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DESCRIPTION
Title of Invention
NET-LIKE STRUCTURE LAYER FORMATION DEVICE AND METHOD FOR
PRODUCING GLASS EQUIPPED WITH NET-LIKE STRUCTURE LAYER

Technicd Field
[0001] The present disclosure relates to a net-like structure layer production device
that produces a net-like structure layer on a surface of a glass base material, and amethod
for manufacturing glassincluding the net-like structure layer.

Background Art
[0002] A glass base materid isused for cars, aircraft, ships, railways, windows for
building materids, outer wals, doors, mirrors, showcases, displays for eectronic
equipment, lenses of cameras, display screens of smartphones and the like, or the like.
A surface of the glass base materid isrequired to have a soil-resstant function, awater-
repellent function, a hydrophilic function, an antireflection function, and the like
(hereinafter referred to as*the soil-resistant function and the like”) according to ause and
aproduct to beused. For example, in order to provide the antireflection function to the
glass base materia, laminating amultilayer film of adielectric is generaly known.
However, atechnique for laminating afilm on the glass base materid haslimitationsin
terms of a heat-resstant property, achemica-resistant property, and awear-resistant
property. Meanwhile, as an excellent structure for providing aplurdity of pieces of
functionality to the glass base materid, there is a structure including a net-like structure
layer on the surface of the glass base materia asindicated in Patent Literature 1.
[0003] In order to produce the net-like structure layer on the surface of the glass
base materid, Patent Literature 2 presents production by immersing the glass base
materia in apotassum hydrogencarbonate agueous solution and heating atemperature of

the solution to 30 to 901, preferably 50 to 80[.
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Citation List
Petent Literature

[0004] Patent Literature 1. Japanese Patent No. 6211247

Petent Literature 2: International Patent Publication No. W0O2016/021558

Summary of Invention
Technical Problem
[0005] However, in order to produce the net-like structure layer having a sufficient
thickness by the production method disclosed in Patent Literature 2, along immersion
time closeto 24 hoursisrequired.  Further, there are problems that the net-like structure
layer having an optimum depth for exhibiting preferable effects that are the soil-resistant
function and the like is not produced on the surface of the glass base materid only by
heating the solution, and, furthermore, unevenness occurs on the surface, and uniform
treatment is difficult.
[0006] The present disclosure has been made in view of the circumstances
described above, and has an objective to provide a net-like structure layer production
device that produces a net-like structure layer having a sufficient depth on a surface of a
glass base material and can aso achieve uniform surface trestment in ashort time, and a
method for manufacturing glass including the net-like structure layer.
Solution to Problem

[0007] A net-like structure layer production device according to afirst aspect of the
present disclosure is anet-like structure layer production device that produces a net-like
structure layer on a surface of a glass base materia, the net-like structure layer production
deviceincluding:

apressure vessd that houses, under predetermined pressure, atreatment solution
and a glass base materia immersed in the treatment solution;

pressurization means for pressurizing the pressure vessel; and

stirring means for stirring the trestment solution, wherein
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anet-like structure layer is produced on a surface of the glass base materia under
an akaline environment.
[0008] The net-like structure layer production device may further include heating
means for heating an inside of the pressure vessd.
[0009] The stirring means may be base materid rotation meansfor stirring the
treatment solution by rotating the glass base materid.
[0010] The stirring means may be solution stirring means for directly stirring the
treatment solution by a stirring member.
[0011] The net-like structure layer production device may further include control
gas supply means for supplying, to the trestment solution, control gasthat controlsa
trestment speed of the treatment solution.
[0012] The treatment solution may be a solution containing hydrogencarbonate, and

the control gas supply means may supply the same control gas as gas generated by
areaction of the treatment solution.
[0013] The net-like structure layer production device may further include abase
materid holding member that holds the glass base materia in the trestment solution,
wherein

the base materid rotation means may rotate the base materid holding member.
[0014] The glass base material may be treated in the treatment solution at 100 or
higher by the heating means.
[0015] The base materid rotation means may rotate the base materia holding
member in a non-contact manner by afirst magnetic body attached to the base materia
holding member and a second magnetic body disposed outside avessdl that housesthe
treatment sol ution.
[0016] The net-like structure layer production device may further include asolution
vessdl disposed insde the pressure vessel, wherein

the trestment solution and the glass base materia may be housed in the solution
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vessd.

[0017] The pressure vessel or the solution vessel may be made of an alkali-resi stant
materia.

[0018] A method according to asecond aspect of the present disclosure isamethod
for manufacturing glass including a net-like structure layer by treating glassby a
trestment solution in apressure vessel, the method including:

pressurizing an inside of the pressure vessd;

stirring the trestment solution in the pressure vessdl; and

producing a net-like structure layer on a surface of aglass base material by the
treatment solution under an akaline environment.

Advantageous Effects of Invention
[0019] The present disclosure can provide a net-like structure layer production
devicethat produces anet-like structure layer having a sufficient depth on a surface of a
glass base material and can aso achieve uniform surface trestment in ashort time, and a
method for manufacturing glass including the net-like structure layer.

