
;UVWXe3eDADF" 6VT  SPECIFICATION METHOD FOR TREATING ORGANIC
COMPOUND-CONTAINING WASTE WATER SYSTEM CONDUCTING SATE BACKGROUND OF THE
INVENTIONS Field of the Inventions This inventions relates to a method for
treating organic compounds contained in waste water by electrolytic
decomposition and, in particular, relates to a method of practical scale
for treating organic compounds by electrolytic decomposition to form
inorganic compounds such as carbon dioxide, water, etc. without foriming
harmful and bad-smelling byproducts. Further, this invention relates to a
method for treating organic compounds contained in waste water together
with organic suspended Solids (SS) by oxidative decomposition to decrease
the total organic carbon (TOC) concentration and the chemical oxygen demand
(COD) in the R waste water without removing the organic suspended solids as
organic compounds in advance from waste ~L water containing them, and a
system conducting same Furthermore, this invention relates to a method of
practical scale for treating organic nitrogen compound-containing waste
water by decomposing organic compounds contained therein into harmless
inorganic compounds such as nitrogen gas, carbon dioxide gas, water etc.
Prior Art Various kinds of waste water from plants, stockfarm, domestic
origins and others contain such as dimethyl aulfoxide, aliphatic alcohol
and aromatic alcohol as well as organic nitrogen compounds) organic
suspended solids, etc., which might pollute environments. With regard to
industrial waste water among others, exhaustion of such organic compounds
should be decreased to a level of tolerance limit. Especially; organic
nitrogen compounds cause eutrophication when they are released in water,
while they themselves behave as harmful substances in the air and further
take part in photochemical reaction to cause a phenomenon of secondary
combined pollution. These organic nitrogen compound arise fox example, from
protein used as a starting material of feed production for domestic animal,
poultry-, fish, etc. and in food production, and are also derived from
product leakage during production processes of chemicals and
pharmaceuticals, or from byproducts or starting materials thereof. '
When waste water to be treated contains organic suspended solids) it is
hard to directly supply such waste water to a biological or physicochemical
treatment system. Accordingly, the waste water which contains organic
suspended solids should be subjected to a pretreatment such as filtration
and coagulation-sedimentati.o~n to remove the suspended solids followed by
biological or physiochemical treatment thereof. It is costly to install
large equipment such as filtering tanks and coagulation sedimentation
tanks. Further) the thus removed organic suspended solids should be treated
as an industrial waste, which additionally increases the cost. There have
been employed many treating methods to reduce these organic Compounds in
waste water, such as a biodegradation treatment including an activated
sludge process, an ozone oxidation treatment and an electrochemical
treatment. The electrochemical treatment has advantages of being easier
operation and, in addition, more compact construction and shorter time of
treatment compared with biodegradation and ozone oxidation. From the above
mentioned viewpoints, there has been developed a treatment by electrolytic
decomposition in which various kinds of anodic materials such as platinum,
lead oxide and tin oxide are used. Industrial waste water from plants often
contains strongly corrosive compounds, which easily corrode the anodic
materials as described above. Although stable electrolytic decomposition
can be done by means of a platinum electrode at current density of about
0.1 A/cm2 during the decomposition treatment, the electrode degrades
markedly and shortens its durability when the current density is increased
t.o 0.2 a/cm' or more to improve the effect of treatment, Diamond is
expected as a useful electrode material fox waste water treatment by
electrolytic decomposition because of its high chemical stability and
electric conductivity caused by boron or nitrogen doping. Fujishima, et al.
reported that a boron-doped diamond electrode has a quite wide potential w
inflow and behaves stably even in an aqueous solution of high corrosive
properties (see) Electrochemistry, vol. 67(1999), 389). Further, Fujushima
et al. also reported that NOx is effectively reduced to ammonium by the
diamond electrode (see, Journal of Electroanalytical Chemistry, vol. 396
(1.995), 233). Japanese Patent No. "r-299,467 discloses that organic
compounds can be oxidatively decomposed by means of a boron-doped diamond
electrode, while Japanese )latent No. 7-29;1,549 discloses that organic
suspended solids can be removed by filtration when such solids containing
water is treated. 2   



However, there has not been sufficiently reported a practical technique for
treating waste water from plants, etc. by means o the above mentioned
diamond electrode under a condition of high current density. On the other
hand, a considerable amount of oxygen and hydrogen is generated by
electrolytic decomposition at high liquid flow linear velocity, and
retained in an electrolytic reaction tank as gas contents, which interferes
contact between waste water and a diamond electrode so that the current
efficiency is reduced while the current density is locally increased to an
extent. As a result, a diamond thin layer formed on a substrate as an
electrode is peeled off from the substrate, which causes a problem. In the
case of waste water treatment by electrolytic decomposition using a metal
electrode such as platinum, organic suspended solids axe deposited on the
metal electrode if the waste water contains them and is directly treated by
electrolytic decomposition. 'This causes an increase in the voltage between
electrodes and a great decrease in the energy efficiency, thereby lowering
an effect to remove soluble organic substances. Further, activity of
electrodes might be rapidly decreased by repeated electrode changes to
sharply shorten their durability. Therefore, according to conventional
electrolytic treatments of waste water which contains organic suspended
solids, they should be removed by pretreatments such as filtration and
coagulation-sedimentation Followed by an electrolytic treatment of the
waste water. Further, a treating system and method described in Japanese
Patent No. 7-299,d6 i is applied to various kinds of different solutions
used for, for example treating waste water of halogenated silver
photography, but there is no description with regard to organic suspended
solids. More precisely, the above mentioned invention discloses that an
electrolytic treatment using diamond electrodes can be applied to arbitrary
solutions which contain solutes easily oxidized by electrolytic
decomposition. It has thus been common knowledge in conventional
electrolytic oxidation treatments that suspended solids are removed in
advance Followed by a treatment of solutes. As a matter of course. there is
no disclosure nor suggestion in Japanese Patent No. r'299,46 ~ about direct
application of an electrolytic treatment using diamond electrodes to waste
water which contains organic suspended solids without pre-treating such
solid in the water by a pre-treatment. according to Japanese Patent No.
?-299,467, however, it is an unexpected sway of thinking and is quite
uneasy to those who skilled in the art to directly apply a treatment by
electrolytic decomposition using diamond electrodes to organic suspended
solids-containing waste wate That is to say it has been conventionally
unusual to apply such the direct application of the treatment by
electrolytic decomposition using diamond electrodes to 3   waste water
which contains organic suspended solids without removing them from the
waste water by a pre-treatment. In a treatment by electrolytic
decomposition using diamond electrodes as a cathode and an anode, organic
nitrogen compounds are oxidized to NOx. or a nitrate ion on the anode and
reduced to ammonia on the cathode Thus reduced ammonia is then oxidized to
a nitrate ion on the anode and finally exhausted as a nitrogen gas. As the
treatment effectiveness is low because of repeated oxidation and reduction
on both anode and cathode as described above, it has been necessary in any
case to develop a practical technique for treating waste water w hick
contains organic nitrogen compounds. SUMMARY OF THE INVENTION Accordingly,
it is an object of the invention to provide a method of practical scale for
treating organic compounds containing waste water from plans, etc. by
electrolytic decomposition using diamond electrodes to generate harmless
inorganic compounds without forming harmful and bad-smelling byproducts.
Further object o this invention is to provide a method and system for
treating waste water which contains soluble organic substances and organic
suspended solids contained therein are decomposed and removed at the same
time to reduce the total organic carbon (TOC) concentration and the
chemical oxygen demand (COD) by oxidatively decomposing the soluble organic
substances together with the organic suspended solids in the waste water
without inevitably removing such solids in advance. Another object of this
invention is to provide a method for treating waste water in which organic
nitrogen compounds in waste water from plants, etc. are treated by
electrolytic decomposition using diamond electrodes to remove as harmless
inorganic compounds such as carbon dioxide, nitrogen gas and water at high
efficiency. DETAILED DESCRIPTION In the first method for treating organic
compounds containin-waste water claimed in claim 1, of this invention,
there is provided a method for electrochemically detoxifying organic
compounds contained in waste water using diamond electrodes at least as an
anode) in which current density is 0.5 to 10 A/cm2 and liquid flow linear
velocity is 200 to 10,U00 m/hr. In the second method for treating organic
compounds containing-waste water claimed in claim 2 of this invention,
there is provided a method for electrochemically detoxifying organic
compounds contained in waste water, in which diamond electrodes 4   are
used at least as an anode, while pH of the waste water is adjusted to be
alkaline. In the third method for treating organic compound
containing-waste water claimed in claim 3 of this invention, there is
provided a method for electrochemically detoxifying organic suspended
solids contained in waste water as organic compounds, in which diamond
electrodes are used at least as an anode to treat the organic suspended
solids by electrolytic decomposition. In a treating method claimed in claim
4 of this invention, there is provided a method claimed in claim 1) 2 or 3
in which diamond electrodes are used as both of an anode and a cathode to
undergo change of electrodes. In the fourth method for treating organic
compounds containing-waste water claimed in claim 5 of this invention,
there is provided a method for electrochemically detoxifying organic
nitrogen compounds contained in waste water as organic compounds, in which
a first step treatment by electrolytic decomposition is conducted using
diamond electrodes as an anode and a cathode, and then a second step
treatment by electrolytic decomposition is conducted using the diamond
electrodes as a cathode and metal electrodes as an anode. In a treating
method claimed in claim 6 of this invention, there is provided a method
claimed in claim 5 in which sulfate ions are added to organic
compounds-containing waste eater w hen a first step treatment by
electrolytic composition is conducted. 



