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nese ion, and any of nitrate ion and nitrite ion. The mixed
solution has a weight ratio of the polar organic solution
to the water in a range of 2.8:7.2 to 3.8:6.2. The alumi-
num chemical conversion unit treats the composite ve-
hicle body with a chemical conversion solution for alu-
minum. The rinse unit washes the composite vehicle
body with a washing solution.

308

306 305

o=

Printed by Jouve, 75001 PARIS (FR)



1 EP 1371 756 A2 2

Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to equipment
and a method of pretreatment before painting, and spe-
cifically relates to equipment and a method of pretreat-
ment before painting preferably used in a line of a pre-
treatment before painting, for example where a compos-
ite body of iron and aluminum flows.

2. Description of the Related Art

[0002] In the light of reduction in weight, an increase
in rigidity, or improvement in recyclability, it has been
examined to employ aluminum parts for a hood, a trunk
lid, a door inner, and the like in a vehicle body.

[0003] As apretreatment method of such a composite
body of iron and aluminum, the Japanese Patent Trans-
lation Publication No. 2001-515959 (PCT International
Publication No. W099/12661) has proposed that only
iron parts are subjected to chemical conversion in a first
step and then aluminum parts are subjected to chemical
conversion in a second step.

[0004] In order to etch aluminum and precipitate or
mask dissolved aluminum, free or complex-bound fluo-
ride ion are added to a chemical conversion solution
used in the pretreatment method. The concentration of
free fluoride ion is limited to less than 8/T (g/L, T: treat-
ment temperature (°C)) so that excessive chemical con-
version coating is not produced on an aluminum sur-
face, that is, a large amount of sludge is not accumulat-
ed at a time.

SUMMARY OF THE INVENTION

[0005] However, in the method of pretreatment de-
scribed in the above Japanese Patent Translation Pub-
lication No. 2001-515959, the chemical conversion so-
lution contains fluoride ion. Accordingly, sludge of alu-
minum is accumulated in a tank, and it is necessary to
remove and discarded the sludge. Moreover, as de-
scribed above, excessive aluminum conversion coating
is formed on the aluminum surface if the concentration
of free fluoride is not controlled to less than a predeter-
mined value. Accordingly, an operation and a system for
control and management of the concentration of free flu-
oride and for control and management of a replenish-
ment solution are required.

[0006] Furthermore, since the chemical conversion
process for aluminum is provided after the chemical
conversion process for steel, the total length of the pre-
treatment process is increased. Accordingly, the meth-
od is disadvantageous in a space, a treatment time, and
an equipment cost.

[0007] An object of the present invention is to provide
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equipment and a method of pretreatment before paint-
ing capable of achieving less installation space, im-
provementin productivity, and significant reductionin an
equipment cost, a chemical cost, management man-
hours, and an expense for wastewater treatment for a
composite body of iron and aluminum.

[0008] The first aspect of the present invention pro-
vides equipment of pretreatment before painting, com-
prising: a treatment tank filled with a degreasing and
chemical conversion solution containing a mixed solu-
tion of a polar organic solvent and water, any of sodium
ion and lithium ion, phosphate ion, zinc ion, nickel ion,
manganese ion, and any of nitrate ion and nitrite ion, the
mixed solution having a weight ratio of the polar organic
solution to the water in a range of 2.8:7.2 to 3.8:6.2,
works being dipped in the treatment tank; an aluminum
chemical conversion unit which treats the works with a
chemical conversion solution for aluminum, the alumi-
num chemical conversion unit being provided at a sub-
sequent stage of the treatment tank; and a rinse unit
which washes the works with a washing solution, the
rinse unit being provided at a subsequent stage of the
aluminum chemical conversion unit.

[0009] The second aspect of the present invention
provides a method of pretreatment before painting,
comprising: dipping a composite vehicle body, which
has any of an aluminum and aluminum alloy part for at
least part of outer panel portions, into a degreasing and
chemical conversion solution containing at least a mixed
solution of a polar organic solvent and water, any of so-
dium ion and lithium ion, phosphate ion, zinc ion, nickel
ion, manganese ion, and any of nitrate ion and nitrite
ion, the mixed solution having a weight ratio of the polar
organic solution to the water in a range of 2.8:7.2 to 3.8:
6.2; treating the vehicle body in a chemical conversion
solution for aluminum; and washing the vehicle body
with a washing solution.

[0010] The third aspect of the present invention pro-
vides equipment of pretreatment before painting, com-
prising: a treatment tank filled with a degreasing and
chemical conversion solution containing a mixed solu-
tion of a polar organic solvent and water, any of sodium
ion and lithium ion, phosphate ion, zinc ion, nickel ion,
manganese ion, and any of nitrate ion and nitrite ion, the
mixed solution having a weight ratio of the polar organic
solution to the water in a range of 2.8:7.2 to 3.8:6.2,
works being dipped in the treatment tank; aluminum
chemical conversion means for treating the works with
a chemical conversion solution for aluminum, the alumi-
num chemical conversion means being provided at a
subsequent stage of the treatment tank; and rinse
means for washing the works with a washing solution,
the rinse means being provided at a subsequent stage
of the aluminum chemical conversion means.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention will now be described with refer-
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ence to the accompanying drawings wherein;

FIG. 1 is a system view showing a first embodiment
of equipment of pretreatment before painting of the
present invention;

FIG. 2A is a perspective view showing an embodi-
ment of a dust eliminator of the present invention;

FIG. 2B is a cross-sectional view showing an em-
bodiment of a dust eliminator of the present inven-
tion;

FIG. 3 is a perspective view showing the other em-
bodiment of a dust eliminator of the present inven-
tion;

FIG. 4 is a cross-sectional view showing the other
embodiment of a dust eliminator of the present in-
vention;

FIG. 5 is a system view showing a second embod-
iment of equipment of pretreatment before painting
of the present invention;

FIG. 6 is a view for explaining a full dipping treat-
ment and a half dipping treatment according to
equipment of pretreatment before painting shown
in FIG. 5;

FIG. 7 is a system view showing a third embodiment
of equipment of pretreatment before painting of the
present invention;

FIG. 8 is a conceptual diagram showing an embod-
iment of a water-polar organic solvent separator of
the present invention;

FIG. 9 is a conceptual diagram showing an embod-
iment of an ion eliminator of the present invention;
FIG. 10 is a system view showing a fourth embod-
iment of equipment of pretreatment before painting
of the present invention;

FIG. 11 is a conceptual diagram showing an embod-
iment of a vacuum distillation unit of the present in-
vention;

FIG. 12 is a system view showing a fifth embodi-
ment of equipment of pretreatment before painting
of the present invention;

FIG. 13 is a system view showing a sixth embodi-
ment of equipment of pretreatment before painting
of the present invention;

FIG. 14 is a system view showing a seventh em-
bodiment of equipment of pretreatment before
painting of the present invention;

FIG. 15 is a system view showing an eighth embod-
iment of equipment of pretreatment before painting
of the present invention;

FIG. 16 is a flowchart showing an example of a con-
trol flow of a controller shown in FIG. 15;

FIG. 17 is a plan view showing a ninth embodiment
of equipment of pretreatment before painting of the
present invention;

FIG. 18 is a system view showing the ninth embod-
iment of equipment of pretreatment before painting
of the present invention;

FIG. 19 is a flowchart showing a control flow of a
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controller shown in FIG. 17;

FIG. 20 is a table showing the results of the exam-
ples of the present invention; and

FIG. 21 is a table showing the results of the com-
parative examples.

DETAILED DESCRIPTION OF THE PREFERED
EMBODIMENTS

[0012] Hereinafter, description will be made of em-
bodiments of the present invention with reference to the
drawings.

First Embodiment

[0013] FIG. 1is a system view showing a first embod-
iment of equipment of pretreatment before painting of
the present invention. The drawing shows a process of
pretreatment before painting for performing degreasing
treatment, surface conditioning, and chemical conver-
sion as surface preparation of electrocoating for a work,
for example, a vehicle body.

[0014] Especially, a vehicle body B flowing through a
painting line of this embodiment has a composite body
made of iron and aluminum in which outer panel portions
of a hood, a trunk lid, doors, and the like employ alumi-
num parts and the other parts are made of steel. How-
ever, in the equipment of pretreatment before painting
of the present invention, all works are not necessarily
limited to such an iron-aluminum composite bodies, and
the iron-aluminum composite bodies and steel bodies
may mixedly flow. Moreover, vehicle types with the iron-
aluminum composite bodies different in portions em-
ploying aluminum parts may mixedly flow. Furthermore,
vehicle bodies with all components including aluminum
or an aluminum alloy may flow.

[0015] Hereinafter, for convenience, a vehicle body
entirely made of iron components is referred to as an
iron vehicle body. A vehicle body entirely made of alu-
minum or aluminum alloy components is referred to as
an aluminum vehicle body. A vehicle body partially
made of aluminum or aluminum alloy components and
the other components made of iron is referred to as a
composite vehicle body.

[0016] As shown in FIG. 1, the vehicle body B is con-
veyed by a painting conveyer C while being mounted on
a hanger H. In this embodiment, two dipping tanks are
provided along a line of the painting conveyer C. The
dipping tank on the upstream side in a conveying direc-
tion indicated by an arrow X in the drawing is a treatment
tank 101 (hereinafter, also referred to as a degreasing
and chemical conversion tank 101) for degreasing treat-
ment and chemical conversion. The dipping tank on the
downstream side is a rinse tank 201 for washing the
body B after degreasing treatment and chemical con-
version. The treatment tank 101 is filled with a degreas-
ing and chemical conversion solution, and the rinse tank
201 is filled with deionized water.
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[0017] The degreasing and chemical conversion so-
lution used in this embodiment can perform three kinds
of treatments such as degreasing treatment, surface
conditioning, and chemical conversion at the same
process. As such a degreasing and chemical conver-
sion solution, a treatment solution can be used, which
contains at least a polar organic solvent, water, sodium
ion and/or lithiumion, phosphate ion, zinc ion, nickel ion,
manganese ion, and nitrate ion and/or nitrite ion. Using
this treatment solution, a degreasing process, a surface
conditioning process, and a chemical conversion proc-
ess can be simultaneously performed in one process,
thus allowing significant reduction in treatment process-
es, simplification of treatment equipment, reduction in
floor space, improvement in productivity, reduction in
chemicals costs, and simplification of management of
chemicals.

[0018] The degreasing and chemical conversion so-
lution of this embodiment will be further described in de-
tail. In a mixed solvent of the polar organic solvent and
water, the weight ratio of the polar organic solvent to
wateris from 2.8:7.2 t0 3.8:6.2, preferably 3.0:7.0 to 3.8:
6.2, more preferably 3.3:6.7 to 3.8:6.2, still more prefer-
ably 3.3:6.7 to 3.5:6.5, and most preferably 3.5:6.5.
[0019] As an example of the polar organic solvent in
this embodiment, lower alkyl ethers or lower alkyl esters
of ethylene glycol or the like expressed by (-CH,-CH,-
0O-), (n =1, 2, 3, 4), lower alkyl ethers or lower alkyl
esters of propylene glycol, dipropylene glycol, and the
like, lower alkylene glycols such as diethylene glycol,
triethylene glycol, tetraethylene glycol, lower alcohols,
or esters of the same are listed.

[0020] As an example of ethylene glycol type lower
alkyl ethers or lower alkyl esters, ethylene glycol ethers
such as ethylene glycol monoethyl ether and ethylene
glycol mono-n-butyl ether, diethylene glycol ether such
as diethylene glycol monoethyl ether and diethylene gly-
col mono-n-butyl ether, triethylene glycol mono-n-butyl
ether, tetraethylene glycol mono-n-butyl ether, ethylene
glycol monoethyl ether acetate, diethylene glycol mo-
noethyl ether acetate or the like are listed.

[0021] As an example of lower alkyl ethers or lower
alkyl esters of propylene glycol or dipropylene glycol,
propylene glycol butyl ether, dipropylene glycol mono-
methyl ether, polypropylene glycol monoethyl ether or
the like are listed.

[0022] As an example of lower alcohols, alcohols with
1 to 8 carbon atoms, preferably 1 to 5 carbon atoms,
and more preferably 1 to 4 carbon atoms. As the specific
example, alcohols such as ethyl alcohol, isopropyl alco-
hol, tert-butyl alcohol, methoxydimethylpentanol, diace-
tone alcohol, 2-methoxyethanol, and 2-ethoxymethanol
or the like are listed.

[0023] As an example of esters, ethyl lactate, meth-
oxybutyl acetate, butyl lactate, or the like are listed.
[0024] Among the above-described polar organic sol-
vents, it is most preferable to employ at least one glycol
compound selected from a group consisting of diethyl-
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ene glycol, triethylene glycol, tetraethylene glycol, pro-
pylene glycol, ethylene glycol monoalkyl ether, and from
diethylene glycol monoalkyl ether, diethylene glycol di-
alkyl ether, and propylene glycol monoalkyl ether, or a
mixed solvent of the glycol compound and the lower al-
cohol.

[0025] Preferably, the alkyl group in the glycol com-
pound is an alkyl group with 1 to 5 carbon atoms. Pref-
erably, the lower alcohol is alcohol with 1 to 8 carbon
atoms, more preferably alcohol with 1 to 5 carbon at-
oms, and most preferably alcohol with 1 to 4 carbon at-
oms.

[0026] Inthe degreasing and chemical conversion so-
lution of this embodiment, the above-described mixed
solvent of the polar organic solvent and water contains
at least sodium ion and/or lithium ion, phosphate ion,
zinc ion, nickel ion, manganese ion, and nitrate ion and/
or nitrite ion.

[0027] Preferably, the content of phosphate ion is in
arange from 0.2 to 0.5 parts inclusive by weight per 100
parts by weight of the mixed solvent. If the content is out
of the range, an amount of oil to be mixed into the treat-
ment solution is increased, thus resulting in insufficient
stirring. Therefore, good zinc phosphate coating, which
is a target, cannot be formed. A source of phosphate ion
is not particularly limited, and as an example thereof,
orthophosphoric acid, pyrophosphoric acid, polyphos-
phoric acid, trimetaphosphoric acid, tetrametaphos-
phoric acid, phosphorus pentoxide or the like is listed.
The phosphate ion can be supplied as anions for metal
ion (sodium ion and/or lithium ion, zinc ion, nickel ion,
manganese ion) contained in the degreasing and chem-
ical conversion solution.

[0028] The zinc ion has a function to form the zinc
phosphate conversion coating with phosphate ion. Pref-
erably, the content of zinc ion is in a range from 0.5 to
0.7 parts inclusive by weight per 100 parts by weight of
the mixed solvent. If the content is out of the range, the
amount of oil to be mixed into the treatment solution is
increased, thus resulting in insufficient stirring. There-
fore, a good zinc phosphate coating, which is a target,
cannot be formed. As an example of a source of the zinc
ion, mineral salts such as zinc oxide, zinc carbonate,
zinc nitrate, zinc chloride, zinc sulfate, zinc phosphate
or the like are listed.