Brief Description of Drawings

[0020] FIG. 1lisaschematic diagram of anet-like structure layer production device
according to an embodiment of the present disclosure;

FIG. 2isadiagram illustrating alongitudina cross-sectiond view of the net-like
structure production device according to the present embodiment;

FIG. 3isan exploded perspective view of main components of the net-like
structure layer production device;

FIG. 4A isadiagram illustrating a principle of driving of anon-contact driver, and
illustrates a rel ationship between afirst driving magnetization rotator and afirst driven
magneti zation rotator;

FIG. 4B isadiagram illustrating the principle of the driving of the non-contact

driver, and illustrates a relationship between a second driving magnetization rotator and a
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second driven magnetization rotator;

FIG. 5isaschematic diagram of Modified Example 1;

FIG. 6A isagraph that compares a relationship between achangein afilm
thickness of anet-like structure layer and atreatment time by presence or absence of a
supply of carbon dioxide;

FIG. 6B illustrates a scanning €l ectron microscope (hereinafter referred to asan
“SEM”) image, which uses an SEM, of asection of a glass base materia when a
concentration of carbon dioxideis changed;

FIG. 7 isaschematic diagram of Modified Example 2;

FIG. 8 isaschematic diagram of Modified Example 3;

FIG. 9isaschematic diagram of Modified Example 4;

FIG. 10 isaschematic diagram of Modified Example 5;

FIG. 11A isan SEM image of the glass base materia subjected to surface
treatment, and isan SEM image of a surface of the glass base materid; and

FIG. 11B isan SEM image of the glass base materia subjected to surface
treatment, and isan SEM image of a section of the glass base material.

Description of Embodiments
[0021] Hereinafter, an embodiment of a net-like structure layer production device
according to the present disclosure is described with reference to drawings.  The
embodiment described below is used for description, and does not limit the scope of the
present disclosure.  Therefore, aperson skilled in the art can adopt an embodiment in
which each element or al eements of the embodiment are replaced with equivaent
elements, but the embodiment is also included in the scope of the present disclosure.
[0022] Embodiment

A structure of afilm production device being one embodiment of the present
disclosureis described with referenceto FIGS. 1to 4.  The net-like structure layer

production device according to the present embodiment is adevice that immerses aglass
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base materid in atreatment solution and produces afine net-like structure layer on a
surface of the glass base material.  The glass having the surface treated by the net-like
structure layer production device according to the present embodiment is defined as
hierarchical nano porous layer (HNL) glass.
[0023] FIG. 11A isan SEM image, which uses an SEM, of asurface of asample of
the HNL glass, and FIG. 11B isan SEM image of asection of thesample.  Asillustrated
in theimages, the HNL glass has meshes of athree-dimensiona net-like structure layer in
which the meshes are gradualy smaller in an inward direction from the surface.  The
HNL glass exhibits excellent hydrophilicity, has a saf-cleaning effect of isolating and
removing dirt, and has functions that are the soil-resistant function and the like.
[0024] A mesh size of the surface of the net-like structure layer is preferably 1
pmm or less, which is smaller than a size of general dust, and a thickness of the net-like
structure layer is preferably appropriately selected according to atarget function.
[0025] Overdl Configuration of Net-like Structure Layer Production Device

FIG. 1lisaschematic diagram illustrating an overall configuration of anet-like
structure layer production device 1 according to the present embodiment.  The net-like
structure layer production device 1 includes a pressure vessdl 10, a solution vessdl 20
disposed insde the pressure vessdl 10, stirring means 30 for stirring atreatment solution
21 put in the solution vessdl 20, and pressuri zation means 40 for pressurizing the inside of
thepressurevessel 10.  The net-like structure layer production device 1 isadevicethat
treats asurface of aglass base material 22 by putting the glass base materia 22 and the
trestment solution 21 in the solution vessel 20 and applying pressure, and also stirring the
trestment solution 21 by the stirring means 30.
[0026] Asillustrated in FIG. 2, the pressure vessdl 10 isahermetic vessal designed
to resst pressure from the inside or the outside, and a pressure vessel that can hold inner
pressure in ahigher state than atmospheric pressure is used in the present embodiment.

The pressure vessdl 10 is made of stainless stedl having high pressureresistance.  Metd
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having pressure resistance and akali resistance may be used, and the pressure vessdl 10
may be partialy made of dumina (Al>0s) and the like.

[0027] The pressure vessdl 10 includes abarrel portion 11 having acylindrical
shape, an upper end plate 12 that blocks an upper end portion of the barrel portion 11 and
has a hemispherica shape, alower end plate 13 that blocks alower end portion of the
barrel portion 11 and has a hemispherical shape, and aleg 14 being aleg for installing the
pressure vessal 10 on afloor surface.

[0028] The pressure vessel 10 includes a support member for installing the stirring
means 30. Specificaly, asillustrated in FIGS. 2 and 3, the pressure vessdl 10 includes a
first support portion 11a attached to a bottom portion of the pressure vessdl 10, and a
second support portion 11b attached to an upper portion.  Thefirst support portion 11a
includes a support portion main body 11aahaving acircular shape along an inner
periphery of the barrel portion 11, and a gear support portion 11ab that is a plate-shaped
member provided to cross an inner portion of the support portion main body 11aaandis
used for installing a spur gear being one element of the stirring means 30 and described
below. The second support portion 11b includes a support portion main body 11ba
having acircular shape aong the inner periphery of the barrel portion 11, and a gear
support portion 11bb that is a plate-shaped member attached to the support portion main
body 11ba across the support portion main body 11bain adiameter direction and is used
for installing abevel gear being one eement of the stirring means 30 and described
below.

[0029] The solution vessel 20 isacylindrical vessd for putting the glass base
materid 22 in the treatment solution 21, and is disposed inside the pressure vessd 10.
The solution vessdl 20 contains the treatment solution 21 therein, and is thus molded of a
materia not to be corroded by the treatment solution 21, specificaly, an dkali-resstant
materid, for example, ceramic such as aluming, resin, and stainless stedl subjected to

Teflon (registered trademark) coating.  Asillustrated in FIG. 2, abase materid holding
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member 22a for placing and holding the glass base materid 22 isingtaled in the solution
vessdl 20. Notethat the pressure vessel 10 isaso preferably made of an alkali-resistant
materia.

