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1. A method for continuous production of an agueous

aluminum sulfate solution from by-products occurring in
the work of aluminum surface treatment, which method is
characterised by the steps of feeding aluminum sludge
arising in said work of aluminum surface treatment and
consisting mainly of aluminum hydroiiiiﬁngaste sulfuric
acid arising during the removal ofjeast in said work of
surface treatment, and an aluminum sulfate-containing
aqueous sulfuric acid solution arising during the recovery
of sulfuric acid in said work cof surfa&gﬂ%&aiggfnt to a
reaction tank con51st1ng of a plurality ofjtanks, causing
said fed subig?nces to flow sequentially through a first
tank throughja last tank to undergo reactions under
temperature conditions in the range of 80°C to the

boiling point of the reaction solution and, at the same
time, feeding part of said aluminum sulfagf\fontalnlng\
aqueous sulfuric ac1d solution to at least one SE’?hex
second tank throughitﬁ g—last~tank,—and adjusting the pH
value of the reaction solution in the last tank at a level

in a prescribed range of 1.6 to 2.5.
9. An apparatus for continuous production of an aqueous

aluminum sulfate solution from by-products occurring in the work




(11) AU-B-81232/87 -2-
(10) 595662

of aluminum surface treatment, which apparatus is characterized

by comprising: t
c.ovvx(:.or\e-h

a reaction tank conSLStlng of first through n'th)tanks
(De.v-\rv\\\:\: \r\

w_‘\contlnuous reactions respectively of aluminum

sludge arising in the work of aluminum surface treatment and
consisting mainly of aluminuﬁ hydroxide, waste sulfuric acid
arising during the removal of coat in said work of surface
treatment, and an aluminﬁm sulfate-containing aqueous sulfuric
acid solution arising during the recovery of sulfuric acid in
said work of surface treatment,

a first feed pipe £=x feeding said aluminum sulfate-
containing agqueous sulfuric acid solution tojzzid first tank,

an n'th feed pipe (n for an integer of the value of at least
2) £ex feeding said aluminum sulfate-containing aqueous sulfuric
acid solution to at least one of the second and subsequent tanks,

a first pH indicator-controller-recorder disposed inside
said first or second tank,

a first control valve interlocked with said first pH

contro\\in

indicator-controller-recorder and4&§@§ggézﬁgggam$§gi the flow
volume within said flrstmﬁeeddpipeh,w_ﬁ

an n'th indicator-controller-recorder (n for an integer of
the value of at leas£ 2) disposed in at least one of said second
and subsequent tanks, and

an n'th control valve (n for an integer having the value
of at least 2) interlocked with said n'th indicator-controller-

conbtreil \vx&
recorder and4

the flow volume within said n'th

feed pipe.
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BACKGROUND OF THE INVENTION
1. rield of the Invention:

This invention relates to a method for continqous synthesis
of an aqueous aluminum sulfate solution from the aluminum sludge
separating, in a state containing aluminum hydroxide as a main
component thereof, from the eifluent priéinating in the step of
treatment of ‘alunminum for the production of Alumite (a product
of aluminum having a corrosionproof coating formed thereon by
anodizatioh) éperated by an aluminum-related enterprise and to
an apparatus for effecting the method. |
2. Description of the Prior Art:

In ﬁhe work of Alumite treatment, as a pretreatment therefor,
an aluminum blank is etched with a caustic soda solution to remove
scratches or other similar flaws inflicted on the su;face thereof
and smoothen the surface. Otherwise in the work of reprocessing
(recoating) a rejectable alﬁminum product, this product is
treated with a caustic soda solution for the removal of an oxide
coat therefrom. Further, the aluminum black is subejcted to a
treatment for anodic oxidation and a treatment for electrolytic
coloration in a sulfuric acid solution. During these treatments,
Al ions are dissolved out of thé aluninum biankinto the aforemen-
tioned solution and entrained the:eby into an adjoining washing

tank. The spent washing watex is forwarded to the step for

~disposal of waste water. While the waste water is undergoing a

‘neutralizing treatment, the;e'occurs a white precipitate of

aluminum hydroxide.
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The waste liquid (slurry) consequently produced is
generally caused by addition of an acrylamide type macromolecular
flecculant to form a floc -of high solidity. .This floc . is
de:hydrated to form an aluminum sludge (hereinafter referred to
simply as "sludge") and the sludge 1s subjected to the subsequent
treatment (to be discarded or recovered). This sludge is
generally composed of 83 to 87% of water, 8 to 12% of Al(OH)3,
and 6 to 3% of impurities (such as SiO2 and organic substances).

In the surface treatment of aluminum,an aqueous sulfuric
acid solution is used for the removal .of the coat from aluminum

surface and the coat adhering to the surface of a jig. These

works for the removal of coats give rise to waste sulfuric acid

‘as a waste of aging. This waste sulfuric acid is generallyv

composed of 75 to 90% of free H,0 and 2 to 0.5% of Alzso

43

From the standpoint of prevention of environmental pollution

2

and preservation of resources, the sludge and the waste sulfuric

[}

acid rising from the works of aluminum surface treatment are

. generally utilized for the synthesis of aqueous aluminum sulfate

solution. The reaction involved in the synthesis of aluminum
sulfate, however, proceeds so quickly as to render control of
reactionivelocity difficult. Further, since the aluminum sulfate
as a final product has the pH value thereof regulated to suit

the purpose for which the product is put to use, the final pH
value of the liquid for the synthesis must be adjusted so as to
equal the pH value of the aluminum sulfate. Since this adjustment
of the pH value is difficult, it has been held difficult to
produce the'aqueous,aluminum sulfate solution by-thé’method of

continuous synthesis.
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The synthesis of the aqueous aluminum sulfate solution from
the sludge has been heretofore carried out exclusively by the
so-called batchwise process, which generally comprises charging
a vessel for the syntﬁesis with a fixed amount of waste sulfuric
acid énd heating the contents of the vessel with a fixed amount
of the sludge supplied gradually thereto.