[0029] The nickel ion has a function to improve corro-
sion resistance of the unpainted work. Preferably, the
content of nickel ion is in a range from 0.09 to 0.23 parts
inclusive by weight per 100 parts by weight of the mixed
solvent. If the content is out of the range, the amount of
oil to be mixed into the treatment solution is increased,
thus resulting in insufficient stirring. Therefore, a good
zinc phosphate coating, which is a target, cannot be
formed. As an example of a source of the nickel ion, min-
eral salts such as nickel nitrate and nickel phosphate or
the like are listed.

[0030] The manganese ion has a function to improve
wet paint adhesion of the work containing metallic zinc.
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Preferably, the content of manganese ion is in a range
from 0.03 to 0.16 parts inclusive by weight per 100 parts
by weight of the mixed solvent. If the content is out of
the range, the amount of oil to be mixed into the treat-
ment solution is increased, thus resulting in insufficient
stirring. Therefore, a good zinc phosphate coating,
which is a target, cannot be formed. As an example of
a source of the manganese ion, mineral salts such as
manganese nitrate and manganese phosphate or the
like are listed.

[0031] Preferably, the content of nitrate ion and/or ni-
trite ion is in a range from 3.5 to 10.8 parts inclusive by
weight per 100 parts by weight of the mixed solvent. If
the content is out of the range, the amount of oil to be
mixed into the treatment solution is increased, thus re-
sulting in insufficient stirring. Therefore, a good zinc
phosphate coating, which is a target, cannot be formed.
[0032] Preferably, the content of sodium ion and/or
lithium ion is in a range from 0.8 to 3.3 parts inclusive
by weight per 100 parts by weight of the mixed solvent.
The sodiumion and/or lithium ion have a function to den-
sify the crystal of the zinc phosphate coating formed on
a surface of the work in combination with water of the
degreasing and chemical conversion solution. As an ex-
ample of a source of the sodium ion, sodium nitrate, so-
dium phosphate, sodium nitrite, or sodium hydroxide are
listed. Part or all of sodium nitrate may be substituted
with sodium nitrite. By action of nitrite ion, etching power
of acid is further increased, and acceleration of the
chemical conversion reaction can be expected.

[0033] Sodium ion can be substituted with lithium ion
as monovalent alkali metal ion. Specifically, 50 % to 98
%, preferably 60 % to 90 %, and more preferably 70 %
to 80 % of the amount of sodium ion is substituted with
lithium ion. In other words, sodium ion are substituted
with lithium ion so that the mol ratio of sodium ion to
lithium ion is from 50:50 to 2:98, preferably from 40:60
to 10:90, and more preferably from 30:70 to 20:80. Since
the degreasing and chemical conversion solution con-
tains lithium ion, the crystal of the zinc phosphate coat-
ing is further densified, and the painting adhesion is fur-
ther improved. As an example of a source of lithium ion,
mineral salts such as lithium nitrate, lithium phosphate,
and lithium nitrite are listed.

[0034] Preferably, the degreasing and chemical con-
version solution is treated under a condition of a tem-
perature of 40 to 60°C for 3 to 10 minutes.

[0035] By use of the degreasing and chemical con-
version solution of the above-described composition,
even if alarge amount of oil is mixed into the degreasing
and chemical conversion solution, or even if stirring of
the degreasing and chemical conversion solution is in-
sufficient, a zinc phosphate conversion coating having
excellent corrosion resistance and paint film adhesion
can be formed.

[0036] ReturningtoFIG. 1, the degreasing and chem-
ical conversion solution in the treatment tank 101 is
sucked by a pipe 105 and a pump 106 and returned to
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the treatment tank 101 by a pipe 111 and a pump 110
via a treatment solution replenishment tank 109. Along
the pipe 105, a dust eliminator 102, a chemical conver-
sion sludge eliminator 103, and an oil eliminator 104 are
provided. The treatment solution containing the polar or-
ganic solvent and water passes the dust eliminator 102,
the chemical conversion sludge eliminator 103, and the
oil eliminator 104, and dust such as iron powder, chem-
ical conversion sludge, and oil are removed from the
treatment solution. The treatment solution is then tem-
porarily stored in the treatment solution replenishment
tank 109. A new degreasing and chemical conversion
solution is replenished to the treatment solution replen-
ishment tank 109 by a pump 108 from a treatment so-
lution tank 107 which accommodates the new degreas-
ing and chemical conversion solution and then adjusted.
The adjusted degreasing and chemical conversion so-
lution is returned to the degreasing and chemical con-
version tank 101 by the above-described pipe 111 and
pump 110.

[0037] The dust eliminator 102 removes foreign ma-
terial such as iron powder contained in the treatment
tank 101. The removed foreign material is discarded,
and the treatment solution from which dusts are re-
moved is fed to the next chemical conversion sludge
eliminator 103. As a specific apparatus available for the
dust eliminator 102 of this embodiment, a settling tank,
a centrifugal separator, or a magnetic separator is listed.
[0038] As shown in FIGs. 2A and 2B, a settling tank
102A as an example of the dust eliminator 102 is pro-
vided with partitions 102A3 for meandering a flow path
102A2 in tanks 102A1. The treatment solution entered
from an inlet 102A4 is meandered within the tank by the
partitions 102A3 to reach an outlet 102A5. At this time,
the flow rate at which the treatment solution flows up-
ward is suppressed to be lower than the settling rate of
the foreign material such as iron powder. Accordingly,
the foreign material such as iron powder is deposited on
the bottom of the tanks 102A1, and the treatment solu-
tion is cleaned. The settling tank 102A is as cheap as
simple apparatus and effective for relatively heavy for-
eign material other than light foreign material floating in
the treatment solution.

[0039] As shown in FIG. 3, in a centrifugal separator
102B as the other example of the dust eliminator 102,
the treatment solution entered from an inlet 102B1 and
the foreign material such as iron powder are accelerated
by passing through a slit-shaped rotary mechanism
102B2 provided in a tangential direction. Accordingly,
solid material (foreign material), heavier than the solu-
tion, is separated by a centrifugal force into a collection
chamber 102B3 along an inner wall and discarded from
a solid outlet 102B4. The treatment solution is caused
to flow upward through an inner tube 102B5 and dis-
carded from a treatment solution outlet 102B6. There-
fore, the treatment solution is cleaned.

[0040] As shown in FIG. 4, in a magnetic separator
102C as another example of the dust eliminator 102, the
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treatment solution is introduced from an inlet 102C2
while a drum 102C1 containing a magnet therein is ro-
tated in an arrow Y direction in the drawing. Accordingly,
when the treatment solution passes a flow path 102C3
in contact with the drum 102C1, magnetic foreign ma-
terial like iron is removed. The foreign material adhered
to the drum 102C1 by a magnetic force is scraped by a
scraper 102C4, and the treatment solution from which
the foreign material is removed is discarded from an out-
let 102C5.

[0041] These settlingtank 102A, centrifugal separator
102B, and magnetic separator 102C can be used inde-
pendently or in combination. Especially, the dust elimi-
nator 102 combining the settling tank 102A with the
magnetic separator 102C has a high removal rate of for-
eign material and is most preferable.

[0042] The dust eliminator 102 according to this em-
bodiment is not intended to be limited to the above-de-
scribed three forms and includes other forms. The dust
eliminator 102 of the embodiment is provided for the
pipe 105, but may be provided inside or outside of the
treatment tank 101 itself.

[0043] The chemical conversion sludge eliminator
103 removes chemical conversion sludge contained in
the treatment solution that has passed the above-de-
scribed dust eliminator 102. The removed chemical con-
version sludge is discarded, and the treatment solution
from which the chemical conversion sludge has been
removed is fed to the next oil eliminator 104. For the
chemical conversion sludge eliminator 103, filters,
which suppress the concentration of sludge of the treat-
ment solution in the treatment tank 101 to 150 ppm such
that the treatment solution is not contaminated, can be
used without any limitations.

[0044] The oil eliminator 104 removes oil contained in
the treatment solution that has passed the above-de-
scribed chemical conversion sludge eliminator 103. The
removed oil is discarded, and the treatment solution
from which the oil has been removed is fed to the treat-
ment solution replenishment tank 109. As an example
of the oil eliminator 104 available in this embodiment, a
warming type oil eliminator, a coalescer type oil elimina-
tor, and an ultrafiltration type oil eliminator are listed.
[0045] The warming type oil eliminator is preferably
applied to an aqueous solution containing a nonionic
surfactant as a degreasing component. The warming
type oil eliminator utilizes a characteristic that, when the
aqueous solution is heated to more than a specified tem-
perature, the nonionic surfactant becomes insoluble in
water and the aqueous solution is separated into two
phases of an oil phase composed of nonionic surfactant
and a water phase.

[0046] In the coalescer type oil eliminator, oil droplets
having a size of several micrometers dispersed in the
aqueous solution are passed through a filter. Water/oil
emulsions are thereby broken, and the oil droplets are
grown and expanded. Accordingly, the oil droplets can
float and be collected.
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[0047] The ultrafiltration type oil eliminator uses ultra-
filtration, that is, filtration using a filter composed of a
mesh having a mesh size of about 0.01 to 0.001 um and
separating colloidal particles from a solvent by pressure
filtration with a low pressure of about 0.5X10-5t0 5x10-°
Pa or suction filtration.

[0048] The warming type oil eliminator, the coalescer
type oil eliminator, and the ultrafiltration type oil elimina-
tor are selected depending on a required degree of oil/
water separation and can be used independently or in
combination.

[0049] Between the treatment tank 101 and the rinse
tank 201 shown in FIG. 1, an aluminum chemical con-
version zone 300 for spraying a chemical conversion so-
lution for aluminum onto the vehicle body B is provided.
In the aluminum chemical conversion zone 300, a floor
surface of a booth is sloped so as to be lowest at the
center thereof so that the sprayed chemical conversion
solution does not flow into the treatment tank 101 of the
preceding stage and the rinse tank 201 of the subse-
quent stage as much as possible.

[0050] Nozzles 304 for spraying the chemical conver-
sion solution for aluminum onto a vehicle body B pass-
ing the aluminum chemical conversion zone 300 are at-
tached to a pipe 302. The nozzles 304 are supplied by
a pump 303 with the chemical conversion solution for
aluminum from a chemical conversion solution replen-
ishment tank 301 accommodating the chemical conver-
sion solution for aluminum. In the example shown in
FIG. 1, a plurality of nozzles 304 are provided on a ceil-
ing surface and a side surface of the booth and spray
the chemical conversion solution for aluminum onto a
hood, a trunk lid, and doors of the vehicle body B which
are aluminum parts.

[0051] The chemical conversion solution for alumi-
num collected on the floor surface of the booth is recov-
ered to arecovery tank 307 and returned to the chemical
conversion solution replenishment tank 301 by a pipe
308 and a pump 309. Meanwhile, a dust eliminator 310,
a chemical conversion sludge eliminator 311, and an oil
eliminator 312 are provided along a pipe 308 coupled to
the recovery tank 307. The dust eliminator 310 removes
dust contained in the recovered chemical conversion
solution for aluminum. The chemical conversion sludge
eliminator 311 removes chemical conversion sludge of
aluminum and iron (produced during the treatmentin the
treatment tank 101 of the preceding stage). The oil elim-
inator 312 removes oil. These dust eliminator 310,
chemical conversion sludge eliminator 311, and oil elim-
inator 312 can employ the specific examples shown in
the above-described dust eliminator 102, chemical con-
version sludge eliminator 103, and oil eliminator 104, re-
spectively.

[0052] The chemical conversion solution for alumi-
num used in this embodiment is not particularly limited,
and, for example, includes hexafluorotitanate and hex-
afluorozirconate. This new chemical conversion solu-
tion for aluminum is accommodated in a tank 305 of a
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chemical conversion solution for aluminum and supplied
to the chemical conversion solution replenishment tank
301 by a pump 306. The chemical conversion solution
for aluminum sprayed onto the vehicle body B from the
nozzles 304 is thus adjusted.

[0053] Preferably, the chemical conversion solution
for aluminum is treated under conditions of a pH from
2.5t0 10 and a temperature from 20 to 70 °C for periods
from 20 to 100 seconds.

[0054] Therinse tank 201 is provided at a subsequent
stage of the aluminum chemical conversion zone 300.
The rinse tank 201 washes, with deionized water, the
vehicle body B having a chemical conversion coating
formed in the treatment tank 101 and the aluminum
chemical conversion zone 300. In this embodiment, the
vehicle body B is dipped in the rinse tank 201 to wash
inner and outer panels of the vehicle body B. However,
the washing treatment can be also performed by a spray
treatment other than the dipping treatment.

[0055] In the deionized water in the rinse tank 201,
dust, chemical conversion sludge, and oil adhered to the
vehicle body B are mixed. The deionized water is
sucked by a pipe 202 and a pump 203 and supplied to
the dust eliminator 310 in the aluminum chemical con-
version zone 300 of the preceding stage. These dust,
chemical conversion sludge, and oil are removed, and
the deionized water is then reused as deionized water
for the chemical conversion solution for aluminum. The
washing water in the rinse tank 201 sucked by the pipe
202 and the pump 203 may be supplied to the recovery
tank 307 of the aluminum chemical conversion zone 30.
Now that new deionized water is supplied from a deion-
ized water supply apparatus (not shown) to the rinse
tank 201.

[0056] Next, the operations will be described.

[0057] The vehicle body B that has been assembled
by welding in a body assembling process is conveyed
by the painting conveyor C while being mounted on the
painting hanger H and first dipped in the treatment tank
101. Since the vehicle body B is dipped in the treatment
tank 101, foreign material such as iron powder and oil
adhered to the vehicle body B are removed into the
treatment tank 101 by washing and degreasing effects
of the degreasing and chemical conversion solution.
Furthermore, in steel parts of the vehicle body B from
which oil has been removed, the degreasing and chem-
ical conversion solution reacts with iron to form a chem-
ical conversion coating of zinc phosphate.

[0058] As for the aluminum parts of the vehicle body
B, only dust removal and degreasing are performed.
The aluminum parts do not react with the degreasing
and chemical conversion solution, and the chemical
conversion coating is not formed. In other words, since
the degreasing and chemical conversion solution in this
embodiment does not contain fluoride that etches alu-
minum, chemical conversion sludge of aluminum is not
accumulated in the treatment tank 101. Compared to the
conventional method of pretreatment disclosed in the
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Japanese Patent Translation Publication No.
2001-515959 previously described, operation man-
hours, system costs, or the like required for removal and
discharge of aluminum sludge can be reduced. Moreo-
ver, since aluminum sludge itself is not produced, oper-
ation man-hours or system costs for control of the con-
centration of fluoride can be reduced compared to the
conventional method of treatment.

