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Description

BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a flocculant for separating and flocculating oil and water. More particularly, the
presentinvention relates to a flocculant for separating and flocculating oily components and water components contained
in oil-in-water type or water-in-oil type emulsion, and a method for separating and flocculating oil and water.

[0002] Water lubricants are widely utilized in the iron and steel manufacturing and machining art. The water lubricants
are advantageous in that they are incombustible, inexpensive, nontoxic, and safety, and have excellent cooling, viscosity
changing, and compression properties as compared with petroleum lubricants. Accordingly, the water lubricants are
widely used as oil-in-water type or water-in-oil type emulsion in cutting oil and grinding fluid. With an increase in the use
of the water lubricants, it becomes a problem how to treat a waste water lubricant or waste liquid containing such water
lubricants.

[0003] Conventionally, the waste water lubricant or the waste liquid is separated and flocculated with a flocculant as
a primary treatment. For example, there is an inorganic flocculant such as aluminum sulfate referred to as "sulfate band",
and poly(aluminum chloride) referred to as "pack", and an organic flocculant such as polyacrylic amide based polymer.
These flocculants are added to the waste water lubricant or the waste liquid to break the emulsion, whereby the oily
components and the water components are separated.

[0004] The separated water components are secondary treated, for example, by an active sludge treatment.

[0005] Japanese Patent Laid-Open Application No. 11-33309 describes an organic flocculant terminated at their mo-
lecular ends with -OSO3M groups that do not reduce throughput of the active sludge.

[0006] When the inorganic flocculantis used in the primary treatment, the pH of the water lubricant is often decreased.
It requires to neutralize it with alkali such as caustic soda. This may undesirably result in complex processes, and
increased costs.

[0007] In addition, the inorganic flocculant absorbs and precipitates the waste while producing a large amount of
colloidal particles. Therefore, a large amount of the inorganic flocculant is required. As a result, a large amount of sludge
is produced, whereby the disposal costs for the sludge are undesirably increased.

[0008] Furthermore, the inorganic flocculant may adversely affect the secondary treatment of the active sludge. For
example, when the remaining inorganic flocculant is deposited on the active sludge, an oxygen consumption rate of the
active sludge is reduced, or the sludge is partially decomposed, whereby the throughput of the active sludge is reduced.
[0009] On the other hand, an amount of the organic flocculant such as polyacrylic amide based polymer is as low as
1/2 to 1/200 of that of the inorganic flocculant used in the active sludge treatment. However, the organic flocculant less
removes the oily components and a surfactant, and therefore undesirably decreases the throughput of the active sludge.
[0010] Even if the organic flocculant is terminated at their molecular ends with -OSOs;M groups, a chemical oxygen
demand (COD) of the waste water is less decreased, when the waste water has a high COD value.

[0011] When oil and water is separated in the oil and water separating step, mayonnaise-like sludge is produced at
an interface of the oil and the water. The mayonnaise-like sludge may sometimes be separated in several hours. Typically,
the separation of the oil and the water takes a longer time. A water content in an oily layer unfavorably increases.
[0012] US 5,354,481 relates to water-soluble, high molecular weight polymeric microparticles with a high degree of
branching, which are useful as flocculating agents when dissolved in water.

[0013] US 4,569,768 relates to a method for flocculating suspended particulate solids from an acidic aqueous medium,
wherein as a flocculating agent a sulfonate polymer of for example acrylamide and sodium 2-acrylamido-2-methylpro-
panesulfonate is used.

[0014] US 5,883,181 discloses multimodal emulsions for flocculation applications comprising a blend of at least one
polymeric microemulsion.

[0015] US 5,308,499 relates to an effluent treatment process including a step wherein the concentrated effluent is
treated with a mixture of a cationic polymer or copolymer in the presence of an anionic surfactant, a non-ionic surfactant
or both.

[0016] An object of the present invention is to provide a flocculant for separating and flocculating oily components and
water components for use in a method for separating and flocculating oil and water so that no sludge is produced when
the oily components and the water components contained in oil-in-water type or water-in-oil type emulsion, especially
the emulsion having a high COD value are separated; the throughput of the active sludge is not decreased in the
secondary treatment of the active sludge; the oily components and the water components can be separated in a short
time; and the water content in the oily layer can be decreased.

[0017] The above object is achieved by the flocculant according to claim 1. Further developments of the present
invention are set out in the dependent claims.