The aforementioned cbnventional methodrequires the vessel
for synthesis to be made of a material excellent in corrosion-
proofness because the contents of the vessel are composed mainly
of highly concentrated waste sulfuric acid during the initial
stage of the synthesis. For exauwple, vessels of the type
provided with a glass lining are now in popular use for the
synthesis. The vessel of this material has the disadvantage
£hat it is expensive, entails difficult maintenance works of
repair and inspection, and tends to break easily. Moreover,
since the synthesis js made batchwise,; the vessel used therefor
is inevitably large and the driving power is proportionately
large and the equipment as a whole is voluminous and occupies
a large flcor area. Thus, the synthesié entails a high cost of
equipment and the vessel used therefor cannot be easily.expanded
for increase of capacity. Further, owing to the batchwise
production, the synthesis has the disadvantage that the operation
to be involved is complicated in procedure and ;nferidr in |
efficiency and the vessel for the synthesis which is heated by
means of a jacket is,destinea to suffer from gradual loss of

thermal efficiencj due to the phenomenon of scaling and entail

.- a high running cost.
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As one of the various kinds of waste occurring in the works
of aluminum surface treatment, a dilute aqueous sulfuric acid
solution arising, in a state containing aluminum sulfate (herein-
after referred to briefly as "sulfuric alum"), during the
recovery of sulfuric acid from the electrolyte constitutes itself
a problematic by-product besides the aforementioned sludge and
waste sulfuric acid. The aqueéus sulfuric acid solution
containing ‘this sulfuric alum has not occurred to any appreéiable

extent to date and, therefore, has been sufficiently coped with

by the treatment of waste water. In recent years, various

methods for the treatment of electrolytes 'such as the method
using ion-exchange resins for separation and the method using
diffu;e‘transmission membranes for separation have advanced.
Owing to the advance of these methods, the agueous sulfufic acid
solution containing the sulfuric alum is rapidly gaining in
volume. In the operation of the methpd using an ion-exchange
resin for separation, for example, part of the sulfuric acid-
containing electrolyte in the electrolytic cell for the treatment
of anodic Qxidafion or the treatment of AC coloration is
subjected fo an ion-exchange treatment. While the sulfuric acid
recovered by this ion-exchange treatﬁent is returned to the
electrolytic celi, this treatment gives rise to a treated water
conﬁaining part of the sﬁlfurig acid and sulfuric alum. Also in

the operation of the method using a diffuse transmission

membrane, part of the electrolyte in the electrolytic cell .is

treated with the diffuse transmission membrane. While the

sulfuric acid recovered by this treatment is returned to the

g e e s e T g ORI e VN I ¢ B T
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electrolytic cell, the treatment produces a treated water
containing part of the sulfuric acid and sulfuric alum. The
dilute aqﬁeous sulfuric acid solu£ion containing the sulfuric
alum generally contains 3 to 6% of H,S0, and 7 to 9% of AlZ(SO4)3.

In recent years, as the installation of facilities for the

. treatment of electrolytes has increased in ratio to keep place

with the imporovement of quality of the aluminum surface
treatment, this dilute aqueoussulfuric aéid solution has been
gfowing in volume. In the circumstances, the question as to how
the dilute aqueous sulfuric acid solution ought to be safely
disposed of has been driving the industry concérned to its wit's
end. An idea may possibly be conceived of utilizing this
solution for the aforementioned batchwise synthesis of an aqueous
aluminum sulfate solution. The present applicant for pétent
himself is partially utilizing the solution for the synthesis.
Since the aforementioned sulfuric alum-containing aqueous sulfuric
acid solution is a dilute liquid, the use of this solution in an
increased volume inevitably results in a decrease in the reaction
velocity. Further, since the synthesis is made batchwise, it
does not suit commercialization.
SUMMARY OF THE INVENTION
This inventioq, therefore, has been produced for the purpose

of overcoming the drawbacks suffered by the prior art as

described above. An object of the invention is to provide a

method for permitting continuous synthésis of an aqueous

aluminum sulfate solution by effective use of the sludge, waste

. sulfuric acid, and sulfuric alum-containing aqueous aluminum

g e e e Swie s 4 Mg e S T e g Y . . L gyt
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sulfate solution arising in the works of aluminum surface treat-
ment and causing serious anxiety to the industry concerned
regarding safe disposal thereof and an apparatus to be used for
effecting the method.

Another object of this invention is to provide a method
for continuous synthesis of an aqueous aluminum sulfate solution,
which method. excels in productivity, workability, safety, etc.,
operates with relatively inexpensive equipment, and affords the
product in a high yield, and an apparatus for effecting the
method.

Yet another object of this invention is to provide a method
for effecting continuous synthesis of an agqueous aluminum rulfate
solution with high energy efficiency at a low runningvcost and
an apparatus for working the method.

To accomplish the objects described above according to the
present iﬁvention, there is provided a method for continuous
production of an agueous aluminum sulfate solution from by-products
occurring in the work of aluminum surface treatment, which method
is characterized by the steps of feeding aluminum sludge
arising in the work of aluminum surface treatment and consisting
mainly of aluminum hydroxide, waste sulfuric acid arising during

. coaktin _
the removal of4eea¢ in the aforementioned work of surface treat-
ment, and an aluminum sulfate-containing aqueous sulfuric acid
golution arising during the recovery of sﬁlfuric acid in the
aforementioned work of surface treatment to a reaction tank

_ ' component :
consisting of a plgrality oﬁAtanks, i.e. first through n'th

tanks;'causing the fed substances to flow sequentially through
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to
the first tank through4the n'th tank (last tank) to undergo

reactions under temperature conditions in the range of 80°C to

the boiling point of the reaction solution and, at the same time,

feeding part of the aforementioned aluminum sulfate-containing
tanks From the

aqueous sulfuric acid solution to at least one of theksecond

tank through the last tank, ?nqhadjusting the pH value of the

reaction solution in the Le@ﬁzzank at a level in the range of

1.6 to 2.5.

