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(57) ABSTRACT 

An apparatus for preparing a ?occulant for Water treatment, 
comprising: (a) a storage tank for an inorganic acid aqueous 
solution, (b) a storage tank for a silicate aqueous solution, (c) 
a storage tank for a metal salt aqueous solution, (d) a 
collision device for preparing a silica sol by colliding the 
inorganic acid aqueous solution stored in the inorganic acid 
aqueous solution storage tank With the silicate aqueous 
solution stored in the silicate aqueous solution storage tank 
at each rate of 5 rn/sec or more, (e) a stirring and aging 
device for aging the silica sol obtained by the collision With 
stirring and a feeding device for feeding the metal salt 
aqueous solution stored in the metal salt aqueous solution 
storage tank in order to mix the metal salt aqueous solution 
With the silica sol draWn from the stirring and aging device. 
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APPARATUS FOR PREPARING A FLOCCULANT 
FOR WATER TREATMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of US. patent appli 
cation Ser. No. 10/154,990, ?led May 24, 2002, Which is 
incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an apparatus for 
preparing a ?occulant for Water treatment and, more par 
ticularly, to an apparatus for use With a simple and loW-cost 
process for preparing a ?occulant for Water treatment having 
high treatment capability. 

[0004] 2. Description of the Prior Art 

[0005] Puri?cation of irrigation Water or WasteWater to 
remove suspended substances and other impurities is made 
by such a Water-treatment process as pouring a ?occulant 
into irrigation Water or WasteWater to coagulate and deposit 
the impurities for removal. The ?occulants used for this 
purpose include aluminum sulfate, polyaluminum chloride 
and ferric chloride. 

[0006] Of the ?occulants, aluminum sulfate and polyalu 
minum chloride are Widely used. However, because alumi 
num is an amphoteric metal, the aluminum causes a problem 
in that it remains in treated Water as soluble aluminum 
coordinating With an organic substance in the Water, e.g., an 
organic acid produced by algae. Also, aluminum ?occulants 
cannot achieve as high coagulation performance at loW 
Water temperatures and, therefore, need to be poured in 
excess. 

[0007] In order to solve the above problems, attentions are 
noW draWn to metal-silica inorganic polymer ?occulants 
Which are prepared by adding a Water-soluble metal salt, 
such as an iron salt, to polymeriZed silicate, in particular an 
iron-silica inorganic polymer ?occulant in Which the metal 
salt is an iron salt, because of their high and stable coagu 
lation performance and nontoxicity. 

[0008] Such ?occulants are disclosed in, for instance, 
JP-B-4(1992)/75796 and Japanese Patent No. 2,732,067, 
Which are obtained by adding a silicate aqueous solution to 
such an inorganic acid aqueous solution as of hydrochloric 
acid or sulfuric acid in a container, e.g., a beaker, to prepare 
a silica sol having an SiO2 concentration of about 1 to 6%, 
then aging the silicate aqueous solution at around room 
temperature for several hours With stirring to proceed poly 
meriZation, and adding such a metal salt aqueous solution as 
of an iron salt to the solution. 

[0009] The metal-silica inorganic polymer ?occulants pro 
duced by the above process realiZe high coagulation perfor 
mance and have a long gel time, maintaining its ?occulating 
properties in spite of a long-term storage. Also, they exhibit 
high coagulation performance even at loW Water tempera 
tures and provide many other advantages as a Water treat 
ment agent. 

[0010] HoWever, the silica sol produced according to the 
above method by adding a silicate aqueous solution to an 

Jun. 9, 2005 

inorganic acid aqueous solution cannot have an SiO2 con 
centration higher than 70 g/L (a little under about 7%), 
because partial non-uniformity occurs extremely easily in a 
mixture of the silicate aqueous solution and the inorganic 
acid aqueous solution and the non-uniform portions start 
immediately gelling to make it impossible to obtain a 
uniform silica sol in an attempt of high-concentration silica 
sol preparation. Accordingly, the concentration of SiO2 has 
to be set loW in order to produce the ?occulants having good 
?occulating properties, Which loWers productivity. 

[0011] Moreover, to improve the ?occulating properties of 
the metal-silica inorganic polymer ?occulants and to realiZe 
practical coagulation performance, the silica sol needs to be 
aged While being heated to about 60° C. at the time of aging 
(thereby the polymeriZation of silicate proceeds and the 
molecular Weight of silicate increases). Therefore, a heating 
apparatus is required and costs for industrial production are 
accordingly raised. 

[0012] This is the reason Why the metal-silica inorganic 
polymer ?occulants have not been practically used in indus 
tries in spite of their various advantages mentioned above. 

[0013] Therefore, a process has been desired Which can 
produce a metal-silica inorganic polymer ?occulant exhib 
iting excellent coagulation performance, Without involving 
any speci?c apparatuses, at loW cost and in large quantities. 

[0014] In order to solve the above problems, the present 
inventors made an earnest study focusing on the process of 
preparing a uniform and high-concentration silica sol dis 
closed in JP-B-4(1992)/54619. As the result of their addi 
tional study, there have been revealed that a silica sol, Which 
is prepared by an applied process derived from the above 
publication, and aged to have a speci?c viscosity, is useful 
as a raW material to produce the metal-silica inorganic 
polymer ?occulant. 

[0015] The present inventors further studied on the vis 
cosity of the silica sol, the SiO2 concentration in the silica 
sol and ?occulating properties of the resulting ?occulant 
and, as a result, completed the present invention. 

SUMMARY OF THE INVENTION 

[0016] Speci?cally, the present invention concerns a pro 
cess for preparing a ?occulant for Water treatment, compris 
ing the steps of aging a silica sol having an SiO2 concen 
tration of from 100 to 200 g/L and a viscosity of less than 
6 cp to prepare a silica sol having an SiO2 concentration of 
from 100 to 200 g/L and a viscosity of from 6 to 30 cp, and 
mixing the silica sol With a Water-soluble metal salt. 