[0059] The degreasing and chemical conversion so-
lution in the treatment tank 101 is sucked into the pipe
105 by the pump 106. The degreasing and chemical
conversion solution is passed through the dust elimina-
tor 102 so that foreign material such as iron powder con-
tained in the degreasing and chemical conversion solu-
tion is removed. The degreasing and chemical conver-
sion solution is passed through the chemical conversion
eliminator 103 so that chemical conversion sludge of
iron contained in the degreasing and chemical conver-
sion solution is removed. The degreasing and chemical
conversion solution is passed through the oil eliminator
104 so that oil such as press oil contained in the de-
greasing and chemical conversion solution is removed.
[0060] The degreasing and chemical conversion so-
lution from which dust, chemical conversion sludge, and
oil have been removed is fed to the treatment solution
replenishment tank 109, where the degreasing and
chemical conversion solution is replenished with a fresh
degreasing and chemical conversion solution from the
treatment solution tank 107 by the pump 108 and prop-
erly adjusted. The degreasing and chemical conversion
solution is then returned to the treatment tank 101 by
the pipe 111 and the pump 110. In this manner, the de-
greasing and chemical conversion solution in the treat-
ment tank flows through a loop formed by the pipes 105
and 111. Accordingly, costs can be reduced by reduction
in material costs, and the expense for the wastewater
treatment can be reduced. Moreover, use of the de-
greasing and chemical conversion solution allows re-
duction in man-hours for management of pretreatment
conditions. Furthermore, use of the degreasing and
chemical conversion solution significantly reduces the
numbers of washing processes. Accordingly, the ex-
pense for the wastewater treatment process is reduced
because of reduction in an amount of the washing solu-
tion used.

[0061] The vehicle body B that has passed the treat-
ment tank 101 is fed to the aluminum chemical conver-
sion zone 300 and sprayed with the chemical conver-
sion solution for aluminum from the nozzles 304. Spe-
cifically, the chemical conversion solution in the chemi-
cal conversion solution replenishment tank 301 is
sucked by the pump 303 and sprayed from the nozzles
304 via the pipe 302 onto mainly the aluminum parts of
the vehicle body B. The chemical conversion solution
for aluminum sprayed onto the vehicle body B is collect-
ed on the floor surface of the booth and recovered to the
recovery tank 307, from which the recovered solution is
sucked by the pump 309. The chemical conversion so-
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lution for aluminum is passed through the dust elimina-
tor 310, the chemical conversion sludge eliminator 311,
and the oil eliminator 312, so that dust, chemical con-
version sludge of aluminum or iron, and oil thereof are
removed. The chemical conversion solution for alumi-
num is then returned to the chemical conversion solution
replenishment tank 301 via the pipe 308.

[0062] By the treatment in the aluminum chemical
conversion zone 300, the aluminum parts employed as
the outer panel parts such as the hood, the trunk lid, and
the doors can be treated with the chemical conversion
coating. Especially, when these aluminum parts are
used as the outer panel parts of the vehicle body B, a
sufficient chemical conversion coating can be formed by
only the spray treatment like this embodiment. Conse-
quently, the length of the chemical conversion process
for aluminum can be minimized.

[0063] Atlast, the vehicle body B that has passed the
aluminum chemical conversion zone 300 is dipped in
therinse tank 201, and the chemical conversion solution
adhered to the vehicle body B is washed off. The vehicle
body B is conveyed to a drying oven, dried and then fed
to an electrocoating process as undercoating. At this
time, the washing solution in the rinse tank 201 is intro-
duced to the upstream side of the dust eliminator 310 of
the pipe 308 by the pipe 202 and the pump 203. After
passing the dust eliminator 310, the chemical conver-
sion sludge eliminator 311, and the oil eliminator 312,
the washing solution is supplied to the chemical conver-
sion solution replenishment tank 301. Accordingly,
deionized water in the rinse tank 201 can be effectively
used.

Second Embodiment

[0064] FIG.5is asystem view showing a second em-
bodiment of the equipment of pretreatment before paint-
ing of the present invention. Similar to the first embodi-
ment, the drawing shows a process of pretreatment be-
fore painting for performing degreasing treatment, sur-
face conditioning, and chemical conversion as surface
preparation of electrocoating for a work, for example, a
vehicle body. This embodiment basically differs from the
above-described first embodiment in that a dipping tank
313 is employed in the aluminum chemical conversion
zone 300. The other components are similar to those of
the above-described embodiment, and same compo-
nents are given the same reference numerals.

[0065] The aluminum chemical conversion zone 300
of this embodiment s provided with the aluminum chem-
ical conversion tank 313 (dipping tank 313) filled with
the chemical conversion solution for aluminum. The ve-
hicle body B conveyed by the painting conveyor C is fully
dipped or half dipped in the aluminum chemical conver-
sion tank 313 in accordance with a trajectory of the
painting conveyor C.

[0066] Here, the full dipping is a treatment of dipping
all of the vehicle body B in the chemical conversion so-
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lution for aluminum. The half dipping is a treatment of
dipping only lower part of the vehicle body B under an
upper line of a door panel (see B1in FIG. 6) in the chem-
ical conversion solution for aluminum. Levels of the so-
lution, when the respective dipping treatments are per-
formed, are shown in FIG. 6. When the vehicle body B
does not have any parts made of an aluminum material
above the upper line B1 of the door panel, for example,
when a roof panel or a pillar is made of iron, the vehicle
body B does not need to be fully dipped, and it is suffi-
cient that the parts made of aluminum are dipped. Ac-
cordingly, the half dipping treatment can be employed.
Even if a roof panel and the like are composed of an
aluminum material, the vehicle body B may be treated
with half dipping for chemical conversion of the alumi-
num parts in the lower part under the upper line B1 of
the door panel, while the roof and the like, which are not
dipped, may be sprayed with the chemical conversion
solution for aluminum by the spray.

[0067] When half dipping is employed, the capacity of
the treatment tank or the rinse tank can be set smaller
than that in full dipping. Accordingly, initial costs for the
chemical conversion solution for aluminum can be re-
duced, and energy required for warming the chemical
conversion solution for aluminum can be also reduced.
[0068] The chemical conversion solution for alumi-
num in the dipping tank 313 is returned to the chemical
conversion solution replenishment tank 301 by the pipe
308 and the pump 309. The pipe 308 coupled to the dip-
ping tank 313 is provided with the dust eliminator 310,
the chemical conversion sludge eliminator 311, and the
oil eliminator 312. The dust eliminator 310 removes dust
contained in the chemical conversion solution for alumi-
num. The chemical conversion sludge eliminator 311 re-
moves chemical conversion sludge of aluminum and
iron (produced during the treatment in the treatment
tank 101 of the preceding stage). The oil eliminator 312
removes oil. These dust eliminator 310, chemical con-
version sludge eliminator 311, and oil eliminator 312 can
employ the specific examples shown in the above-de-
scribed dust eliminator 102, chemical conversion sludge
eliminator 103, and oil eliminator 104, respectively.
[0069] The chemical conversion solution for alumi-
num used in this embodiment is not particularly limited,
and, for example, includes hexafluorotitanate and hex-
afluorozirconate. This new chemical conversion solu-
tion for aluminum is accommodated in a tank 305 of a
chemical conversion solution for aluminum and supplied
to the chemical conversion solution replenishment tank
301 by the pump 306. The chemical conversion solution
for aluminum is properly adjusted, and then supplied to
the dipping tank 313 by the pipe 302 and the pump 303.
[0070] Since the equipment of pretreatment before
painting according to this embodiment employs the dip-
ping tank 313 for full dipping or half dipping as means
for aluminum chemical conversion, the equipment of
pretreatment before painting is excellent in treatment
especially when aluminum materials are employed for
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the inner panel portions.
Third Embodiment

[0071] FIG. 7 is a system view showing a third em-
bodiment of the equipment of pretreatment before paint-
ing of the present invention. Similar to the first embodi-
ment, the drawing shows a process of pretreatment be-
fore painting for performing degreasing treatment, sur-
face conditioning, and chemical conversion as surface
preparation of electrocoating for a work, for example, a
vehicle body. This embodiment basically differs from the
above-described first embodiment in that a rinse tank
120, a water-polar organic solvent separator 112 and an
ion eliminator are employed. The other components are
similar to those of the above-described embodiment,
and the same components are given the same refer-
ence numerals.

[0072] As shown in FIG. 7, the vehicle body B is con-
veyed by the painting conveyer C while being mounted
on the hanger H. In this embodiment, the three dipping
tanks 101, 120, and 201 are provided along the painting
conveyer line. The dipping tank on the upstream side in
the conveying direction indicated by an arrow X in the
drawing is the treatment tank 101 for degreasing treat-
ment and chemical conversion. The dipping tank on the
downstream side of the treatment tank 101 is the rinse
tank 120 for washing the vehicle body B after degreas-
ing and chemical conversion. The most downstream
dipping tank is the rinse tank 201 for washing the vehicle
body B after aluminum chemical conversion. The treat-
ment tank 101 is filled with the degreasing and chemical
conversion solution, and the rinse tanks 120 and 201
are filled with deionized water.

[0073] The treatment solution replenishment tank 109
temporarily stores part of the degreasing and chemical
conversion solution, which has passed the dust elimina-
tor 102, the chemical conversion sludge eliminator 103,
and the oil eliminator 104 for removal of foreign material,
chemical conversion sludge, and oil. In addition to the
degreasing and chemical conversion solution, the treat-
ment solution replenishment tank 109 is supplied with
the polar organic solvent from which water has been re-
moved by the water-polar organic solvent separator 112
(described later) and water from which ion components
have been removed by the ion eliminator 113. A new
degreasing and chemical conversion solution is replen-
ished to the treatment solution replenishment tank 109
from the treatment solution tank 107 by the pump 108
and then adjusted. The treatment solution tank 107 ac-
commodates the new degreasing and chemical conver-
sion solution. The degreasing and chemical conversion
solution is returned to the degreasing and chemical con-
version tank 101.

[0074] The water-polar organic solvent separator 112
separates water and the polar organic solvent from part
of the treatment solution that has passed the oil elimi-
nator 104. The separated water is supplied to the ion
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eliminator 113 via the pipe 114, and the separated polar
organic solvent is supplied to the treatment solution re-
plenishment tank 109 via the pipe 115.

[0075] The polar organic solvent contained in the de-
greasing and chemical conversion solution used in this
embodiment is the alcohol, the glycol ether, or the dieth-
ylene glycol ether as described above. Itis desirable that
the water-polar organic solvent separator 112 of this em-
bodiment employs a method of efficiently separating the
polar organic solvent and water at low costs. For such
a separation method, a separation method called per-
vaporation can be used. In pervaporation, as shown in
FIG. 8, the mixed solution of the polar organic solvent
and water to be separated is supplied to one side (sup-
ply side) 1122 of a separation membrane 1121 (non-po-
rous membrane: membrane with holes with sizes of less
than 1 nm) with selective permeability. The other side
(permeation side) 1123 of the membrane 1121 is vacu-
ated or depressurized. The mixed solution is moved
from the high pressure side (supply side) 1122 to the
low pressure side (permeation side) 1123 using the
pressure difference between the supply side 1122 and
the permeation side 1123 as a driving force. At this time,
the separation membrane 1121 with the selective per-
meability significantly different in diffusion speed for
each type of materials is interposed between the high
pressure side 1122 and the low pressure side 1123 to
separate the polar organic solvent and water.

[0076] As examples of the above-described separa-
tion membrane 1121, "Composite membrane with a
maleic acid-cross-linked PVA film on a support mem-
brane (Japanese Patent Laid Open No. 59-109204)",
"Potassium-salt treated composite membrane of car-
boxyl methyl cellulose of 80% and polyacrylate of 20%
(J. Memb. Sci., 32,207 (1987))", "Composite membrane
with cross-linked PVA film on a PNA support membrane
(J. Memb. Sci., 36,463 (1988)", "Hollow fiber membrane
of a chitosan derivative (National Meeting of The Chem-
ical Society of Japan (1989))", "Cobalt alginate mem-
brane (Japanese Patent Application Laid-Open No.
61-404)", "Chitosan sulfate membrane (International
Congress on Membranes (1987))", and "Polyion com-
plex composite membrane of polyacrylic acid by hydrol-
ysis of a PNA base membrane surface and ionene type
polycation (Japanese Patent Application Laid-Open No.
1-224003)" are listed.

[0077] The ion eliminator 113 removes ion compo-
nents from the water supplied from the water-polar or-
ganic solvent separator 112 via the pipe 114. The re-
moved ion components are discarded, and the residual
water is supplied to the treatment solution replenish-
ment tank 109 via the pipe 116 and supplied to the rinse
tank 120 via the pipe 114.

[0078] The ion eliminator 113 used in this embodi-
ment is not special. As shown in FIG. 9, the ion elimina-
tor 113 is a deionized water generator provided with an
ion eliminator including ion exchange towers 1131 to
1133, a decarbonator tower 1134, and an anion ex-
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change tower 1135. The ion exchange tower 1131 is
filled with chelate resin type cation exchange resin ca-
pable of removing cation components contained in the
degreasing and chemical conversion solution, for exam-
ple, zinc ion, nickel ion, and manganese ion. The ion
exchange tower 1132 is filled with styrene type strong
base anion exchange resin capable of removing anion
components contained in the degreasing and chemical
conversion solution, for example, phosphate ion, nitrate
ion, and the like. The ion exchange tower 1133 is filled
with strong acid cation exchange resin in H form, which
is a deionized water generator generally used for in-
creasing water purity. The anion exchange tower 1135
is filled with styrene type strong base anion exchange
resin in OH form.

[0079] The equipment of pretreatment before painting
of the embodiment is provided with the following three
circulating systems. As shown in FIG. 7, in the first cir-
culating system, the treatment solution in the degreas-
ing and chemical conversion tank 101 is circulated
through the degreasing and chemical conversion tank
101, the dust eliminator 102, the chemical conversion
sludge eliminator 103, the oil eliminator 104, the treat-
ment solution replenishment tank 109, and the degreas-
ing and chemical conversion tank 101.

[0080] Inthe second circulating system, the treatment
solution in the degreasing and chemical conversion tank
101 is circulated through the degreasing and chemical
conversion tank 101, the dust eliminator 102, the chem-
ical conversion sludge eliminator 103, the oil eliminator
104, the water-polar organic solvent separator 112, the
ion eliminator 113, and the rinse tank 120.

