals. The denitration reaction is largely divided
into reactions [the formula (6), the formula (7) — the
formula (8)] wherein NOx is oxidized by radicals and

converted to NH4NO3z, and reactions [the formula (4) —= the
formula (5)] wherein NO is oxidized by radicals and

converted into NH,NO,. It was also found that there also

takes place a reaction [the formula (9) -— the formula

(10)] wherein NO, is generated.
It was also found that simultaneously with these

reactions there also take place a reaction as shown by the
formula (11) wherein the N0, generated by the formula (4)
or (10) reacts with the 0 radical and returns to NO, and a

reaction as shown by the formula (12) wherein ozone and the

OH radical disappear. According to the formula (11) and the
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formula (12), it became clear that prolonged electron beam
gives no further improvement in the concentration of NOx
removed and merely results in a waste of energy.

The formula (5) and the formula (11) describe
competitive reactions. However, the reaction shown by
the formula (11) is caused Dy a radical and is very rapid.
Therefore, as long as irradiation is effected (that is, as
long as the radical is kept fed), the reaction of formula (5)
hardly proceeds.

IT it is possible to allow the formula (5) to proceed
without the occurrence of the formula (11) and the formula
(12), maximum effect can be obtained with a minimum expendi -
ture of electron beam irradiation energy. The means for
achieving this is to stop the generation of radicals, that
1s, to stop the irradiation of electron beam. By stopping
the irradiation, the formulas (11) and (12) do not proceed
and denitration proceeds in accordance with the formula (5)..
IT the irradiation of electron beam 1s restarted when NO-,
and Oz have substantially disappeared in the waste gas to
be treated, according to the formulas (5) and (10) (at fhis
time, the unreacted NO still exists), denitration can be

effected efficiently by the reactions consisting mainly of

| the formulas (1) to (8).

Now, the important point is the time at which NO»
gas disappears substantially in the waste gas To be treated,
according to the formula (5). Ordinarily, the gas—-gas
thermal reaction shown by the formula (5) is slow and

1s considered to take several seconds to several tens of
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seconds. Unexpectedly, however, the bresent inventors made

a4 surprising discovery with regard to thisg process. That is,
it was found that when ammonium nitrate, ammonium sulfate and
ammonium sulfate-nitrate coexist as products of electron beam
irradiation, the formula (5) broceeds incredibly rapidly on
the surfaces of the above products. Various tests revealed
that by suspending electron beam irradiation for at least
0.01 second, the reaction proceeds according to formula (5)
by taking advantage of those products and NO» substantially
disappears from the waste gas to be treated. Thus, the

basic conditions necessary for designing a multi-stage
electron beam irradiation apparatus have become clear,

which conditions were unable to be pPpredicted in the

conventional techniques. It has also become clear that

second and be economical.

Below, using the example of a 250 KW coal-fired power
plant (a gas volume of 900,000 Nm3/hr) are established the
residence time of waste gas in the non-irradiation zone(s)
of an operational unit.

From Example 1, the lower limit of the residence time
is found to be 0.01 second. Fig. 8 plots the relationship
between the non-irradiation time and the center-to~center
distance (x) between two neighboring electron beamn generators
of 800 KV, with a gas velocity of 10 m/sec and at g gas
temperature of 80°C. The required distance (x) increases

with the non-irradiation time. IFor a non-irradiation time
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of 0.01 second, a distance of 2.1 m 1s required, for 0.5
seconds, 7 m is required, and for 0.8 seconds, 8 m is
required. To treat 900,000 Nm3/hr of waste gas with an

SO concentration of 1,500 ppm and NOX concentration of

250 ppm in order to achieve a desulfurization efficiency of
96% and a denitration efficiency of 80%, it may be required
Lo employ 8 electron beam generators having a capacity of
800 kV X 500 mA (400 kW).

With a non-irradiation time of only 0.01 second,
the total length of the irradiation chamber required for
installing 8 units of accelerator is about 20 m (2.1 m X 7
(non-irradiation zones) + 5.3 mlj. 5.3 m represents the
combined length of the required gas inlet and outlet
positions. For a non-irradiation time of 0.5 seconds,
the total length is about 54.3 m [7 m X 7 (non-irradiation
zones) + 5.3 m] and for 0.6 seconds, about 61.3 m [8 m X 7
(non-irradiation zones) + 5.3 m], is necessary, which is
very long (see Fig. 8).