[0017] Another presently preferred embodiment of the 
invention relates to a process for preparing a ?occulant for 
Water treatment, comprising the steps of aging a silica sol 
having an SiO2 concentration of from 100 to 200 g/L and a 
viscosity of less than 6 cp to prepare a silica sol having an 
SiO2 concentration of from 100 to 200 g/L and a viscosity of 
from 6 to 30 cp, diluting the silica sol With Water to prepare 
a silica sol having an SiO2 concentration of from 50 to 70 
g/L, and mixing the silica sol With a Water-soluble metal salt. 

[0018] In the above processes, it is preferred that the silica 
sol having an SiO2 concentration of from 100 to 200 g/L and 
a viscosity of less than 6 cp be a silica sol prepared by 
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colliding an inorganic acid aqueous solution With a silicate 
aqueous solution at each rate of 5 m/sec or more. 

[0019] The present invention also provides an apparatus 
for preparing a ?occulant for Water treatment, Which is 
suitable to conduct any of the above processes, comprising 
(a) a storage tank for an inorganic acid aqueous solution, (b) 
a storage tank for a silicate aqueous solution, (c) a storage 
tank for a metal salt aqueous solution, (d) a collision device 
for preparing a silica sol by colliding the inorganic acid 
aqueous solution stored in the inorganic acid aqueous solu 
tion storage tank With the silicate aqueous solution stored in 
the silicate aqueous solution storage tank at each rate of 5 
m/sec or more, (e) a stirring and aging device for aging the 
silica sol obtained by the collision With stirring and a 
feeding device for feeding the metal salt aqueous solution 
stored in the metal salt aqueous solution storage tank in 
order to miX the metal salt aqueous solution With the silica 
sol draWn from the stirring and aging device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a vieW shoWing a Y-shaped apparatus 
used for colliding an inorganic acid aqueous solution With a 
silicate solution at each rate of 5 m/sec or more; and 

[0021] FIG. 2 is a vieW shoWing a Whole structure of an 
apparatus of the present invention for producing a ?occulant 
for Water treatment, Which can be transported by a truck or 
the like. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The process of the present invention necessarily 
comprises a step of aging a silica sol having an SiO2 
concentration of from 100 to 200 g/L and a viscosity of less 
than 6 cp (such a silica sol Will sometimes be referred to as 
“raW silica sol” hereinafter) (the step to proceed the poly 
meriZation of silicate) to prepare a silica sol having an SiO2 
concentration of from 100 to 200 g/L and a viscosity of from 
6 to 30 cp (such a silica sol Will sometimes be referred to as 
“aged silica sol” hereinafter). 

[0023] A silica sol having an SiO2 concentration of less 
than 100 g/L or exceeding 200 g/L is unfavorable to use as 
the raW silica sol because the resulting ?occulant Will have 
such inferior ?occulating properties as requiring a long time 
to coagulate and deposit suspended substances. A silica sol 
having an SiO2 concentration of less than 100 g/L requires 
an extremely long time of aging (mentioned later) to reach 
a viscosity of from 6 to 30 cp and is produced only in a small 
amount per batch, thereby loWering the productivity. 

[0024] In order to rapidly and highly coagulate the sus 
pended substances When adding the ?occulant into the Water 
to be treated, the raW silica sol is preferably a silica sol 
having an SiO2 concentration of from 140 to 160 g/L. 

[0025] Practically, the silica sol having a viscosity of 6 cp 
or more cannot be obtained Without aging. Therefore, a silica 
sol having a viscosity of less than 6 cp is used as the raW 
silica sol. In order to obtain a ?occulant of high ?occulating 
properties, the raW silica sol preferably has a viscosity of 5 
cp or less. 

[0026] The viscosity of the silica sol is determined With a 
rotational viscometer at 20° C. 
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[0027] The process for producing a silica sol having the 
concentration and the viscosity speci?ed above is not par 
ticularly limited. The production can be made by such a 
process as contacting an inorganic acid aqueous solution 
With a silicate aqueous solution at a certain rate or over, 

Which is disclosed in JP-B-4(1992)/54619, pouring a silicate 
aqueous solution and sulfuric acid into a How of Water, 
Which is disclosed in JP-A-8(1996)/333112, or by hydrolysis 
of alkyl silicate under acid or alkali conditions, or by 
electrodialysis of a silicate aqueous solution With an ion 
eXchange membrane. 

[0028] Of these processes, colliding an inorganic acid 
aqueous solution With a silicate aqueous solution at a certain 
rate or over is highly suitable because production equip 
ments are simple, the raW silica sol can be produced at a loW 
production cost due to the loW costs for raW materials and 
running, and the silica sol having the above-range concen 
tration and viscosity can be stably produced. 

[0029] To detail the above process, an inorganic acid 
aqueous solution, such as of sulfuric acid or hydrochloric 
acid, is collided With a silicate aqueous solution at each flow 
rate of at least 5 m/sec, preferably at least 7 m/sec, more 
preferably at least 10 m/sec. In the process, both the inor 
ganic acid aqueous solution and the silicate aqueous solution 
need to have the above flow rate. If one or both of them have 
a flow rate beloW the above range, gelation arises partially 
to make it difficult to obtain a uniform sol. 

[0030] The concentration of the inorganic acid, Which is 
used in preparing the raW silica sol, is preferably from 2 to 
7 N, more preferably from 3 to 6 N. By regulating the 
concentration in this range, the concentration of the resulting 
silica sol can be readily set at from 100 to 200 g/L and the 
viscosity less than 6 cp, and the time required for aging 
(mentioned later) can be limited Within the range of 5 
minutes to 20 hours, Which is industrially appropriate to 
conduct for aging. 