In a treating method claimed in claim i of this invention, there is
provided a method claimed in claim 5 or 6 in which chloride ions are added
to waste water after a first step treatment thereof by electrolytic
decomposition when a second step treatment by electrolytic composition is
conducted. In a treating method claimed in claim $ of this invention, there
is provided a method claimed in any one of claims 2 to 7 for treating waste
water by electrolytic decomposition using diamond electrodes; in which
current density on the surface of diamond electrodes is 0.001 to 10 A/cm/2
and liquid flow linear velocity is 10 to 10,000 m/hr during the treatment
by electrolytic decomposition. method claimed in any one of claims 2 to 7
for treating waste water by electrolytic decomposition using diamond
electrodes, in which current density on the surface of diamond electrodes
is 0.001 to 10 A/cm2 and liquid flow linear velocity is 10 to 10,0D0 m/hr
during the treatment by electrolytic decomposition. In a treating method
claimed in claim 9 of this invention, there is provided a method claimed in
any one of claims 2 to 8 for treating w ante water by electrolytic
decomposition using diamond electrodes, in which current density on the
surface of 5   diamond electrodes is 0.5 to 10 A/cm2 and liquid flow linear
velocity is 200 to 10,000 mrhr during the treatment by electrolytic
decomposition. In a treating method claimed in claim 10 of this invention,
there is provided a method for controlling liquid flow linear velocity of
the treatment by electrolytic decomposition in a method claimed any one of
said claims 1 to 9 so as to satisfy the following formula 1: Formula 1-
liquid flow linear velocity (m/hr) >_ 400 x (current density (A/cm2) - 0.5)
+ 200 In a treating method claimed in claim 11 of this invention, there is
provided a method for controlling liquid flow linear velocity of said
treatment by electrolytic decomposition in a method claimed any one of said
claims 1 to 10 so as to satisfy the following formula 2: Formula 2: liquid
flow linear velocity (m/hr) ~ 1,000 x (current density (A/cm2) - 0.5) + 200
,And a system for treating organic compounds containing waste water claimed
in claim 12 of this invention comprises diamond electrodes to conduct a
treatment by electrolytic decomposition o organic suspended solids
contained in waste water as organic compounds. A system for treating
organic compounds-containing waste water claimed in claim 13 of this
invention, there is provided a system for ti eating organic
compounds-containing waste water claimed in claim 12 in which a treatment
by electrolytic decomposition using diamond electrodes is conducted at
current density o 0.001 to 10 A/cm2 and liquid flow linear velocity of 10
to 10,000 m/hr. In a system for treating organic compounds-containing waste
water claimed in claim x 4, there is provided a system for treating organic
compounds cantaining waste water claimed in claim 12 or 13 in which change
of electrodes are conducted using diamond electrodes for both of a cathode
and an anode. BRIEF DESCRIPTION OF' THE DRAWINGS Fig 1 is a graph showing a
relationship between linear velocity to supply waste water to an
electrolytic reaction tank and current density of diamond electrodes in the
electrolytic reaction tank according to the first treating method of this
invention. Fig. 2 is a block diagram of a system for conducting the first
treating method of this invention. Fig. 3 is another block diagram of a
system for conducting the first treating method of this invention. 6   Fig.
4 is yet another block diagram of a system fox conducting the first
treating method of this invention. Fig. 5 is a block diagram of a system
for conducting the fourth treating method of this invention Fig. 6 is
another block diagram of a system for conducting the fourth treating method
of this invention. Fig. 7 is yet another block diagram of a system for
conducting the fourth treating method of this invention. In Figs. 1 to 4,
numerals 1, 2, 3 and 11 designate an electrolytic reaction tank, numerals
4, S and 6 designate a waste water storage tank, a treated water storage
tank and a water receiving tank, and numerals 6' and 11' designate a vent
zone. In Figs. 5 to 7, numerals I, II, 12 and 13 designate an electrolytic
reaction tank for the first step electrolytic decomposition, and numerals
2, 21, 22 and 23 designate that of for the second step electrolytic
decomposition, while numerals 3, 4 and 5 designate a storage tank, a
storage tank for waste water to be treated and a treated water storage
tank) respectively. 



THE PREFERRED EMBODIMENTS There will be described in detail the first to
Fourth methods for treating organic compounds-containing waste water of
this invention as in the following First method for treating_organic
compounds containinc waste water First of all, the first method for
treating organic compounds-containing waste water o this invention will be
described. Organic compounds to be treated by the first treating method of
this invention axe not limited to specific ones but may include any of
those compounds which can be decomposed by a electrochemical treatment to
inorganic compounds such as carbon dioxide and water. Further) as there is
no restriction with regard to concentration of these organic compounds,
they may be used in any concentration and, in some cases, may be
concentrated before the first treating method. However, preferable
concentration of the organic compounds is 0.5 to 20 g/liter from a
standpoint of electrolytic efficiency of diamond electrodes ``liter" and
``milliliter" will hereinafter be referred to as "L" and "mL",
respectively). Current density used in the first treating method of this
invention is 0.5 to 10 A/cm At current density less than 0.5 A/cm2-, a
surface area of electrode should be large to a certain extent and an
electrolytic reaction tank of large scale is required in r   order to treat
a large amount of waste water from plants) etc. by electrolytic
decomposition using diamond electrodes of high current efficiency on a
practical scale to decrease the organic compounds contained therein to a
predetermined level. This causes a huge increase in both system and running
costs. At current density more than 10 A/cmz, voltage between electrodes is
increased and consumed as thexz~nal energy, which is quite uneconomical and
also undesirable for durability of diamond electrodes. It is preferable to
increase the liquid flow linear velocity with an increase in the current
density, and is important to keep it at a level of 200 mlhr or more sv that
the total oxgaz~ic carbon (TOC) removal rate of 70 % or more in three hours
is obtained w ithi~a a range of the current density as described above and
that a gas content formed by an electrolytic reaction is effectively
removed wxtl~ the 'water flow. An upper limit of the liquid flow linear
velocity is not especially prescribed but is generally about 10,000 m/hr
because the excessively high linear velocity results in insufficient
contact between organic cozxapounds in the liquid and the diamond
electrodes and does not promote electrolytic decozr~posxtion of or ganic
compounds effectively_ Further, it is preferable to control the liquid flow
linear velocity to satisfy the following formula 1: Formula J. ~ liquid
flow linear velocity (mlhr) >_ 400 x (current density (Alcma) o_~) + zoo Xn
otf~er rwords, the liquid flow linear velocity is controlled to be on the
lower solid line or in its upper area of the graph drawn in Fig. 1 which
shoc~s a relationship between the linear velocity and the current density.
If the liquid flow linear velocity resides xz~ axe area below the lower
solid hne, a large amount of gas formed by electrolytic reaction stays in a
xeactioz~ tank and affects the current efficiency, while the current
density is increased locally to cause a problem, i.e., a thin layer of
diamond electrode is peeled off tom the substrate. ~t~~ore preferably, the
liquid flow linear velocity is controlled to satisfy the following formula
2: Formula 2: liquid flow linear velocity ~nlhr) ? 1,000 x (current density
( Alcm'') 0.5) + Z00 In other words, the liquid flow linear velocity is
controlled to be on or above an upper area of the dotted line, thereby more
advantageous effect being obtained. So long as the above mentioned
relationship between the liquid flow linear velocity and the current
density is satisfied, organic compounds contained in waste 8   water can be
electrochemically oxidized and decomposed with quite high efficacy
according to the first treaiing method of this invention. 