In the method described above, the adjustment of the pH value
of the reaction solution constitutes itself one of the important
factors for efficient continuous synthesis-aimed at. In accordance
with the present invention, therefore, there is provided an
apparatus for continuous production of the agqueous aluminum
sulfate solution, which apparatus is designed in order for the
adjustment of the pH value to be effected properly. This apparatus
is characterized by comprising:'

c__om(:cne\v\—ts

a reaction tank consisting of first through n'thAtanks
Peyr'n-ﬁ\h\:\v{c\(l
—'ammeseeﬁméﬁxcontinuous reactions respectively of aluminum

sludge arising in the work of aluminum surface treatment and
consisting mainly of aluminum hydroxide, waste sulfuric acid
arising during the removal of coat in the aforementionea work of
surface treafment, and an aluminum sulfate—containing aqueous
sulfuric acid solution arising during the recovery of sulfuric
acid in‘the aforementioned wé;k of surface trentment,

- a first feed pipe £ex feeding the aforementioned aluminum
sulfate-containing aqueous sulfuric acid solutidn to the -aferemers

t%eﬁeé'first tank,

- e
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an n'th feed pipe (n for an integer of the value of at
least 2) £eox feeding the aforementioned aluminum sulfate-containing
aqueous sulfuric acid solution to at least one of the second and
subsequent tanks,

a first pH indicator-controller-recorder disposed inside
the aforementioned first or second tank,

a first control vaiue interlocked with the aforementioned

contre i ng
first pH indicator-controller-recorder andjadapted—to—con-red

the flow volume within the aforementioned first feed pipe,

an n'th indicator-controller-recorder (n for an ipteger of
the valﬁe of at least 2) disposed in at least one of the afore-
mentioned second and subsequent tanks, and

| an n'th control valve (n for an integer having thg value of
at least 2) interlocked with the aforementioned n'th indicator-
conbro\\in
controllerfrecorder andfa&apted&&oacontfeithe flow volume within
the aforementioned n'th feed pipe.

Further in the aforementioned method, the control of the
temperture of the reaction solution also constitutes itself
another important factor efficient continuous synthesis aimed at.
In accordance with the present invention, therefore, there is
provided an apparatus for reaction temperéture control designed
to permit continuous production of the aqueous aluminum sulfate
solution from by-products occurring in the work of aluminum
surfacé.treatment,.which apparatus is characterized by comprising:

the aforementioned reaction tank consisting of first through

Compovx c.n\'.

n'thitanks,

o e T T W S T YT T DL e b a e A e g ey A



a first heat exchanger fex effecting exchange of heat between
the final aqueous aluminum sulfate solution emanating from the
aforementioned reaction tank and possessing a boiling point
approximating. the boiling point of the reaction solution and the

5 aforementioned aluminum sulfate--containing aqueous sulfuric acid

solution,

a first, steam pipe disposed inside the aforementioned first

uoo ]
s %88 tank,
gmgoo
o o a first temperature indicator-controller-recorder disposed
nbea ©
? 3 s . kel s
= <0 inside the aforemew=tewed first tank,
aﬁl\bhﬁ
o

a first temperature control valve interlocked with the

aforementioned first temperature indicator-controller-recorder
contrell g

. and4-~ flow volume of steam within the
:”E:' aforementioned first steam pipe,

N
o 15 an n'th steam pipe (n for an integer of the value of at
0Lt least 2) and an n'th temperature indicator-recorder (n for an
°:”*:, integer of the value of at least 2) disposed inside at least one
nd::” of the aforementioned second and subsequent tanks, and
-:qu an n'th temperature control va}ve (n for an integer of the

20 value of at least 25 interlocked with the aforementioned n'th
T controlld ng
temperature indicator-recorder andj

manually
or automatically the flow volume of steam within the aforemen-
tioned n'th'temperature indicator-recorder.
BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a flow sheet schémétically illustrating a typical
apparatﬁs adapted to continuous synthesis' of an aqueous aluminum
sulfate solution according with the present invention.

Fig. 2 is a partial flow sheet schematically illustrating
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another embodiment of this invention, and
Fig. 3 is a partial longitudinal cross section another

reaction tank usable in the apparatus according with the

_ present invention.

DETAILED DESCRIPTION OF THE INVENTION

In the present invention, an aqueous aluminum sulfate
solution is continuously synthesized by causing aluminum sludge
occurring in the work of aluminum surface treatment, waste
sulfuric acid occurring during the removal of a coat in the
aforementioned work of surface treatment, and.an aluminum
sulfate-containing aqueous sulfuric acid solution oécurring during
the.recovery of sulfuric acid in the aforementiohed work of

surface treatment to be reacted sequentially in a plurality of

reaction tanks. The synthetic aluminum sulfate solution obtained

at the end of these reactions'is subjected to filtration and
concentration to give rise to aldminum sulfate as a finished
product. The attributes of the finished product depend .on the
final pH value of the synthetic aluminum sulféte solution and are
regulated in a fixed range suitable for a particular purpose for
which the finished product is used. In the present invention,.
the sulfuric alum—containing dilute aquéous sulfiric acid sélution
is utilized for the adiustment of the pH value of the‘rgaction
solution. ‘

The reaction for the synthesis of aluminum sulfate ;s
represeﬂted by - the following formula (1) and the reaction formula
for the sake of calculatiop is représented by the following formula

(2).