As 1s well known, the generation of electron beams is
accompanied by a very intense X-rays which although having a
small energy, require careful shielding in the‘electron beam
generators and irradiation chamber. As such, a concrete
enclosure of about 1 m thickness is required. Consequently,
not only is the direct cost of the irradiation chamber
increased, but also the total building costs including the
shielding is greatly increased.

Fig. 7 plots the relationship between the non-

irradiation time and the total construction cost of the
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irradiation chamber and shielding building. While the
non-irradiation time of 0.01 second results in a cost of

200 million yven, the cost lncreases to about 400 million yven
for 0.5 seconds and for a greater residence time, i.e.,

0.8 seconds, the cost rises to about 440 million yen.

Given the above, it is preferable for the residence
time in the non-irradiation zone(s) in an operational plant
to be limited to a maximum of 0.5 seconds, at which the
construction cost can still be held at less than twice that
of the minimum non-irradiation time, 0.01 second.

[Examples]

The present invention is now described by means of
Examples. However, the bresent invention is not restricted
to the following Examples.

Fig. 1 and Fig. 2 each show a schematic view of a
multi-stage electron beam lrradiation apparatus. Fig. 1
illustrates irradiation from one side and Fig. 2 illustrates
irradiation from both sides. In Fig. 1 and Fig. 2,‘numeral 1
refers to an electron beam generator; numeral 2 refers to an
electron beam irradiation chamber; numeral 38 refers to an
irradiation zone; and numeral 4 refers to g non-irradiation

zone.
In Fig. 1 and Fig. 2, the center-to-center distance
between two neighboring electron beam generators is at least
the X (m) defined by the formula given héreinbefore, whereby
the residence time of waste gas 1n non-irradiation zone(s)

can be adjusted to 0.01 - 0.5 second.
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Example 1

To a waste gas having a flow rate of 15 N1/min,
an initial NOX concentration of 400 ppm and an initial SO»
concentration of 1,720 ppm, ammonia gas was added so that
the ammonia concentration in the mixed gas became 3,480 ppm.
Then, the mixed gas was subjected to an electron beamn
lrradiation test using irradiation vessels of two stages.
S1X test conditions were set so that the residence time in
the non-irradiation zone between the first-stage irradiation
vessel and the second-stage irradiation vessel became
0 second (one stage irradiation test), 0.005 seconds,
0.01 second, 0.05 seconds, 0.1 second or 0.4 seconds.
The residence time in the non-irradiation zone was set by
changing the inside diameter or length of the pipe between
the first-stage and second—stage irradiation vessels.

The results are summarized in Table 2. In Table 2,
residence time is the residence time in a non-irradiation

zone, and ANOx 1s the concentration of NOX removed. The

in the graph of Fig. 3, where the axls of abscissas is the
residence time and the axis of ordinates is ANOX. According
to the results, ANOX'S (the concentrations of NOX removed)
in all the residence times of the two-stage irradiation test
were substantially the same (except 0.005 seconds) and larger
than ANOX for zero residence time (the one-stage irradiation

test). Further, the reaction temperature was Kept at about

80 °C.
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The relationship between the dose absorbed by the
waste gas and the concentration of NOX removed (NOX) 1s shown

in the graph of Fig. 4. From the graph, it can be seen that

in order to remove 300 ppm of NO_ (denitration efficiency

75%), 2.1 Mrad of irradiation was required in the single-

stage irradiation, while 1.3 Mrad of irradiation was required

in the two-stage irradiation. Accordingly, the irradiation

dose in the two-stage irradiation was reduced by 0.8 Mrad

(38%). The results of desulfurization are shown in the graph

of Fig. 5. From the graph, it can be seen that both the

single-stage and the two-stage irradiation are equally

applicable.
Table 2
Irradia- | One-
tion stage . . .
condi - condi - Two-stage irradiation
tion tion
_ _ :
Rei}dence 0 sec 0.005 0.01 sec' 0.05 sec]| 0.1 secl 0.4 sec
ime
- . i | ! {
Dose ANOX ANOX l ANO* ANOX
(Mrad) ppm ppm ppm ppm
0.00 O 0 | 0 O
0.33 1860 168 162 171
0.65 230 236 | 227 232
1.20 290 291 282 286
1.80 320 321 322 331
2.40 340 345 —— - -