[0031] As the silicate aqueous solution, a sodium silicate 
aqueous solution is preferably used and the concentration of 
SiO2 in the solution is preferably from 200 to 350 g/L, more 
preferably from 250 to 300 g/L. By regulating the concen 
tration in this range, the concentration of the resulting silica 
sol can be readily set at from 100 to 200 g/L and proceeding 
of gelation can be prevented While the silicate aqueous 
solution is being miXed (collided) With the inorganic acid 
aqueous solution, thereby making it easy to obtain a uniform 
silica sol. 

[0032] The sodium silicate aqueous solution generally has 
a molar ratio of SiO2 and Na2O, ranging from 2.5 to 4. 

[0033] A preferable apparatus for colliding the inorganic 
acid aqueous solution With the silicate aqueous solution is 
illustrated in FIG. 1 as a Y-shaped apparatus. Speci?cally, 
the inorganic acid aqueous solution and the silicate aqueous 
solution are sent from raW material storage tanks 5, 5‘ via 
pumps 6, 6‘ to raW material feeding pipes 1, 1‘ and accel 
erated through choke sections, 4, 4‘ to collide With each other 
at a reaction section 3. The silica sol generated at the 
reaction section 3 is sent to a sol storage tank 7 through a sol 
discharge pipe 2. The silica sol (raW silica sol) is aged and 
miXed With a Water-soluble metal salt (mentioned later). 

[0034] The siZe of the apparatus is appropriately selected. 
Generally, the raW material feeding pipes 1, 1‘ have a 
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diameter of about 5 to 40 mm and a length of about 1.5 to 
6 times greater than the diameter. The choke sections 4, 4‘ 
have a diameter of about 0.5 to 6 mm and a length of about 
0.5 to 5 times greater than the diameter. The sol discharge 
pipe 2 has a diameter of about 5 to 20 mm and a length of 
about 10 to 100 mm. Therefore, the Y-shaped apparatus, as 
a Whole, can be such an extremely small apparatus as having 
a Width of about 40 to 100 mm, a height of about 40 to 150 
mm and a thickness of about 2 to 70 mm. 

[0035] The silica sol produced by the above process, 
having an SiO2 concentration of 100 to 200 g/L, has a 
viscosity of usually about 2 to 5 cp immediately after 
produced (prior to aging) depending on the SiO2 concentra 
tion in the silica sol. 

[0036] The silica sol produced by the above process, 
having an SiO2 concentration of 100 to 200 g/L and a 
viscosity of less than 6 cp, needs to be aged, that is, the 
polymeriZation of silicate has to be conducted to make the 
viscosity in the range of 6 to 30 cp. 

[0037] The aging temperature, although not particularly 
limited to, is generally set at room temperature (about 15 to 
40° C.) When the raW silica sol has an SiO2 concentration of 
100 to 200 g/L. The temperature needs not to be kept 
constant as long as it is in this range. That is, the use of the 
raW silica sol having the above concentration can decrease 
the production costs because the silica sol can be aged 
Without any extra heating apparatus (thermostat). 

[0038] The aging time is usually from 20 minutes to 4 
hours, preferably from 40 to 220 minutes depending on the 
aging temperature and the SiO2 concentration and the vis 
cosity of the raW silica sol. When the raW silica sol having 
an SiO2 concentration of 140 to 160 g/L and a viscosity of 
about 5 cp is aged at a temperature of about 20 to 35° C., the 
viscosity can reach 6 to 30 cp in 30 to 200 minutes. 

[0039] The silica sol Which has not been aged or aged 
insuf?ciently so as to have a viscosity as loW as less than 6 
cp cannot make a ?occulant having good ?occulating prop 
erties When mixed With a later-mentioned Water-soluble 
metal salt. The silica sol Which is excessively aged to have 
a viscosity exceeding 30 cp cannot make a ?occulant having 
good ?occulating properties. The silica sol is preferably 
aged to have a viscosity in the range of 7 to 20 cp. 

[0040] The aging of the raW silica sol is preferably con 
ducted in a container, e.g., a sol storage tank, With gentle 
stirring. 
[0041] Such silica sol that has not been aged in the above 
manner even if it has an SiO2 concentration of 100 to 200 
g/L and a viscosity of 6 to 30 cp cannot make a ?occulant 
having suf?cient ?occulating properties When mixed With a 
Water-soluble metal salt. The silica sol, even if having been 
aged, cannot make a ?occulant having good ?occulating 
properties either When the silica sol has been mixed With 
Water or a loW-viscosity silica sol to adjust the viscosity once 
raised over 30 cp in the range of 6 to 30 cp. 

[0042] For example, the folloWing cases produce a ?oc 
culant having insuf?cient ?occulating properties: 

[0043] When a silica sol having an SiO2 concentration 
exceeding 200 g/L and a viscosity exceeding 30 cp is diluted 
With Water to prepare a silica sol having an SiO2 concen 
tration of 100 to 200 g/L and a viscosity of 6 to 30 cp; 
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[0044] When a silica sol having an SiO2 concentration of 
beloW 100 g/L and a viscosity of 6 to 30 cp is mixed With 
a silica sol having an SiO2 concentration exceeding 200 g/L 
and a viscosity of 6 to 30 cp to prepare a silica sol having 
an SiO2 concentration of 100 to 200 g/L and a viscosity of 
6 to 30 cp; and 

[0045] When a silica sol having an SiO2 concentration of 
100 to 200 g/L and a viscosity exceeding 30 cp is mixed With 
a silica sol having the same concentration and a loWer 
viscosity to prepare a silica sol having an SiO2 concentration 
of 100 to 200 g/L and a viscosity of 6 to 30 cp. 

[0046] The aged silica sol obtained in the above manner is 
mixed With a Water-soluble metal salt to prepare a ?occulant. 

[0047] The Water-soluble metal salt is not particularly 
limited and can be hydrochloride, nitrate or sulfate of any of 
iron, aluminum or magnesium. In vieW of safety for living 
things, ?occulating properties of the ?occulant and stability 
over a long-term storage, iron salts are preferable and ferric 
salts are more preferable. The most preferable Water-soluble 
metal salts are ferric chloride and ferric sulfate. 