When waste water is treated by electroly tic decomposition using dianaoz~d
electrodes at least as an anode) a large amount of hydroxyl radical is
farmed in general, which may promote indirect oxidative decomposition of
organic compounds. Formation o l~ydro~,vl radical is increased by a diamond
electrode more predorirrinantly compared with other electrode materials and
is especially enhanced under an alkaline condition, rather than neutral, of
higher OH- ion concentration obtained by adjusting pH of waste water. The
thus increased formation of hydroxyl radical raises an effect of oxidative
decomiposition of organic compounds in waste water, which is further
increased synergistically with electrolytic decomposition thereof using
diamond electrodes. Diamond electrodes used fox electrochemically treating
waste water under the above mentioned condition include those which
deposited an electrically conductive thin layer of diamond on the surface
of an electrically conductive metal matexial such as Nb) Ta, Ti) Mo) W and
Zr as a substrate, those ~c~hacl~ synthesized a thin layer of diamond on
the surface of wafer as a semi-conductiv a substrate such as silicon w
afer, and electrically conductive polycxystalline diamond
deposition-synthesized as a plate-like shape without using a substrate.
Such an electrically- conductive thin Iayer of diamond generally includes
doped one prepared by doping a certain amount of boron or nitrogen thereon
to endow electrical conductivity. A suitable amount of doping is ixl the
range of 50 to 10,000 ppm per carbon contained in the thin layer of
diamond, an excessively smaller amount thereof exhibiting less technical
sign~i~cance of doping while an excessive amount saturating the doping
effect. Xn general, a diamond electrode used in this invention is a plate
tyhe in shape and may include an interstice plate or other types. There
zxzay also be used a carbon powder or other pow derv materials coated w ith
az~ electrically- conductive thin layer of diamond as an electrode. ~~'1en
a diamond electrode of powdery type is used, the electrode may, for
example, be dispersed in electrolyte and fluidized to oxzv a luidized bed
which plays a roll as an anode. Further, the above mentioned substrate as
an anode may be porous in nature, or a porous synthetic resin material
supported with a powder of electrically conductive diamond, which has an
increased surface area. The electrode of increased surface area comprises a
fixed bed which acts as an anode. The diamond electrode is not 9
necessarily crystalline but may be amorphous in nature. In the first
treating method of this invention, the diamond electrode may also be used
as a cathode, thereby the cathode and anode being periodically changed to
conduct a treatment by electrolytic decomposition. The above mentioned
diamond electrode has a quite wider potential window compared with other
electrode materials azzd allows to conduct. the decomposition treatment of
organic compouzxds effectively under a condition as described above while
controlling hydrogen and oxygen formed by electrolytic decomposition of
water. Liquid temperatures in an electrolytic reaction tank are not
especially restricted but prefexal>ly x0 to 95C in the first treating
method, because electrolytic decompositioxz of organic compounds does not
proceed successfully when the tez'xzperature is excessively low, while
formation of gas contents is increased at higher temperatures to inhibit
sufficient contact between waste water and the surface of electrode.
According to the first treating method, organic compounds contained in
waste water from plants, etc. can be treated by electrolytic decomposition
quite effectively in a small-sized systercx o a decreased contact surface
effected by improved current. e~ciency by the use of diamond electrodes of
non-corrosive properties against acid and alkali due to chemical stability
thereof under a condition of the satisfactory relationship between the
current density and the liquid flow liztear velocity as described abov e.
As a result, it is possible to electrochemically treat waste water from
plants, etc, with ease by means of a compact system of practical scale to
decompose organic compounds contained therein to harmless inorganic
compounds such as carbon dioxide azzd water without forming harmful and
badsmelling byproducts. Further, according to the first treating method of
this invention, it is also possible to treat organic compoundscontaining
waste water by electrolytic decomposition using diamond electrodes under
the above mentioned condition ~s~hile separating and removing gas contents
formed by electroh;tic decomposition of organic compounds. The gas contents
may be separated and removed by any manner including, for example, by means
of a general gas-liquid separator itself or an electrolytic reactiotr tank
provided with an upper vapor phase section (space) and a vent (vent tube,
vent opening, etc_) on a top portion thereof. More precisely, as babbles
are easily go up in water and moved into the vapor phase, the gas contents
such as carbon dioxide and nitrogen gas formed through the to   treatment
by electrolytic decomposition result in an upper vapor phase section
v~~hich is easily separated xom a lower liquid phase section, while
formation of oxygen or by drogen is controlled so long as the above
mentioned relationship between the current density arid the liquid flow
linear velocity is satisfied, and even if oxygen or hfdro;en is formed, it
goes up together with carbon dioxide, etc. into the vapor phase section or
it is accompanied by the liquid flow and taken out of the reaction tank
without causing residence thereof nor a fall down of the current
efficiency, thereby electrolytic reaciion being conducted smoothly,
Accordingly, it is possible to easily separate water and the gas contents
formed through the treatment by electroly tic decomposition by means of the
above mentianed electrolytic reaction tank provided a vent section and a
vapor phase section, 



According to the first treating method, there may also be used a plurality
of electrolytic reaction tanks to treat organic compounds-containing waste
water by electrolytic decomposition. An arrangement of these electrolytic
reaction tanks may be in series, in parallel or a combination thereof,
although an arrangement in, serifs is convenient for completely treating
organic compounds by electrolytic decomposition, while a combined
arrangement ie suitable for treating a large quantity of waste wateza11 at
once and completely decorrzposes orgazt.ic cozxzpouzads by electrolysis.
For example, in one embodiment, thee electrolytic reaction tazxks J., 2 and
3 arranged in series) which are lined up in thee caws A, B and (r as shop;
'n in Fig. 2. ~S~ast~ water in a waste water storage tank 4 is pumped to
each of the first step electral~rtic reaction tanks 1, 1 and 1 in each row
A, B and C and to those tanks 2, 2 a.nd 2 as well as 3, 3 and 3, in oxdez,
to subject a txeatrczent by' electrolytic decoxnposition, respectively and
collected in a treated water tank 5. Zt is important in this embodiment
that the above mentioned requirement wvith regard to the current density
and the liquid flow linear velocity is satisfied in each of electrolytic
reaction tanks 1, 1 and 1. Separation of gas contents may be conducted in
combination with electrolytic decomposition in plural electrolytic reaction
tanks to treat organic compounds 'containing waste water by electrolytic
decomposition. In the above mentioned treatment, exit cvater fi~om at least
one of electralytic reaction tanks or each tlaexeo e:~cept those tanks o
final step may be subjected to vapor-hquid separation by means of a
vapor-liquid separ ator as described above or a liquid receiving tank
provided with an upper vapor phase section and a vent section on a top
portion thereof, and then pumped to and treated in subsequent electrolytic
reaction tanks, or subjected to vapor~liquid separation in the electrolytic
reaction tanks 11   themselves provided w ith an upper vapor phase section
az~d a 'cent section on a top portion thereof similarly as described above,
although at least one of these electrolytic reaction tanks or each thereof
except those tanla of final step are excluded. For example, two
electrolytic tanks 1 and 2 are arranged in series, while a liquid receiving
tank 6 provided with an upper v apor phase section and a 'vent section 6'
on a top portion thereof is arranged between these first and second step
electrolytic reaction tanks 1 and 2 as shown in Fig. 3. Waste ~at.er in a
waste w ater storage tank 4 is introduced into the first step electrolytic
reaction tank J. to Conduct the first step treatment by electrolytic
decomposition and then is introduced into the water receiving tank 6 to
separate gas contents formed through the I`xxst step electrolytic reaction,
which is vented outside from the vent section 6'. The liquid phase portion
separated from the gas corxtents is introduced into the second step
electrolytic reaction tank 2, subjected to the second step treatment by
electrolytic decomposition and then stored in a treated water storage tank
b. It is also important in this embodizxaent that the above mentioned
requirement with regard to the current density and the liquid flow linear
velocity is satisfied in each of the first and second electrolytic reaction
tanks 1 and 2. In another ez'nbodiment, the first step electrolytic
reaction tank 1,1. itself is provided with an upper vapor phase section and
a vent section lI' on a top portion thereof as shown in Fig. 4_ Waste water
in a waste water storage tank 4 may be introduced into the first step
electrolytic reaction tank 11 to conduct the first step treatment by
electrolytic decom,positi~on while separating and remo~zng gas contents
formed thereby) followed by the second step treatment by electrolytic
decomposition, and then stored in a treated water tank 5. The second method
for treating_oreanic cona~pounds-containina waste water There will be
described the secoztd method far treating organic cozr~pouz~ds~COntaining
waste water of this inventipn_ :~l characteristic feature of the second
treating method is that a diamond electrode is used at least as an anode
and pH of the waste water is adjusted to alkaline. With regard to kinds and
concentration of the organic Compounds to be treated, there is no
limitation sitn.ilaz~ly as in the case of the first treating method. A pH
value of the waste water to be treated is not limited especially in the
second treating method i the water is alkaline, but preferably it is $ to I
~, and more preferably 9 to 1 i. A hydroxy 1 radical forming effect is
decreased at values Iess than pH 8 so that the effectiveness thereof to
oxidatively decozx~pose the organic compounds is not 12  