[0081] In the third circulating system, the solution in
the rinse tank 120 is introduced to the dust eliminator
102 by the pipe 121 and the pump 122 and then circu-
lated through the dust eliminator 102, the chemical con-
version sludge eliminator 103, and the oil eliminator 104.
[0082] In addition to the above three circulating sys-
tems, the following circulating systems are constituted.
[0083] The fourth circulating system is formed by add-
ing the water-polar organic solvent separator 112 to the
above-described first circulating system, that s, the loop
of the degreasing and chemical conversion tank 101,
the dust eliminator 102, the chemical conversion sludge
eliminator 103, the oil eliminator 104, the treatment so-
lution replenishment tank 109, and the degreasing and
chemical conversion tank 101. The polar organic sol-
vent separated by the water-polar organic solvent sep-
arator 112 is thus supplied to the treatment solution re-
plenishment tank 109.

[0084] Thefifth circulating system is formed by adding
the treatment solution replenishment tank 109 to the
above-described second circulating system, that is, the
loop of the degreasing and chemical conversion tank
101, the dust eliminator 102, the chemical conversion
sludge eliminator 103, the oil eliminator 104, the water-
polar organic solvent separator 112, the ion eliminator
113, and the rinse tank 120. Part of deionized water from
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which ions are removed by the ion eliminator 113 is thus
supplied to the treatment solution replenishment tank
109.

[0085] The sixth circulating system is formed by add-
ing the water-polar organic solvent separator 112 to the
above-described third circulating system, that is, the
loop of the rinse tank 120 and the degreasing and chem-
ical conversion tank 101, the dust eliminator 102, the
chemical conversion sludge eliminator 103, the oil elim-
inator 104, the treatment solution replenishment tank
109, and the degreasing and chemical conversion tank
101. The polar organic solvent separated by the water-
polar organic solvent separator 112 is thus supplied to
the treatment solution replenishment tank 109.

[0086] The seventh circulating system is formed by
adding the ion eliminator 113 to the above-described
sixth circulating system, that s, the loop of the rinse tank
120 and the degreasing and chemical conversion tank
101, the dust eliminator 102, the chemical conversion
sludge eliminator 103, the oil eliminator 104, the water-
polar organic solvent separator 112, the treatment solu-
tion replenishment tank 109, and the degreasing and
chemical conversion tank 101. lons are removed from
the water separated by the water-polar organic solvent
separator 112, and the water from which ions have been
removed is supplied to the rinse tank 120.

[0087] The eighth circulating system is formed by
adding the ion eliminator 113 to the above-described
sixth circulating system, that s, the loop of the rinse tank
120 and the degreasing and chemical conversion tank
101, the dust eliminator 102, the chemical conversion
sludge eliminator 103, the oil eliminator 104, the water-
polar organic solvent separator 112, the treatment solu-
tion replenishment tank 109, and the degreasing and
chemical conversion tank 101. lon are removed from the
water separated by the water-polar organic solvent sep-
arator 112, and the water from which ion have been re-
moved is supplied to the treatment solution replenish-
ment tank 109.

[0088] As described above, the equipment of pre-
treatment before painting of this embodiment includes
the three circulating systems of the first to the third cir-
culating systems by broad classification, and the eight
circulating systems by detailed classification. Accord-
ingly, the composition of the treatment solution in the
degreasing and chemical conversion tank 101 is stabi-
lized, and excellent chemical conversion coatings with
no variation in quality can be formed in a continuous
treatment.

[0089] Since the equipment of pretreatment before
painting of this embodiment includes the third circulating
system, the electric conductivity of the washing solution
in the rinse tank 120 can be maintained at less than 20
uS/cm, and oil, the treatment solution, or foreign mate-
rial such as iron powder can be prevented from adhering
to the surface of the work. Moreover, oil, the treatment
solution, and foreign material such as iron powder
brought to the subsequent process can be reduced as
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much as possible.

[0090] Next, the operations will be described.

[0091] Similar to the first embodiment, the vehicle
body B that has been assembled by welding is conveyed
by the painting conveyer C, and first washing and de-
greasing are performed in the treatment tank 101. At this
time, the zinc phosphate chemical conversion coating
is formed on the steel parts.

[0092] The vehicle body B that has passed the treat-
ment tank 101 is washed with deionized water by being
dipped in the rinse tank 120. The degreasing and chem-
ical conversion solution, dust, chemical conversion
sludge, and oil that are brought out by adhering to the
vehicle body B are thus removed before the aluminum
chemical conversion zone 300 of the subsequent stage.
Accordingly, in addition to improvement in quality of the
chemical conversion coating by the degreasing and
chemical conversion solution, it can be prevented that
the chemical conversion solution for aluminum is con-
taminated by foreign material bought therein. Conse-
quently, load for recycling of the chemical conversion
solution for aluminum is reduced, and recycling efficien-
cy is improved.

[0093] The vehicle body B that has passed the rinse
tank 120 is fed to the aluminum chemical conversion
zone 300 and sprayed with the chemical conversion so-
lution for aluminum from the nozzle 304. In such a man-
ner, the aluminum parts can be treated with the chemical
conversion coating.

[0094] At last, the vehicle body B that has passed the
aluminum chemical conversion zone 300 is dipped into
the rinse tank 201 to wash the treatment solution ad-
hered to the vehicle body B. The vehicle body B is then
conveyed to the drying oven and dried. The dried vehicle
body is fed to the electrocoating process as undercoat-

ing.
Fourth embodiment

[0095] FIG. 10 is a system view showing a fourth em-
bodiment of the equipment of pretreatment before paint-
ing of the present invention. Similar to the first embodi-
ment, the drawing shows a process of pretreatment be-
fore painting for performing degreasing treatment, sur-
face conditioning, and chemical conversion as surface
preparation of electrocoating for a work, for example, a
vehicle body.

[0096] This embodiment is provided with a vacuum
distillation unit 130 in place of the dust eliminator 102,
the chemical conversion sludge eliminator 103, the oil
eliminator 104, the water-polar organic solvent separa-
tor 112 and the ion eliminator 113 of the third embodi-
ment. The other components are similar to those of the
above-described embodiment, and the same compo-
nents are given the same reference numerals.

[0097] The treatment solution in the degreasing and
chemical conversion tank 101 and the solution in the
rinse tank 120 are sucked by the pumps 106 and 122,
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respectively, and supplied to the vacuum distillation unit
130. The supplied solution is separated into the polar
organic solvent, water and other materials. The polar or-
ganic solvent separated in the vacuum distillation unit
130 is supplied to the treatment solution replenishment
tank 109 via the pipe 131. Part of water separated in the
vacuum distillation unit 130 is supplied to the treatment
solution replenishment tank 109 via the pipe 131, and
the residual water is supplied to the rinse tank 120 via
the pipe 132.

[0098] Except for the polar organic solvent and water,
materials, which are separated in the vacuum distillation
unit 130, are foreign material such as iron powder,
chemical conversion sludge, and oil, and such sludge is
discarded from the vacuum distillation unit 130.

[0099] FIG. 11 is a conceptual diagram showing the
vacuum distillation unit 130. Vacuum distillation is a
method of distillation while lowering the boiling point by
reducing the pressure to about, for example, 10-2 to sev-
eral tens Torr. In this embodiment, since it is desired to
separate the polar organic solvent and water from the
treatment solution independently, two vacuum distilla-
tion units 1301 and 1302 are provided as shown in the
same drawing. The two vacuum distillation units 1301
and 1302 have the same structure and include unit bod-
ies 1303, to which the treatment solution is supplied.
Pressure within the unit bodies 1303 is reduced by vac-
uum pumps 1304. The respective vacuum distillation
units 1301 and 1302 are provided with heaters 1305 for
increasing temperatures within the unit bodies 1303 to
respective predetermined temperatures. The treatment
solution introduced in each unit body 1303 is heated by
each heater 1305 under reduced pressure. By setting
the predetermined temperatures to the boiling points of
respective target materials, only the target materials are
evaporated and introduced to evaporation tubes 1306
to be liquefied by coolers 1307.

[0100] Inthis embodiment, as described above, since
it is desired to separate the polar organic solvent and
water from the treatment solution independently, in the
vacuum distillation unit 1301 of a first stage shown in
the drawing, only the polar organic solvent is separated
and supplied to the treatment solution replenishment
tank 109 shown in FIG. 10. In the vacuum distillation unit
1302 of a second stage, only water is separated from
the treatment solution left in the vacuum distillation unit
1301 of the preceding stage and then supplied to the
treatment solution replenishment tank 109 and the rinse
tank 120 shown in FIG. 10. Sludge left in the vacuum
distillation unit 1302, such as foreign material, chemical
conversion sludge, and oil, is discarded.

[0101] Since the boiling point is lowered under re-
duced pressure, thermal energy supplied to the heaters
1305 is less than that in atmospheric distillation. Espe-
cially, for energy to the heater 1305, it is desirable to use
waste heat from the paint drying oven.

[0102] According to the equipment of pretreatment of
this embodiment, the solution in the treatment tank 101
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and the rinse tank 120 can be recovered and recycled
by only the vacuum distillation unit 130. Therefore, com-
pared to the third embodiment, the whole system can
be simplified and reduced in cost.

Fifth Embodiment

[0103] FIG. 12 is a system view showing a fifth em-
bodiment of the equipment of pretreatment before paint-
ing of the present invention. Similar to the first embodi-
ment, the drawing shows a process of pretreatment be-
fore painting for performing degreasing treatment, sur-
face conditioning, and chemical conversion as surface
preparation of electrocoating for a work, for example, a
vehicle body.

[0104] In this embodiment, the washing treatment is
performed by a spray in place of the dipping treatment
with the rinse tank 120 of the above-described third em-
bodiment. The other components are similar to those of
the above-described embodiment, and the same com-
ponents are given the same reference numerals.
[0105] Specifically, arinse zone 140 is provided at the
next stage of the treatment tank 101. A floor surface of
a booth is sloped so as to be lowest at the center thereof
so that deionized water sprayed hardly flows into the
treatment tank 101 of the preceding stage and the alu-
minum chemical conversion zone 300 of the subse-
quent stage.

[0106] Nozzles 141 for spraying deionized water onto
the vehicle body B passing the rinse zone 140 are at-
tached to the pipe 114. The deionized water for use is
obtained by the ion eliminator 113. In the example
shown in FIG. 12, a plurality of nozzles 141 for spraying
deionized water onto the whole of the vehicle body B
are provided on a ceiling surface and a side surface of
the booth.

[0107] The used water collected on the floor surface
of the booth is recovered in a washing solution recovery
tank 142 and returned to the dust eliminator 102, which
is the most upstream in the first circulating system, by
a pipe 143 and a pump 144.

Sixth Embodiment

[0108] FIG. 13 is a system view showing a sixth em-
bodiment of the equipment of pretreatment before paint-
ing of the present invention. Similar to the first embodi-
ment, the drawing shows a process of pretreatment be-
fore painting for performing degreasing treatment, sur-
face conditioning, and chemical conversion as surface
preparation of electrocoating for a work, for example, a
vehicle body.

[0109] In this embodiment, the washing treatment is
performed by the spray in place of the dipping treatment
with the rinse tank 120 of the above-described fourth
embodiment. The other components are similar to those
of the above-described embodiment, and the same
components are given the same reference numerals.

10

15

20

25

30

35

40

45

50

55

12

[0110] Specifically, the rinse zone 140 is provided at
the next stage of the treatment tank 101. A floor surface
of a booth is sloped so as to be lowest at the center
thereof so that deionized water sprayed hardly flows into
the treatment tank 101 of the preceding stage and the
aluminum chemical conversion zone 300 of the subse-
quent stage.

[0111] Nozzles 141 for spraying deionized water onto
the vehicle body B passing the rinse zone 140 are at-
tached to the pipe 132. The deionized water for use is
obtained by the vacuum distillation unit 130. In the ex-
ample shown in FIG. 13, the plurality of nozzles 141 for
spraying deionized water onto the whole of the vehicle
body B are provided on a ceiling surface and a side sur-
face of the booth.

[0112] The used water collected on the floor surface
of the booth is recovered in the washing solution recov-
ery tank 142 and returned to the vacuum distillation unit
130 by the pipe 143 and the pump 144.

Seventh Embodiment

[0113] FIG. 14 is a system view showing a seventh
embodiment of the equipment of pretreatment before
painting of the present invention. Similar to the first em-
bodiment, the drawing shows a process of pretreatment
before painting for performing degreasing treatment,
surface conditioning, and chemical conversion as sur-
face preparation of electrocoating for a work, for exam-
ple, a vehicle body.

[0114] In this embodiment, the rinse treatment with
the rinse tank 120 or the rinse zone 140 of the above-
described third to sixth embodiments is performed in the
aluminum chemical conversion zone 300. The other
components are similar to those of the above-described
embodiments, and the same components are given the
same reference numerals.

[0115] As shown in the same drawing, the vehicle
body B is conveyed by the painting conveyer C while
being mounted on a hanger H. In this embodiment, the
two dipping tanks 101, 201 are provided along a line of
the painting conveyer C. The dipping tank on the up-
stream side in the conveying direction indicated by an
arrow X in the drawing is the treatment tank 101 for de-
greasing and chemical conversion. The dipping tank on
the downstream side is the rinse tank 201 for washing
the vehicle body B after degreasing and chemical con-
version. The treatment tank 101 is filled with a degreas-
ing and chemical conversion solution which is the same
as that in the above-described first to sixth embodi-
ments, and the rinse tank 201 is filled with deionized
water.

[0116] Between the treatment tank 101 and the rinse
tank 201 shown in FIG. 14, a rinse-aluminum chemical
conversion zone 400 for selectively spraying deionized
water and a chemical conversion solution for aluminum
onto the vehicle body B is provided. In a rinse-aluminum
chemical conversion zone 400, a floor surface of a booth
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is sloped so as to be lowest at the center thereofin order
that the sprayed deionized water and chemical conver-
sion solution for aluminum do not flow into the treatment
tank 101 of the preceding stage and the rinse tank 201
of the subsequent stage as much as possible.

[0117] Nozzles 401 for spraying deionized water or
the chemical conversion solution for aluminum onto the
vehicle body B passing the rinse-aluminum chemical
conversion zone 400 are attached to a pipe 402. The
nozzles 401 are supplied by pumps 404 and 406 with
the deionized water or the chemical conversion solution
for aluminum from a washing solution replenishment
tank 403 accommodating deionized water and a chem-
ical conversion solution replenishment tank 405, re-
spectively. Here, in the middle of the pipe 402, a three
way valve 407 is provided to switch the solution supplied
to the nozzle 401 between the deionized water from the
washing solution replenishment tank 403 and the chem-
ical conversion solution for aluminum from the chemical
conversion solution replenishment tank 405. The pumps
404, 406 and the three way valve are operated by com-
mand signals from a controller 502 to be described later.
[0118] The used deionized water and chemical con-
version solution for aluminum collected on the floor sur-
face of the booth are separately recovered to a washing
solution recovery tank 412 and a chemical conversion
solution recovery tank 418, respectively via pipes 408,
409, and 410. In this connection, the pipe 408 is provid-
ed with a three way valve 411 for switching the tanks for
recovery. The three way valve is also operated by the
command signals from a controller 502 to be described
later.