[0018] The terms "oily components" and "water components" herein mean components in an oily phase, and compo-
nents in a water phase of the emulsion that contains oil, water, a surfactant, a stabilizer, and contaminants, respectively.
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[0019] The term "electrophilic group" herein means a group containing an atom having a cationic ion and an empty
orbital with high electron affinity, provided that a quaternary nitrogen atom is excluded in the group.

[0020] In the flocculant of the present invention, the units are connected and terminated at their ends with-OSO3;M
groups, in which M is hydrogen or a metal element.

[0021] At least one of the groups having a sulfonate, a quaternary nitrogen atom and acrylate includes an alkylene
oxide moiety formed by the reaction of said at least one group with an alkylene oxide.

[0022] A method for separating and flocculating oily components and water components contained in oil-in-water type
or water-in-oil type emulsion, comprises the step of at least adding the above-mentioned flocculant to the oil-in-water
type or the water-in-oil type emulsion.

[0023] The step of adding the flocculant is performed under the condition that an alkaline earth metal ion coexists.
[0024] The flocculant of the present invention consists of (a) a unit containing a group having -SO;M and a group
having a quaternary nitrogen atom, or (b) a unit containing a group having -SO5;M, a group having a quaternary nitrogen
atom, and an electrophilic group. The groups in the units easily are crosslinked with and adsorb microflocs of the colloidal
particles. The units containing the group having -SO3;M increase hydrophobic property. If the emulsion has a high COD
value, the oily components and the water components are separated, and the emulsion is easily flocculated.

[0025] When an alkylene oxide moiety is introduced to the groups of respective units, the emulsion having the high
COD value is well separated.

[0026] The ratio of the respective units is to be within the predetermined range, and a molecular weight represented
by ultimate viscosity is to be the value defined as described later, whereby microorganisms in the active sludge are less
affected.

[0027] When the emulsion is separated using such flocculant according to the present invention, the active sludge is
less produced after separation, and subsequent active sludge treatment can be easily conducted.

[0028] The unit (i) for use in the present invention includes an -SO;M group, wherein M is hydrogen or a metal element.
The -SO3M group is bonded at an end of a side chain of the polymer. The metal element is preferably an alkali metal
elementthatrender water solubility to the flocculant, i.e., Na, K, and Li. Examples of the -SO;M group include -CgHgSO3H-,
-CONHCH,CH,C(CH3),CH,S0O3H, - CONHCH,C(CH3),CH,SO3H, and -CONHC(CH3),CH,SO3H.

[0029] The unit (i) is formed by adding a monomer having the -SO3;M group and a double bond upon polymerization.
According to the present invention a styrene sulfonic acid or an alkali metal salt thereof is used as the unit (i).

[0030] Inthe presentinvention, a sodium salt, a potassium salt, or a lithium salt of the styrene sulfonic acid is preferable.
It is also preferable that alkaline earth ions including calcium ions, barium ions, and magnesium ions coexist, since they
contribute to excellent oil separation during a flocculation reaction.

[0031] The unit (ii) is formed by adding a monomer including the group having a quaternary nitrogen atom upon
polymerization. According to the present invention an acrylic acid dimethylaminoethylmethylchloride monomer and meth-
acrylic acid dimethylaminoethylmethylchloride monomer are used as the unit (ii).

[0032] The unit (iii) is formed by adding a monomer including the electrophilic group upon polymerization. According
to the present invention a methyl acrylate, is used as the unit (iii).

[0033] In the units (i), (ii) and (iii), each R4, Rg and Rgq represents hydrogen or an alkyl group. Hydrogen is herein
preferable in that hydrophilic property is easily provided. As the alkyl group, a lower alkyl group is preferable. The lower
alkyl group refers to a linear or branched alkyl group having 1 to 4 carbon atoms.

[0034] At least one of the groups having a sulfonate, a quaternary nitrogen atom and acrylate in the units (i), (ii) and
(iii) includes an alkylene oxide moiety. The alkylene oxide moiety acts as a surfactant to effectively separate and flocculate
the oily and water components, even if the emulsion has the high COD value.

[0035] The alkylene oxide moiety is represented by the formula -(CnH,,0),,,-, wherein n is preferably 2 or 3, and m is
determined by the chemical structure of the groups having a sulfonate, a quaternary nitrogen atom and acrylate as long
as reactivity of the flocculant upon formation is not decreased. For example, in an adduct of styrene sulfonate with
ethylene oxide [CH,=CHCgH,SO;-(C,;H,,0),,-H] produced by reacting a sulfonic acid group of styrene sulfonic acid
with ethylene oxide, n is 2, and m is preferably about 1 to 3.