- 10 -
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2A2(0H) 5 +3H2804 —+AL2(S0¢)s + 6H=20 (1)

A22035 4+3H280s — Az, (S04) s 4 3H,0 (2)

The reaction velocity constant in the reaction meﬁtioned
above and the effect of pH on the reaction were studied using a
sludge, a waste sulfuric acid, and a sulfuric alum-containing
dilute.aqueous sulfuric acid solution possessing respective

compositions indicated in Table 1 below.

Table 1
Waste Sulfuric alum-containing
Composition Sludge|sulfuric|agueous sulfuric acid
. acid solution

Al(OH)3 9.5% -
HZO 86.8%

) 9.4% ) 85.88§
Other substances (such 3.7%
as micro-molecular
£locculant)
sto4 - 90.0% 5.3%
A12(804)3 0.6% 8.7%

Since the reaction of the aforemeqtioned three materials
was experimentally demonstrated to be regarded as a homogenous
second order reaction, thevelocity constant of the reaction was

determine by a batch rest. From the results of the test, it is

- found that the velocity constant at 90° to 100°C was 0.12 ~ y.671

1/A1203-mol°sec. The results of various runs of the test
conducted using the three materials in varied mixing ratios

indicate that the proper value of the velocity constant ought to

- 11 -
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exceed at le °*t 0.01 1/A1203-mol-sec. In view of commercial
operation of the synthesis, the highest permissible limit of the
velocity constant is 2.0 £L/Al,05 mol-sec.

If the pH value is unduly high, namely the amount of free
HZSO4 is undully spall, the reaction velocity is too low for the
synthesis to be commercially feasible. In consideration of the
fact that the final pI value of the synthetic solution is subject
to control, therefore, it is ﬁost desirable in the case of

continuous reaction to control this continuous reaction in such a

manner that the pH value of the reaction solution in the first tank

in the compound of reaction tanks will be lowered to heighten the
reaction velocity and the pH values of the reaction solutions in’
the subsequent tanks will be gradually increaged sequentially to
adjust the final pH value of the synthetic solution eventually to
the prescribed level. As the result of an experiment conducted

by the inventors, it has been found that when the sludge, the
waste sulfuric acid, and the sulfuric alum—contain;ng dilute
aqueous sulfuric acid solution are continuously fed in a fixed
gravimetric ratio to a multi—stage (3 to 6 stages) reaction tank
having the component stages provided with respectively fixed
volumes commensurate with the intended volumes of treatment at
respecitvely fixed temperatures (in the range of 80°C to the
béiling point of the reactidn solution, preferably 90°C to the
boiling boint), the synthetic aluminum sulfate solution possessing
a pH value (in the range of 1.6 to 2.5, preferably 1.8 to 2.0)
resulting from completion of the reaction is continuously 6btained

from the final stage of the reaction tank. The sulfuric alum-

.containing dilute sulfuric acid solution is fed in such a manner

- 12 -
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“that the pH values of the reaction solutions in the component

tanks will be retained at respectively prescribed levels. For

-the purpose of increasing the reaction velocity thereby producing

the aqueous.aluminum sﬁlfate solution in an increased yield, it
is desirable to control.the pH value in the first reaction tank
in the range of 0.1 to 1.0. For commercial operation of the‘
synthesis, it suffices to control this pH value in the range of
0.1 to 2.0.

Now, the present invention will be described in detail below
with reference to wofking examples of the pfesent invsntion
depicted in the accompaﬁying drawings.

Fig.'l is a flow sheet schematically illustrating a typical
apparatus adapted to effect tontinuous synthesis of an aqueous‘
aluminum sulfate.solution by the ﬁulti-stage tank type parallel-
flow reaction of the pfesent invention. In the diagram, 1l stands
for a belt conveyor for forwarding sludge having aluminum hydroxide
as a main component'thereof, 2 for a mixing tank, 3 for a reaction
tank consisting of first. through n'th tanks, 4 for a tank for
holding a sulfuric alum;containing dilute aqueous sulfuric, acid
solutioﬁ, and 5 for a waste sulfuric acid tank;

The reaction tank illustrated iﬂ.Fig. 1 represents a case
satisfying n = S, i.e. using4§;:; somponent tanks. The first taﬁk
Rl and the second tank‘Rz'are partitioned with a weir—iike bulkhead
8a raised upright so as to permit overflow. The second tank R2
and the third tank Ry, the third tank R3_anq the fogrth tank R4,

and the fourth tank R, and the fifth tank R, are severally

partitioried with respective bulkheads 8b suspended from above so

- 13 -
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as to form openings in the bottom parts thereof. These component
tanks are each provided with a stirrer 9 adapted to be rotated
by an electric motor M.

’ conveyer .

The sludge is fed as carried on the beltjeemeyer 1 to the
mixing tank 2. In the meantime, the sulfuric alum-containing
dilute aqueous sulfuric acid solution kept at normal room temper-
ature in the dilute sulfuric acid solution tank 4 is forwarded
by a pump 10 via a feed line 11 to a first heat exchanger 6,
wherein the solution is heated to a temperature of about 65° to
70°C through exchange of heat with the produced synthetic aluminum
sulfate solution possessing a temperaﬁure of about 100°C, and then
forwarded to a second heat exchanger 7, wherein the solution is
heated to a still higher temperature of about 95° to 100°C through
exchagne of heat with steam possessing a temperature of boiiing
point, and thereafter fed to the mixing tank 2 through a first
feed pipe 12. Part of the heated solution is fed to the fourth
tank R4'preceding the last tank through a secénd feed pipe 13.

The mixture formed of the sludge with the suifuric alum-containing
aqueous sulfuric acid solution.inside the mixing tank 2 is now

in a state kept at an elevated temperature of'about 70° to 80°C,
mixed with the stifrer 9, and then forwarded to the first reaction
tank Rl' Meanwhilé, the waste sulfuric acid held inside the.waste
sulfuric acid tank 5 is forwarded by a pump 14 to a waste sulfuric
aéid receiving tank 15} deprived of floaﬁing substances with a
séreen 16 disposed:inside the receiving tank 15, aﬂd then forwarded

to the first reaction tank Ry by a pump 17.