[0048] The preferable amount of the Water-soluble metal 
salt is variable depending on the type of the metal. When the 
metal is iron (Fe), the iron salt is added preferably in an 
amount such that the Si/Fe molar ratio is 0.1 to 5, more 
preferably in an amount such that the Si/F e molar ratio is 0.5 
to 3. When the metal is aluminum (Al), the aluminum salt is 
added preferably in an amount such that the Si/Al molar 
ratio is 2.5 to 15. When the metal is magnesium (Mg), the 
magnesium salt is added preferably in an amount such that 
the Si/Mg molar ratio is 2 to 10. The larger the Si/metal 
molar ratio is, the higher the coagulation performance is. 
The smaller the ratio is, the less likely the gelation occurs, 
resulting in excellent stability. 

[0049] The Water-soluble metal salt is preferably dissolved 
in Water to obtain an aqueous solution and mixed With the 
aged silica sol and to attain uniform dispersion in the silica 
sol. When ferric chloride is used as the Water-soluble metal 
salt, the concentration thereof in an aqueous solution is 
preferably in the range of 20 to 40% by Weight. 

[0050] When the Water-soluble metal salt is mixed With 
the aged silica sol, the Water-soluble metal salt (or an 
aqueous solution thereof) may be directly mixed With a 
silica sol, Which is produced by the above process, having an 
SiO2 concentration of 100 to 200 g/L and a viscosity of 6 to 
30 cp. OtherWise, the Water-soluble metal salt (or an aqueous 
solution thereof) is mixed With a silica sol Which has been 
diluted With Water until the SiO2 concentration becomes 50 
to 70 g/L, Which is a more preferable fashion because the 
?occulant can have enhanced ?occulation properties. 

[0051] The silica sol Which has been mixed With the 
Water-soluble metal salt may be diluted again With Water 
until the SiO2 concentration becomes 10 to 30 g/L to be 
preferably used as a ?occulant. 

[0052] The ?occulant obtained by mixing the aged silica 
sol With the Water-soluble metal salt preferably has its pH 
adjusted to 1 to 3 for long-term storage stability. The pH 
adjusted in this range enables stable storage for several 
months. By contrast, the ?occulant is more susceptible to 
gelation during storage as the pH approaches neutrality. 
Generally When the raW silica sol is prepared by the above 
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described method, that is, by colliding the inorganic acid 
aqueous solution With the silicate aqueous solution, the 
?occulant Will have a pH of 1 to 3 Without any speci?c 
adjustment. If the pH is outside the range, it is adjusted by 
addition of various acids, e.g., sulfuric acid, or various 
bases, e.g., sodium hydroXide. 

[0053] The production apparatus for producing the ?oc 
culant for Water treatment by the above process is not 
particularly limited. An appropriate combination is made 
according to necessity from among silica-sol production 
apparatuses, stirring and storage devices and devices for 
adding and mixing liquids that are conventionally knoWn. 

[0054] As mentioned earlier, the silica sol can be aged 
While having an SiO2 concentration as high as 100 to 200 g/L 
and thereafter diluted With Water or the like. This enables 
conducting the aging With a smaller device in comparison 
With the conventional cases. The aging can be conducted 
Without a heating process, and therefore no apparatuses to 
heat the aging device are required. Accordingly, the aging 
device to age the silica sol can be readily transported by 
various transportation vehicles. The above feature makes it 
possible to age the raW silica sol having an SiO2 concentra 
tion of 100 to 200 g/L during the transportation to the place 
Where the ?occulant for Water treatment is used and to dilute 
the silica sol With the Water supplied at the place. Result 
ingly the costs for transportation can be reduced by the costs 
for the Water used for dilution. The above feature also makes 
it extremely easy to adjust the Si/metal molar ratio to 
optimiZe it for the Water to be treated While observing the 
condition of the Water to be treated With the ?occulant. 

[0055] By employing such an apparatus as the Y-shaped 
apparatus, Which is described earlier as the production 
apparatus of the raW silica sol, for reacting the inorganic acid 
aqueous solution With the silicate solution by colliding them 
at each rate of 5 m/sec or more to prepare a silica sol, a 
section of the production apparatus for producing the raW 
silica sol can be miniaturiZed, Which makes it possible to 
transport the production apparatus for producing a ?occulant 
for Water treatment including the production apparatus of the 
raW silica sol. This, in addition to an advantage of the 
transportable aging device for the silica sol, enables readily 
producing the ?occulant for Water treatment at any place, 
any time and in any amount needed to drastically reduce the 
production costs. 

[0056] A preferred embodiment of the production appa 
ratus that can be transported by various transportation 
vehicles is described in great detail With reference to the 
draWing attached. 

[0057] As shoWn in FIG. 2, the production apparatus 
comprises a storage tank 5 for the inorganic acid aqueous 
solution, a storage tank 5‘ for the silicate aqueous solution, 
a storage tank 9 for the metal salt aqueous solution (these 
three storage tanks are sometimes referred to generally as 
raW material storage tanks), a collision device 8 for reacting 
the inorganic acid aqueous solution stored in the inorganic 
acid aqueous solution storage tank With the silicate aqueous 
solution stored in the silicate aqueous solution storage tank 
by colliding them at a rate of 5 m/sec or more to prepare a 
silica sol, a stirring and aging device 7 for aging the silica 
sol obtained by the collision With stirring and a feeding 
device 10 for feeding the metal salt aqueous solution stored 
in the metal salt aqueous solution storage tank in order to 
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miX the metal salt aqueous solution With the silica sol draWn 
from the stirring and aging device. The production apparatus 
is collaterally provided With various devices mentioned later 
according to necessity. 