improved, while such the effectiveness is saturated at pH 14. Adjustment of
pH may be done by adding alkali metal ox alkaline metal to waste water, or
supplying additional waste water of higher pH values thereto. In general,
alkali metal or alkaline earth metal may be added as a compound thereof
such as hydroxide and carbonate of the metal as it is, or dissolved uz
water to add as an aqueous solution. As an important point of the second
treating method is to conduct the treatment by electrolytic decomposition
in the electrolytic reaction tank under a pH condition as described above,
the alkali or alkaline earth metal may be added to waste water at any
upstream side from exits of electrolytic reaction tanks, for example, a
position just before the electrolytic reaction tanks, a waste w stet
storage tank if a system comprises such a facility, ox an exit portion of
electrolytic reaction tank when waste water is recycled for further
treatment. It is preferable to conduct the treatment by checking whether a
pH value in electrolytic reaction tanks is within a range of the above
mentioned Condition ox not, even where the metal is added. A diamorxd
electrode used for electrochemically treating waste water of the above
mentioned pH values may be the same as what is used in the first treating
method. The treatment by electrolytic decomposition may be conducted by the
use of a diamond electrode as a cathode while periodically changing cathode
and anode. In this case, it is preferable to conduct a contact treatment at
the current density of 0.001 to 10 A/cm2 on the surface o the dian ~.on.d
electrode and the liquid flow linear velocity of 10 to 10,000 mlhr by
flowing the organic compounds-containing Waste water in the direction
parallel to the diamond electrode so as to decompose organic compounds by
electrolysis effectively. In order to treat large quantity of waste water
xozn plants, ete, by electrolytic decomposition on a practical scale to
reduce organic compounds contained therein to a predetermined level at
current density less than 0.001 A/cm', there are required diamond
electrodes of large surface area to some extent., electrolytic reaction
tanks having large quantity and enormous system- and running costs,
although the current efficiency of diamond electrode is satisfactory. At
current density over lU Alcm'=, on the contrary; voltage between electrodes
is increased and consumed as therxxzal energy, which is uneconomical and
not preferable from a standpoint.of durability of diamond electrode. ")~he
reason why the liquid flow of waste water is 10 to 10,000 m/hr in linear
velocity is that insufficient contact time betty een the waste water and
the electrode 13   surface hardly prozxxotes electrolytic decomposition of
organic compounds thoroughly at low velocity over 10,000 mlhr, while
treating e~cacy of the waste water is extrenr~ely lowered because of an
insufficient electrolytic effect at flow velocity less than 10 mlhr
Especially) for the same reason as described ixi the xrst treatment method,
it is preferable that the curre~xt density is 0.5 to 10 Alcm'- and the
liquid flow linear velocity is 200 to 10,000 mlhr and that the formulas 1
and 2 are satisfied. Although a liquid temperature ixx the electrolytic
reaction tanks is not limited especially, it is desirably about 10 to 95C
in the second treating method, because electrolytic decozz~position of
organic compounds proceeds insu~ciently at excessively low temperatures,
while consider able formation of gas contents inhibits contact between the
waste water and the electrode surface. In the second treating method of
this invention, it is possible to treat organic compounds contai.ed in
waste w ater by electrolytic decomposition quite effectively using
dian~oz~d electrodes while adjusting pH of the waste water to alkaline,
which reduce the contact surface area due. t.o satisfactory current density
thereof, make the system scale small cause no trouble of acidic or basic
corrosion due to remarkable chemical stability Accordingly, w ante water
from plants, etc. can be electrochemically treated by means of a compact
system on a practical scale so that organic compounds contained in the
waste water are very easily decomposed to harmless inorganic compounds such
as carbon dioxide and water without forming harmful and bad smelling
byproducts. 'the third method for treatint organic compounds-containine w
sate water There will be described the third method and system of this
invention fox 



treating organic compounds~containing waste water. A characteristic feature
of the third treating method is that organic compounds-containing waste w
ater to be treated cozttains organic suspended solids) while a
decomposition mechanism thereof is the sazxxe as that of described in the
first treating method. A system of this invention for treating organic
compounds-containing waste water, which further contains organic suspended
solids, is provided with diamond electrodes for treating such solids by
electrolytic decomposition as an anode, or as both of an anode and a
cathode to conduct change of electrodes. In this system and method for
treatizig oxganac compouz~ds-contaxzxiz~g waste water, it is not necessary
to remove organic suspended solids contained in the waste water by a
pretreatment such as filtration and coagulation-sediment.ation so that the
waste w ater can be directly supplied to the treating system, thereby the
organic suspended solids and soluble organic substances contained in the
waste water being 14   electrochemically oxidized and decomposed at the
same time by means of diamond electrodes and finally removed. A diamond
electrodes used in the third treating method and system ma3 be the same as
that of used in the first treating method. The diamond electrode has ari
extrezx~ely wider potential window compared w ith conventional metal
electrodes such as platinum, which controls hydrogen and oxygen formed by
electrolytic decomposition of water and) on the other hand, promotes
formation of oxidizing agents such as ocone and hydroxyl radical) thereby
only harxnfiil organic substances to be oxidized and decomposed being
effectively treated by oxidative deco~xzposition. That is to say, v~-hen
waste w ater which contains organic suspended solids is treated by
electrolytic decomposition, the organic suspended solids are decomposed to
soluble organic substances, followed by additional txeatzx~ent by
electrolytic decomposition to further decompose them and then removed. The
organic suspended solids contained in waste water have been removed
conventionally by a pretreatment and disposed as sludge, while they are
decomposed and removed together with soluble organic substances therein at
the same time without any pretreatment in this method. In this case, it is
pxe~exable to conduct a contact treatment at the cure ent density of 0.001
to 10 Alczx~2 on the surface of the diamond electrode and the liquid flow
linear velocity of 10 to 10,000 mlhr by flowing the waste w ater which
contains organic suspended solids in the direction parallel to the diamond
electrode so as to decompose organic compounds by electrolysis effectively.
The range of the current density and the liquid flow linear velocity to be
used in this method is based on the same reason as described iz~ the second
treating method. Especially, for the same reason as described in the first
treatment method, it is preferable that the current density is 0.5 to 10
l~Icm2 and the liquid flow linear velocity is 200 to 10,000 mlhr and that
the formulas 1 and 2 are satisfied. Although a liquid tezx~perature in the
electroly tic reaction tanks is not limited especially, it is desirably
about 10 to 95C in the third treating method, because electrolytic
decomposition o organic compounds promotes insufficiently at excessively
low temperatures, while considerable formation of gas contents inhibits
contact between the waste water and the electrode surface. In the third
treating method of this invention, it is possible to very effectively
reduce total organic carbon (TOC) concentration and chemical oxy gen demand
(COI3) of waste 'crater which contains organic suspended solids, improve
the electrolytic efficiency compared with a treatment by electrolytic
decomposition using conventional 15   platinum type electrodes, decrease an
electrode surface area to be required and minixraize the electrolytic
reaction system as a whole, which brings great economical mez-its.
Especially, it is possible to keep removal of organic suspended solids and
soluble organic substances at high efficiency by conducting change of
electrodes using diamond electrodes as both of an anode and a cathode. The
fourth method for treating_o_r~~anic cotxxboundsoontainine waste water
There will be described the fourth method of this invention for treating
organic compounds-containing. A characteristic feature of the fourth
treating method is that organic compoundscontaining waste water to be
treated contains c>rganic nitrogen connpounds and that the first step
treatment by electrolytic decomposition is conducted using diamond
electrodes as both of a cathode and an anode and then the second step
treatment by electrolytic decomposition is conducted using the diamond
electrode as a cathode and a metal electrode as are anode. In this case,
sulfate ions may be added to the waste water w hick contains organic
nitrogen compounds when the l7.rst treatment by electrolytic decomposition
is conducted and similarly, at the same time, chloride ions may be added to
tl~e w~hste water treated by the first step treatment when the second
treatment by electrolytic decomposition is conducted. Organic nitrogen
compounds to be treated by the fourth treating method are not limited to
specific ones i those compounds have nitrogen and may include any coxapound
which can be decomposed by an electrolytic treatment to an inorganic
compound such as carbon dioxide, xxitrogen and water. Further,
concentration of the organic nitrogen compounds is not limited specifically
but may be any level, while the nitrogen compounds may be concentrated
before the treatment, if necessary-. It is preferable, however) that
concentration of the organic nitrogen compounds is about 0.5 to 20 glliter
("liter" and "milliliter" will hereinafter be referred to as "L" and
"z~x~", respectively ) from a standpoint of the electrolytic efficiency of
the second step txeatxnent in this treating method. In the fourth treating
method, total organic carbon(TOC) is primarily reduced in the first step
and total organic nitrogen (T-N) is mainly lowered in the second step. The
first step treatment by electrolytic decomposition is conducted using
diamond electrodes as both of a cathode and an anode. When the diamond
electrodes are used as both o cathode and an anode as described above,
organic nitrogen compounds are oxidized to 1~1'Ox and nitrate ions on the
anode and reduced t.o ammonia on the cathode, w hich is then oxidized to
nitrate ions on the anode. Although oxidation and reduction are thus
repeated between both 16 