- 14 -




> °
B 2
o 2%
®q Od
¢ 9 >
L] ]

25

In the reaction tank 3, the reaction solution formed inside
the first tank Ry of the mixture of sludge, waste sulfuric acid,
and sulfuric alum-containing aqueous sulfuric acid solution is
caused to flow from the first tank Rl to the final fifth tank RS
as kept stirred by the stirrer 9 and undergo reactions represented
by the formula (1) mentioned above. As the result, the synthetic
aluminum sulfate solution is obtained at about 100°C from the
fifth tank R This solution is forwarded by a pump 18 through
a produced solution line 19 and the first heat exchanger 6 to a
filtration-purification unit (not shown).

Now, the control system will be described below. First, as
regards the control of the pH value of the reaction solution, the
pH value of the reaction solution in the first tank R, and the

1
> is fixed at a level of about 0.8. When the actual

second tank R
feed amount of the sludge is changed so as to fall far below the
theoretical feed amount, the feed amount of the waste sulfuric
acid is proportionately inéreased, with the result that the pH
value shifts from the fixed level, pH 0.8, toward the acidic side
(to pH 0.2, for example). In this éase, therefore, the pH value
must be controlled. This adjustment of the pH value is effected
by a first pH indicator-controller-recorder (PHICR) 20 which is
disposed inside the second tank R,. When the reading of pH value
on the first pH indicator-controller-recorder is below 0.8
(strongly acidic side), a first control valve 21 disposed in the
first feed pipe 12 for the sulfuric alum-containing dilute aqueous

sulfuric acid solution and interlocked with the.aforementioned

recorder 20 is closed. Conversely when the reading of pH value
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feeding the waste sulfuric acid to the first tank R

is above O.Q, the first control valve 21 is opened. Thus, the
pH value of the initial reaction solution is automatically
controlled to 0.8 by suitable control of the feed amount of the
sulfuric alum—contéining dilute aqueous sulfuric acid solution.
The adjustment of the pH value in the first tank is normally
effected as described above. If the actuél'feed amount of the
sludge increases beyond the prescribed level as when the oéeration
of the apparatus is resumed after a stop or when the pH value in
the first tank is appreciably varied from the prescribed level by
a certain other factor, it naturally follows that the pH value
of the first tank Rl deviates from the prescribed level. For the
purpose of returning the pH value to within the fixed range, the
waste sulfuric acid having a lower pH value (strongly acidic side)
than the aforementioned sulfuric alum-containing dilute aqueous
sulfuric acid solution may be .used in the place of the dilute
aqueous solution just mentioned. When the reading of pH value on
the first pH indicator-controller-recorder 20 is below 0.8, the
supply of the waste sulfuric acid is discontinued by turning off
the pump 17 of £he waste sulfuric acid receiving tank 15. When
the reading of pH is aone 0.8, the pump 17 is opened and the
capacity thereof is increased (by opening the valve) to start
1* Thus, the
pH value is automatically controlled to 0.8. The suitable-
increase or decrease of the feed amount of the waste sulfuric acid
possessing a low pH value is advantageous for pH adjustment
particularly where the pH value heavily deviates because the time

requiréd'for the pH value to return to within the fixed range is

- 16 -
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smaller than when the sulfuric alum-containing dilute aqueous
sulfuric acid solution is used. It will be readily understood by
persons skilled. in the art that this pH adjustment can be accom-
plished by using both the sulfuric alum-containing dilute aqueous
sulfuric acidsolution and the waste sulfuric acid.

Optionally, the first pH indicator—controller—recorder 20
méy be disposed inside the first tank Ry and adapted to detect

the pH value on the outlet side of the first tank R As the

1
reaction proceeds, the pH value of the reaction sqlution increases
and shifts toward the weakly acidic side. When the pH value of
the synthetic aluminum sulfate solution within the fifth tank
(Last tank) R5 falls on the strongly acidic side below the
prescribed level (1.6 to 2.5, preferably 1.8 to 2.0), the detector
of a second pH indicator-controller-recorder (RPHCR) 22 disposed
inside the fifth tank ﬁs detects this deviation of the pH value
and closes a second control valve 23 disposed in the second feed
pipe 13 for the sulfuric alum-containing dilute agueous sulfuric
acid solution. When the‘pH value conversely :ises above the
prescribed leivel, the aforementioned detector.automatically opens
the second control valve 23. It is permissible to connect feed
pipes for the sulfuric alum-containing dilute aéueous sulfuric
acid solution one each to the component fanks, disposing pH
indicator—cntroller—recorders one each in the component tanks,

and effect fine adjﬁstment‘of the pH values of the reaction
solution in the component tanks by the ?rocedure describea above.

In any event, since the adjustment of the pH value of the reaction

solution is effected by controlling the feed amount of the sulfuric

- 17 -
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alum-containing dilute aqueous sulfuric acid solution and/or that
of the waste sulfurié acid and further since the pH value of the
reaction solution is not less than 0.8 and the conversion in the
first tank is about 90% and the pH value in the second tank cannot
fall below the aforementioned level, it suffices to use stainless
steel of the grade of about SUS 316 JIL as the material for the
first tank and stainless steel of the grade of about SUS 316 L

as the material forthe second and subsequent. tanks.