[0058] The production apparatus is transported by an 
ordinary transportation vehicle, such as a truck, to the place 
Where the ?occulant is used, and produces a ?occulant from 
the folloWing raW materials on the vehicle or at an appro 
priate place Where the apparatus is set doWn from the vehicle 
and Where the use of the ?occulant is needed. 

[0059] The raW materials for production can be, for 
eXample, a commercially available high-concentration inor 
ganic acid aqueous solution, such as of concentrated sulfuric 
acid, (about 75 to 98%), a commercially available high 
concentration silicate aqueous solution having a concentra 
tion of about 28 to 40%, and a commercially available ferric 
chloride aqueous solution (about 37%). These raW materials 
are transported together With or separately from the produc 
tion apparatus and supplied to the production apparatus on 
arrival. The Water can be irrigation Water or the like, Which 
can easily be sourced locally in most cases. Therefore, the 
costs for transporting the Water can be reduced. Of course, 
the Water can be transported together With the raW materials 
according to necessity. 
[0060] To produce the ?occulant, the high-concentration 
inorganic acid aqueous solution and the high-concentration 
silicate aqueous solution are ?rstly diluted With Water to a 
concentration suitable for production of the raW silica sol. 
The dilution is conducted in the storage tank 5 for the 
inorganic acid aqueous solution and in the storage tank 5‘ for 
the silicate aqueous solution. To dilute these solutions With 
Water, irrigation Water or the like sourced from an outside 
source can be used. Before supplied to the production 
apparatus, the Water preferably passes through a Water 
pressure controller 11 or a device that controls Water pres 
sure and a How rate by means of a Water-supply valve (not 
shoWn). To attain a uniform concentration of the diluted 
solutions, the storage tanks are preferably provided With a 
stirring device (not shoWn). 
[0061] The inorganic acid aqueous solution and the sili 
cate aqueous solution, Which have been diluted to a con 
centration suitable for production of the raW silica sol, are 
collided With each other at a rate of 5 m/sec or more by the 
collision device 8 and react With each other to form a silica 
sol. The collision device 8 is composed of a collision section 
12 (as in Y-shaped apparatus of FIG. 1) and pumps 6, 6‘ to 
eject the inorganic acid aqueous solution and the silicate 
aqueous solution respectively at a rate of 5 m/sec or more. 
As the collision device 8, the Y-shaped apparatus is prefer 
able because of its simple structure and easy miniaturiZation. 
The pumps can be conventional ones. The amounts of the 
inorganic acid aqueous solution and the silicate aqueous 
solution ejected for collision are adjusted appropriately to 
make the SiO2 concentration in the silica sol 100 to 200 g/L. 

[0062] The raW silica sol obtained in the above process is 
directly sent to the stirring and aging tank 7 and aged there. 
The aging is, as previously said, continued until the viscosity 
of the silica sol becomes 6 to 30 cp. The stirring and aging 
tank 7 is provided With a stirring device 13 to stir the aging 
silica sol and a viscometer 14 to monitor the viscosity. 
Preferably, the stirring and aging tank is further provided 
With a thermometer 15 and a pH meter (not shoWn) for 
monitoring these properties. 
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[0063] The (aged) silica sol, Which has been aged While 
being stirred to have a targeted viscosity of 6 to 30 cp, is 
draWn through a discharge pipe 16 (and 20) and sent to a 
?occulant ?nal preparation tank (storage tank) 19. The draW 
can be made by means of a pump 17 as illustrated, or, 
depending on the case, under favor of gravity free-fall. 

[0064] As described earlier, the aged silica sol is prefer 
ably diluted With Water to an SiO2 concentration of 50 to 70 
g/L before mixed With the metal salt aqueous solution. The 
dilution can be conducted in the stirring and aging tank 7 or 
in the ?occulant ?nal preparation tank 19. Preferably, the 
aged silica sol is moved to the ?occulant ?nal preparation 
tank 19 and thereafter the dilution Water is poured into the 
?occulant ?nal preparation tank 19 via the stirring and aging 
tank 7, the discharge pipe 16 (and 20) and the pump 17. Such 
dilution is preferable because the travel of the dilution Water 
can Wash the stirring and aging tank 7, the discharge pipe 16 
(and 20) and the pump 17 and the siZe of the stirring and 
aging tank 7 can be relatively small. The dilution Water can 
be sourced from an outside source and supplied through the 
Water-pressure controller 11, just as With the dilution of the 
inorganic acid aqueous solution and the silicate aqueous 
solution. 

[0065] Next, by means of the feeding device 10, the metal 
salt aqueous solution that has been stored in the storage tank 
9 for the metal salt aqueous solution is supplied to the aged 
silica sol Whose SiO2 concentration has been adjusted to 50 
to 70 g/L. The feeding device 10 is not particularly limited 
as long as it has a function of supplying the metal salt 
aqueous solution to the device that performs mixing of the 
aged silica sol With the metal salt aqueous solution. Prefer 
ably, the feeding device is composed of, as illustrated, a 
supply pipe 18 (and 20) to supply the metal salt aqueous 
solution, a valve 21 and a pump 22 because of a simple 
structure. The supply pipe 18 is preferably connected to the 
aged silica sol discharge pipe 16 at someWhere along the 
discharge pipe 16 for simple piping. In this case, a pipe 20 
in the ?gure functions as both the discharge pipe 16 for the 
aged silica sol and the supply pipe 18. Of course, there is no 
problem in pouring the metal salt aqueous solution into the 
?occulant ?nal preparation tank 19 directly through a pipe 
20‘ illustrated by broken lines or via the stirring and aging 
tank 7 through a pipe 20“. It is also possible to supply the 
metal salt aqueous solution under favor of gravity free-fall 
Without the pump 22. 

[0066] OtherWise, the mixing can be achieved by such a 
method as previously supplying the metal salt aqueous 
solution to the ?occulant ?nal preparation tank 19 and, 
thereto, adding the aged silica sol, or by supplying the metal 
salt aqueous solution to the stirring and aging tank 7 to mix 
it With the aged silica sol. 