electrodes, ammonia formed on the cathode is subjected to the second step
tr eatment by electrolytic decomposition before it is oxidized again on the
anode, thereby re-oxidation thereofbeing prevented in this treating method.
If electrolytes which contain sulfate ion ~S4a'2) is present in the system,
formation of persulfuric acid (SzOa'~) and ozone pr oceeds on the anode
side of diamond electrodes, which synergistically contributes to the effect
of strong oxidative decomposition. 'X'hese elects oly tes which contain
sulfate ion may include sulfate s of alkali metal and alkaline earth metal
such as potassium sulfate, sodium sulfate arid calcium sulfate, or other
compounds capable of forming sulfate ions. These electrolytes may either be
used independently or any combination of two or more. The electrolytes
which contain sulfate ion may be present in organic nitrogen
compounds-containing waste water to be treated by the fourth treatment
method or introduced from outside. Concentration of sulfate ion during the
first step tx~eatrnezxt by electrolytic decomposition is not limited to a
specific lev el, but preferably is about X to x00 g/L in the fourth,
treating method. The above mentioned effect of sulfate ion is not exhibited
at excessively lower concex~tration thereof, while such effect is saturated
at excessively higher concentration and, in addition, the electrolytes
themselves should be treated, which decreases the treatment efficiency. It
is preferable to conduct the first step treatment by electrolytic
decomposition at current density of 0.1 to 10 Alcm'- and liquid flow linear
velocity of Z00 to 10,000 m/hr. Vfhen the current density is less than 0.1
AIcm2, electrodes of wider surface area and electrolytic reaction tanks of
large quantity are required to treat a large amount of waste w ater which
contains organic nitrogen compounds by electrolytic decomposition to reduce
the compounds to a predetermined le~-el, and when it is more than 10 Alem=)
voltage between electrodes increases and is consumed as thermal energy,
which is not preferable fiom a standpoint of durability of diamond
electrodes. The liquid flow linear velocity is preferably increased with an
increase i.n. the cu,rz~ent density. In order to raise a TOC removal rate
to 70 % or rn.ore in 3 hours within the above mentioned range of current
density and to remove gas contents formed by the electroly tic reaction
together with the liquid flow, it is important to increase the liquid flow
linear velocity over 200 mlhr and is preferable to keep it in the range up
to 10,000 mlhr. Especially for the same reason as described in the first
treatment method, it is li   preferable that the current density is 0.5 to
10 r'llcm'- and the liquid flow linear velocity is 200 to 10,000 mlhx axad
that the formulas I and 2 are satisfted Although a liquid temperature of
the first step txeatxxaent by electrolytic decomposition is not limited
especially, it is desirably about 10 to 95C in the fourth treating method)
because electrolytic decomposition of organic nitrogen compounds proceeds
insufficiently at excessively low temperatures, while considerable
formation of gas contents ixahibits contact between the w ante water and
the electrode surface. The waste water in which TOC is primarily reduced by
the first treatment. by electrolytic decomposition is subjected t.o the
second treatment by electrolytic decomposition. The second treatment by
electrolytic decomposition is conducted using a diamond electrode as a
cathode and a metal electrode as an anode. There may be used an electrode
xoade of platinum, palladium, rhodium, gold) silver and iridium as well as
alloy s thereof as the metal electrode. There may also be used electrodes
made of these metals or alloys of IrOi'dispersed or supported types. In the
second step treatment by electrolytic decomposition) the ~s sate water, in
which TOC has been reduced by the first step treatment, is treated by
electrolytic decoxxtposition using the metal electrode ae an anode and tl~e
diamond electrode as a cathode to reduce "I`N When chloride ions ~Cfl,
Cld~l, etc.) are present in the waste water, quite effective reduction of
T-N is achieved. The reason why is that hypochlorite ion is formed on the
anode and reacts with ammonia formed by reduction of nitrate ion on the
diamond cathode to foxtxt a nitrogen gas, which is released out of the
system If the diamond electrode is used as an anode, however, oxidation
ability thereof is excessively strong so that the chloride ion is oxidized
to perchloric acid and the reaction as described above does not occur.
There may be used potassium chloride, sodium chloride, potassium
hypochlorite) sodium hypochloxite, etc. as the electrolytes which contain
the chloride ions and they may be used independently or any combination of
two or mox e The electrolytes which contain chloride ions mar be present in
the orbanic nitrogen compounds-containixtg waste water to be treated by
this treating method or be introduced rom outside. Concentration of
chloride ions during the second step tr eatment by elects olS~tic
decomposition of the fourth treating method is preferably about 5U0 to
12,000 mglL, although it is not limited to a specific level. is 



As chloride ions axe used ox the purpose o raising the current efficiency
as described above, concer~tratioz~ thereof is not necessarily so high in
this treating method because a diamond electrode of high current efficiency
is used as the cathode, and accordingly it is possible .to get sufficient
current efficiency under the concentration of 12,000 mg/r,, around which
the ef~ieiency decreases in cony entional treatment by electrolytic
decomposition using platinum electrodes as both of a cathode and an anode.
On the other hand, when the concentration is less than 500 mglL, it is
sometimes hard to obtain sufficient current efficiency to reduce T-N in the
waste water through the treatment by electrolytic decomposition. It is
preferable to conduct the second step treatment by electrolytic
decomposition at curxent density of 0.1 to 10 .~Icmz and liquid flow linear
velocity of 200 to J.0,000 nnll~x. When the current density is Less than
0.1 A/cm~, electrodes of wider surface area and electrolytic reaction tanks
of large quantity are required to reduce T-N in the waste vrater thxough
the treatment by electrolytic decomposition to a predetermined level, and
ahen it is more than IO Alcmz, voltage between electrodes increases and is
consumed as thermal energy) which is not preferable from a standpoint of
durability of diamond electrodes. The liquid flew linear velocity is prefer
ably increased w ith an increase in the current density. In order to raise
a 'IAN removal rate to 70 % or more in 3 hours within the above mentioned
range of current density and to remove gas contents formed by the
electrolytic reaction together with the liquid flow) it is important. to
increase the liquid flow linear velocity over 200 mlhr and is preferable to
keep it in the range up to 10,000 mlhx. Especially, far the same reason as
described iz~ the ~xrst txeatznent method, it is preferable that the
current density is 0.5 to 10 :~,Icrn2 and the liquid flow linear v elocity
is Z00 to 1.0,000 mlhand that the formulas 1 and 2 are satisfied. Although
a liquid temperature of the second step treatment by electrolytic
decomposition is not limited especially, it is desirably about 10 to 95C as
similarly as the first step treatment by electrolytic decompositiozt, the
reaction to reduce T-N proceeds insufficiently at excessively lo~cv
temperatures, while considerable forzxlation of gas contents inhibits
contact bet~K~een the waste water and the electrode sux-face. Ther a may be
used the same diamond electrodes employ ed in the first treating method as
those electrodes employed in the first and second step treatments by
electrolytic decomposition_ In the fourth treating method, the first and
second step treatments by 19   electrolytic decomposition may be
continuously conducted in a serial arrangement of a first step electrolytic
reaction tank 1 and a second step electrolytic reaction tank 2 as shown iri
Fig. 5, or in a batch-wise manner as shown an Fig. 6 in which a stor age
tank 3 is arranged between the first step electrolytic reaction tank 1 and
the second step electrolytic reaction tank 2 so that waste water is once
stored in the tank 3 after the first step treatment by electrol,Vtic
decomposition and then subjected to the second step treatment by
electrolytic decomposition. In Figs. 5 and 6, numeral 4 designates a
storage tank for waste w ater to be treated and numeral 5 designates a
storage tank for water after the second step treatment by electrolytic
decomposition. Further, according to this treating method, there may be
used a plurality of each of the first and second step electrolytic reaction
tanks 1 and 2 shown in Figs_ 5 and 6, while an arrangement of each
electrolytic reaction tank may be in series, in parallel or a combination
thereof. A sexial arrangement is suited for successfully txeating organic
nitrogen compounds~COntaining waste water by electrolytic decomposition,
while a combination of parallel serial arrangements is appropriate for
treating a large quantity of waste watex at once and, at the same time, for
successfully treating the organic nitrogen compounds-containing waste water
by electrolytic decoxnposition. as shown xz~ Tr ig. i, for example, three
electrolytic reaction tanks XX, 12 and 13 for conducting the first step
treatment by electrolytic decomposition are arranged in series, while three
of serially arranged these tanks are further arranged in three parallel
rows A) B and C. Waste watex is supplied from the ~aste water storage tank
4 to the first electroly tic r eactxoz~ tanks 11) 11 and 11 of each row A)
B and C) and to the second and then the third electrolytic reaction tanks
12, 12 and 12 as well as 13, I3 and 13 one after anotllex to conduct the
fir$t step treatment by electrolytic decomposition, and is collected in the
storage tank 3. With regard to the second step treatment b3 electrolytic
decomposition, electrolytic reaction tanks are arranged in series t2I, 2 >
and 23) and in parallel (ro^ws ~" B and C) in a siz~nilax n~,anner as
described above. The water is supplied froze the storage tank 3 to the
first electrolytic reaction tanks 21, 21. and 21 of each of rows A, B and
C, and then the second and the third electrolytic reaction tanks 22, 22 and
22 as well as 23, 23 and 23 one after another to conduct the second step
treatrc~erlt by electrolltic decomposition) which is collected ire the
storage tank 5. It is desirable in this embodizxxent that each of
electroly-tic reaction tanks 11, 12 and 13 satisfies the above mentioned
requirements of the first step treatment by 20   electrolytic decomposition
and also each of electrolytic reaction tanks 21, 22 and 23 satisfies the
above zxzentioned requirements of the first step txeatzxzent by electroly
tic decozrzposition. In the fourth treating ztzethod, waste w ater which
contains organic compounds, such as those contained in plant waste water,
is subjected to the first step treatment by electrolytic decomposition
using diarzlond electrodes as both of a cathode and an anode, thereby TOC
being very effectively decreased. The diamond electrode makes it possible
to reduce the contact surface area due to satisfactory current eff`zciency
thezeof and to minimize the system, and has no concern for acid or alkali
corrosiozz due to its outstanding chemical stability. The waste water, in
which corrosi~e TOC has thus beexz decreased, is subjected to the second
step treatment by electrolytic decompositiozz using metal electrodes as an
anode and diamond electrodes as a catk~ode only, thereby T-N being
decreased effectively. As a result, waste water from plans, etc. can be
quite easily decomposed by an electxoclzenxical treatment of organic
nitrogen compounds contained therein to form harmless inorganic con .pounds
such as carbon dioxide) nitrogen gas and water in a compact system on a
practical scale while keeping a system cost low. 