[0030] A wesk akaline salt solution is used asthe treatment solution 21.  Inthe
present embodi ment, a sodium hydrogencarbonate (NaHCOs) aqueous solution is used.
The present disclosure is not limited to sodium hydrogencarbonate, and a potassium
hydrogencarbonate (KHCOs) aqueous solution and the other alkaline agueous solutions
can also be used.

[0031] Asthe glass base materid 22, sodalime glass, borosilicate glass, and thelike
areused. Glass provided on asurface of resin or sapphire can aso be used asthe glass
base materid 22. The glass base materid 22 isnot limited to abase materid made of
only aglass materia, and includes amaterial acquired by bonding a non-glass materia
and aglass materia, and amateria acquired by depositing athin film made of aglass
materia on a surface of anon-glass material by a technique such as sputtering, vapor
deposition, and coating.  The glass base materia 22 is placed on the base materia
holding member 22awhile a plate surface of the glass base materia 22 is set horizonta to
abottom portion of the solution vessel 20.  Then, the glass base materia 22 isrotated by
the stirring means 30 while the plate surface is set horizontd.

[0032] The gtirring means 30 is means for tirring the treatment solution 21, and is
broadly divided into a system for rotating the glass base materid 22 immersed in the
treatment solution 21 (hereinafter referred to as a“base material rotation system”), and a
system for directly stirring the treetment solution 21 itself by a stirring member
(hereinafter referred to asa” solution stirring system”).  In the present embodiment, a
system combining the base materid rotation system and the solution stirring systemis
used. In the present embodiment, a pattern combining the two stirring systemsis
described as one representative example, and the other stirring patterns are described in

modified examples described below.
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[0033] Asillustrated in FIGS. 2 and 3, the stirring means 30 includes afirst non-
contact driver 31, afirst contact driver 32, a second non-contact driver 33, and asecond
contact driver 34.  The non-contact drivers 31 and 33 are driversthat use adriving
member serving as afirst magnetic body and adriven member serving as a second
magnetic body, and transmit power without contact between the first magnetic body and
the second magnetic body. The contact drivers 32 and 34 are drivers that transmit
power while bringing the driving member and the driven member into contact by agear.
[0034] Asindicated by hatch linesin FIG. 2, thefirst non-contact driver 31 includes
afirst driving rotator 3laand afirst driven rotator 31b. Thefirst driving rotator 3laisa
cylindrical rotator that rotates about arotational axis X1 vertical along aside surface of
the barrel portion 11 outside the pressure vessel 10, and isrotated by adriver such asa
motor (not illustrated). Asillustrated in FIG. 4A, aperiphery of the rotator is
magnetized dternately by the south pole and the north pole.  Thefirst driven rotator 31b
isacylindrical rotator that rotates about arotational axis X2 parald to the first driving
rotator 31a, and, smilarly to thefirst driving rotator 31a, an outer periphery of the rotator
Ismagnetized dternately by the south pole and the north pole.  Thefirst driven rotator
31bisdisposed insde the pressure vessel 10, and isrotated in a non-contact manner by
rotation of, by the driver, thefirst driving rotator 31a disposed outside the pressure vessel
10. By therotation in the non-contact manner, an introduction port for driving becomes
unnecessary, and an dkali-resistant sealing structure can be omitted. Not only
complication of adevice structure can be avoided, but the device can aso be made
compact. Further, an effect of suppressing contamination in the pressurevessd 10is
also acquired.

[0035] Asillustrated in FIGS. 2 and 3, the first contact driver 32 is congtituted by
engaging afirst spur gear 32a, a second spur gear 32b, athird spur gear 32c¢, and afourth
spur gear 32d that arefour spur gears.  Thefirst spur gear 32ais coaxidly coupled to a

lower portion of the first driven rotator 31b, and isrotated by rotation of the first driven
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rotator 31b. The four spur gears are arranged in an order of thefirst spur gear 32a, the
second spur gear 32b, the third spur gear 32¢, and the fourth spur gear 32d on the gear
support portion 11ab at the bottom portion of the pressurevessal 10. A rotationd axis
of the fourth spur gear 32d is disposed at the center of the solution vessel 20.  Thefour
gears are combined in such away asto acquire an gppropriate reduction ratio by
changing each diameter.

[0036] Asindicated by hatch linesin FIG. 2, the second non-contact driver 33
includes a second driving rotator 33a.and a second driven rotator 33b.  The second
driving rotator 33aisadisc rotator attached to an upper surface of the fourth spur gear
32d. The second driving rotator 33ais disposed on the samerotational axisY asthe
rotationa axis of the fourth spur gear 32d, and is rotated by rotation of the fourth spur
gear 32d. Asillustrated in FIG. 4B, aplate surface of the second driving rotator 33ais
magnetized dternately by the south pole and the north poleon thedisc.  The second
driven rotator 33b is adisc rotator fixed to the inside of abottom surface of the solution
vessdl 20.  The second driven rotator 33b is rotated about the same rotationa axis asthe
rotational axis'Y of the second driving rotator 33a.  Similarly to the second driving
rotator 33a, the second driven rotator 33b is magnetized dternately by the south pole and
thenorth poleonthedisc. The second driven rotator 33b is rotated by rotation of the
second driving rotator 33a, and rotates the base material holding member 22a.  Thefirst
non-contact driver 31, thefirst contact driver 32, and the second non-contact driver 33
constitute the stirring means 30 in the base materia rotation system.