[0119] The used deionized water recovered to the
washing solution recovery tank 412 via the pipes 408,
409 is returned to the washing solution replenishment
tank 403 by a pipe 414 and a pump 413. The pipe 414
coupled to the washing solution recovery tank 412 is
provided with a dust eliminator 415, a chemical conver-
sion sludge eliminator 416, and an oil eliminator 417.
The dust eliminator 415 removes dust contained in the
used deionized water recovered. The chemical conver-
sion sludge eliminator 415 removes chemical conver-
sion sludge of aluminum and iron (produced during the
treatment in the treatment tank 101 of the preceding
stage). The oil eliminator 417 removes oil.

[0120] On the other hand, the used chemical conver-
sion solution for aluminum recovered to the chemical
conversion solution recovery tank 418 via the pipes 408
and 410 is returned to the chemical conversion solution
replenishment tank 405 by a pipe 420 and a pump 419.
The pipe 420 coupled to the chemical conversion solu-
tion recovery tank 418 is provided with a dust eliminator
421, a chemical conversion sludge eliminator 422, and
an oil eliminator 423. The dust eliminator 421 removes
dust contained in the used chemical conversion solution
for aluminum recovered. The chemical conversion
sludge eliminator 422 removes chemical conversion
sludge of aluminum and iron (produced during the treat-
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ment in the treatment tank 101 of the preceding stage).
The oil eliminator 423 removes oil.

[0121] These dust eliminators 415, 421, chemical
conversion sludge eliminators 416, 422, and oil elimina-
tors 417, 423 can employ the specific examples shown
in the above-described dust eliminator 102, chemical
conversion sludge eliminator 103, and oil eliminator
104, respectively

[0122] The chemical conversion solution for alumi-
num used in this embodiment is not particularly limited,
and, for example, includes hexafluorotitanate and hex-
afluorozirconate. Such a new chemical conversion so-
lution for aluminum is accommodated in a tank 424 of a
chemical conversion solution for aluminum and supplied
to the chemical conversion solution replenishment tank
405 by the pump 425. The chemical conversion solution
for aluminum sprayed onto the vehicle body B from the
nozzles 401 is adjusted by the new chemical conversion
solution for aluminum.

[0123] Preferably, the chemical conversion solution
for aluminum is treated under conditions of a pH of 2.5
to 10 and a temperature of 20 to 70 °C for period of 20
to 100 seconds.

[0124] The rinse tank 201 is provided at the subse-
quent stage of the rinse-aluminum chemical conversion
zone 400. The rinse tank 201 washes the vehicle body
B having a chemical conversion coating formed in the
treatment tank 101 and the rinse-aluminum chemical
conversion zone 400 with deionized water. In this em-
bodiment, the vehicle body B is dipped in the rinse tank
201 to wash the inner and outer panels of the vehicle
body B. However, the washing treatment can be also
realized by a spray treatment other than the dipping
treatment.

[0125] In the deionized water in the rinse tank 201,
dust, chemical conversion sludge, and oil adhered to the
vehicle body B are mixed. The deionized water is
sucked by the pipe 202 and the pump 203 and supplied
to the washing solution recovery tank 412 (or the dust
eliminator 415) in the rinse-aluminum chemical conver-
sion zone 400 of the preceding stage. After these dust,
chemical conversion sludge, and oil are removed, the
deionized water is then reused as deionized water for
washing. New deionized water is supplied to the rinse
tank 201 from a deionized water supply unit separately
provided, not shown in the drawing.

[0126] In this embodiment, starts and stops of the
pumps 404, 406 and operations of the three way valves
407, 411 are carried out by command signals from the
controller 502 based on a specification of a vehicle type
detected by a vehicle type detector 501. The vehicle
type detector 501 is provided in a process before dipping
the vehicle body B in the treatment tank 101, for exam-
ple. The vehicle type detector 501 reads out a specifi-
cation regarding the vehicle type from a specification
storage medium, which stores specifications of each ve-
hicle body B and is mounted on each vehicle body B.
Here, the vehicle type detector 501 detects at least
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whether the vehicle body B is the iron vehicle body, the
aluminum vehicle body, or the composite vehicle body,
and then transmits the detected specification to the con-
troller 502. The control will be described in detail later.
[0127] Next, the operations will be described.

[0128] The vehicle body B that has been assembled
by welding in the body assembling process is conveyed
by the painting conveyor C while being mounted on the
painting hanger H and first dipped in the treatment tank
101. Since the vehicle body B is dipped in the treatment
tank 101, foreign material such as iron powder and oil
adhered to the vehicle body B are removed into the
treatment tank 101 by washing and degreasing effects
of the degreasing and chemical conversion solution.
Furthermore, in the steel parts of the vehicle body B from
which oil has been removed, the degreasing and chem-
ical conversion solution reacts with iron to form a chem-
ical conversion coating of zinc phosphate. However, as
for the aluminum parts of the vehicle body B, only dust
removal and degreasing are performed. The aluminum
parts do not react with the degreasing and chemical con-
version solution, and the chemical conversion coating
is not formed.

[0129] The vehicle body B that has passed the treat-
ment tank 101 is fed to the rinse-aluminum chemical
conversion zone 400 and then sprayed with any one of
deionized water and the chemical conversion solution
for aluminum from the nozzles 401. In other words,
when material specifications of the vehicle body B de-
tected by the vehicle type detector 501 is the iron vehicle
body, the chemical conversion for aluminum is unnec-
essary, so that the rinse-aluminum chemical conversion
zone 400 is used as arinse zone. Accordingly, the con-
troller 502 simultaneously transmits a start command to
the pump 404 and a stop command to the pump 406.
Moreover, the three way valve 407 is switched to the
washing solution replenishment tank 403, and the three
way valve 411 is switched to the washing solution re-
covery tank 412.

[0130] Thedeionized waterin the washing solution re-
plenishment tank 403 is sucked by the pump 404 and
sprayed onto the whole of the iron vehicle body B from
the nozzle 401 via the pipe 402. The deionized water
sprayed onto the vehicle body B is collected on the floor
surface of the booth, recovered to the washing solution
recovery tank 412 via the pipes 408, 409, and then
sucked therefrom by the pump 413. Subsequently, the
deionized water passes the dust eliminator 415, chem-
ical conversion sludge eliminator 416, and the oil elimi-
nator 417 to remove dust, chemical conversion sludge
such as aluminum and iron, and oil, which are contained
in the deionized water. The deionized water is then re-
turned to the washing solution replenishment tank 403.
[0131] On the other hand, when the material specifi-
cations of the vehicle body B detected by the vehicle
type detector 501 are those of the vehicle body made of
aluminum or aluminum alloys, the rinse-aluminum
chemical conversion zone 400 is used as an aluminum
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chemical conversion zone. Accordingly, the controller
502 transmits the stop instruction to the pump 404 and
simultaneously transmits the start instruction to the
pump 406. Moreover, the three way valve 407 is
switched to the chemical conversion solution replenish-
ment tank 405, and the three way valve 411 is switched
to the chemical conversion solution recovery tank 418.
[0132] The chemical conversion solution for alumi-
num in the chemical conversion solution replenishment
tank 405 is sucked by the pump 406 and sprayed onto
the whole of the vehicle body B (or mainly aluminum
parts) from the nozzle 401 via the pipe 402. The chem-
ical conversion solution for aluminum sprayed onto the
vehicle body B is collected on the floor surface of the
booth, recovered to the chemical conversion solution re-
covery tank 418, and then sucked therefrom by the
pump 419. Subsequently, the chemical conversion so-
lution for aluminum passes the dust eliminator 421, the
chemical conversion sludge eliminator 422, and the oll
eliminator 423 to remove dust, chemical conversion
sludge such as aluminum and iron, and oil, which are
contained in the chemical conversion solution for alumi-
num. The chemical conversion solution for aluminum is
then returned to the chemical conversion solution re-
plenishment tank 405 via the pipe 420.

[0133] In this treatment in the rinse-aluminum chem-
ical conversion zone 400, the vehicle body B is washed
by deionized water when the vehicle body B is the iron
vehicle body. Accordingly, the zinc phosphate coating
formed in the preceding treatment can improve the qual-
ity, and the treatment solution brought in the rinse tank
201 of the subsequent stage can be suppressed. When
the vehicle body B is the aluminum vehicle body or the
composite vehicle body, the aluminum parts employed
as the outer panel parts, such as a hood, a trunk lid, and
doors, can be treated with the chemical conversion coat-
ing in the rinse aluminum chemical conversion zone
400. Especially, when these aluminum parts are used
as the outer panel parts of the vehicle body B, a suffi-
cient chemical conversion coating can be formed by on-
ly the spray treatment like this embodiment. Conse-
quently, the length of the chemical conversion process
for aluminum can be minimized. Furthermore, since the
recovery tanks 412 and 418 are separately used for
washing with deionized water and chemical conversion
for aluminum, respectively, load for recycling of the re-
covered chemical conversion solution for aluminum is
reduced and recycling efficiency is increased.

[0134] Atlast, the vehicle body B that has passed the
rinse-aluminum chemical conversion zone 400 is
dipped into the rinse tank 201 to wash the treatment so-
lution adhered to the vehicle body B. The vehicle body
B is then conveyed to the drying oven and dried. The
dried vehicle body is fed to the electrocoating process
as undercoating.
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Eighth Embodiment

[0135] FIG. 15 is a system view showing an eighth
embodiment of the equipment of pretreatment before
painting of the present invention. Similar to the first em-
bodiment, the drawing shows a process of pretreatment
before painting, where degreasing, surface condition-
ing, and chemical conversion coating are performed on
a work, for example, a vehicle body as surface prepa-
ration for electrocoating.

[0136] This embodiment basically differs from the
above-described first embodiment in that a plurality of
nozzles 304 and 315 are provided in the aluminum
chemical conversion zone and that the vehicle type de-
tector 501 and the controller 502 are employed. Since
the other components are similar to those of the above-
described embodiment, the same components are giv-
en the same reference numerals.

[0137] In this embodiment, as shown in FIG. 15, the
nozzles 304 and 315 for spraying the chemical conver-
sion solution for aluminum onto the vehicle body B pass-
ing the aluminum chemical conversion zone 300 are at-
tached to the pipe 302 and a pipe 316, respectively. The
nozzles 304 and 315 are supplied with the chemical con-
version solution for aluminum by the pump 303 and a
pump 314 from the chemical conversion solution replen-
ishment tank 301 accommodating the chemical conver-
sion solution for aluminum. The example shown in FIG.
15 has a configuration of two stages, where the plurality
of nozzles 304 and 315 for spraying the chemical con-
version solution for aluminum onto a hood, a trunk lid,
and doors, which are aluminum parts of the vehicle body
B, are provided on the ceiling surfaces and the side sur-
faces of each booth. In the first stage, the nozzles 304
are arranged so that they spray the chemical conversion
solution for aluminum onto portions corresponding to
the aluminum parts of a composite vehicle body. In the
second stage, the nozzles 315 are arranged so that they
spray the chemical conversion solution for aluminum
onto portions other than the aluminum parts of the com-
posite vehicle body.

[0138] Notably, in this embodiment, the pumps 303
and 314 are started and stopped by command signals
from the controller 502 based on the specifications of a
vehicle type detected by the vehicle type detector 501.
For example, the vehicle type detector 501 is provided
in a process before the vehicle body B is dipped in the
treatment tank 101. The vehicle type detector 501 reads
specifications regarding the vehicle type from a specifi-
cation storage medium, which stores specifications of
each vehicle body B and is mounted on each vehicle
body B. Here, the vehicle type detector 501 detects at
least whether the vehicle body B is an iron vehicle body,
an aluminum vehicle body, or a composite vehicle body,
and then transmits the detected specification to the con-
troller 502. The detail of this control will be described
later.

[0139] The rinse tank 201 is provided after the alumi-
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num chemical conversion zone 300. The rinse tank 201
washes the vehicle body B having the chemical conver-
sion coating thereon with deionized water. In this em-
bodiment, the vehicle body B is dipped in the rinse tank
201 to wash inner and outer panels of the vehicle body
B. However, the washing treatment can be also per-
formed by a spray treatment other than the dipping treat-
ment.

[0140] Next, the operations will be described.

[0141] Being mounted on the painting hanger H, the
white body B which has been assembled by welding in
a body assembling process is conveyed by the painting
conveyor C and dipped in the treatment tank 101 first.
Since the vehicle body B is dipped in the treatment tank
101, foreign material such as iron powder and oil adher-
ing to the vehicle body B are removed into the treatment
tank 101 by washing and degreasing effects of the de-
greasing and chemical conversion solution. Further-
more, on the steel parts of the vehicle body B from which
oil has been removed, the degreasing and chemical
conversion solution reacts with iron and forms a chem-
ical conversion coating of zinc phosphate.

[0142] The vehicle body B which has passed the treat-
ment tank 101 is conveyed to the aluminum chemical
conversion zone 300, where the control shown in FIG.
16 is carried out.

[0143] Specifically, the vehicle type detector 501 dis-
posed at the entrance of the equipment of pretreatment
before painting detects the material specifications of the
vehicle body B, more specifically, whether the vehicle
body B is an iron vehicle body, an aluminum vehicle
body, or a composite vehicle body, and sequentially
transmits the detected material specifications to the
controller 502. The data, which are transmitted from the
vehicle type detector 501 to the controller 502, regarding
the material specifications, is stored in synchronization
with the painting conveyor C conveying the vehicle body
B. The controller 502 recognizes the data corresponding
to each body in the pretreatment process.

[0144] As shownin FIG. 16, when the data regarding
the material specifications are fetched from the vehicle
type detector 501 (S1), the controller 502 passes judg-
ments in steps 2 (S2) and 4 (S4) before the vehicle body
B is conveyed to the aluminum chemical conversion
zone 300. Specifically, it is determined in the step 2 (S2)
whether or not the vehicle body B of the fetched data is
an iron vehicle body, all of which are composed of iron
components. When the vehicle body B is an iron vehicle
body, the procedure proceeds to a step 3 (S3), where
the controller 502 transmits stop signals to the pumps
303 and 314 so as not to spray the chemical conversion
solution for aluminum onto the vehicle body B.

[0145] In the step 2 (S2), when the vehicle body B is
not an iron vehicle body, the procedure proceeds to the
step 4 (S4), where it is determined whether or not the
vehicle body B is an aluminum vehicle body, all of which
are composed of aluminum components. Here, when
the vehicle body B is an aluminum vehicle body, the pro-
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cedure proceeds to a step 6 (S6), where the controller
502 transmit a driving signals to the pumps 303 and 314
to spray the chemical conversion solution for aluminum
from the all nozzles 304 and 315 onto the inner and outer
panels of the aluminum vehicle body.