[0067] As described earlier, the aged silica sol mixed With 
the metal salt aqueous solution is preferably diluted again 
With Water to SiO2 concentration of 10 to 30 g/L before used 
as a ?occulant for Water treatment. The dilution can be 
conducted in the ?nal preparation tank 19. The ?nal prepa 
ration tank 19 can be, for example, an ordinary large tank. 
Unlike all the devices constituting the production apparatus 
24 (a section encircled in a broken line), i.e., the raW 
material storage tanks, the collision device, the stirring and 
aging tank, the feeding device for the metal salt aqueous 
solution and the collateral pipes, the ?nal preparation tank 
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19 can be readily provided at the place Where the ?occulant 
for Water treatment is used and need not be transported With 
these devices. Therefore, the apparatus that should be trans 
ported to produce a ?occulant for Water treatment at the 
place Where it is used can be miniaturiZed and its Weight can 
be saved. This is a very signi?cant advantage of the pro 
duction process of the present invention in vieW of the fact 
that, in a conventional method Where a silica gel having an 
SiO2 concentration of about 1 to 6% is necessarily aged at 
around 60° C., such an extremely large apparatus is required 
to produce the same amount of a ?occulant for Water 
treatment as produced by the process of the present inven 
tion that the apparatus for conventional method cannot be 
virtually transported. 

[0068] The ?occulant for Water treatment can be diluted to 
an SiO2 concentration of 10 to 30 g/L by direct addition of 
Water to the ?nal preparation tank 19. Preferably, the dilution 
is made by pouring the dilution Water into the stirring and 
aging tank 7 and running the Water through the discharge 
pipe 16 into the ?nal preparation tank 19. Such dilution is 
preferable because the effect of Washing the devices can be 
attained. It is preferable to provide the ?nal preparation tank 
19 also With a stirring device 23 to realiZe a uniform state as 
a Whole of the ?occulant for Water treatment. 

[0069] The siZe of the raW material storage tanks, the 
stirring and aging tank and other devices is not particularly 
limited. Preferably, in vieW of easy transportation and quan 
titatively suf?cient production of the ?occulant for Water 
treatment, the inorganic acid aqueous solution storage tank 
and the metal salt aqueous solution storage tank are of a siZe 
about 50 to 500 L (more preferably about 100 to 300 L), the 
silicate aqueous solution storage tank is of a siZe about 100 
to 600 L (more preferably about 150 to 400 L) and the 
stirring and aging tank is of a siZe about 100 to 600 L (more 
preferably about 300 to 500 L). These capacities enable 
producing the ?occulant for Water treatment as much as 
1000 to 10000 L per batch. The siZe of other devices can be 
determined appropriately in conformity With these raW 
material storage tanks and the stirring and aging tank. 

[0070] Preferably, the pipes are appropriately provided 
With various pumps and How control devices (e.g., valves) 
according to necessity. 

[0071] In order to prevent the raW materials from being 
froZen and the aging rate from being loWered When the 
apparatus is used in a cold district in Winter, a heater (not 
shoWn) or the like is preferably provided to Warm the Water 
supplied from the Water-pressure controller 11 to each 
device and to prevent the stirring and aging tank 7 from 
being overcooled. 

[0072] Although not illustrated, the apparatus for produc 
ing a ?occulant for Water treatment of the present invention 
is generally provided With various control devices to mea 
sure and monitor the How rates of Water and of silica sol, the 
viscosity of the ?occulant, the temperature, pH, etc., and 
control each device according to necessity. 

[0073] The electric source to operate the stirring device, 
the pumps and the control devices can be an outside electric 
source that is provided at the place Where the ?occulant for 
Water treatment is produced (the place Where the production 
apparatus is operated) or an electric motor or the like that is 
transported With the production device. 



US 2005/0121377 A1 

[0074] After production of the ?occulant for Water treat 
ment in the above manner, the production device 24 is 
according to necessity transported to another place by such 
a delivery means as a truck and, there, produces the ?oc 
culant for Water treatment in the above manner. To ease 
Work, such as transportation by a truck, loading and unload 
ing of the apparatus and set-up at the time of use, the 
components constituting the apparatus 23 for producing a 
?occulant for Water treatment (i.e., the raW material storage 
tanks, the collision device, the stirring and aging tank, the 
feeding device for feeding the metal salt aqueous solution 
and the collateral pipes) are preferably united by a conven 
tional method. In this case, although the component devices 
can be united by such a conventional means as Welding to 
achieve their mutual connection hardly separable, they are 
preferably united by mechanical fasteners, such as screWs, 
bolts and nuts, to enable easy replacement of the devices in 
the case of repair and refurbishment. In such a case, of 
course, various metal frames and metal plates can be used to 
reinforce the strength. 

[0075] The ?occulant for Water treatment can be used as it 
is or may be stored in the ?nal preparation tank (storage 
tank) 19 and used as needed. When the stock in the storage 
tank has come close to an end, the production apparatus 24 
is again transported and the ?occulant is produced and re?lls 
the storage tank. 

[0076] The ?occulant obtained by the production appara 
tus or a different production apparatus in accordance With 
the production process of the present invention is generally 
used to coagulate and deposit pollutants, e.g., suspended 
substances, in river Water for Water supply and in WasteWa 
ter. The amount of the ?occulant is usually 3 to 6 mg/L in 
terms of Fe, depending on the quantity of pollutants in the 
Water. 

EXAMPLES 

[0077] Hereinafter, the present invention Will be described 
in more detail With reference to the folloWing examples, but 
it is not limited to the examples. 

[0078] In the examples and comparative examples, the 
experimental methods are as folloWs. 

[0079] 
[0080] Using a Y-tube reactor as shoWn in FIG. 1 
equipped With a a sodium silicate aqueous solution-feeding 
tube having a choke part of a 1.2 mm<|>><10 mm long tube and 
a sulfuric acid aqueous solution-feeding tube having a choke 
part of a 1.4 mm<|>><10 mm long tube, the silica sol Was 
prepared at a starting material concentration and a flow rate 
as shoWn in each of Examples and Comparative Examples. 