[0037] Asillustrated in FIGS. 2 and 3, the second contact driver 34 isadriver that
transmits power by combining four bevel gears, and includes afirst bevel gear 344, a
second bevel gear 34b, athird bevel gear 34c, and afourth bevel gear 34d. Thefirst
beve gear 34ais attached to an upper end portion of afirst drive shaft 34e coaxia with
therotational axis of thefirst driven rotator 31b. Thefirst bevel gear 34a engageswith

the second bevel gear 34b attached to one end portion of a second drive shaft 34f
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disposed orthogondly to thefirst drive shaft 34e.  Thefirst bevel gear 34aand the
second bevel gear 34b engage with each other, and thus adirection of force of rotation is
converted by 90 degrees and the second drive shaft 34f isrotated. Thethird bevel gear
3Ac is attached to another end portion of the second drive shaft 34f. Thethird bevel gear
34c engages with the fourth bevel gear 34d attached to one end portion of athird drive
shaft 34g disposed orthogondlly to the second drive shaft 34f.  Rotation of the third
beve gear 34c has adirection of force of rotation converted by 90 degrees by the fourth
bevel gear 34d, and the third drive shaft 34gisrotated. A stirring wing 35 is attached to
another end portion of the third drive shaft 34g. The stirring wing 35 isrotated by
rotation of the third drive shaft 34g, and the treetment solution 21 in the solution vessel
20isdtirred. The stirring means 30 in the solution stirring system is provided by the
first non-contact driver 31 and the second contact driver 34.  Further, the second bevel
gear 34b, the second drive shaft 34f, the third bevel gear 34c, the fourth bevel gear 344,
the third drive shaft 34g, and the stirring wing 35 are supported by the gear support
portion 11bb.

[0038] The stirring wing 35 is disposed at the center of the solution vessdl 20, and a
stirring wing having any shape may be used aslong asthe stirring wing can stir the
trestment solution 21 in the solution vessel 20, such as a propdller wing, a paddle wing,
and an anchor wing.

[0039] The pressurization means 40 is means for applying pressure equd to or
higher than atmospheric pressure to theinside of the pressure vessdl 10, and, in the
present embodiment, a predetermined amount of water is put in the pressure vesse 10,
vapor 42 is generated by heating the water by a heater 41 being heating means, and the
insde of the pressurevessdl 10 ispressurized. It isassumed that atemperature in the
pressure vessel 10 is, for example, 100 to 15001, and pressure is, for example, 1 to 5
kgf/cm? (atmospheric pressureis 1 kgf/cm?).  With the pressurization means 40, a

temperature of the treatment solution 21 can be maintained at 1000 or higher. A
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temperature of the treatment solution 21 is preferably 100[] or higher and 374[ or lower
and more preferably 10507 or higher and 14007 or lower by setting a temperature not
exceeding asupercritica temperature as an upper limit.
[0040] Asillustrated in FIG. 2, the heater 41 is disposed on the bottom portion of
the pressure vessdl 10, and a sheathed heater in which anichrome wire being a heat
generator is covered with ameta pipeisused. Inthe present embodiment, the sheathed
heater is curved and disposed in a meandering manner on the entire bottom portion of the
pressure vessel 10 and heats the entire bottom portion, but another heating source such as
acarbon heater and a cartridge heater may be used, or a heater may be provided outside
thepressurevessal.  The heater 41 is aso used for performing temperature control in the
pressure vessel 10 in addition to being used for generating the vapor 42. By performing
temperature control in the pressure vessdl 10, asurface treatment rate of the glass base
material 22 can be controlled.
[0041] Method for Manufacturing Glass Including Net-like Structure Layer
Glassincluding anet-like structure layer (including glass provided on a surface of
anon-glass materia) is manufactured by a method described as follows by using the net-
like structure layer production device 1 described above. Each step may be
simultaneoudy subjected to paradldl processing.  First, an dkaine aqueous solution is
put as the treatment solution 21 in the solution vessdl 20, and the glass base materid 22 is
immersed in the trestment solution 21. A predetermined amount of water isput in the
pressure vessel 10, the water in the pressure vessel 10 is evaporated into the vapor 42 by
turning ON the heater 41, and the pressure vessel 10 is pressurized (pressurization step).
[0042] When the inside of the pressure vessel 10 has predetermined pressure, the
stirring means 30 is caused to operate (stirring step).  In other words, the first non-
contact driver 31 isdriven by amotor, and power istransmitted from the first non-contact
driver 31 to thefirst contact driver 32 and the second non-contact driver 33 in this order.

By the power transmitted to the second non-contact driver 33, the base materia holding
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member 22a rotates about the rotationa axis'Y, and the glass base material 22 immersed
inthe solution vessel 20 dsorotates.  Then, the treatment solution 21 is stirred by the
rotation of the glass base material 22. Asthetreatment solution 21, awesk dkaline
agueous solution is used, but an acid or neutral aqueous solution may beused. Inacase
of the acid or neutral agueous solution, the acid or neutra agueous solution changesto an
akaline agueous solution with alapse of time.  The glass base materia 22 is placed
under an akaline environment, and a net-like structure layer is produced on a surface of
the glassbase materid 22.  Sincethe trestment is advanced under pressurization, the
net-like structure layer having a sufficient thickness capable of exhibiting the soil-
resistant function and the like s produced on the surface of the glass base material 22
(net-like structure layer production step).

[0043] The glass base materiad 22 is disposed in the solution vessel 20 whilethe
plate surface of the glass base material 22 is set horizonta, and the stirred treatment
solution 21 can be equaly brought into contact with the plate surface of the glass base
materid 22, and thus the surface can be more uniformly treated than a case where the
plate surface is disposed vertically.