Examples The first treating method Example 1 Two of laminated polycrystal
diamond electrode plates (5 x 5 x 0.05 cm) synthesized by ~-apor phase
deposition using a borozz doping method were used as both of a cathode and
an anode keeping a apace of 1 cm between them to constitute an electrolytic
reactiozz tank. On the other hand, 1.5 L of waste water (TOC~ t 10 mglL)
which contains dimethyl sulfoxide (D11~IS0) as an organic coxnpouzzd was
prepared, followed bY addition of 1a200 mg/L of sadiuzn sulfate thereto,
and stored in a storage tank. lv~aking quantity of electricity to the
diamond electrodes was controlled to y field current density of 1 Alcmz,
while the waste water in the storage tank w as introduced to the
electrolytic reaction tank by adiustir~g a pumping rate at 1,500 iulhr of
liquid flow linear velocity, taken out of the electrolytic tank as exit
water and returned to the storage tank for a circulating treatment. The
waste water in the storage tank w as agitated by means of a stirrer. After
the circulating treatment w as coxaducted continuously for three hour s, ~1
water from an exit of the electrolytic reaction tank w as collected for
total organic carbon ('fOG) analysis. It w as confirmed that TOC is
egectively decomposed and retn,oved front the result shown in `,fable 1.
Table I Time oelectrolytic decomposition (hr) TOC (m~IL) 0 ?10 1 230 50 3 6
Comparative Example 1 The circulating treatment w as conducted continuously
for three hours in a similar manner as described in Example 1 except
changing the liquid flow linear velocity to 100 m/hr, The result is show n
in Table 2. It was confirmed that a rate of TUC decomposition and removal
remains at about 50 % and further observed marks where a diamond thin layer
comes off after the treatment by electrolytic decomposition. Table 2 'ISme
of electrolytic decombosition (hr) TOC (m~IL) 0 ?10 1 620 2 450 3 34G
Example 2 The circulating treatment was conducted continuously for three
houts in a similar manner as described in Example J. using 3L of waste
water (TOC: 7?0 mbll:,) which contains tetramethyl ammonium hydrazide as an
organic compound at the current density of 2 A/cm= and the liquid flow
linear velocity of 2,600 m/hr. The result i5 shown in Table 3. It was
confirmed that TC7C is effectively decomposed and uennoved similarly as in
Example 1. Table 3 Time of electrolytic decomposition (hr) TOC (m~lL) 0
"r70 1 215 22 



2 d2 3 6 Comparative Example 2 The circulatixag treatment w as conducted
continuously fox three hours in a si.xt~,xlar manner as described in
Example 2 except changing the liquid flow linear v elocity to 500 mlhr. The
result is shown in Table 4. It w as confirmed that a rate of TOC
decomposition and removal remains at about 50 % and further observed marks
where a diamond thin layer comes o after the treatment by electrolytic
decomposition. Table 4 Time of electrolytic decomposition (hr) TC)C (ma/X.)
0 770 550 2 3 388 The second treatine method Example 3 Two o laminated
polycrystal diamond electrode plates (5 x 5 x 0.05 cm) synthesized by vapor
phase deposition using a boron doping method were used as both of a cathode
and an anode keeping a space of X cm between them to constitute an
electrolytic reaction tank. On the other hand, 300 mL of waste water
(D1~~IS0~ 2,300 mglL~ TOC: 710 mglL) which contains dinnethyl sulfoxide
(DMSO) as an organic compound was prepared, followed by addition of 4,000
mg/L of sodium hydroxide thereto to adjust the pH value to 12, and stored
in a storage tank. Making quantity of electricity to the diamond electrodes
was controlled to yield cuxxer~t density of 0.2 Alcmr (2,000 Alczz~z) while
the waste water in the storage tank was introduced to the electrolytic
reaction tank by adjusting a pumping rate at 100 mlhr (flow rate 833
mLlmin) of liquid flow linear velocity, taken out of the electrolytic tank
as exit w ater and returned to the storage tank for a circulating
treatment. 'fhe waste water in the storage taxxk vaas agitated by means of
a stirrer. :after the circulating treatzx~ez~t was conducted continuously
for three hours. water from an exit o the electrolytic reaction tank was
collected for total organic 23   carbon (TOC) analysis. It was confirmed
that TOC is effectively decomposed and removed froixz the result showzx in
Table 5. Table 5 



Time of electrolytic decozxzposition (hr) TOC (melt) 0 i10 1 1i0 20 3
Comparative Example 3 The circulating treatzxzent was conducted
continuously for three hours in a similar manner as described in Example 3
except adding 6,000 mglL of sodium chloride instead of sodiuzxz hydroxide
without adjusting the pH value (pH 6.8). The result is shown in Table 6. It
was confzrztzed that an effect of TOC decomposition and removal is markedly
decreased. Table 6 Time of electrolytic decomposition ~hr) TOC (melt) 0
^r10 680 650 820 Example 4 The circulating treatment was conducted
continuously for three hours in a similar manner as described in Example 3
except. using 600 mL of waste water (dioxane: 600 mglL~ TOC: 313 mglL)
which contains dioxane as an organic compound. It was confirmed that TOC is
effectively decomposed and removed from the result shown in Table 7. Table
7 Time of electrolytic decomposition ~hr) TOC m /L 0 313 1 185 42 3 6 2.1
Comparative Example 4 The circulating treatment was conducted continuously
for three hour s in a similar manner as described in Example 4 except
adding 6,000 mg/L of sodium chloride instead of sodium hydroxide without
adjusting the pH value (pf-1 6. i). The xesult is shown in Table 2. It was
confirmed that an effect of 'rOC decomposition and removal is markedly
decreased. Table 8 Time of electr 1 tic decom osition hr TOC (mg_IL) p 313
285 270 260 Example 5 'Iwo of smaller diamond electxodes (2 ;c 2.5 x 0.05
cm) than those electrodes used in Example 3 ~cv'ere used as botk~ of a
cathode and an anode keeping a space of 1 cm between them to constitute an
electrolytic reaction tank. The circulating treatment was conducted
continuously for three houxs in a similar manner as described in Example 3
except that the current density is 1 Alcm= (10,000 AIm2) and the liquid
flow liz~eax v elocity is 1,000 mlhr (flow rate: 3, S00 mLlmin). The result
is show n in 'fable 9. Xt was confirmed that an effect of TOC decomposition
and removal is better than the result o~ Example 3 and the electroly tic
reaction tank is capable of being compact. 



Table 9 Time of electrolytic decomposition (hr) TOC (m~IL) p 710 145 12 3
<1 Example 6 The circulating treatment was conducted continuously for three
hour s in a similar manner as described in Example 4 except that
constitution o an electrolytic reaction tank and current density as well as
liquid flow linear velocity axe the same as those of Example 5. 25   The
result is shown in Table 10. It was confirmed that an effect of TOC
decomposition azxd xerzxo~~al zs better than the result of Example 3 and
the electrolytic reaction tank is capable of being compact. Table 10 Time o
electrolwtic decozrmosition (hr) TOC (xn~ll.~) 0 3X3 1 143 2 35 3 <1 The
third txeatine method E~caxn.ple 7 Two of laminated polycry stal diamond
electrode plates (5 cm x 5 cm x 0.05 c1n) synthesized by vapor phase
deposition using a boron doping method were used as both of a cathode and
an anode keeping a space of 1 cm between them to constitute an electrolytic
reaction tank. A portion of 500 mL of waste water (SS = 720 mglL~ TOC =
189=1 zzxg/L~ C017cr _ $,240 mglL) which contains organic suspended solids
(SS) and added with 14.000 mglL of sodium sulfide as an electrolyte) was
charged in a storage tank and pumped to the electroly tic reaction tank in
an agitated condition by means of a stirrer at a floe rate of 500 zxalJmin
(liquid flow linear velocity 60 xalhx) .for a circulating treatment. Making
quantity of electricity w as controlled to yield current density of 0.1
Alcmz (1,000 Alm=). The treatment by electrolytic decomposition was
continued for 6 hours and collected water at an exit of the electrolytic
reaction tank for analysis of TOC, SS, CODcr and turbidity. The result
obtained is sown in Fig. 11. It is confirmed that organic suspended solids
can be effectively removed together with TOC and CODcr. Table 11 Tinge of
electrolytic decomposition (hr) SS (mglX,) TOC 



(mgJL) CODcr (mglL) Turbidity (degree)07201 8948,240i052< 58292,720 < ],<
52l,8540 ' < 1~6 <S ~ 16 ~ 30 i <1 I  Comparative Example 5 26   A
treatment by electrolytic decomposition was conducted under the same
condition of Example 7 except that two of platinum plated titar~iuzn plates
(5 cm x 5 crn x 0.3 cm) as electrodes instead of electrically conductive
diamond plates used in Example 7 . The electrolytic decomposition w as
continued for 6 hours similarly as in the case o E:~ample 7, but deposition
of SS on the electrodes was occurred and, in addition, there was no effect
to decrease TOC and CODcr as shown in analysis of Table 12. Table 12 Time
of  electrolytic decomposition (hr) SS  (mglL) TOC  