[0036] The alkylene oxide adduct is used for producing the flocculant after the monomer including the alkylene oxide
moiety is prepared. Upon starting the polymerization, a mixture of monomers with/without the alkylene oxide adduct can
be used. Itis preferable that the mixture comprise 10 mol% or more of the monomer including the alkylene oxide adduct.
[0037] The flocculant of the present invention comprises the -OSO3;M group at the end of the molecule connected to
the above unit. In the -OSO3M group, M represents hydrogen or a metal element, i.e., Na, K, and Li. M is preferably Na,
or K, since the salt can be produced having high water solubility with low costs in the industrial viewpoints. The flocculant
comprising the - OSO3;M group can easily separate and flocculate the oily and water components in the emulsion, and
does not adversely affect the active sludge in the secondary treatment.

[0038] In the flocculant of the present invention, a ratio per molecule of the above-mentioned units (i):(ii):(iii) is (1 to
100):(1 to 100):(1 to 100).

[0039] The ratio of the units can be adjusted by changing a molar ratio of the monomers constituting them. The degree
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of polymerization can be represented by the ultimate viscosity. The ultimate viscosity is determined by dissolving a
sample in a 2 mol/l KBr solution and measured at 25°C. The ultimate viscosity is within the range of 0.001 to 0.6 dl/g.
The above-defined units and the degree of polymerization within the above-described range represented by the ultimate
viscosity are selected, whereby the oily and water components in the emulsion can be easily separated and flocculated,
and the active sludge is not adversely affected in the secondary treatment.

[0040] The flocculant of the present invention is obtained by polymerizing each monomer for each unit in a hydrophilic
solvent such as water, methanol, and ethanol using 0.3 to 5 wt%, based on the total amount of the monomers, of
peroxodisulfuric acid salt as a peroxide initiator. According to the present invention, in order to introduce the -OSO3;M
group to the molecular end, copolymerization is conducted using a redox polymerization or a radical polymerization
using the above-indicated amount of peroxodisulfuric acid salt, i.e., potassium peroxodisulfate (K,S,0g). It is preferable
that 0.3 to 1 wt% of peroxodisulfuric acid salt be mixed based on the total amount of the monomers.

[0041] The -OSO3;M group may be not only at the molecular end, but also be in the molecular chain as a side chain.
When the -OSO3;M group is introduced into the molecular chain as the side chain, a compound having a double bond
in its main chain as the units is used and reacted with peroxodisulfuric acid salt, i.e., potassium peroxodisulfate or sulfuric
acid at the double bond. It is preferable that about equimolar amounts of peroxodisulfuric acid salt, i.e., potassium
peroxodisulfate be reacted.

[0042] Thus-obtained flocculant for separating and flocculating oily components and water components of the present
invention can be used as a solid form by removing the solvent used in the formation, or a water or hydrophilic solution form.
[0043] The flocculant of the present invention is added to the emulsion in the amount of 0.01 to 10 wt%, preferably
0.1 to 5 wt%,more preferably 0.1 to 3 wt% based on the total amount of the suspending matters and dissolved sludge
contained in the emulsion depending on the conditions of the emulsion. Within the range, the oily components and the
water components can be easily separated, and the amount of the sludge produced after separation and flocculation
can be minimum.

[0044] In order to accelerate the separation and flocculation speed, it is preferable that anionic or cationic polymer
flocculant be auxiliary added.

[0045] Such auxiliary flocculants can be added using any non-limiting method. For example, the auxiliary flocculants
can be used in a powder form or in an original with high concentration, if they are agitated strongly in a reaction vessel,
or in a diluted solution, if they are agitated weakly in the reaction vessel. Examples of the solvent for diluting include
water, a hydrophilic solvent, and a mixture of water and the hydrophilic solvent.

[0046] The flocculant for separating and flocculating oily components and water components of the present invention
can be applied to the oil-in-water type or water-in-oil type emulsion. The emulsion may be an original before use, or be
waste liquid after use, i.e., waste water containing dissolved sludge. Specifically, the flocculant of the present invention
can be applied to any waste liquid obtained from general foods, painting, machine oil, machinery, certain food, a coolant,
a coloring agent, oil, dyeing, papermaking, latex, and a surfactant.