- 13 -
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Example 2

To a waste gas having a flow rate of 1,200 Nm3/h,
an initial NOX concentration of about 350 ppm and an initial
S0, concentration of 1,600 ppm, ammonia gas was added so that
the average concentration of ammonia in the mixed gas became
about 3,200 ppm. Then., the mixed gas was subjected to an
electron beam irradiation test at about 70°C of the reaction
temperature using a single-stage irradiation vessel and
a Two-stage vessel. The residence time of the waste gas
in each non-irradiation zone was 0.5 seconds.

In order to achieve 80% denitration, 80% (ANOX,
280 ppm), there was required 1.5 Mrad of the irradiation
dose in the two-stage irradiation, and 2.0 Mrad (33% higher
than the former) of the irradiation dose in the single stage
irradiation. The desulfurization in the single stage and
the two-stage irradiation gave the same result, and the
efficiency of desulfurization was about 94%. The results

are summarized in Table 3.
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Table 3
| . First First Second Second
;Eﬁigl ’ ng%:;_ irradia- |outlet gas | irradia- |[outlet gas
) tion concen- tion |  concen- |
case | tration | dose tration dose | tration |
| | |
i NOX = '
| NO, = 70 ppm
NO = 160 ppm (total
X (54% de- *O 75 Mrad’denitra"
TWO - | 350 ppm | nitration) é tal tion: 80%)
0.75 Mrad|S0, = | (tota SO, =
stage 2 dose: 2
SOy = 400 ppm 1.5 Mrad) 100 ppm
1,600 ppm (75% de- ' (total
| sulfuri- desulfuri- |
zation) zation: |
| 94%)
— — ! {
:
I - '
NOX
I 70 ppm r !
NOX - (80% de-
Single- 350 ppm 2 0 Mead géfritlon) o | o |
stage ~ '
S0y = 100 ppm ‘
1,600 ppm (94% de-
sulfiri-
zation) L
iIndustrial Applicability

hereinabove, achieve efficient utilization of irradiation
energy to produce maximum results with minimumn irradiation.

Hence, the present invention is sultable for accomplishing

waste gas treatments in a rapid and economical manner .

1o
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CLAIMS

1. A process for waste gas treatment by multi-stage
electron beam irradiation, which comprises introducing a
waste gas contalning sulfur oxides and/or nitrogen oxides
into an electron beam irradiation chamber, irradiating

the waste gas with an electron beam at an acceleration
voltage of 300 - 3,000 KV, the flow velocity 6f said waste
gas being not more than 30 m/sec and the temperature of said
waste gas to be treated being not lower than the dew point
but not higher than 100°C, adding ammonia to the waste gas
before and/or after the electron beam irradiation, passing

the waste gas through successive irradiation zones which
are separated by non-irradiation zones in such a manner
that the residence time of the waste gas in the non-
irradiation zone between two neighboring electron beam
irradiation zones is 0.01 - 0.5 seconds, removing the
resulting by-products by means of a dust collector, and

then discharging the waste gas into the atmosphere.

2. In a multi-stage electron beam irradiation apparatus
for waste gas treatment, comprising an electron beam
irradiation chamber accommodating a plurality of electron
beam generators, the improvement wherein the acceleration
voltage of the electron beam is 300 - 3,000 KV, the flow
veloclity of said waste gas is not more than 30 m/sec and
the temperature of said waste gas to be treated is not
lower than the dew point but no higher than 100°C., and the

center-to-center distance between two neighboring electron
beam generators is not shorter than distance X calculated

from the following formula:
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X = 20¢ + €T V
center-to-center distance (m) between two neigh-
boring electron beam generators,
distance (m) over which absorbed dose extends in
waste gas, (the direction of this distance inter-
sects the flow direction of waste gas and the
direction opposite thereto; the distance refers
to a distance up to a point where substantially
no electron beam reaction takes place, and varies
depending upon the acceleration voltage of elec-
tron beam generators, the temperature of waste
gas and the composition of waste gas);
flow velocity (m/sec) of waste gas; and

residence time (sec.) of waste gas in a

non-irradiation zone, (this time is 0.01 -

0.5 seconds)
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