(mglL) i CODcr ; Turbidity (mglL~ (degree)07201,8948 240 ' 7052881,6056,200
554321,4455,020 346211.,3034 820 32 Example 8 Two of laminated polycl5 stal
diamond electrode plates (5 cm x 5 cm x 0.05 cm) sy zxtlxesized by vapor
phase deposition using a boron doping method were used as both of a cathode
and an azzode keeping a space of 5 mm between them to constitute an
electrolytic reaction tank. A portion of 500 mL of waste ~ater (SS = 720
mglL; TOC = 1894 mg/L~ CODcr = 8,240 mgll~ which contains organic suspended
solids (SS) and added with 14,000 mglL of sodium sulfide ae an electroly
te) w as charged in a storage tank and pumped to the electrolytic reaction
tank in an agitated condition by means of a stirrer at a flow rate of 3
L/min (liquid flow linear velocity 720 mlhr) for a circulating treatment.
Making quantity of electricity was controlled to yield cuxrez~t density- of
0.1 Alcm (1,000 Alm''). The treatment by electrolytic decomposition was
continued for 5 hours and collected water at an exit of the electrolytic
reaction tank for analysis of TOC, SS, CODcr and turbidity. The result
obtained is shown in Fig. 13. It is confirmed that the treatment can be
completed in a shorter time than that of Example 7 by increasing the liquid
flow linear velocity compared witlx Example 7. Table 13 Time
ofelectrolyticSSTOCCODcrTurbiditydecornpositioz~(mglL)(mglL)(mglL)(degree)(
hr)_ _ __ .~07201,894 j8,240705 , 27   1< 51,1?53,890< 12< 57291,650< 13<
5456540< 14< 5168350< 1.5< 5520C 1 Example 9 Two of laminated polycrystal
diamond electrode plates of disk type (10 cm in diar~,eter x 0.05 cm)
synthesized by vapor phase deposition using a boron doping method were used
as both of a cathode and are anode beeping a space of 5 mm between them to
constitute an electrolytic reaction tank. A portion of 6 L of waste water
(SS = 120 mglL; TOC = 950 ~nglL; CODcr 3,240 mg/1~ which, contains organic
suspended solids (SS) and added with 14,000 mglL of sodium sulfide as az~
electrolyte) was charged in a storage tank arid putnpe<i to the
electrolytic reaction tank in an agitated condition by means of a stirrer
at a flow xate o 5 Llmin (liquid flow linear veloczty 600 m/hr) for a
circulating treatment. ll~laking quantity of electricity was controlled to
yield current density of 0.5=llcm~ (5,000 almr). The treatment by
electrolytic decomposition ~c~as continued for 5 hours and collected w atex
at an exit of the electrolytic reaction tank ox analy sis of TOG, SS. CODcr
and turbidity. The result obtained is shown in Fig. 14. Table 14 Time of
electrolytic 



decomposition (hr) SS (z~nglL) 'T'OG (rnglL) GODcr (mglL~i Turbidity
(degxee) i01Z09503,2406502253291,6501054< 5a 124550246< 53296< 1
Comparative Example 6 r'>` treatment by electroly tic decomposition w as
conducted under the same condition of Example 9 except that two of platinum
plated titanium plates of disk type (10 cm in diameter x 0.3 cm~ as
electrodes instead of electrically conductive diamond plates used in
Example ?. The electrolytic decomposition was continued for 6 hours
similarly as in the case of Example 9, but deposition of SS on the
electrodes was occurred and, in addition, there was no effect. to decrease
TOC and CODcr as shown in analysis of Table 15. Table 15 Tizxle of I 28
electrolytic decomposition (hr)SS (mg/I,)TOC (mglL)CODcr (mglL~`lhrbidity
(degree)01209503,2406502686952 2003504555862,0203406485341.,850320 Example
10 



Two of laminated polycrystal diamond electrode plates of dish type C10 crn
in diameter x Q.05 cm) synthesised by vapor phase deposition using a boron
doping method were used as both of a cathode and an anade keeping a space
of ~ mm between them to constitute an electrolytic reaction tank. A portion
of 6 D of waste water (SS = 120 mg/L~ TOC = 950 mglL~ CODcr = 3,240 mglL)
which contains organic suspended solids (SS) and added with 14,000 mglL of
sodium sulfide as an electrolyte) was charged in a storage tank and pumped
to the electrolytic reaction tank in an agitated condition by means of a
stirrer at a flow r ate of 10 L/min (liquid low linear velocity 1,200 mlhr)
for a circulating treatment. l4Zaking quantity of electricity rvas
controlled to yield current density of 0.5 Alcmz (5,000 A/m'). The
treatment by electrolytic decomposition was continued for 5 hours and
collected w star at an exit of the electrolytic reaction tank for analysis
of TOC, SS, CODcr and turbidity. The result obtained is sHown in, b'ig. 16.
It is clear that an effect of treatment by electrolytic decomposition is
improved compared ~cvith that of Example 9 by increasing the liquid flow
linear velocity. Table 16 Time of electrolytic decomposition ~ (hr) SS
(mglL) TOC ~ (mglL) CODcr (mg/L) Turbidit.y (degree)U12Q9503,2406502< 52
r0X,350< 1 -.4< 588320 ~< 1 .6< 5825 ~< i The fourth treating method
Example 11 'Iwo of laminated polycrystal diamond electrode plates (5 x 5 x
0.05 cm) synthesized by vapor phase deposition using a boron doping method
w ere used as both of a cathode az~d an anode keeping a space of 1 cm
between them to constitute an electrolytic reaction tank for conducting
tlxe first Step treatment by electrolytic 29   decomposition. On the other
hand, 300 mL of waste water ('fOC: 7 70 mglL and T-N: 230 mglL) w hick
contains tetraznethyl ammonium hydroxide as an organic nitrogen cozx~pound
was prepared, followed by addition of 1g,200 rng/L of sodium sulfate
thereto) and stored in a storage tank. Making quantity of electricity to
the diamond electrodes was controlled to yield current density of 0.2 A/cmz
(2,000 A/cm~) while the waste water in the storage tank was introduced to
the electroly tic reaction tank by adjustiztg a pumping rate at 200 rnllrr
of liquid flow linear velocity with agitation of the water in the storage
tank by rr~eans of a stirrer, while overflowed water from the electrolytic
reaction tank was 



returned to the storage tank for a circulating treatment. After the
circulating treatment was conducted continuously for three hours, water
from an exit of the electrolytic reaction tank w as collected for analyzing
total organic carbon (TOC) and total orgazxie nitrogen (T-N). It w as
confirmed that TOC is effectively decomposed and remov ed from the result
shown in Table 17. Table 17 Time of electrolytic decomyosition (hr) TOC (m;
~IL) ~NOn~IL) 0 r70 230 1 230 190 2 50 J.65 3 6 140 Then, the same diamond
electrode as that of used in the first step electrolytic reaction tank was
used as a cathode and a platinum-plated titazrium electrode of plate type
(5 x 5 x 0.3 C~xx) (hereinafter referred to se titanium-platinura
electrode) was used as air anode to constitute an electrolytic reaction
tank for the second step treatment by electrolytic decomposition- Using
this electrolytic reaction tank) the waste water which has been
continuously treated by the first electrolytic decomposition for three
hours was subjected to the second step treatment by electrolytic
decozraposition as in the following. The circulating treatment was
continuously conducted for one hour in a similar nxanner as the first step
treatment by electrolytic decomposition except that 6,000 mglL of sodium
chloride was added to the vcaste water treated by the first step
electrolytic decomposition and the making quantity of electricity to both
of a cathode and an anode is controlled to y field current density of 0.2
:~/cm~ (2,000 ~l/cm~). The w ater was collected from a exit of the
electrolytic reaction tank for 30   az~aly sis of total organic nitrogen
(~`N). T'he result is shown in Table 18. It ~~as confirmed that Z`N, which
was not decomposed and removed sufficiently by the first step treatment by
electrolytic decomposition, can be decomposed and removed effectiv ely
Table 18 Time of electrolytic decomposition (hr) T`N m IL 0 140 1 6
Comparative Example 7 The circulating treatment was conducted in a similar
manner as E~,ample 11 except that only the first step treatment by
electrolytic decomposition was continuously conducted for 4 /hours. The
result is shown in Table 1.9. TOC was decomposed and remo~~ed similarly as
Exazx~ple 11, but the T-N removal rate x-as about 40 %. Table 19 Time of
electrolytic decomposition _(hr) TOC (m~~~L) 'I`N~meIL) 0 7i0 230 1 234
l9fi 2 52 x60 g 8 136 c 1 125 Elarnple 12 The circulating treatment was
continuously conducted for thxee hours in a similar zx~anner as the first
step treatme~tt by electrolytic decomposition of Example 11 except usiztg
300 mL of waste water (TOC: 526 mglL and T-N: 246 mglL) ~~~hich contains
dimethyimidaaolidinone as an, organic compound. The result is shown in
Table 20. It was confirmed that TOC is effectively decomposed and removed
sizx~ilarly as the first step treatment by electrolytic decomposition of
Example 11. 