[0044] The tirring wing 35 isrotated by the first non-contact driver 31 and the
second contact driver 34.  The stirring wing 35 can directly stir the trestment solution
21. Thestirring wing 35 is used in combination with the motion of stirring the trestment
solution 21 by rotating the base materid holding member 22a and the glass base material
22, and thus acombined effect by stirring is exhibited.

[0045] With the stirring means 30, temperature unevenness in the treatment
solution 21 and concentration unevenness of the solution are reduced, and the surface of
the glass base material 22 is subjected to uniform surface treatment, and thus the uniform
net-like structure layer can be produced on the surface of the glass base materid 22.
[0046] When the net-like structure layer having adesired thickness is produced on

the surface of the glass base material 22, the operation is stopped, and the treated glass
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base material 22 istaken out of the treatment solution 21.  Whether the net-like structure
layer having the desired thicknessis produced is determined by measuring afilm
thickness by a spectra optical monitor and thelike.  When the desired film thicknessis
reached, the trestment may be ended by discharging the treatment solution 21 from the
solution vessel 20 and introducing water into the solution vessdl 20.
[0047] The net-like structure layer produced in such amanner can aso be provided
with a surface characteristic having adesired function by coating or filling afunctional
materia having an anchor effect and various functions.
[0048] As described above, aglass base materid istreated by using the net-like
structure layer production device according to the present embodiment, and thus
hierarchical nano porous layer glassincluding a net-like structure layer can be
manufactured.
[0049] Although one example of the net-like structure layer production device 1is
described in the present embodiment, the present disclosureis not limited to the above-
described embodiment.  Particularly, various aspects can be applied as a method for
stirring a solution and pressurization means.  Hereinafter, description is given by
indicating modified examples.
[0050] Modified Example 1

Modified Example 1 is described with referenceto FIG. 5. A basic configuration
of the net-like structure layer production device 1 issimilar to that in the embodiment,
and the solution vessal 20 isdigposed in the pressure vessdl 10, the treatment solution 21
IS put in the solution vessdl 20, and the glass base materid 22 isimmersed in the
trestment solution 21.  Theinside of the pressure vessel 10 is pressurized by generating
the vapor 42 by the heater 41.  In order to execute agreat number of pieces of base
materia treatment at once, aplurdity of the glass base materids 22 is held by the base
materia holding member 22a such as arack.

[0051] Asthe stirring means 30, only the solution gtirring system is used, and the
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stirring means 30 includes aplurdity of stirring wings 301 and amotor 302 being adriver
that rotatesthe stirring wings 301.  In the present modified example, four stirring wings
301 areused. Two of thefour stirring wings 301 are disposed on the bottom portion of
the solution vessdl 20, and the other two are disposed on a side portion of the solution
vessd 20.  Thenumber of the stirring wings 301 is not limited to four, and may be
smadller or greater than four.

[0052] The gtirring wings 301 disposed on the bottom portion and the side portion
of the solution vessel 20 are rotated by the motor 302, and thus the treatment solution 21
in the solution vessdl 20 can be equally and sufficiently stirred.  The treatment solution
21 is stirred, and thus treatment unevenness of the surface of the glass base materia 22
can be reduced.

[0053] In the present modified example, the net-like structure layer production
device 1 further includes circulation means 303 for circulating the treatment solution 21.
The circulation means 303 includes a pump 303a, a pipe 303b that connects the pump
303aand the solution vessdl 20, and afilter 303c provided on the pipe 303b. By
operating the pump 3033, the treatment solution 21 is sucked out of the bottom portion of
the solution vessdl 20 and then passes through the filter 303c, and a materia substance
eluted from the glass base materia 22 is collected by thefilter 303c.  The treatment
solution 21 that has passed through the filter 303c is returned to the solution vessdl 20.

By circulating the treatment solution 21 in such a manner, the treatment solution 21 in the
solution vessel 20 can be stirred, acombined effect can be exhibited together with stirring
by the stirring wings 301, and the surface of the glass base materia 22 can be uniformly
treated.

[0054] Furthermore, the net-like structure layer production device 1 includes
control gas supply means 50 for supplying gas (hereinafter referred to as* control gas’)
that controls atreatment speed of the treatment solution 21.  In the present embodiment,

carbon dioxide (CO) is supplied as the control gasto the treatment solution 21.  The
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control gas supply means 50 directly supplies carbon dioxide to the solution vessel 20.
Sodium hydrogencarbonate easily breaks down and generates carbon dioxide, but
separation can be prevented by supplying carbon dioxide, and adecrease in atreatment
rate can be suppressed.  Therefore, adecrease in atreatment rate can be suppressed by
injecting carbon dioxide into the treatment solution 21 being hydrogencarbonate.  FIG.
6A isagraph illustrating arelationship between afilm thickness of a hierarchical nano
porous layer produced on the surface of the glass base materid 22 immersed in the
treatment solution 21, and atreatment time.  Asillustrated in the graph, it is clear that
treatment is completed in a short time by supply of carbon dioxide.  Further, the
treatment rate becomes stable by addition of carbon dioxide, and a correlation between a
treatment time and a treatment amount becomes higher, and thus the treatment amount of
the glass base materia 22 can be more accurately controlled.  Asillustrated in FIG. 6B,
itisclear that athickness of anet-like structure layer increases as a concentration of
added carbon dioxideincreases.  Furthermore, it is clear that a mesh size of the net-like
structure layer varies depending on a concentration of added carbon dioxide increases.
When a case where a concentration of carbon dioxideis 60% is compared with a case
where the concentration is 100%, athickness of the net-like structure layer is amost
equa, but amesh sizeislarger and an antireflection function is further enhanced in the
caseof 100%. The antireflection function can aso be caused to appear in ashorter time
by increasing the concentration of carbon dioxide.