EXAMPLE 1

[0047] The flocculant according to the present invention was prepared as follows:

[0048] In aclosed reaction vessel equipped with a stirrer, a reflux condenser, and a thermometer, 5 mol of acrylic acid
dimethylaminoethylmetyl chloride monomer [CH,=CHCOOC,H4N*(CH3)5CI], 1 mol of acrylic acid methyl monomer,
and 0.3 mol of styrene sulfonic acid were sequentially added to 5 liters aqueous solution containing 0.02 mol of potassium
peroxodisulfate (K,S,0g) under nitrogen atmosphere, and reacted at 50°C for 8 hours.

[0049] The resulting reaction product was dropped into a large quantity of acetone to produce a white powder polymer.
The polymer was dissolved in a 2 mol/l KBr aqueous solution at the concentration of 0.5 g/l. Then, the polymer was
measured for ultimate viscosity at 25°C. The ultimate viscosity of the polymer was 0.40 dl/g. The polymer had an -OSO3K
group at an end of the molecule, and an -SO3;H group and a cationic group having a quaternary nitrogen atom at a side
chain of the molecule.

EXAMPLE 2

[0050] The flocculant according to the present invention was prepared as follows:

[0051] In aclosed reaction vessel equipped with a stirrer, a reflux condenser, and a thermometer, 5 mol of acrylic acid
dimethylaminoethylmetyl chloride monomer, and 0.1 mol of styrene sulfonic acid were sequentially added to 5 liters
aqueous solution containing 0.02 mol of potassium peroxodisulfate under nitrogen atmosphere, and reacted at 50°C for
8 hours.

[0052] The resulting reaction product was dropped into a large quantity of acetone to produce a white powder polymer.
The polymer was dissolved in a 2 mol/l KBr aqueous solution at the concentration of 0.5 g/l. Then, the polymer was
measured for ultimate viscosity at 25°C. The ultimate viscosity of the polymer was 0.30 dl/g. The polymer had an -OSO3K
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group at an end of the molecule, and an -SO4H group and a cationic group having a quaternary nitrogen atom at a side
chain of the molecule.

EXAMPLE 3

[0053] The flocculant according to the present invention was prepared as EXAMPLE 2 except that methacrylic acid
dimethylaminoethylmetyl chloride monomer [CH,=C(CH3)COOC,H,N*(CH53),CI] was used instead of acrylic acid
dimethylaminoethylmetyl chloride monomer.

EXAMPLE 4

[0054] The flocculant according to the present invention was prepared as follows:

[0055] In aclosed reaction vessel equipped with a stirrer, a reflux condenser, and a thermometer, 3 mol of acrylic acid
dimethylaminoethylmetyl chloride monomer, 2 mol of methacrylic acid dimethylaminoethylmethyl chloride monomer,
and 0.1 mol of styrene sulfonic acid were sequentially added to 5 liters aqueous solution containing 0.02 mol of potassium
peroxodisulfate under nitrogen atmosphere, and reacted at 50°C for 8 hours.

[0056] The resulting reaction product was dropped into a large quantity of acetone to produce a white powder polymer.
The polymer was dissolved in a 2 mol/l KBr aqueous solution at the concentration of 0.5 g/I. Then, the polymer was
measured for ultimate viscosity at 25°C. The ultimate viscosity of the polymer was 0.35 dl/g. The polymer had an-OSO;K
group at an end of the molecule, and an -SO3;H group and a cationic group having a quaternary nitrogen atom at a side
chain of the molecule.

EXAMPLE 5 (not according to the present invention)

[0057] The flocculant according to the present invention was prepared as follows:

[0058] In aclosed reaction vessel equipped with a stirrer, a reflux condenser, and a thermometer, 5 mol of acrylic acid
dimethylaminoethylmetyl chloride monomer [CH,=CHCOOC,H,N*(CH3)5ClI], 1 mol of acrylic acid methyl monomer,
and 0.1 mol of styrene sodium sulfonate were sequentially added to 5 liters aqueous solution containing 0.01 mol of
lauryl peroxide under nitrogen atmosphere, and reacted at 50°C for 8 hours.

[0059] The resulting reaction product was dropped into a large quantity of acetone to produce a white powder polymer.
The polymer was dissolved in a 2 mol/l KBr aqueous solution. Then, the polymer was measured for ultimate viscosity
at 25°C. The ultimate viscosity of the polymer was 0.40 dl/g. The polymer had an -SO3Na group and a group having a
quaternary nitrogen atom at a side chain of the molecule.