[0146] Inthe step 4 (S4), when the vehicle body is not
an aluminum vehicle body, the vehicle body is deter-
mined as a composite vehicle body, and the procedure
proceeds to a step 5 (S5). The controller 502 transmits
a driving signal to the pump 303 and a stop signal to the
pump 314 to spray the chemical conversion solution for
aluminum onto the aluminum parts of the composite ve-
hicle body only from the nozzles 304.

[0147] As described above, in the aluminum chemical
conversion zone 300, the chemical conversion solution
for aluminum can be sprayed onto only necessary por-
tions in accordance with the materials of the compo-
nents of the vehicle body B, and an amount of used
chemical conversion solution for aluminum can be re-
duced. When the vehicle body B conveyed to the alu-
minum chemical conversion zone 300 is a composite
vehicle body, the configuration in the above-described
embodiment is made so that only the pump 303 is driv-
en, and the other pump 314 is stopped. However, the
present invention is not limited to this. The configuration
may be set in a manner that both of the pumps 303 and
314 are driven, and one of the nozzles 304 and 315
which discharges the chemical conversion solution is
selected.

[0148] By the treatment in the aluminum chemical
conversion zone 300, the aluminum parts employed as
outer panel parts such as a hood, a trunk lid, and doors
can be treated with the chemical conversion coating.
When these aluminum parts are used especially as the
outer panel parts of the vehicle body B, a sufficient
chemical conversion coating can be formed by only the
spray treatment like this embodiment. Consequently,
the length of the aluminum chemical conversion process
can be minimized.

[0149] Lastly, the vehicle body B which has passed
the aluminum chemical conversion zone 300 is dipped
in the rinse tank 201, and the chemical conversion so-
lution adhering to the vehicle body B is washed off. The
vehicle body B is conveyed to a drying oven, dried and
fed to a process of electrocoating, which is undercoat-

ing.
Ninth Embodiment

[0150] FIG. 17 is a plan view showing a ninth embod-
iment of the equipment of pretreatment before painting
of the present invention, and FIG. 18 is a system view
showing the same. Similar to the first embodiment, the
drawings show a process of pretreatment before paint-
ing for performing degreasing, surface conditioning, and
chemical conversion as surface preparation of electro-
coating for a work, for example, a vehicle body. This em-
bodiment basically differs from the above-described
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eighth embodiment in that the painting conveyer C in
the aluminum chemical conversion zone 300 is divided,
and the dipping tank 313 is employed in the aluminum
chemical conversion zone 300. The other components
are similar to those of the above-described embodi-
ment, and the same components are given the same
reference numerals.

[0151] As shown in FIG. 17, the painting conveyer C
of this embodiment is divided into two conveyer C1 and
C2 and joined between the treatment tank 101 and the
rinse tank 201. The aluminum chemical conversion
zone 300 is provided on one conveyer C1 side. On the
other conveyer (bypass line of the present invention) C2
side, the vehicle body B is just conveyed while being
mounted on the hanger H. In the process on the other
conveyer C2, deionized water mist spray may be per-
formed in order to prevent drying of the zinc phosphate
coating formed on the surfaces of the iron parts

[0152] The painting conveyer C is provided with a
conveyer dividing unit 503 at an exit of the treatment
tank 101 and a conveyer joining unit 504 at the entrance
of the rinse tank 201. Each of the conveyer dividing unit
503 and the conveyer joining unit 504 can include a
switching unit for conveyer rails and a controller for con-
trolling the switching unit. The controller 502 of this em-
bodiment transmits switching command signals to the
controller of the switching unit. Specifically, upon the de-
tection of the material specification of the vehicle body
B, the vehicle type detector 501 provided at the entrance
of the treatment tank 101 transmits the detected mate-
rial specifications to the controller 502. The controller
502 determines whether the vehicle body B is conveyed
to the conveyer C1 or the conveyer C2 according to the
material specifications of the vehicle body. This control
will be described later.

[0153] As shown in FIG. 18, the aluminum chemical
conversion zone 300 of this embodiment is provided
with the aluminum chemical conversion tank 313 filled
with the chemical conversion solution for aluminum. The
vehicle body B conveyed by the conveyer C1 is fully
dipped in accordance with the trajectory of the conveyer
C1.

[0154] Since the equipment of pretreatment before
painting of this embodiment employs the dipping tank
313 for full dipping as means for aluminum chemical
conversion, the equipment of pretreatment before paint-
ing is excellent in treatment especially when aluminum
materials are employed for the inner panel portions.
[0155] In this embodiment, the dipping treatment is
employed in the aluminum chemical conversion zone
300. However, the spray treatment can be employed by
providing the nozzles 304 and 315 shown in the eighth
embodiment for the aluminum chemical conversion
zone 300 of the conveyer C1.

[0156] Next, the operations will be described. Since
the treatment procedures in the treatment tank 101 and
the rinse tank 201 are similar to those in the eighth em-
bodiment, the treatment procedures in the processes
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thereof are described with reference to FIG. 19.

[0157] The vehicle type detector 501 arranged in the
entrance of the equipment of pretreatment before paint-
ing detects the material specifications of the vehicle
body B, specifically, whether the vehicle body B is the
iron vehicle body, the aluminum vehicle body, or the
composite vehicle body, and sequentially transmits the
detected material specifications to the controller 502.
The data regarding the material specifications transmit-
ted from the vehicle type detector 501 to the controller
502 is stored in synchronization with the painting con-
veyer C. The controller 502 recognizes which body in
the pretreatment process corresponds to which data.
[0158] As shown in FIG. 19, upon fetching the data
regarding the material specification from the vehicle
type detector 501 (S11), the controller 502 carries out
determinations of steps 12 (S12) when the vehicle body
B is taken out of the treatment tank 101. Specifically, it
is determined whether or not the vehicle body B of the
fetched data is the iron vehicle body, which is entirely
composed of iron parts, in the step 12 (S12). When the
vehicle body B is the iron vehicle body, the procedure
proceeds to a step 13 (S13), in which the controller 502
transmits command signals to the conveyer dividing unit
503 and the conveyer joining unit 504 to convey the iron
vehicle body B into the bypass line. Accordingly, the iron
vehicle body is not sprayed with the chemical conver-
sion solution for aluminum.

[0159] In the step 12 (S12), when the vehicle body B
is not the iron vehicle body, the vehicle body B is deter-
mined as either the aluminum vehicle body or the com-
posite vehicle body. Accordingly, the procedure pro-
ceeds to the step 14 (S14), and the controller 502 trans-
mits command signals to the conveyer dividing unit 503
and the conveyer joining unit 504 to convey the alumi-
num vehicle body or the composite vehicle body into the
line of the aluminum chemical conversion zone 300.
Therefore, the vehicle body is dipped into the dipping
tank 313 and subjected to the aluminum chemical con-
version.

[0160] In this embodiment, by dividing the painting
conveyer C, only the aluminum vehicle body and the
composite vehicle body, which require aluminum chem-
ical conversion, flow through the conveyer C1 and the
iron vehicle body is allowed to escape to the bypass line.
Accordingly, the conveyer speed of the conveyers C1
and C2 can be reduced to about half of the speed of the
painting conveyer C in average, so that the length of the
aluminum chemical conversion tank 313 can be set to
be reduced.

[0161] Incidentally, when the spray treatment shown
in FIG. 15 is employed in the aluminum chemical con-
version zone 300, the aluminum treatment conditions for
the aluminum vehicle body and the composite vehicle
body can be further changed.

[0162] Note that the above embodiments have been
described to facilitate understanding of the present in-
vention and not to limit the present invention. Therefore,
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each component disclosed in the above-described em-
bodiments is intended to include all design modifications
and equivalents within the technical scope of the
present invention.

[0163] In the vehicle body B in the above-described
embodiments, the parts such as a hood, trunk lids, and
doors are made of aluminum, but may be made of an
aluminum alloy.

[0164] Hereinafter, the effects of the present invention
are confirmed by examples and comparative examples
by which the present invention is further embodied. The
following examples are for confirming the effects of the
degreasing and chemical conversion solution used in
the above-described embodiments.

Examples

[0165] The degreasing and chemical conversion so-
lutions of examples were prepared based on composi-
tions shown in FIG. 20 using diethylene glycol monoe-
thyl ether (DEGMEE) as the polar organic solvent, so-
dium nitrate as a sodium compound to be a source of
sodium ion, lithium nitrate as a lithium compound to be
a source of lithium, orthophosphoric acid as a source of
phosphate ion, zinc nitrate as a zinc compound to be a
source of zinc ion, nickel nitrate as a nickel compound
to be a source of nickel ion, and manganese nitrate as
a manganese compound to be a source of manganese
ion.

[0166] Hexafluorozirconate (Deoxylyte 54C, made by
Henkel Corp.) was used as the chemical conversion so-
lution for aluminums of the examples.

[0167] Three types of test pieces of cold rolled steel
(Fe), electrogalvanized steel (Zn), aluminum 6111 (Al)
were prepared and degreased with acetone. Then the
test pieces were coated with 0.5 g/m?2 of mixed oil, which
contains three types of anti corrosion oil (Rustclean K
made by Cosmo oil Co., Ltd, NR3 made by Idemitsu Ko-
san Co., Ltd, Nonrust PN-1 made by Nippon oil Corp.)
of the same amount, whereby the test pieces each hav-
ing an oil surface for tests were prepared. These test
pieces were treated with the above-described degreas-
ing and chemical conversion solution and chemical con-
version solution for aluminum. Properties and perform-
ances of obtained zinc phosphate coating, specifically,
coating weight, density of the crystalline coating, first
painting adhesion, and second painting adhesion were
evaluated. The results thereof are shown in FIG. 20.
[0168] The treatment with the degreasing and chem-
ical conversion solution was performed by dipping each
test piece into the degreasing and chemical conversion
solution. The treatment time was set to 300 seconds,
and the temperature of the degreasing and chemical
conversion solution was set to 40°C. The treatment with
the chemical conversion solution for aluminum was per-
formed by spraying the chemical conversion solution for
aluminum onto each test piece. The spraying time was
set to 20, 30, and 100 seconds. The pH of the chemical
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conversion solution for aluminum was setto 4.0, and the
temperature thereof was set to 40°C.

[0169] The results of the coating weight, the density
of the crystalline coating, the first painting adhesion, and
the second painting adhesion were evaluated by four
classification of A (very good), B (good), C (slightly
poor), and D (poor).

[0170] The coating weight was measured after drying
each treated test piece by a drier. The coating weight is
converted into a weight (g) per 1 m2. Here, in order for
the zinc phosphate chemical conversion coating to have
excellent anti-corrosion and adhesion, a uniform and
dense crystalline coating with a coating weight in the or-
der of 2 to 3.5 g/m2 is required. Accordingly, the coating
weight of 2 to 2.5 g/m?2 was evaluated as A (very good);
the coating weight of 2.6 to 3.5 g/m2 was evaluated as
B (good); the coating weight of 1.5 to 1.9 g/m2 was eval-
uated as C (slightly poor); and the coating weight of less
than 1.5 g/m2 was evaluated as D (poor).

[0171] For the density of the crystalline coating, a
sample was sampled from a center of each test piece
after treated, and shape and size of the zinc phosphate
crystalline coating were observed with a scanning elec-
tron microscope (SEM).

[0172] In the examples, the samples were evaluated
based on the criteria that the crystal size indicating the
density of 5 um or less was evaluated as A (very good);
the density of above 5 um to 10 um or less was evalu-
ated as B (good); the density of above 10 um to 20m or
less was evaluated as C (slightly poor); the density of
20 um or grater was evaluated as D (poor).

[0173] The first painting adhesion is evaluated by
painting the test pieces after the treatment. Specifically,
the test pieces after the treatment were dipped in elec-
trocoating paint (Succeed#80V made by Herberts-Shin-
to Automotive Systems Co., Ltd.) and then a voltage of
200V was applied thereto for energization for 3 minutes.
Subsequently, the test pieces were baked at 170°C for
20 minutes, thus forming an electrocoating film with a
thickness of 15 to 20 um. In accordance with a cross
hatch test (JIS K5600-5-6, ISO 2409) using the test piec-
es thus obtained with the electrocoating films formed
thereon, the painting surface of each test piece is given
scored lines at intervals of 1 mm by a NT cutter to form
100 grids, and a piece of cellophane tape (18 mm wide,
made by Nichiban Co., Ltd.) was attached thereto. After
2 minutes, the piece of cellophane tape was peeled off,
and the evaluation was made by the number of grids
where the coating film was left. When the number of
grids with the coating film left is 100, the evaluation was
A (very good); 95 to 99 grids were evaluated as (good);
85 to 94 grids were evaluated as C (slightly poor): 84
grids or less were evaluated as D (poor).

[0174] In the second painting adhesion, an electro-
coating film, similar to that in the above-described first
painting adhesion test was formed and then immersed
in hot water. Accordingly, the adhesion of the coating
film was evaluated after being deliberately deteriorated.
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In the immersion in hot water, each test piece with the
electrocoating film formed thereon was immersed in hot
water at 40°C £ 1°C for 1000 hours. The evaluation of
adhesion was made in accordance with the cross hatch
test (JIS K5600-5-6, 1ISO 2409) similarly to the first paint-
ing adhesion.

Comparative Examples

[0175] The degreasing and chemical conversion so-
lution and the aluminum conversion treatment solution
were prepared under the same conditions as those of
the examples except that the weight ratio of the polar
organic solvent to water in the degreasing and chemical
conversion solution is set to 1:9 in the comparative ex-
amples, and the evaluation similar to the examples were
carried out. The results thereof are shown in FIG. 21.

Consideration

[0176] As apparent from the results shown in FIGs.
20 and 21, in the method of pretreatment before painting
in the comparative examples, any of the coating weight,
the density of the crystalline coating, the first painting
adhesion, and the first painting adhesion was evaluated
as "slightly poor" or "poor". However, by employing the
method of pretreatment before painting in the examples,
any of the coating weight, the density of the crystalline
coating, the first painting adhesion, and the first painting
adhesion is evaluated as "good" or "very good". Conse-
quently, itis confirmed that there is no problem in quality.
[0177] The entire content of Japanese Patent Appli-
cations No. P2002-171075, No. P2002-171080 and No.
P2002-171081 with a filing date of June 12, 2002 is
herein incorporated by reference.

[0178] Although the invention has been described
above by reference to certain embodiments of the in-
vention, the invention is not limited to the embodiments
described above will occur to these skilled in the art, in
light of the teachings. The scope of the invention is de-
fined with reference to the following claims.