Then, as regards the control of the temperature of the
reaction solution, the temperature of the mixture of the sludge
and the sulfuric alum-containing dilute aqueous sulfuric acid
solutioﬁ inside the mixing tank 2 is elevated to a level in the
range of 70° to 80°C owing to the supply of the sulfuric alum-
containing dilute aqueous sulfuric acid solution which possesses
a temperature in the range of about 95° to 100°C. The sulfuric
alum-containing dilute aqueous sulfuric acid solution kept at room
temperature jinside the dilute sulfuric acid tank 4 is heated, as
described above, to a level of about 65° to 70°C (as detected by
a temperature indicator-recorder (TR) 24) by means of the first
heat exchanger and then elevated further to a level of about 95°
to 100°C by means of the second heat exchanger 7; This temperature
is detected by a temperature indicator-controller-recorder (TRC)
25 disposed behind the second heat exchanger 7 in the feed line
for the sulfuric alum-containing dilute sulfuric acid solution.
When the temperature.so detected is below the pfescribed level,

a steam control valve 27 disposed in a steam feed pipe 26and

interlocked with the aforementioned recorder 25 is opened.
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When the detected temperature is above the prescribed level, the
steam control valve 27 is narrowed. By thus controling the amount
of steam entering the second heat exchanger 7, the temperature

is automatically controlled to the prescribed level. To the
reaction tanks are connected steam feed pipes. A first steam

pipe 28 is immersed inlthe form of a coil or a planar plate in

the reaction solution held inside the first tank R, and then “ed

1
to a waste discharge groove 32 so as to effect exchange oi heat.
To the second throdgh fourth tanks, a second steam pipe 29, a
third steam pipe: 30, and a fourth steam pipe 31 are respectively
connected so as to effect introduction of steam. The temperature
of the reaction solution inside the first tank Rl is controlled
by a.-first tempzrature indicator-controller-recorder (TRC) 33 and
a first temperature control valve 34 disposed in the aforémentioned
first steam pipe 28 and interlocked with the aforementioned
recorder 33. When the temperature of the reaction solution in the
first tank Rl is above the prescribed level, the first temperature

control valve 34 is narrowed. When this temperature is below the

prescribed level, the control valve 34 is opened. Thus, the

‘temperature is.automatically controlled to the prescribed level.

To the third and_fifth tahks R3 and R5 are respectively connected
a third and a fifth temperature indicatorzrecorder (TR) 35 and 36.
Depending on'thé temperatures detécted by)these temperature
indicator-recorders 35 and 36, the control of temperature is
manually effected by opening or closing secoﬁd through fourth

control valves 37 throﬁgh 39. Optionally, the teémperature of the

: .reaction solution may be automatically effected by disposing
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temperature indicator-controller-recorders one each in the
component tanks and interlocking thése.recorders ﬁo the respective
temperature control valves in the steam pipes. Where the system
is designed so as to elevate the temperature by introducing-

steam into the component tanks, the reaction solution is diluted
and consequently suffered to entail use of extra energy in the
subsequent work of purification. It is, therefore, deéirable to
effect the elevation of thé temperature of the reaction solution
in the first tank by the extchange of heat between the steam pipe
and the reaction soluﬁion as illsutrated in the diagram.

Further in Fig. 1, the reference numeral 40 stands for a
liquid level indicator-controller (LC) in the waste sulfuric acid
réceiving tank 15 for préventing the motor of the pump 17 from
idle rotation. It automatically actuates the pump 14 when the
liguid level of waste sulfuric acid in the waste sulfuric acid
receiving tank 15 falls below a fixed line mark and it stops the
operation of the pump when the liquid level rises above the mark.
The reference numeral 41 stands for a liquid level indicator-
controller (LiCA) provided with an alarm and adapted to control
the liquid level oflthe'reéction gank 3. It automatically narrows
a control.valve 42 when the liquid level of the reaction solution
fallé below ;he fixed mark and it opens the control valve 42 when
the liquid level rises above the mark. The reference numeral 43
stands for a cumulative flow amount indicator (FIQ) adapted to
display the feed.amount of the sulfur alum-containing dilute
aqueous sulfuric acid solution. Continuous synthesis of an
aqueous aluminum sulfate solutioh.was'carried out with the

apparatus of Fig. 1 under the following conditions.

- 20 -



Conditions of synthesis

Sludge:
Feed amount - 1,429 kg/hour
Composition - A_l(OH)3 9.5% by weight
5 Impurities 3.7% by weight
HZO 86.8% by weight
°:“.§ Waste sulfuric acid:
::ﬁ:: Feed amount - 72.6 liters/hour
°°.°f Composition - Free H,S0, 90.0% by weight
3%;3 A12(804)3 0.6% by weight
o Specific gravity - 1.804 (25°C)
se Sulfuric alum-containing aqueous sulfuric acid solution
e+ Peed amount - 3,112 liters/hour
.v‘“ Composition -~ Free H2804 5.3% by weight
uigf Alz(SO4)3 " 8.9% by weight
R HZO Balance
:J::° Specific gravity - 1.134 (12°C)
FRLH Reaction temperature: 99° to 100°C

pH value of first tank: About 0.8
20 pH value of fifth tank: About 2.0
As éhe result, the aqueous aluminum éulfate solution could
be continuously syiathesized at a conversion of about 98%. The
aqueous aluminuﬁ sulfate solution thus obtained was subjected
to a filtration test under the conditions, i.e..300 ml as the
25 émount'of synthetic solution used, 20°C as the filt;ation
temperature, filtration under a vacuum (without filtra£ion.aid)

as the manner of filtration, 95 cm? as the available area 5f

- 21 -
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and \20 Torr
filtration, Filter Paper, #2, of Toyo Roshi Co., Ltd.ﬁ@s the

filtration pressure (degree of vacuum). The test revealed no
problem as to the filﬁration property of the solution.