[0055] In the present modified example, carbon dioxideis supplied as the control
gas, but gas generated when the trestment solution 21 breaks down may be supplied as
the control gasto the treatment solution 21 and treatment may be accelerated. The
control gasiswater-soluble, and may be supplied into a space of the net-like structure
layer production device 1 or may be directly supplied to the treatment solution 21.  Acid
gas may be introduced as the control gas, and treatment may be suppressed. Asthe acid

gas, hydrochloric acid gas or hydrogen sulfide gasmay beused.  In such amanner, the
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control gasfor controlling atreatment speed may be appropriately selected according to a
treatment solution to be used and atreatment purpose.  The control gasto be supplied
may be appropriately selected by measuring afilm thickness of the net-like structure
layer, and areaction speed of the treatment solution may be controlled.
[0056] In the present modified example, the glass base materid 22 may be disposed
horizontdly or vertically in the solution vessel 20.  Since only the solution stirring
system is adopted instead of the base materid rotation system asthe stirring system, an
arrangement direction of the glass base materia 22 can have a degree of freedom.
Therefore, the glass base materia 22 can be disposed horizontally or vertically according
to an ingtdlation place.
[0057] According to the present modified example, the treatment solution 21 can be
sufficiently stirred by stirring by the stirring wings 301 and circulation of the treatment
solution 21 by the circulation means 303, and a decrease in the treatment function of the
treatment solution 21 can also be prevented by directly adding carbon dioxideto the
treatment solution 21.
[0058] Modified Example 2

Modified Example 2 is described with referenceto FIG. 7. A basic configuration
of the net-like structure layer production device 1 issimilar to that in the embodiment,
and the solution vessal 20 isdigposed in the pressure vessdl 10, the treatment solution 21
IS put in the solution vessdl 20, and the glass base materid 22 isimmersed in the
trestment solution 21.  Theinside of the pressure vessel 10 is pressurized by generating
thevapor 42 by the heater 41.  The plurality of glass base materiads 22 isheld by the
base materiad holding member 22asuch asarack. Asthe base materia holding member
22ain the present modified example, a hanging rack in which arotating shaft 311 is
attached to an upper portionisused. The plurdity of glass base materids 22 isheld by
the base material holding member 22a and housed in the rack in such away asto be set

horizontal.
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[0059] The base materid rotation system isused asthe stirring means 30. The
stirring means 30 includes the rotating shaft 311, and a motor 312 that rotates the rotating
shaft 311. The base material holding member 22a rotates by rotation of the rotating
shaft 311 by the motor 312, and the treatment solution 21 in the solution vessal 20 is
stirred by rotation of the base materia holding member 22a and the plurdity of glass base
materids22. A rotation direction of the base materia holding member 22amay be
rotated in afixed direction, or may be rotated aternately in the fixed direction and an
oppositedirection. By rotating the base materid holding member 22a dternately in the
fixed direction and the opposite direction, great flow and shearing force can be generated.
[0060] According to the present modified example, the base materid holding
member 22athat houses the plurality of glass base materias 22 isrotated by the rotating
shaft 311 attached to the upper portion of the base material holding member 22a, and the
treatment solution 21 isstirred.  Since such abase materia rotation system is used,
stirring force is stronger than the solution stirring system, and the treatment solution 21
can be sufficiently stirred.  With the configuration for attaching the rotating shaft 311 to
the upper portion of the base material holding member 22a, immersion of the base
materia holding member 22ain the treatment solution 21 and pulling-up are facilitated.
[0061] Modified Example 3

Modified Example 3 is described with referenceto FIG. 8. A basic configuration
of the net-like structure layer production device 1 issimilar to that in the embodiment,
and the solution vessal 20 isdigposed in the pressure vessdl 10, the treatment solution 21
IS put in the solution vessdl 20, and the glass base materid 22 isimmersed in the
trestment solution 21.  Theinside of the pressure vessel 10 is pressurized by generating
thevapor 42 by the heater 41.  The plurality of glass base materiads 22 isheld by the
base materid holding member 22aand disposed horizontally.
[0062] A non-contact driver in the base materid rotation systemisused asthe

stirring means 30.  In other words, the stirring means 30 includes adriving rotator 321
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and adriven rotator 322. Thedriving rotator 321 isadisc rotator, is disposed outside
the bottom portion of the solution vessdl 20, and is rotated by a motor (not illustrated).
Thedriving rotator 321 and the driven rotator 322 are operated smilarly to FIG. 4, and
thus the trestment solution 21 is stirred.
[0063] In the present modified example, the circulation means 303 for circulating
the treatment solution 21 isfurther provided smilarly to Modified Example 1. The
circulation means 303 includes the pump 303a, and the pipe 303b that connectsthe
solution vessel 20 and the pump 303a. By operating the pump 3033, the treatment
solution 21 is sucked out of the bottom portion of the solution vessel 20 and then returned
to the solution vessel 20 again. By circulating the trestment solution 21 in such a
manner, the trestment solution 21 in the solution vessdl 20 is stirred, and a combined
effect is exhibited together with stirring by the stirring means 30.
[0064] In the present modified example, the control gas supply means 50 for adding
carbon dioxide to the treatment solution 21 may be further provided similarly to Modified
Example 1.
[0065] In the present modified example, the stirring system in the base material
rotation system is used as the stirring means 30, and the circulation means 303 is further
provided, and thus the trestment solution 21 can be sufficiently stirred.  Further, the base
materiad holding member 22a and the glass base materia 22 rotate in a non-contact
manner, and thus contamination in the pressure vessal 10 can be prevented.
Furthermore, adecrease in the trestment function of the trestment solution 21 can be
prevented by directly adding carbon dioxide to the treatment solution 21 in the solution
vessd 20.
[0066] Modified Example 4