Claims

1. Equipment of pretreatment before painting, com-
prising:

a treatment tank (101) filled with a degreasing
and chemical conversion solution containing a
mixed solution of a polar organic solvent and
water, any of sodium ion and lithium ion, phos-
phate ion, zinc ion, nickel ion, manganese ion,
and any of nitrate ion and nitrite ion, the mixed
solution having a weight ratio of the polar or-
ganic solution to the water in a range of 2.8:7.2
to 3.8:6.2, works (B) being dipped in the treat-
ment tank (101);
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an aluminum chemical conversion unit which
treats the works (B) with a chemical conversion
solution for aluminum, the aluminum chemical
conversion unit being provided at a subsequent
stage of the treatment tank (101); and

a rinse unit which washes the works (B) with a
washing solution, the rinse unit being provided
at a subsequent stage of the aluminum chemi-
cal conversion unit.

The equipment of pretreatment before painting ac-
cording to claim 1,

wherein at least part of the works (B) are com-
posite vehicle bodies of iron and aluminum having
any of an aluminum and aluminum alloy part for at
least part of outer panel portions.

The equipment of pretreatment before painting ac-
cording to one of claims 1 and 2,

wherein the aluminum chemical conversion
unit includes: a chemical conversion solution re-
plenishment tank (301) which accommodates the
chemical conversion solution for aluminum being
adjusted; and a spray which sprays the chemical
conversion solution for aluminum in the chemical
conversion solution replenishment tank (301) onto
the works (B).

The equipment of pretreatment before painting ac-
cording to claim 3,

wherein the aluminum chemical conversion
unit includes: a recovery tank (307) for recovering
the chemical conversion solution for aluminum
sprayed onto the works (B); and a first pipe system
for returning the chemical conversion solution for
aluminum recovered in the recovery tank (307) to
the chemical conversion solution replenishment
tank (301).

The equipment of pretreatment before painting ac-
cording to claim 4,

wherein the first pipe system has a dust elim-
inator (310) for removing dust contained in the
chemical conversion solution for aluminum being
recovered to the recovery tank (307); a chemical
conversion sludge eliminator (311) for removing
chemical conversion sludge contained in the chem-
ical conversion solution for aluminum being recov-
ered to the recovery tank (307); and an oil eliminator
(312) for removing oil contained in the chemical
conversion solution for aluminum being recovered
to the recovery tank (307).

The equipment of pretreatment before painting ac-
cording to claim 5, further comprising:

a second pipe system which introduces the
washing solution in the rinse unit to any of the
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recovery tank (307) and a most upstream elim-
inator among the dust eliminator (310), the
chemical conversion sludge eliminator (311),
and the oil eliminator (312).

The equipment of pretreatment before painting ac-
cording to claim 1,

wherein the aluminum chemical conversion
unit includes an aluminum chemical conversion
tank (313) filled with the chemical conversion solu-
tion for aluminum, the works being dipped into the
aluminum chemical conversion tank (313).

The equipment of pretreatment before painting ac-
cording to claim 7,

wherein each of the works (B) is fully dipped
in the aluminum chemical conversion tank (313).

The equipment of pretreatment before painting ac-
cording to claim 7,

wherein each of the works (B) is half dipped
in the aluminum chemical conversion tank (313).

The equipment of pretreatment before painting ac-
cording to claims 7 through 9,

wherein the aluminum chemical conversion
unit includes: a chemical conversion solution re-
plenishment tank (301) which accommodates the
chemical conversion solution for aluminum being
adjusted; a third pipe system which supplies the
chemical conversion solution for aluminum in the
chemical conversion solution replenishment tank
(301) to the aluminum chemical conversion tank
(313); and a fourth pipe system which returns the
chemical conversion solution for aluminum in the
aluminum chemical conversion tank (313) to the
chemical conversion solution replenishment tank
(301).

The equipment of pretreatment before painting ac-
cording to claim 10,

wherein the fourth pipe system includes a
dust eliminator (310) for removing dust contained in
the chemical conversion solution for aluminum be-
ing recovered to the recovery tank (307); a chemical
conversion sludge eliminator (311) for removing
chemical conversion sludge contained in the chem-
ical conversion solution for aluminum being recov-
ered to the recovery tank (307); and an oil eliminator
(312) for removing oil contained in the chemical
conversion solution for aluminum being recovered
to the recovery tank (307).

The equipment of pretreatment before painting ac-
cording to claim 11, further comprising:

a fifth pipe system which introduces the wash-
ing solution of the rinse unit to a most upstream
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eliminator among the dust eliminator (310), the
chemical conversion sludge eliminator (311),
and the oil eliminator (312).

The equipment of pretreatment before painting ac-
cording to claim 1, further comprising:

a second rinse unit which washes the works (B)
with a washing solution, the second rinse unit
being provided at a subsequent stage of the
treatment tank and at a preceding stage of the
aluminum chemical conversion unit;

a first circulating system which has the treat-
ment tank (101) and circulates the degreasing
and chemical conversion solution;

a dust eliminator (102) which removes dust
contained in the degreasing and chemical con-
version solution;

a chemical conversion sludge eliminator (103)
which removes chemical conversion sludge
contained in the degreasing and chemical con-
version solution, the chemical conversion
sludge eliminator (103) being provided for the
first circulating system;

an oil eliminator (104) which removes oil con-
tained in the degreasing and chemical conver-
sion solution; and

a treatment solution replenishment tank (109)
which adjusts a solution having passed the dust
eliminator (102), the sludge eliminator (103),
and the oil eliminator (104) and replenishes the
treatment tank (101) with the adjusted solution,
the treatment solution replenishment tank (109)
being provided for the first circulating system.

The equipment of pretreatment before painting ac-
cording to claim 1,

wherein the aluminum chemical conversion
unit is a rinse-aluminum chemical conversion unit
which sprays a washing solution onto the works (B)
when the works (B) do not include any of the alumi-
num and aluminum alloy part and which treats the
works (B) with the chemical conversion solution for
aluminum when each of the works (B) includes at
least any of the aluminum and aluminum alloy part.

The equipment of pretreatment before painting ac-
cording to claim 14, further comprising:

a vehicle type detector (501) which detects ve-
hicle specifications, the vehicle type detector
(501) allowing materials of components of each
of the works (B) to be distinguished; and

a controller (502) which controls the treatment
in the rinse-aluminum chemical conversion unit
in accordance with material specifications of
each of the works (B) being detected by the ve-
hicle type detector (501).
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16. The equipment of pretreatment before painting ac-
cording to claim 14, further comprising:

a washing solution recovery tank (412) which
recovers the washing solution used in the rinse-
aluminum chemical conversion unit;

a chemical conversion solution recovery tank
(418) which recovers a chemical conversion
solution for aluminum used in the rinse-alumi-
num chemical conversion unit;

a washing solution replenishment tank (403)
which stores the washing solution used in the
rinse-aluminum chemical conversion unit;

a chemical conversion solution replenishment
tank (405) which stores the chemical conver-
sion solution for aluminum to be used in the
rinse-aluminum chemical conversion unit;

a sixth pipe system which sucks the washing
solution recovered by the washing solution re-
covery tank (412) and supplying the washing
solution to the washing solution replenishment
tank (403);

a seventh pipe system which supplies the
chemical conversion solution for aluminum re-
covered by the chemical conversion solution
recovery tank (418) to the chemical conversion
solution replenishment tank (405);

a spray which sprays any of the washing solu-
tion and the chemical conversion solution for
aluminum onto the works (B); and

an eighth pipe system which sucks any of the
washing solution in the washing solution re-
plenishment tank (403) and the chemical con-
version solution for aluminum in the chemical
conversion solution replenishment tank (405)
and supplies the sucked solution to the spray.

17. The equipment of pretreatment before painting ac-
cording to claim 16, further comprising:

a dust eliminator (415) which removes dust
contained in the washing solution in the wash-
ing solution recovery tank (412), the dust elim-
inator (415) being provided for the sixth pipe
system;

a chemical conversion sludge eliminator (416)
which removes chemical conversion sludge
contained in the washing solution, the chemical
conversion sludge eliminator (416) being pro-
vided for the sixth pipe system; and

an oil eliminator (417) which removes oil con-
tained in the washing solution, the oil eliminator
(417) being provided for the sixth pipe system.

18. The equipment of pretreatment before painting ac-
cording to claim 16, further comprising:

a vehicle type detector (501) which detects ve-
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hicle specifications, the vehicle type detector
(501) allowing materials of components of each
of the works (B) to be distinguished; and

a controller (502) which controls the treatment
in the rinse-aluminum chemical conversion unit
in accordance with material specifications of
each of the works (B) detected by the vehicle
type detector (501),

wherein the eighth pipe system includes a first
pump (404) which sucks the washing solution in the
washing solution replenishment tank (403), a sec-
ond pump (406) which sucks the chemical conver-
sion solution for aluminum in the chemical conver-
sion solution replenishment tank (405), and a first
switch valve (407) which switches a supply path for
the spray, and

wherein the controller (502) transmits opera-
tion signals to the first pump (404), the second
pump (406), and the first switch valve (407) in ac-
cordance with the material specifications of each of
the works (B) being detected by the vehicle type de-
tector (501).

The equipment of pretreatment before painting ac-
cording to claim 18, further comprising:

a ninth pipe system which introduces the wash-
ing solution used in the rinse-aluminum chem-
ical conversion unit to the washing solution re-
covery tank (412) and introduces the chemical
conversion solution for aluminum used in the
rinse-aluminum chemical conversion unit to the
chemical conversion solution recovery tank
(418); and

a second switch valve (411) which switches
paths of the used washing solution and the
used chemical conversion solution for alumi-
num, the second switch valve (411) being pro-
vided for the ninth pipe system,

wherein the controller (512) transmits an op-
eration signal to the second switch valve (411) in
accordance with the material specifications of each
of the works (B) being detected by the vehicle type
detector (501).

The equipment of pretreatment before painting ac-
cording to claim 17, further comprising:

a tenth pipe system which introduces the wash-
ing solution in the rinse unit to any of the wash-
ing solution recovery tank (412) and a most up-
stream eliminator among the dust eliminator
(415), the chemical conversion sludge elimina-
tor (416), and the oil eliminator (417).

The equipment of pretreatment before painting ac-
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cording to claims 14 through 20, further comprising:

a first circulating system which has the treat-
ment tank (101) and circulates the degreasing
and chemical conversion solution;

a dust eliminator (102) which removes dust
contained in the degreasing and chemical con-
version solution;

a chemical conversion sludge eliminator (103)
which removes chemical conversion sludge
contained in the degreasing and chemical con-
version solution, the chemical conversion
sludge eliminator (103) being provided for the
first circulating system;

an oil eliminator (104) which removes oil con-
tained in the degreasing and chemical conver-
sion solution; and

a treatment solution replenishment tank (109)
which adjusts a solution having passed the dust
eliminator (102), the sludge eliminator (103),
and the oil eliminator (104) and replenishes the
treatment tank (101) with the adjusted solution,
the treatment solution replenishment tank (109)
being provided for the first circulating system.

22. The equipment of pretreatment before painting ac-

cording to claim 21,

wherein the dust eliminator (102) and the oll
eliminator (104) are provided for the first circulating
system.

23. The equipment of pretreatment before painting ac-

cording to claim 22, further comprising:

a water-polar organic solvent separator (112)
which separates water and a polar organic sol-
vent of the solution having passed the dust
eliminator (102), the chemical conversion
sludge eliminator (103), and the oil eliminator
(104) and supplies the polar organic solvent to
the treatment solution replenishment tank
(109).

24. The equipment of pretreatment before painting ac-

cording to claim 23, further comprising:

a second circulating system which supplies the
water separated by the water-polar organic sol-
vent separator (112) to the second rinse unit.

25. The equipment of pretreatment before painting ac-

cording to claim 24, further comprising:

an ion eliminator (113) which removes ion com-
ponents from the water separated by the water-
polar organic solvent separator (112) and sup-
plies the residual water to the second rinse unit,
the ion eliminator (113) being provided for the
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second circulating system.

The equipment of pretreatment before painting ac-
cording to claim 25,

wherein at least part of the water obtained by
the ion eliminator (113) is supplied to the treatment
solution replenishment tank (109).

The equipment of pretreatment before painting ac-
cording to claim 23, further comprising:

a third circulating system which sucks the used
washing solution in the second rinse unit and
introduces the sucked solution to a most up-
stream eliminator among the dust eliminator
(102), the chemical conversion sludge (103),
and the oil eliminator (104).

The equipment of pretreatment before painting ac-
cording to claims 23 through 27,

wherein the water-polar organic solvent sep-
arator (112) separates water and the polar organic
solvent by pervaporation.

The equipment of pretreatment before painting ac-
cording to one of claims 25, 26, and 28,

wherein the ion eliminator (113) includes: a
cation exchange tower (1131) filled with first cation
exchange resin; an anion exchange tower (1132)
filled with anion exchange resin; an ion exchange
tower (1133) filled with second cation exchange res-
in; and a decarbonator tower.

The equipment of pretreatment before painting ac-
cording to claim 29,

wherein the first cation exchange resin is
chelate type cation exchange resin, the anion ex-
change resin is styrene type strong base anion ex-
change resin, and the third cation exchange resin
is strong acid cation exchange resin in H form.

The equipment of pretreatment before painting ac-
cording to claim 1, further comprising:

a second rinse unit which washes the works (B)
with a washing solution, the second rinse unit
being provided at a subsequent stage of the
treatment tank (101) and at a proceeding stage
of the aluminum chemical conversion unit;

a treatment solution replenishment tank (109)
which replenishes the treatment tank (101) with
the degreasing and chemical conversion solu-
tion; and

avacuum distillation unit (130) which separates
the solutions in the treatment tank (101) and the
second rinse unit into the polar organic solvent,
water, and residual sludge by use of vacuum
distillation, supplies the separated polar organ-
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ic solvent to the treatment replenishment tank
(109), and supplies the separated water to the
treatment solution replenishment tank (109)
and the second rinse unit.

The equipment of pretreatment before painting ac-
cording to claim 31,

wherein waste heat of a paint drying oven is
used for a heat source of the vacuum distillation unit
(103).

The equipment of pretreatment before painting ac-
cording to claim 13,

wherein the second rinse unit includes a dip-
ping tank (120) filled with the washing solution, the
works (B) being dipped in the dipping tank.

The equipment of pretreatment before painting ac-
cording to claim 13,

wherein the second rinse unitincludes a spray
which sprays the washing solution onto the works

(B).

The equipment of pretreatment before painting ac-
cording to claims 13 through 34,

wherein at least part of the works (B) are com-
posite vehicle bodies of iron and aluminum having
any of an aluminum and aluminum alloy part for at
least part of outer panel portions.

The equipment of pretreatment before painting ac-
cording to claim 35,

wherein the works (B) include: an iron vehicle
body with all components made of iron; an alumi-
num vehicle body with all components made of any
of aluminum and aluminum alloys; and a composite
body of iron and any of aluminum and alloy with at
least part of components made of any of aluminum
and aluminum alloy.