Fig. 2 illustrates another typical apparatus for continuous
synthesis of an aqueous aluminum sulfate solution of this
inverition, depicting the only portions with respect to which this
apparatus differs from the apparatus of Fig. 1. The devices
(such‘as, for example, waste sulfuric acid tank and heat
exchangers), the measuring instruments (such as, for example, pH
indicator-controller-recorders), and the feed lines (such as, for
example, feed line for sulfuric alum-containing aqueous sulfuric
acid solution) which .are not shown in Fig. 2 are identical to those
shown in Fig. 1. The apparatus illustrated in Fig. 1 is provided
with the mixing tank 2. This mixing tank is disposed as illus-
tfated simply because no reaction tank can be installed below the
belt conveyor where the existing ap@aratus is adopted in its
unmodified state. This installation of the mixing tank is not
always neéessary. As illustrated in Fig. 2, the aforementioned

three raw materials can be directly fed to the first tank R, of

1
the reaction tank 3 instead. 1In the apparatus of Fig. 2, the
sludge is forwarded by a pumé through a sludge feed pipe 44. Of
course, it can be forwarded by a belt conveyor as in the apparatus
of Fig. 1. In the reaction tank 3 illustrated in Fig. 2, the
component tanks Ry through R; are partitioned alterna£ely with
weir-like bulkheads 8a and bulkheads 8b suspended from above so

as to prevent otherwise possible short pass of the reaction

solution. For the purpose of more effectively preventing the short



pass of the reaction solution, the component tanks may be provided
therein with a baffle plat;jis illustrated in Fig. 3.
The control of the temperéture of the reaction solution in
the first tank Ry is automatically effected, similarly to the
5 aforementioned apparatus of Fig. 1, by causing the first tempera-
ture indicator—controller—gecorder 33 to control the first
temperature control valve 34 disposed in the first steam pipe 28.
By the same token, the temperatures of the reaction solution in
the second through 4th tanks R2 through R, are automatically
10,, controlled by means of second through fourth temperature
indicator-controller-recorders (TRC) 45 through 47 disposed in
2 the respective component tanks and second through fourth tempera-
+ ¢+, ture control valves 48 through 50 disposed respectively in the
i second through fourth steam pipes 29 through 31. Further, the
i5 E temperatures of the component tanks are controlled by exchange of
A heat between the portions of the reaction solution inside the
chee component tanks and the second through fourth steam pipes immersed
* .+ in the form of a coil or a planar sheet in the reaction solution.
The apparatus illustrated in Fig. 2 is provided with a
20 synthetic solution circulation line 52 which issues from the
dischérge side of the pump 18 for discharge of the synthetic
solution and returns into the first tank R, . This circulation
line 52 is provided therein a manual valve S51. Owihg to this
device, the aqueous aluminum sulfate solution can be returned to
:25 the first tank Rl by opening the manual valve 51 when the second
pH ihdicator-contrdller—recorder (PHICR) 22 (Fig. 1) serving to

display the pH value of the synthetic solution displays an
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abnormal value (outside the prescribed raﬁge). Of course, the
apparatus of Fig. 1 may be provided with the circulation line.

It is evident from the description given above, the following
effects and advantages are derived from the present invention.

a) Since the synthesis of the aqueous aluminum sulfate
solution is carried out continuously by the multi-stage tank type
parallel reaction, the capacity for production is notably improved
as compared with the conventional synthesis by the batchwise
operation and, for a fixed volume of production, the apparatus
permits a generous reduction in overall size and floor area. The
apparatus, when necessary, may be installed indoors.

b) Since the adjustment of the pH values of the reaction
system is effected by the use of the sulfuric &lum-containing
dilute aqueous sulfuric acid solution, the pH adjustment can be
attained easily and the free H,S0, concentration in the first tank
is low. By controlling the pH values of the reaction solution in
the componént tanks in the range of 0.8 to 2.5, therefore, the
reaction tanks made of stainless steel can be safely used. The
reaction tanks,.accordinglyf can be given necessary maintenance
by proper welding, repair, and inspection. Thus, the cost of
equipment is low. Since the apparatus is continuously operated,
the pH value of the reaction solution can be continuously con-
trolled without requiring the vaives, pumps,. stirrers, etc. to be
switched from time to time. The appératus, therefore, can be
easiiy automated. It is also effective in improving the work- .

ability and the safety.




c) On the basis ofAthe experimental data on the reaction
velocity constant, the capacity for prcduction can be increased
with a minor modification of the apparatus.

d) The system of the present invention for reaction
temperature control entails virtually no loss of thermal
efficiency due to scaling because the heating is effected by the
use of the heat exchange units installed independently of the
reaction tanks. ‘~Further, the control of the temperature can be
effected automnatically. Owing to the ease of temperature control
coupled with the effect of continuous operation, the apparatus
enjoys high energy efficiency and low power consumption and a low
running cost as well.

The other advantages and effects of the present invention

" will be apparent from the foregoing description of the inventian.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A method for continuous production of an aqueous
aluminum sulfate solution from by-products occurring in
the work of aluminum surface treatment, which method is
characterised by the steps of feeding aluminum sludge
arising in said work of aluminum surface treatment and
consisting mainly of aluminum hydroziii«ggaste sulfuric
acid arising during the removal of4eeat in said work of
surface treatment, and an aluminum sulfate-containing

aqueous sulfuric acid solution arising during the recovery

o e of sulfuric acid in said work of surface treatment to a

3“3:° reaction tank consisting of a pluraliginggjgggis, causing

%o s said fed substances to flow sequentially through a first

venan tank through4§ last tank to undergo reactions under

:... temperature conditions in the range of 80°C to the

Tetedt boiling point of the reaction zolution and, at the same
time, feeding part of said aluminum sulfate- contalnlng\
agueous sulfuric acid solution to at 1eas§”§§Z $¥32he)\

RXTT second tank through;%he last tank, and adjusting the p#

:x: value of the reaction solution in the last tank at a level

Test d in a prescribed range of 1.6 to 2.5.

vovest 2. The method according to claim 1, wherein part of the

o aqueous aluminum sulfate solution emanating from the final
tank is returned to the reaction tank when the pH value of

s L0, the reaction solution in the final tank departs from the

a::', prescribed range.

e fes 3. The method according to claim 2, wherein part of the

aqueous aluminum sulfate solution emanating from the final
tank is returned to the first tank.

g —— ot aprg ¢ N P i e e e e S




4. The method according to any of Claims 1 through 3,
wherein the pH value of the reaction solution in the first or
second tank is adjusted in the range of 0.1 to 2.0.

dccordin

5. The method%aeee#ééqn to Claim 4, wherein the adjustment
of the pH value of the reaction solution is effected by controlling
the amount of said aluminum sﬁlfate—containing aqueous sulfuric
acid solution fed to the first tank.