Modified Example 4 is described with referenceto FIG. 9. A basic configuration
of the net-like structure layer production device 1 issimilar to that in the embodiment,

and the solution vessal 20 isdigposed in the pressure vessdl 10, the treatment solution 21
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is put in the solution vessdl 20, and the glass base materia 22 isimmersed in the
trestment solution 21.  The plurality of glass base materials 22 is held by the base
materid holding member 223, and the glass base materid 22 isdisposed horizontdly. A
point in which a compressor 60 is used as the pressurization means instead of using the
heater 41 and the vapor 42 is different from the other modified examples.

[0067] A combination of the solution stirring system and the base materia rotation
systemisused asthe stirring means 30.  The stirring means 30 in the solution stirring
system includes agtirring wing 331, and adriver 332 that rotates and drivesthe stirring
wing 331. Inthe present modified example, the stirring wing 331 isone,

[0068] A non-contact driver isused as the stirring means 30 in the base materia
rotation system, and the stirring means 30 includes adriving rotator 333 and adriven
rotator 334. A shape and afunction of the driving rotator 333 and the driven rotator 334
are the same asthose in Modified Example 3, and description isomitted herein.  The
driven rotator 334 rotates in anon-contact manner by rotation of the driving rotator 333.
The base materid holding member 22ais placed on an upper surface of the driven rotator
334, and the base material holding member 22arotates by rotation of the driven rotator
334, and the glass base materid 22 dsorotates.  The treatment solution 21 is stirred by
the rotation of the glass base materia 22.

[0069] In the present modified example, the compressor 60 is used asthe
pressurization means.  Theinsde of the pressure vessdl 10 is pressurized by being
injected with air compressed by the compressor 60.  Since water does not need to be
heated by using the heater 41, asize of the pressure vessd 10 can be made compact.
Further, instead of the air, the control gas may be compressed by the compressor 60 and
introduced in the pressure vessdl 10.

[0070] According to the present modified example, acombination of the solution
stirring system and the base material rotation system is used as the stirring means 30.

Therefore, the treatment solution 21 is sufficiently stirred, and an in-plane distribution of
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the treatment layer ismade uniform.  Sincethe stirring wing 331 may be only one, the
structure of the pressure vessdl 10 can be smplified.
[0071] Modified Example 5

Modified Example 5 is described with referenceto FIG. 10. A basic
configuration of the net-like structure layer production device 1 issimilar to that in the
embodiment in apoint in which the treatment solution 21 is put in the pressure vessel 10,
and the glass base materia 22 isimmersed in the trestment solution 21, but the present
modified example is different in a point in which the treetment solution 21 is directly put
inthe pressure vessal 10 instead of being put in the solution vessel 20.  The plurdlity of
glass base materias 22 is held by the base material holding member 223, and the glass
base materid 22 isdisposed horizontdly.
[0072] A non-contact driver in the base materia rotation system is used asthe
stirring means 30, and the stirring means 30 includes adriving rotator 341 and adriven
rotator 342. A shape and afunction of the driving rotator 341 and the driven rotator 342
are the same asthose in Modified Example 3, and description isomitted herein.  The
driven rotator 342 rotates in anon-contact manner by rotation of the driving rotator 341.
The base materid holding member 22ais placed on an upper surface of the driven rotator
342, and the base material holding member 22arotates by rotation of the driven rotator
342, and the glass base materid 22 dsorotates.  The treatment solution 21 is stirred by
the rotation of the glass base materid 22.
[0073] According to the present modified example, the treatment solution 21 is
directly put in the pressure vessd 10, and thus the structure of the net-like structure layer
production device 1 can be smplified. Sincethe solution vessel 20 does not need to be
put in the pressure vessdl 10, aspacein the pressure vessal 10 can be effectively used,
and agreat number of the glass base materials 22 can be treated.
[0074] According to the present embodiment, the glass base materid 22 is

immersed in the trestment solution 21 and put in the pressure vessel 10, and the trestment
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solution 21 is stirred while pressureis applied.  Therefore, treatment can be achieved in
ashort time while unevenness occurring in the surface trestment of the glass base
materid 22 isreduced, and the net-like structure layer having a sufficient film thickness
for having the soil-resistant function and the like can be produced.

[0075] According to the present embodiment, treatment unevenness can be
reduced, and thus treatment of alarge substrate and trestment of a great number of
substrates can be achieved.

[0076] According to the present embodiment, the treatment solution 21 can be
stirred by rotating the glass base materid 22, and thus the entire treatment solution 21.in
the solution vessel 20 can be sufficiently stirred, and uniform surface treatment of the
glass base material 22 can be achieved.

[0077] According to the present embodiment, the treatment solution 21 can be
directly stirred by using the stirring wing 35, and thus the treatment solution 21 can be
stirred by asimple method, and uniform surface treatment of the glass base material 22
can be achieved.

[0078] According to the present embodiment, the glass base materia 22 can be
rotated in a non-contact manner, and thusit is unnecessary to put adrive source such as
an introduction port in the pressure vessd 10, and the structure of the net-like structure
layer production device 1 can be smplified, which resultsin acost reduction.