[0081] b) The viscosity Was determined at 20° C. With a 
BL viscometer manufactured by Tokyo Keiki Seisakusho 
Co. 

[0082] 
[0083] River Water draWn from Tama River and commer 
cially available kaolin (ASP-072 manufactured in ENGEL 
HARD CO.) Were mixed and regulated to prepare a test 
Water having a turbidity of from 23 to 26 degree. The test 
Water 1000 ml Was put on a 6 jars connected tester, 4 or 5 
mg in terms of Fe of a ?occulant Was added based on 1 liter 
of Water and stirred at a stirring rate of 150 rpm for 3 min 

a) Preparation of silica sol as a starting material: 

c) Coagulation performance: 
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to produce ?ocs. Successively, the test Water Was stirred at 
a stirring rate of 50 rpm for 10 min, and Was alloWed to stand 
still for 10 min. Thereafter, 300 ml of the supernatant liquid 
Was collected and the turbidity and pH thereof Were mea 
sured using a turbidimeter (SEP-PT-706D) manufactured by 
Nikken Labo Co. and a pH meter. 

Example 1 

[0084] To a Y-tube reactor, a sulfuric acid aqueous solu 
tion having a concentration of 3.6N and a sodium silicate 
aqueous solution having a SiO2 concentration of 298 g/L 
Were fed respectively at a rate of 1 l/min, and 10 liter of a 
raW silica sol Was obtained. The flow rates of the sulfuric 
acid and sodium silicate fed to the reactor Were 10.8 m/sec 
and 14.7 m/sec respectively. 

[0085] The raW silica sol fed in a sol storage tank from a 
sol discharge tube has a SiO2 concentration of 150 g/L and 
a viscosity of 5.0 cp. The temperature of the resulting silica 
sol Was 33° C. 

[0086] From the raW silica sol (the starting material silica 
sol) having a SiO2 concentration of 150 g/L and a viscosity 
of 5.0 cp, 1 liter Was collected and aged With gentle stirring 
at room temperature (about 23° C.) for 120 min to prepare 
an aged silica sol having a viscosity of 10 cp. The aged silica 
sol Was diluted With Water to make a silica sol having a SiO2 
concentration of 60 g/L. Thereafter the silica sol Was mixed 
With 88 ml of a 37% ferric chloride. In this mixing, the molar 
ratio of Si/Fe Was 3. Further, the silica sol Was diluted With 
Water, to make a ?occulant having a SiO2 concentration of 
20 g/L and a pH of 1.3. The coagulation performance of the 
?occulant Was measured. 

[0087] The results are shoWn in Table 1. 

Example 2 

[0088] A?occulant Was prepared in the same manner as in 
Example 1 except that the aging time Was 180 min and an 
aged silica sol having a viscosity of 19.5 cp Was obtained. 
IIIIIIThe coagulation performance of the ?occulant Was 
measured. 

[0089] The results are shoWn in Table 1. 

Example 3 

[0090] A raW silica sol having a SiO2 concentration of 110 
g/L and a viscosity of 3 cp Was prepared using a sulfuric acid 
aqueous solution having a concentration of 2.4 N and a 
sodium silicate aqueous solution having a SiO2 concentra 
tion of 230 g/L in the same manner as in Example 1. 

[0091] The procedure of Example 1 Was repeated except 
that the starting material silica sol Was aged for 180 min to 
make an aged silica sol having a viscosity of 7 cp, resulting 
in a ?occulant having a molar ratio of Si/Fe of 3, a SiO2 
concentration of 20 g/L and a pH of 1.4. 

[0092] The coagulation performance of the ?occulant Was 
measured. 

[0093] The results are shoWn in Table 1. 

Examples 4 and 5 

[0094] A ?occulant having a molar ratio of Si/Fe of 3, a 
SiO2 concentration of 20 g/L and a pH of 1.3 Was prepared 
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in the same manner as in Example 1 except that the raW 
silica sol Was aged to make an aged silica sol having a 
viscosity of 10 cp and a ferric chloride aqueous solution Was 
added to the aged silica sol Without dilution With Water. The 
coagulation performance of the ?occulant Was measured. 
The results are shoWn in Table 1. 

[0095] As is clear from Table 1, betWeen Examples 4 and 
5, the amounts of the ?occulants added to the test Waters 
Were different. 

Comparative Example 1 

[0096] A ?occulant having a molar ratio of Si/Fe of 3, a 
SiO2 concentration of 20 g/L and a pH of 1.3 Was prepared 
in the same manner as in Example 1 except that the raW 
silica sol Was aged for 10 min to make an aged silica sol 
having a viscosity of 5 cp. The coagulation performance of 
the ?occulant Was measured. The results are shoWn in Table 
2. 

Comparative Example 2 

[0097] A ?occulant having a molar ratio of Si/Fe of 3, a 
SiO2 concentration of 20 g/L and a pH of 1.3 Was prepared 
in the same manner as in Example 1 except that the raW 
silica sol Was aged for 210 min to make the aged silica sol 
having a viscosity of 38 cp. The coagulation performance of 
the ?occulant Was measured. The results are shoWn in Table 
2. 

Comparative Example 3 

[0098] The aged silica sol having a viscosity of 38 cp 
(aging time: 210 min) prepared in the same manner as in 
Comparative Example 2 Was mixed With the aged silica sol 
having a viscosity of 5 cp (aging time: 10 min) prepared in 
the same manner as in Comparative Example 1, to prepare 
a mixed silica sol having a viscosity of 10 cp and a SiO2 
concentration of 150 g/L. 