Table 20 Time of electrolytic decoznosition (hr) 0 1 2 TOC
(m~/x.)T~N(m~IL)52g24631r185601B5 31   3 6 135 Thext, the waste water was
subjected to the second step treatment by electroly tic decomposition in a
similar mannea as that of Example 11 and collected the water at axa exit o
the electrolytic reaction tank for analysis of total organic nitrogen ('I`
N). The result is shown in Table 2x. xt was confirmed that TAN) which was
not decomposed and removed sufl`~cier~tly by the first step treatment by
electrolytic decomposition, can be deeoxnposed and removed effectively.
Table 21 Time of electrolytic decomposition (hr) T-N (mglL) 0 135 1 6
Cozxxparative Example ~ The circulatizlg treatment was conducted in a
similar manner as Example 12 except that only the first step treatment by
electroly tic decomposition was continuously conducted for 4 hours. The
result is shown in Table 22. TOC was decomposed and removed similarly as
Example I2, but the T-N removal rate was about 40 %. Table 22 Time of
electroh tic decomposition (lxx) TOC (mall) T~N(me/L) 0 526 2~F 1 308 196 2
52 1G0 :3 5 136 4 < 1 1l5 Example 13 T<vo of laminated polyerystal diamond
electrode plates (10 em in diameter x 0.05 cm) synthesized by vapor phase
deposition using a boron doping method were used as both of a cathode and
azz anode keeping a space of 1 cm between them to constitute an
electrolytic z'eaction tank for conducting the first step treatment by
electrolytic decomposition. On the other hand, 4 L of waste watex' (TOC-
1,000 mg/L and '1~N: 290 mglL) which contains tetz'anaethy l amrnoniunt
hydroxide as an organic nitrogen compound was prepared) followed by
addition of 14,200 mgll,~ of sodium sulfate thereto, and stored 32   in a
storage tank. Making quantity of electricity to the diamond electrodes was
controlled to yield current density of 0.5 9/cm' 15,000 A/cm~) while the
waste water in the storage tank was introduced to the electrolytic reaction
tank by adjusting a pumping rate at 2,000 mlhr of liquid flow linear
velocity with agitation of the water in the storage tank by means of a
stirrer and conducted a cixculatizxg treatment. After tfze cir culating
treatment w as conducted continuously for 6 hours, water from an exit of
the electrolytic reaction tank was collected for analyzing total organic
carbon (TOC) and total organic nitrogen (T-N). It was confizrned tk~at TOC
is effectively decomposed and removed from the result shown in Table 23.
Table 23Time of electrolytic decomposition (hr)TOC (m
/LT~N(m~IL~01,00029014752632Z84224313419343916255131 Then, the same diamond
electrode as that of used in the first step electrolytic reaction tank was
used as a cathode and a platinurzz-plated titanium electrode of plate type
(10 cm in diameter x 0.05 cm) was used as an anode to constitute an
electrolytic reaction tank for the second step treatment by electrolytic
decomposition. Further, using this electrolytic reaction tank, the w sate
water which has been continuously treated by the first electrolytic
decomposition was subjected to the second step treatment by electrolytic
decomposition as in the following. 



The circulating treatment was continuously conducted fox one hour in a
similar manner as the first step treatment by electxolyti.c
deeozzzposxtion. except tlxat (i,000 mg/L of sodium chloride was added to
the waste eater treated by the fzrst step electrolytic decomposition and
the making quantity of electricity is controlled to yield current density
of 0.5 Alcm1 (5,000 A/cmZ). The water was collected from an exit of the
electrolytic reaction tank for analy sis of total organic nitrogen (T~N).
The result is shown in Table 24. It w as confirmed that T-N, which was not
decomposed and removed sufficiently by the first step treatment by
electrolytic decomposition, can be decomposed and removed effectiv ely.
Table 24 33   Time of electrolytic decomposition (hr) '~N (zn~IL) 0 1,31 1
52 2 4 Industrial Applicability According to the first and second methods
for treating organic compounds~containing waste water, organic compounds in
waste ~cvater from plants, etc. can be easily decomposed to harmless
inorganic compounds such as carbon dioxide and water without forming
harmful and bad'smelling by products. "I'he waste w ater from plants, etc.
caz~ also be treated by electrolytic decomposition economically on a
practical scale usiztg diamond electrodes of satisfactory current
efficiency, thereby a system to be used being made compact, while
durability of the diamond electrodes being extended because of chemical
stability thereof. Fuxther) according to the thixd method for treating
organic compounds-containing waste water and a system used thexeby, it is
possible to put down a treating coat of organic suspended solids and) at
the same tiztxe, to control a great decrease in energy efficiency an,d a
considerable reduction of system durabzJ~ity caused by electrolytic
decomposition treatzxxent of waste water which contains organic suspended
solids. More precisely, soluble organic substances and organic suspended
solids contained in waste Rater can be concurrently decomposed and remo~'ed
to reduce total organic carbon (TOC) and chexx'~ical oxygen demand (COD) in
the waste ~uvater by an oxidative decomposition treatment of them together
without removing such solids in advance. Furthermore, according to the
fourth method fox treating organic cvmpounds~containing waste water)
organic nitrogen compounds contained in waste water from plants, etc. can
be easily decomposed to l~axznless inorganic compounds such as carbon
dioxide, nitrogen gas and water. '~'~'aste water from plants, etc. can also
be treated by a electrolytic decomposition treatment economically on a
practical scale in which aste water which contains a large amount of
organic nitrogen compounds is electrochemically treated by the first step
electrolytic decomposition treatment using diamond electrodes of
outstanding chemical stability and satisfactory current efficiency as both
of a cathode and an anode and then electxoclxemically treated by the second
step electrol~'tic decomposition treatrr~ent using the diamond electrode
only as a cathode, thereby the system being made compact as a w hole and
cheep, while durability of electrodes being extended. 3~   V6hat is claimed
is' 1. A method for electrochemically detoxifying organic compounds
contained in waste w ater using diamond electrodes at least as an anode, in
w hich current density is 0.5 to J.O,AJcmz and liquid flow linear velocity
is 200 to 10,000 mlhr. 2. A method for electrochemically detoxifying
organic compounds contained in w ante water, in Rhich diamond electrodes
are used at least as axe anode, while pH of the waste water is adjusted to
be alkaline. 3. A method fox electrochemically detoxifying organic
suspended solids contained in waste water as organic compounds, in which
diamond electrodes are used at least as an anode to treat the organic
suspended solids by electrolytic decomposition. 4. A method claimed in
claim 1, 2 or 3 in which diamond electrodes are used as both of an anode
az~d a cathode to undergo change a electrodes. 5. A method for
electrochemically detoxifying oz~ganic nitrogen compounds contained in
waste water as organic compounds, xxa which a first step treatment by
electrolytic decomposition is conducted using diamond electrodes as an
anode and a cathode, and then a second step treatment by electrolytic
decomposition is conducted using the diare,ond electrodes as a cathode az~d
metal electrodes as an anode. 6. A method claitn~ed in claim 5 in which
sulfate ions are added to organic compounds-contain,iz~g write water when a
first step treatment by electrolytic composition is conducted. ~5   7. A
method claimed izt clalrn 5 or 6 in which chloride ions are added to waste
water after a first step txeatxx~ent thereof by electrolytic decomposition
when a second step treatment by eleetxolytic composition is conducted. 8. A
method claimed in any one o claims 2 to 7 for treating waste water by
electrolytic deconnposition using diamond electrodes) in which current
density ox~ the surface of diamond electrodes is 0.00I to 10 Alcrn2 az~d
liquid flow linear ~elocity is 10 to 10,000 mlhr during the treatment by
electrolytic decomposition. 



9. A method claimed in any one o claims 2 to 8 for treating waste water by
electrolytic decomposition using diamond electrodes, in which current
density on the surface of diamond electrodes is 0.5 to 10 AIcm2 and liquid
flow linear velocity is `__>00 to I0,000 mlhr during the treatment by
electrolytic decomposition. 10. A method for contro111ng liquid flow linear
velocity of the treatment by electrolytic decomposition ix~ a method
claimed any one of said claims 1 to 9 so as to satisfy 'the following
foxxr~ula 1' Fox~x~,ula 1- liduid flow linear velocity (mlhr) > 400 x
(current density (A/em2) - 0.5) + 2p0 11. :~ method for controlling liquid
flow linear velocity of the treatment by electrolytic deconxposition in a
method claimed any one of said claims 1 to x0 so as to satisfy the follow
ing formula 2: Formula 2: liquid flow linear velocity (mlhr) Z 1,000 x
(current density (Alcm') -- 0.5) + 200 12_ .tl, system For treatinb organic
compounds-containing waste water which comprises diamond electrodes to
conduct a treatment by electrolytic decomposition o orgaztic suspended
solids contained i,zt waste water as organic compounds. 13. A system for
treating orgaztic compounds-containing waste water claimed in claim 12 in
which a treatment by electrolytic decomposition using diamond electrodes is
conducted at current density o 0-001 to 10 Alcm'- and liquid flow linear
velocity of 10 to 10,000 mlhr. 14. A system for treatinb organic
compounds-containing waste ~K~ater claimed in claim 12 or 13 in w hick
change of electrodes are conducted using diamond elects odes for both of a
cathode and an anode. 36
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