The equipment of pretreatment before painting ac-
cording to one of claims 13 and 31,

wherein the aluminum chemical conversion
unit includes: a chemical conversion solution re-
plenishment tank (301) which accommodates the
adjusted chemical conversion solution for alumi-
num; and a spray which sprays the chemical con-
version solution for aluminum in the chemical con-
version solution replenishment tank (301) onto the
works (B).

The equipment of pretreatment before painting ac-
cording to claim 37,

wherein the aluminum chemical conversion
unit includes: a recovery tank (307) which recovers
the chemical conversion solution for aluminum
sprayed onto the works (B); and a eleventh pipe
system which returns the chemical conversion so-
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lution for aluminum recovered to the recovery tank
(307) to the chemical conversion solution replenish-
ment tank (301).

The equipment of pretreatment before painting ac-
cording to claim 38,

wherein the eleventh pipe system has a dust
eliminator (310) for removing dust contained in the
chemical conversion solution for aluminum being
recovered to the recovery tank (307); a chemical
conversion sludge eliminator (311) for removing
chemical conversion sludge contained in the chem-
ical conversion solution for aluminum being recov-
ered to the recovery tank (307); and an oil eliminator
(312) for removing oil contained in the chemical
conversion solution for aluminum being recovered
to the recovery tank (307).

The equipment of pretreatment before painting ac-
cording to claim 39, further comprising:

a twelfth pipe system which introduces the
washing solution in the rinse unit to any of the
recovery tank (307) and a most upstream elim-
inator among the dust eliminator (310), the
chemical conversion sludge eliminator (311),
and the oil eliminator (312).

The equipment of pretreatment before painting ac-
cording to one of claim 13 and 31,

wherein the aluminum chemical conversion
unit includes a aluminum chemical conversion tank
(313) filled with the chemical conversion solution for
aluminum, the works (B) being dipped in the alumi-
num chemical conversion tank (313).

The equipment of pretreatment before painting ac-
cording to claim 1, further comprising:

a vehicle type detector (501) which detects ve-
hicle specifications, the vehicle type detector
allowing materials of components of each of the
works (B) to be distinguished; and

a controller (502) which controls a treatment
condition in the aluminum chemical conversion
unit in accordance with material specifications
of each of the works (B) being detected by the
vehicle type detector (501).

The equipment of pretreatment before painting ac-
cording to claim 42,

wherein the works (B) include: an iron vehicle
body with all components made of iron; an alumi-
num vehicle body with all components made of any
of aluminum and aluminum alloys; and a composite
body of iron and any of aluminum and alloy with at
least part of components made of any of aluminum
and aluminum alloy.
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The equipment of pretreatment before painting ac-
cording to one of claim 42 and 43,

wherein the aluminum chemical conversion
unit includes: a chemical conversion solution re-
plenishment tank (301) which accommodates the
adjusted chemical conversion solution for alumi-
num; and a spray which sprays the chemical con-
version solution for aluminum in the chemical con-
version solution replenishment tank (301) onto the
works (B).

The equipment of pretreatment before painting ac-
cording to claim 44,

wherein the controller (502) controls a spray-
ing condition of the chemical conversion solution for
aluminum by the spray in accordance with material
specifications of each of the works (B) detected by
the vehicle type detector (501).

The equipment of pretreatment before painting ac-
cording to claim 45,

wherein the controller (502) carries out control
to stop spraying of the chemical conversion solution
for aluminum by the spray when each of the works
(B) is the iron vehicle body, and the controller (502)
carries out control to spray the chemical conversion
solution for aluminum by the spray when each of
the works (B) is any of the aluminum vehicle body
and the composite vehicle body.

The equipment of pretreatment before painting ac-
cording to claim 46,

wherein the controller (502) carries out control
to spray the chemical conversion solution for alumi-
num onto the whole of the vehicle body by the spray
when each of the works (B) is the aluminum vehicle
body, and the controller (502) carries out control to
spray the chemical conversion solution for alumi-
num mainly onto aluminum parts of the vehicle body
by the spray when each of the works (B) is the com-
posite vehicle body.

The equipment of pretreatment before painting ac-
cording to claims 44 through 47,

wherein the aluminum chemical conversion
unit includes: a recovery tank (307) which recovers
the chemical conversion solution for aluminum
sprayed onto the works (B); and a thirteenth pipe
system which returns the chemical conversion so-
lution for aluminum recovered to the recovery tank
(307) to the chemical conversion solution replenish-
ment tank (301).

The equipment of pretreatment before painting ac-
cording to claim 48,

wherein the thirteenth pipe system has a dust
eliminator (310) for removing dust contained in the
chemical conversion solution for aluminum being
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recovered to the recovery tank (307); a chemical
conversion sludge eliminator (311) for removing
chemical conversion sludge contained in the chem-
ical conversion solution for aluminum being recov-
ered to the recovery tank (307); and an oil eliminator
(312) for removing oil contained in the chemical
conversion solution for aluminum being recovered
to the recovery tank (307).

The equipment of pretreatment before painting ac-
cording to claim 49, further comprising:

a fourteenth pipe system which introduces the
washing solution in the rinse unit to any of the
recovery tank (307) and a most upstream elim-
inator among the dust eliminator (310), the
chemical conversion sludge eliminator (311),
and the oil eliminator (312).

The equipment of pretreatment before painting ac-
cording to claim 44, further comprising:

a bypass line which bypasses the aluminum
chemical conversion unit, the bypass line being
provided in parallel to the aluminum chemical
conversion unit,

wherein the controller (502) selects any one
of the aluminum chemical conversion unit and the
bypass line as a destination of each of the works
(B) in accordance with the material specifications of
each of the works (B) being detected by the vehicle
type detector (501).

The equipment of pretreatment before painting ac-
cording to claim 51,

wherein the controller (502) carries out control
to convey the works (B) to the bypass line when
each of the work (B) is the iron vehicle body, and
the controller (502) carries out control to convey the
works (B) to the aluminum chemical conversion unit
when each of the works (B) is any of the iron vehicle
body or the composite vehicle body.

The equipment of pretreatment before painting ac-
cording to claim 52,

wherein the aluminum chemical conversion
unitincludes a chemical conversion solution replen-
ishment tank (301) which accommodates the ad-
justed chemical conversion solution for aluminum,
and a spray which sprays the chemical conversion
solution for aluminum in the chemical conversion
solution replenishment tank (301) onto the works
B),

wherein the controller (502) carries out control
to spray the chemical conversion solution for alumi-
num onto the whole of the vehicle body by the spray
when each of the works (B) is the aluminum vehicle
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body, and the controller (502) carries out control to
spray the chemical conversion solution for alumi-
num onto mainly aluminum components of the ve-
hicle body by the spray when each of the works (B)
is the composite vehicle body.

The equipment of pretreatment before painting ac-
cording to claim 52,

wherein the aluminum chemical conversion
unit includes a aluminum chemical conversion tank
(313) filled with the chemical conversion solution for
aluminum, the works (B) being dipped in the alumi-
num chemical conversion tank (313).

The equipment of pretreatment before painting ac-
cording to claim 52,

wherein the aluminum chemical conversion
unit includes: a chemical conversion solution re-
plenishment tank (301) which accommodates the
chemical conversion solution for aluminum being
adjusted; a fifteenth pipe system which supplies the
chemical conversion solution for aluminum in the
chemical conversion solution replenishment tank
(301) to the aluminum chemical conversion tank
(313); and a sixteenth pipe system which returns
the chemical conversion solution for aluminum in
the aluminum chemical conversion tank (313) to the
chemical conversion solution replenishment tank
(301).

The equipment of pretreatment before painting ac-
cording to claim 52,

wherein the thirteenth pipe system has a dust
eliminator (310) for removing dust contained in the
chemical conversion solution for aluminum being
recovered to the recovery tank (307); a chemical
conversion sludge eliminator (311) for removing
chemical conversion sludge contained in the chem-
ical conversion solution for aluminum being recov-
ered to the recovery tank (307); and an oil eliminator
(312) for removing oil contained in the chemical
conversion solution for aluminum being recovered
to the recovery tank (307).

The equipment of pretreatment before painting ac-
cording to claim 52, further comprising:

a seventeenth pipe system which introduces
the washing solution in the rinse unit to a most
upstream eliminator among the dust eliminator
(310), the chemical conversion sludge elimina-
tor (311), and the oil eliminator (312).

The equipment of pretreatment before painting ac-
cording to one of claims 5, 6, 11 through 13, 17, 20
through 30, 39 through 41, 49, 50, 56 and 57,
wherein the dust eliminator includes any of a
settling tank (102A), a centrifugal separator (102B),
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a magnetic separator (102C) and a combination
thereof.

The equipment of pretreatment before painting ac-
cording to any of claims 5, 6, 11 through 13, 17, 20
through 30, 39 through 41, 49, 50, 56 and 57,

wherein the chemical conversion sludge elim-
inator includes a dead-end filter capable of sup-
pressing a concentration of sludge of the degreas-
ing and chemical conversion solution in the treat-
ment tank to 150 ppm or less.

The equipment of pretreatment before painting ac-
cording to one of claims 5,6,11 through 13, 17, 20
through 30, 39 through 41, 49, 50, 56 and 57,

wherein the oil eliminator includes a heating
type oil eliminator, a coalescer type oil eliminator,
an ultrafiltration type oil eliminator and combination
thereof.

The equipment of pretreatment before painting ac-
cording to claims 1 through 60,

wherein the polar organic solvent contains at
least one of glycol ether and diethylene glycol ether.

The equipment of pretreatment before painting ac-
cording to claims 1 through 61,

wherein 0.8 to 3.3 parts by weight of any of
sodium ion and lithium ion are contained per 100
parts by weight of mixed solution of the polar organ-
ic solution and water.

The equipment of pretreatment before painting ac-
cording to claim 62,

wherein a molar ratio of the sodium ion to lith-
ium ion is in a range of 50:50 to 2:98.

The equipment of pretreatment before painting ac-
cording to claims 1 through 63,

wherein 0.2 to 0.5 parts by weight of phos-
phate ion and 0.5 to 0.7 parts by weight of zinc ion
are contained per 100 parts by weight of the mixed
solution of the polar organic solution and water.

The equipment of pretreatment before painting ac-
cording to claims 1 through 64,

wherein 0.09 to 0.23 parts by weight of nickel
ion are contained per 100 parts by weight of the
mixed solution of the polar organic solution and wa-
ter.

The equipment of pretreatment before painting ac-
cording to claims 1 through 65,

wherein 0.03 to 0.16 parts by weight of man-
ganese ion are contained per 100 parts by weight
of the mixed solution of the polar organic solution
and water.
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The equipment of pretreatment before painting ac-
cording to claims 1 through 66,

wherein 3.5 to 10.8 parts by weight of any of
nitrate ion and nitrite ion are contained per 100 parts
by weight of the mixed solution of the polar organic
solution and water.

The equipment of pretreatment before painting ac-
cording to claims 1 through 67,

wherein the temperature of the degreasing
and chemical conversion solution filled in the treat-
ment tank (101) is in a range from 40 to 60°C, and
a dipping time of each of the works (B) is in a range
from 3 to 10 minutes.

The equipment of pretreatment before painting ac-
cording to claims 1 through 68,

wherein the chemical conversion solution for
aluminum contains at least one of hexafluorotitan-
ate and hexafluorozirconate.

The equipment of pretreatment before painting ac-
cording to claims 1 through 69,

wherein the chemical conversion solution for
aluminum sprayed on the work (B) has a pH in a
range from 2.5 to 10 and a temperature in a range
from 20 to 70°C, and a period of spraying the chem-
ical conversion solution for aluminum onto the work
(B) is in a range from 20 to 100 seconds.

A method of pretreatment before painting, compris-
ing:

dipping a composite vehicle body (B), which
has any of an aluminum and aluminum alloy
part for at least part of outer panel portions, into
a degreasing and chemical conversion solution
containing at least a mixed solution of a polar
organic solvent and water, any of sodium ion
and lithium ion, phosphate ion, zinc ion, nickel
ion, manganese ion, and any of nitrate ion and
nitrite ion, the mixed solution having a weight
ratio of the polar organic solution to the water
in a range of 2.8:7.2 to 3.8:6.2;

treating the vehicle body in a chemical conver-
sion solution for aluminum; and

washing the vehicle body with a washing solu-
tion.

The method of pretreatment before painting accord-
ing to claim 71, further comprising:

washing the vehicle body with a washing solu-
tion after the dipping.

The method of pretreatment before painting accord-
ing to one of claims 71 and 72,
wherein the polar organic solvent contains at
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least one of glycol ether and diethylene glycol ether.

The method of pretreatment before painting accord-
ing to claims 71 through 73,

wherein 0.8 to 3.3 parts by weight of any of
sodium ion and lithium ion are contained per 100
parts by weight of mixed solution of the polar organ-
ic solution and water.

The method of pretreatment before painting accord-
ing to claim 75,

wherein a molar ratio of the sodium ion to lith-
ium ion is in a range of 50:50 to 2:98.

The method of pretreatment before painting accord-
ing to claims 71 through 75,

wherein 0.2 to 0.5 parts by weight of phos-
phate ion and 0.5 to 0.7 parts by weight of zinc ion
are contained per 100 parts by weight of the mixed
solution of the polar organic solution and water.

The method of pretreatment before painting accord-
ing to claims 71 through 76,

wherein 0.09 to 0.23 parts by weight of nickel
ion are contained per 100 parts by weight of the
mixed solution of the polar organic solution and wa-
ter.

The method of pretreatment before painting accord-
ing to claims 71 through 77,

wherein 0.03 to 0.16 parts by weight of man-
ganese ion are contained per 100 parts by weight
of the mixed solution of the polar organic solution
and water.

The method of pretreatment before painting accord-
ing to claims 71 through 78,

wherein 3.5 to 10.8 parts by weight of any of
nitrate ion and nitrite ion are contained per 100 parts
by weight of the mixed solution of the polar organic
solution and water.

The method of pretreatment before painting accord-
ing to claims 71 through 79,

wherein the temperature of the degreasing
and chemical conversion solution filled in the treat-
ment tank (101) is in a range from 40 to 60°C, and
a dipping time of each of the works (B) is in a range
from 3 to 10 minutes.

The method of pretreatment before painting accord-
ing to claims 1 through 68,

wherein the chemical conversion solution for
aluminum contains at least one of hexafluorotitan-
ate and hexafluorozirconate.

The method of pretreatment before painting accord-
ing to claims 1 through 69,
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wherein the chemical conversion solution for
aluminum sprayed on the composite vehicle body
(B) has a pH in a range from 2.5 to 10 and a tem-
perature in a range from 20 to 70°C, and a period
of spraying the chemical conversion solution for alu-
minum onto the composite vehicle body (B) is in a
range from 20 to 100 seconds.
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