[0099] A ?occulant having a molar ratio of Si/Fe of 3, a 
SiO2 concentration of 20 g/L and a pH of 1.3 Was prepared 
in the same manner as in Example 1 except that 1 liter of the 
mixed silica sol Was used as an aged silica sol. The coagu 
lation performance of the ?occulant Was measured. The 
results are shoWn in Table 2. 

Comparative Example 4 

[0100] To a Y-tube reactor, a sulfuric acid aqueous solu 
tion having a concentration of 8.5 N at a flow rate of 0.53 
l/min (5.7 m/sec) and a sodium silicate aqueous solution 
having a SiO2 concentration of 298 g/L at a flow rate of 1.3 
l/min Were fed respectively, and a starting material silica sol 
having a SiO2 concentration of 225 g/L and a viscosity of 5.7 
cp Was obtained in the same manner as in Example 1. 

[0101] The starting material silica sol Was aged at room 
temperature for 3 min to make an aged silica sol having a 
viscosity of 19.5 cp. Using the aged silica sol, a ?occulant 
having a molar ratio of Si/Fe of 3, a SiO2 concentration of 
20 g/L and a pH of 1.1 Was prepared in the same manner as 
in Example 1. The coagulation performance of the ?occulant 
Was measured. The results are shoWn in Table 2. 

Comparative Example 5 

[0102] A starting material silica sol having a SiO2 con 
centration of 50/L and a viscosity of 1.5 cp Was prepared 
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using a sulfuric acid aqueous solution having a concentra 
tion of 1.5 N and a sodium silicate aqueous solution having 
a SiO2 concentration of 135 g/L in the same manner as in 

Example 1. 

[0103] The starting material silica sol Was aged at room 
temperature for 120 min to make an aged silica sol having 
a viscosity of 1.5 cp. Using the aged silica sol, a ?occulant 
having a molar ratio of Si/Fe of 3, a SiO2 concentration of 
20 g/L and a pH of 1.3 Was prepared in the same manner as 
in Example 1. The coagulation performance of the ?occulant 
Was measured. The results are shoWn in Table 2. 

Comparative Example 6 

[0104] A starting material silica sol having a SiO2 con 
centration of 50/L and a viscosity of 1.5 cp prepared by the 
method in Comparative Example 5 Was aged at room 
temperature for 270 min, but the silica sol still had a 
viscosity of 1.5 cp. 

[0105] The silica sol Was further aged at room temperature 
for 19.5 hr (total ageing time: 24 hr) but the resulting silica 
sol had a viscosity of only 2 cp. 

TABLE 1 

F amnle 

1 2 3 4 5 

Starting material silica 150 150 110 150 150 
sol SiO2 concentration 
(g/L) 
Starting material silica 5 5 3 5 5 
silica sol Viscosity (cp) 
Aging time (min) 120 180 180 120 120 
Aged silica sol Viscosity 10 19.5 7 10 10 
(GP) 
Water dilution after Done Done Done Not Not 
aging done done 
Flocculant injecting 4 4 5 4 5 
amount (me-Fe/L) 
Supernatant liquid 0.45 0.65 0.55 0.83 0.53 
Turbidity 
Supernatant liquid pH 6.60 6.62 6.57 6.55 6.53 

[0106] 

TABLE 2 

Comparative F amnle 

1 2 3 4 5 6 

Starting 150 150 150 225 50 5O 
material silica 
sol SiO2 
concentration 
(g/L) 
Starting 5 5 5 + 38 5.7 1.5 1.5 
material silica * 

sol Viscosity 
(0P) 
Aging time 10 210 — 3 120 1440 

(min) 
Aged silica sol 5 38 (10) 19.5 1.5 2 
Viscosity (cp) 
Water dilution Done Done Done Done Done — 

after aging 
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TABLE 2-continued 

Comparative F ample 

Flocculant 5 4 4 4 4 — 

injecting 
amount 

Supernatant 1.77 1.65 1.71 12.32 11.54 — 

liquid 
Turbidity 
Supernatant 6.49 6.53 6.52 6.61 
liquid pH 

Note) 
* The silica sol having a viscosity of 5 cp and the silica sol having a vis 
cosity of 38 cp Were mixed. 

[0107] Using the process Wherein the starting material 
silica sol having a speci?c concentration is used and aged to 
make an aged silica sol having a viscosity of 6 to 30 cp 
according to the present invention, a ?occulant having high 
coagulation performance for Water treatment can be pre 
pared in a high concentration, namely in a high yield per 
batch. Therefore, the ?occulant can be prepared at loW cost 
industrially. Further, in the process, a special heating device 
is unnecessary for aging. From the viewpoint of these, the 
production cost of the ?occulants can be decreased. 

[0108] Moreover, employing the process comprising col 
liding an inorganic acid aqueous solution With a silicate 
aqueous solution at a prescribed or higher rate extremely 
facilitates the stable continuous production of the starting 
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material silica sol having the speci?c concentration. In the 
process, a high-speed stirrer or the like is unnecessary so that 
the production cost of the silica sol can be further decreased. 

[0109] Therefore, the processes of the present invention 
are extremely useful as an industrial process for preparing 
?occulants for Water treatment. 

1. An apparatus for preparing a ?occulant for Water 
treatment comprising: 

(a) a storage tank for an inorganic acid aqueous solution, 

(b) a storage tank for a silicate aqueous solution, 

(c) a storage tank for a metal salt aqueous solution, 

(d) a collision device for preparing a silica sol by colliding 
the inorganic acid aqueous solution stored in the inor 
ganic acid aqueous solution storage tank With the 
silicate aqueous solution stored in the silicate aqueous 
solution storage tank at a rate of 5 m/sec or more, 

(e) a stirring and aging device for aging the silica sol 
obtained by the collision With stirring, and 

(f) a feeding device for feeding the metal salt aqueous 
solution stored in the metal salt aqueous solution stor 
age tank in order to mix the metal salt aqueous solution 
With the silica sol draWn from the stirring and aging 
device. 

2. The apparatus of claim 1 Which is transportable. 