EXAMPLE 6 (not according to the present invention)

[0060] The flocculant was prepared as follows:

[0061] In a closed reaction vessel equipped with a stirrer, a reflux condenser, a jacketed cooler, and a thermometer,
278 g (1 mol) of a-linolenic acid and 200 g of benzene sodium sulfonate were added. While the reaction vessel was
under nitrogen atmosphere, 270 g (1 mol) of potassium peroxodisulfate was added thereto, reacted at 50°C for 8 hours,
and then neutralized with potassium hydroxide to provide a solution No. 1.

[0062] Separately, in a closed reaction vessel equipped with a stirrer, a reflux condenser, and a thermometer, 100 g
of 50 wt% dimethyl amine aqueous solution was added. While the reaction vessel was under nitrogen atmosphere, 102
g of epichlorohydrine was slowly added thereto at 30 to 80°C to provide a solution No. 2.

[0063] The solution Nos. 1 and 2 were mixed at a weight ration of 1:1.

EXAMPLE 7

[0064] To 5 m3 of waste water containing cutting coolant replenisher used for machining (COD 5500 ppm), 4 kg of a
30 wt% solution of the white powder polymer obtained in EXAMPLE 1 was added, agitated for 10 minutes, and was
allowed to stand for 24 hours.

[0065] After standing, oily components were separated as an upper layer. The oily components were isolated. The
normal hexane extract in a water layer was 10 ppm. The COD was 1600 ppm.

[0066] To the waste water, 55 liters of a 0.1 % aqueous solution of polyacrylic based anionic polymer flocculant
(molecular weight of 12 million) was added. The oily components were separated after 2 hours standing. 18 liters of
waste oil were produced, and 3 liters of mayonnaise-like sludge were produced.

[0067] On the other hand, sulfuric acid band was used as comparative example, 100 kg was required to treat the
waste water. 1.2 m3 of floating scum, which was sludge containing the waste oil, was produced. Even if dewatering was
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conducted, 120 kg of dewatering cake with a dewatering rate of 80% was produced. The COD was 2300 ppm.

[0068] When the waste water was treated using an ultrafiltration (UF) membrane, the COD in permeated treated water
was 1700 ppm, and 18 liters of oil components were recovered.

[0069] Then,the waterlayer separated from the oil components was mixed with sewage. The mixture had the biological
oxygen demand (BOD) of 680 ppm, COD of 360 ppm, and SS value of 120 ppm. The mixture was introduced to an
active sludge tank, and secondary treated under the following conditions:

Primary treated water in which the oily components were separated 20 m3/hr

Aeration tank capacity 350 m3
Returned sludge amount 20 m3/hr
Active sludge conc. 3500 ppm
(dry solid to waste water)

Aeration amount 6 m3/min
Treatment time of active sludge 9 hr

[0070] There was no change on the active sludge after the treatment. The active sludge could be used continuously.
The treated waste water had BOD of 9 ppm, COD of 14 ppm, and SS value of 5 ppm.

EXAMPLE 8

[0071] The waste water containing cutting coolant replenisher (COD 5500 ppm) was treated as EXAMPLE 7 except
that the flocculant obtained in EXAMPLE 2 was used instead of the flocculant obtained in EXAMPLE 1. The normal
hexane extract in a water layer was 10 ppm. The COD was 1600 ppm. After the active sludge treatment, all the BOD,
the COD, and the SS of the treated waste water were not more than 15 ppm.

EXAMPLE 9

[0072] The waste water containing cutting coolant replenisher (COD 5500 ppm) was treated as EXAMPLE 7 except
that the flocculants obtained in EXAMPLES 3 to 5 were respectively used instead of the flocculant obtained in EXAMPLE
1. The normal hexane extract in a water layer was 10 ppm. The COD was 1600 ppm. After the active sludge treatment,
all the BOD, the COD, and the SS of the treated waste water were not more than 15 ppm.

[0073] The waste water containing cutting coolant replenisher was treated under the condition that a calcium chloride
aqueous solution coexisted, whereby the normal hexane extract in a water layer was 5 ppm, and the COD was 1550 ppm.

EXAMPLE 10 (not according to the present invention)

[0074] The waste water containing cutting coolant replenisher (COD 5500 ppm) was treated as EXAMPLE 7 except
that the flocculant obtained in EXAMPLE 6 was used instead of the flocculant obtained in EXAMPLE 1. The normal
hexane extract in a water layer was 15 ppm. The COD was 1800 ppm. After the active sludge treatment, all the BOD,
the COD, and the SS of the treated waste water were not more than 15 ppm.