6. The method according to any of Claims 1 through 5,
wherein the control of the temperature of the reaction solution
in the ?eactio; tank is.carried out by feeding steam to said
reaction solution.

7. The method according to any of Claims 1 through 5,
wherein the control of the temperature of the reaction solution
in the reaction tank .is carried out by exchange of heat between
said reaction solution and a steam pipe immersea in said reaction
solution.

8. The method according to any of Claims 1 through 7,
wherein said aluminum sulfate-containing aqueous sulfuric.acid
solution heated to an elevated temperature is fed to thé first
tank.

9. An apparatus for continuous production of an aqueous
aluminum sulfate solution from by-products occurring in the work
of aluminum surface treatment, which apparatus is characterized
by comprising: | . '
. r;ovv\pon@—v-\t
a reaction tank consisting of first through n'thjtanks

Permitt \'_ns' -
a&apted=t°—agxmiikcontinuous reactions respectively of aluminum

sludge arising in the work of aluminum surface treatment and
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consisting mainly of aluminum hydroxide, waste sulfuric acid
arising during the removal of coat in said work of surface
treatment, and an aluminﬁm sulfate-containing aqueous sulfuric
acid solution arising during the recovery of sulfuric acid in
said work of surface treatment,

a first feed pipe £ex feeding said aluminum sulfate-
containing aqueous sulfuric acid solution tojiE;d first tank,

an n'th feed pipe (n for an integer of the value of at least
2) £exr feeding said aluminum sulfate-containing aqueous sulfuric
acid solution to at least one of the second and subsequent tanks,

a first pH indicator-controller-recorder disposed inside
said first or second tank,

a first control valve interlocked with said first pH

c_ontwo\\\'hs

indicator-controllexr-recorder andadapted=to=contret the flow
volume within said fifst feed pipe,

an n'th indicator-controller-recorder (n for an integer of
the value of at leas£ 2) disposed in at least one of said second
and subsequent tanks, and

an n'th control valve (n for an integer having the value
of at least 2) interlocked with said n'th indicator-controller-

. contre\lin
recorder and/adapted=te=contxol the flow volume within said n'th
feed pipe.

10. The apparatus according to Qlaim 9, wherein said n'th
feed pipe serves to feed said aluminum sulfate-containing aqueous
sulfuric acid solution to the tank immediately preceding the last
ténk,'said n'th pH indicator-controller-recorder is disposed in

the final tank, and said n'th control valve is‘disppsed in said

feed pipe.
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11. The apparatus according to Claim 9 or Claim 10,
wherein said reaction tank is divided into said first through
n'th tanks by bulkheads suspended from above so as to form an
opening on the bottom part of said reaction tank and/or weir-like
bulkheads raised upright so as to allow overflow of the reaction
solution.

12. The apparatus according to Claim 11,wherein a baffle
plate adapted to prevent short pass of the reaction solution is
disposed in at least one of said first through n'th tanks.

13. An apparatus for reaction temperature control to pérmit
continuous production of an aqueous aluminum sulfate solution from
by-products occurring in the work of aluminum surface treatment,
which apparatus is characterized by comprising:

com(aone Y\\-

a reaction tank consisting of first through n'thxtanks

Pevrwa ke \.V'\%
ackaprted=—tn = Kcontinuous reactions respectively of aluminum

sludge arising in the work of aluminum surface treatment and

consisting mainly of alumipum hydroxide, waste sulfuric acid

arising during the removal of coat in said work of surface treat-

ment, and an aluminum sulfate-containing aqueous sulfuric acid |

solution arising during the recovery of sulfuric acid in said
treatment

work of surfaceAEfea%eﬂat,

a first heat exchanger &= effecting exchange of heat between
the final aqueous aluminum sulfate solution emanating from said
reaction tank and possessing a boiling point approximating the

boiling point of the reaction solution and said alumihum sulfate-

containing aqueous sulfuric acid solution,
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a first steam pipe disposed inside said first tank,

a first temperature indicator-controller-recorder
disposed inside said first tank,

a first temperature control valve interlocked with
said first temperature indicator-controller-recorder and

conbtvrol\in
=ee Xthe %low volume of steam within said

first steam pipe,

an n’th steam pipe (n for an integer of the value of
at least 2) and an n’th temperature indicator-recorder (n
for an integer of the value of at least 2) disposed inside
at least one of said second and subsequent tanks, and

an n’th temperature control valve (n for an integer
of the value of at least 2) interlgﬁgfngg§a said n'th
temperature indicator-recorder andjadapted to control
manually or automatically the flow volume of steam within
said n’th temperature indicator-recorder.
14. A method for continuous production of an aqueous
aluminum sulfate solution substantially as hereinbefore
described with reference to the accompanying drawings.
15. An apparatus for continuous production of an aqueous
aluminum sulfate solution substantially as hereinbefore
described with reference to the accompanying drawings.
DATED this 24 day of January 1990

YOSHIDA KOGYO K K
Patent Attorneys for the

Applicant:

F.B. RICE & CO.
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FIG 2

WASTE SULFURIC ACID
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