EXAMPLE 11

[0075] The flocculant according to the present invention was prepared as follows:

[0076] In aclosed reaction vessel equipped with a stirrer, a reflux condenser, and a thermometer, 5 mol of methacrylic
acid dimethylaminoethylmetyl chloride monomer [CH,=C(CH3;)COOC,H,N*(CH3)5ClI], 1 mol of acrylic acid methyl mon-
omer, and 0.1 mol of styrene sulfonic acid ethylene oxide adduct were sequentially added to 5 liters aqueous solution
containing 0.02 mol of potassium peroxodisulfate (K,S,0g) under nitrogen atmosphere, and reacted at 50°C for 8 hours.
The styrene sulfonic acid ethylene oxide adduct was obtained by addition reacting 1 mol of styrene sulfonic acid with 2
mol of ethylene oxide in advance.

[0077] The resulting reaction product was dropped into a large quantity of acetone to produce a white powder polymer.
The polymer was dissolved in a 2 mol/l KBr aqueous solution at the concentration of 0.5 g/l. Then, the polymer was
measured for ultimate viscosity at 25°C. The ultimate viscosity of the polymer was 0.20 dl/g. The polymer had an -OSO3K
group at an end of the molecule, and a sulfonic acid group containing an ethylene oxide moiety and a cationic group
having a quaternary nitrogen atom at a side chain of the molecule.
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EXAMPLE 12

[0078] The flocculant (not according to the present invention) was prepared as follows:

[0079] In aclosed reaction vessel equipped with a stirrer, a reflux condenser, and a thermometer, 3 mol of methacrylic
acid dimethylaminoethylmetyl chloride monomer [CH,=C(CH3)COOC,H4N*(CH3)3CI], 0.1 mol of acrylic acid methyl
monomer, 0.1 mol of styrene sulfonic acid, and 2 mol of ethylene oxide adduct aminoethyl methacrylic acid [CH,=C
(CH3)COOC,H,4N-((CH,H40),-H),] obtained by reacting two hydrogen atoms of an amino group of aminoethyl meth-
acrylic acid with ethylene oxide were sequentially added to 5 liters aqueous solution containing 0.02 mol of potassium
peroxodisulfate (K,S,0g) under nitrogen atmosphere, and reacted at 50°C for 8 hours.

[0080] The resulting reaction product was dropped into a large quantity of acetone to produce a white powder polymer.
The polymer was dissolved in a 2 mol/l KBr aqueous solution at the concentration of 0.5 g/l. Then, the polymer was
measured for ultimate viscosity at 25°C. The ultimate viscosity of the polymer was 0.30 dl/g.

EXAMPLE 13

[0081] The flocculant according to the present invention was prepared as EXAMPLE 1 except that 5 liters aqueous
solution containing 0.2 mol of potassium peroxodisulfate (K,S,0g) was used. The mixture was reacted at 50°C for 8
hours. The resulting reaction product was dropped into a large quantity of acetone to produce a white powder polymer.
The polymer was dissolved in a 2 mol/l KBr aqueous solution at the concentration of 0.5 g/l. Then, the polymer was
measured for ultimate viscosity at 25°C. The ultimate viscosity of the polymer was 0.08 dl/g. The polymer had an -OSO3K
group at an end of the molecule, and an -SO3;H group and a cationic group having a quaternary nitrogen atom at a side
chain of the molecule.

EXAMPLE 14

[0082] The flocculant according to the present invention was prepared as EXAMPLE 3 except that 5 liters aqueous
solution containing 0.2 mol of potassium peroxodisulfate (K,S,0g) was used. The mixture was reacted at 50°C for 8
hours. The resulting reaction product was dropped into a large quantity of acetone to produce a white powder polymer.
The polymer was dissolved in a 2 mol/l KBr aqueous solution at the concentration of 0.5 g/l. Then, the polymer was
measured for ultimate viscosity at 25°C. The ultimate viscosity of the polymer was 0.12 dl/g. The polymer had an -OSO;K
group at an end of the molecule, and an -SO3;H group and a cationic group having a quaternary nitrogen atom at a side
chain of the molecule.

EXAMPLE 15

[0083] The flocculant (not according to the present invention) was prepared as follows:

[0084] Equal amounts of a surfactant "Plonon 204", which is an oxyethylene - oxypropylene copolymer, available from
NOF CORPORATION and "Plonon 208" also available from NOF CORPORATION were mixed. Based on the total solid
content, 0.2 wt% of the mixture was added to the flocculant obtained in EXAMPLE 6.

EXAMPLE 16

[0085] The waste water containing cutting coolant replenisher (COD 5500 ppm) was treated as EXAMPLE 7 except
that the flocculants obtained in EXAMPLES 11, 13 and 14 were respectively used instead of the flocculant obtained in
EXAMPLE 1. The normal hexane extract in a water layer was 10 ppm. The COD was 1600 ppm. After the active sludge
treatment, all the BOD, the COD, and the SS of the treated waste water were not more than 15 ppm. No normal hexane
extract was detected in the water layer.

[0086] The waste water containing cutting coolant replenisher was treated under the condition that a calcium chloride
aqueous solution coexisted, whereby the normal hexane extract in a water layer was 5 ppm, and the COD was 1550 ppm.
[0087] Accordingtothe flocculant for separating and flocculating oily components and water components of the present
invention, the water content of the oily layer can be decreased. Even if a large amount of oil sludge, in which water, oil
and air are mixed, is produced, the flocculant of the present invention can significantly decrease the oil sludge, and
separate water and oil easily.

[0088] The flocculant according to the presentinvention is easily crosslinked with and adsorb microflocs of the colloidal
particles. If the emulsion has a high COD value, the oily components and the water components can be effectively
separated and flocculated without producing a large amount of sludge. Also, microorganisms in the active sludge are
less affected in the secondary treatment.

[0089] The flocculant of the present invention comprises the units which are connected and terminated at their ends
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with -OSO3;M groups, in which M is hydrogen or a metal element, whereby further excellent separation and flocculation
are provided, and microorganisms in the active sludge are further less affected in the secondary treatment.

[0090] The flocculant of the present invention can effectively separate and flocculate the oily components and the
water components contained in the emulsion without producing a large amount of sludge. Also, microorganisms in the
active sludge are less affected in the secondary treatment. Accordingly, the flocculant of the present invention can be
used for separating and flocculating oil and water in a pretreatment of the waste liquid obtained from general foods,
painting, machine oil, machinery, certain food, a coolant, a coloring agent, oil, dyeing, papermaking, latex, and a sur-
factant.

Claims

1. A flocculant for use in separating and flocculating components in an oily phase and components in a water phase
contained in an oil-in-water type or a water-in-oil type emulsion, comprising:

a unit (i) and a unit (ii) represented by the following formulas:

Iil . R
—£CHB:—C5— —CH—C-—
7=°
o
CH
S0,M T
CH;"'N: cr
CH; CH3
() (i)

wherein M is hydrogen or a metal element, Rg is hydrogen or a methyl group, and having a ratio per molecule
of the two units (i):(ii) of (1 to 100):(1 to 100),

wherein the units are connected and terminated at their ends with -OSO3M groups, in which M is hydrogen or
a metal element, by polymerizing monomers in a hydrophilic solvent using a redox polymerisation or a radical
polymerisation with 0.3 to 5 wt%, based on the weight of the monomers, of peroxodisulfuric acid salt, and
wherein an ultimate viscosity of the flocculant is 0.001 to 0.6 dl/g as determined by dissolving a sample of said
flocculant in a 2 mol/l KBr solution and measured at 25 °C.

2. Theflocculant as defined in claim 1, wherein at least one of the groups having a sulfonate and a quaternary nitrogen
atom includes a moiety formed by the reaction of said at least one group with an alkylene oxide.

3. The flocculant as defined in claim 1, further comprising:

a unit (iii) represented by the following formula:
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H.
I

—CH,—-C—

C=
|
O

|
CH,

(1)
and having a ratio per molecule of the units (i):(ii):(iii) of (1 to 100):(1 to 100):(1 to 100).
4. The flocculant as defined in claim 3. wherein at least one of the groups having a sulfonate, a quaternary nitrogen
atom and acrylate includes a moiety formed by the reaction of said at least one of said groups with an alkylene oxide.
Patentanspriiche
1. Flockungsmittel zur Verwendung bei der Abtrennung und Flockung von Komponenten in einer éligen Phase und
Komponenten in einer Wasserphase, die in einer Emulsion des Olin-Wasser-Typs oder des Wasser-in-Ol-Typs

enthalten sind, umfassend:

eine Einheit (i) und eine Einheit (ii), die durch die folgenden Formeln dargestellt sind:

Iil . Tc
*_CB:‘C‘\]" ’ —-G-CH,—(I: \
=
o]
|
C]R‘
SO,M .
CH;;N\ cr
CH; CH,
(1) (i)

wobei M Wasserstoff oder ein Metallelement ist, R; Wasserstoff oder eine Methylgruppe ist, und wobei es ein
Verhaltnis pro Molekul der zwei Einheiten (i):(ii) von (1 bis 100):(1 bis 100) aufweist,

wobei die Einheiten verbunden sind und an ihren Enden mit -OSO3;M-Gruppen versehen sind, wobei M Was-
serstoff oder ein Metallelement ist, und zwar mittels einer Polymerisation von Monomeren in einem hydrophilen
Losungsmittel durch eine Redoxpolymerisation oder eine radikalische Polymerisation mit 0,3 bis 5 Gew.-%,
bezogen auf das Gewicht der Monomere, eines Peroxodischwefelsduresalzes, und

wobei die Gleichgewichtsviskositat des Flockungsmittels, die durch Lésen einer Probe des Flockungsmittels in
einer 2 mol/Liter KBr-L6sung und Messen bei 25 °C erhalten worden ist, 0,001 bis 0,6 dl/g betragt.

2. Flockungsmittel nach Anspruch 1, bei dem mindestens eine der Gruppen, die ein Sulfonat und ein quaternares
Stickstoffatom aufweisen, einen Rest umfasst, der durch die Reaktion der mindestens einen Gruppe mit einem

Alkylenoxid gebildet worden ist.

3. Flockungsmittel nach Anspruch 1, das ferner eine Einheit (iii) umfasst, die durch die folgende Formel dargestellt ist:
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i)
und das ein Verhaltnis pro Molekil der Einheiten (i):(ii):(iii) von (1 bis 100):(1 bis 100)):(1 bis 100) aufweist.
4. Flockungsmittel nach Anspruch 3, bei dem mindestens eine der Gruppen, die ein Sulfonat, ein quaternares Stick-
stoffatom und Acrylat aufweisen, einen Rest umfasst, der durch die Reaktion der mindestens einen der Gruppen
mit einem Alkylenoxid gebildet worden ist.

Revendications

1. Agentfloculant pour usage dans la séparation et la floculation de composants en phase huileuse et de composants
en phase aqueuse contenus dans une émulsion de type huile dans I'eau ou de type eau dans I'huile, comprenant :

une unité (i) et une unité (ii) représentées par les formules suivantes :

H. R
I |

—~CH:=C— | —€ cuz-?—}—
=7
o
|
C;HJ
SO M |
CH,—N"* CI
\
CE{s CH,
(1) (i)

dans lesquelles M est de I'hydrogéne ou un élément métallique, Rg est de I'hydrogéne ou un groupement
méthyle, et ayant un rapport par molécule des deux unités (i):(ii) de (1 a 100) : (1 a 100),

dans lequel les unités sont raccordées et terminées a leurs extrémités par des groupements -OSOsM, dans
lesquels M est de 'hydrogéne ou un élément métallique, en polymérisant des monomeres dans un solvant
hydrophile en utilisant une polymérisation redox ou une polymérisation par radicaux avec 0,3 a 5 % en poids,
sur la base du poids des monomeéres, de sel d’acide peroxodisulfurique,

dans lequel une viscosité ultime du floculantestde 0,001 a 0,6 dl/g comme déterminé en dissolvant un échantillon
dudit floculant dans une solution de 2 moles/L de KBr et mesuré a 25 °C.

2. Floculant selon la revendication 1, dans lequel au moins I'un des groupements ayant un sulfonate et un atome

d’azote quaternaire comprend un radical formé par la réaction dudit au moins un groupement avec un oxyde d’alk-
yléne.
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Floculant selon la revendication 1, comprenant en outre :

une unité (iii) représentée par la formule suivante :

et ayant un rapport par molécule des unités (i):(ii):(iii) de (1 a 100) : (1 a 10) : (1 a 100) .

4. Floculant selon la revendication 3, dans lequel au moins I'un des groupements ayant un sulfonate, un atome d’azote
quaternaire et un acrylate comprend un radical formé par la réaction dudit au moins I'un desdits groupements avec
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un oxyde d’alkyléne.
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