[0079] According to the present embodiment, both of the pressurization means and
the heating means are provided, and thus atemperature of the trestment solution 21 in the
pressure vessel 10 can be rapidly increased, and the surface trestment of the glass base
materia 22 can be quickly performed.

[0080] According to the present embodiment, the gas supply means suppliesthe
same control gas as gas generated by a reaction of the treatment solution 21, and thus the
reaction of the trestment solution 21 can be accel erated.

[0081] In the present embodiment and Modified Examples 1 to 4, the treatment
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solution 21 isnot directly put in the pressure vessel 10, and the treatment solution 21 is
put in the solution vessel 20 having high durability.  Therefore, the net-like structure
layer production device 1 can be used longer, which resultsin a cost reduction.

[0082] In the present embodiment, the pressure vessal 10 and the solution vessdl 20
are made of an akali-resistant materia, and thus the life of the net-like structure layer
production device 1 can be increased, which resultsin a cost reduction.

[0083] The glass base materia 22 treated in the present embodiment is not limited
to aplate-shaped glass base materid.

[0084] In the present embodiment, the non-contact driver and the contact driver are
used in combination, but only the non-contact driver or only the contact driver may be
used. Further, acombination can aso be appropriately selected.

[0085] In the present embodiment and Modified Examples 3, 4, and 5, the
trestment solution 21 is tirred by rotating, by the non-contact driver, the base material
holding member 22athat holds the glass base materia 22, but the present disclosureis
not limited to stirring by rotation.  For example, by shaking the second magnetic body
of the non-contact driver, the first magnetic body may be shaken, and the solution may be
stirred.

[0086] In the present embodiment, description is given that the pressure vessdl 10
and the solution vessdl 20 are made of a corrosion-resistant materia, but amember
disposed insde the net-like structure layer production device 1, such as the non-contact
driver and the contact driver, may be made of a corrosion-resistant material.

[0087] In Modified Examples 1 and 3, the circulation means 303 using the pump
303athat playsarolein asssting the stirring means 30 isdescribed.  Meansfor assisting
with or strengthening stirring by the stirring means 30 is not limited to the circulation
means 303. For example, aflow of afluid may be generated in the solution vessdl 20 by
providing means for supplying new treatment solution 21 and means for discharging used

treatment solution 21 inside.



10

15

20

25

24

[0088] In the present embodiment and Modified Example 4, performing
pressurization by generating the vapor 42 by the heater 41 and sending compressed air by
the compressor 60 into the pressure vessel 10 are described as the pressurization means
40. The present disclosureis not limited to the pressurization means 40, and
pressurization may be performed by sending the vapor 42 generated outside into the
pressure vessel 10, for example.
[0089] In the present embodiment and the modified examples, various
combinations of the stirring means 30, the pressurization means 40, and the control gas
supply means 50 are described, but the described combinations are merely one example,
and the present disclosure is not limited to the described examples.  Furthermore,
various aspects are included in the stirring means 30 and the pressurization means 40, and
which aspect is selected from among various aspectsis aso not limited.

Industrial Applicability
[0090] The present disclosure can be used for anet-like structure layer production
device that treats a surface of a glass base materid, and amethod for manufacturing glass
including a net-like structure layer.

Reference SignsList

[0091] 1 Net-like structure layer production device
10 Pressurevess
11  Bard portion
11la First support portion
11aa Support portion main body
11ab Gear support portion
11b  Second support portion
11ba Support portion main body
11bb Gear support portion
12 Upper end plate
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14
20
21
22
22a
30
31
3la
31b
32
32a
32b
32c
32d

33b

EE8EEE g

35

25

Lower end plate

Leg

Solution vessdl
Trestment solution
Glass base material
Base materid holding member
Stirring means

First non-contact driver
First driving rotator
First driven rotator
First contact driver
First spur gear

Second spur gear

Third spur gear

Fourth spur gear
Second non-contact driver
Second driving rotator
Second driven rotator
Second contact driver
First bevel gear
Second beve gear
Third bevel gear
Fourth bevel gear

First drive shaft
Second drive shaft
Third drive shaft

Stirring wing
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42

301
302
303
303a
303b
302c
311
312
321
322
331
332
331

588 B

342

26

Pressurization means
Heater

V apor

Control gas supply means
Compressor
Stirring wing
Motor

Circulation means
Pump

Pipe

Filter

Rotating shaft
Motor

Driving rotator
Driven rotator
Driving rotator
Driven rotator
Stirring wing
Motor

Driving rotator
Driven rotator
Driving rotator

Driven rotator
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CLAIMS

[Clam1] A net-like structure layer production device that produces anet-like
structure layer on a surface of a glass base materia, the net-like structure layer production
device comprising:

apressure vessd that houses, under predetermined pressure, atreatment solution
and a glass base materid immersed in the treatment solution;

pressurization means for pressurizing the pressure vessel; and

stirring means for stirring the trestment solution, wherein

anet-like structure layer is produced on a surface of the glass base materid inthe

treatment solution under an akaline environment.

[Clam2] Thenet-like structure layer production device according to claim 1, further
comprising:

heating means for heating an inside of the pressure vessdl.

[Clam 3] Thenet-like structure layer production device according to clam 1, wherein
the stirring meansis base materia rotation means for stirring the treatment solution by

rotating the glass base materid.

[Clam4] Thenet-like structure layer production device according to clam 1, wherein
the stirring means is solution stirring means for directly stirring the treatment solution by

adgtirring member.

[Clam5]  Thenet-like structure layer production device according to claim 1, further
comprising:
control gas supply means for supplying, to the treatment solution, control gas that

controls atreatment speed of the treatment solution.
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[Clam6] Thenet-like structure layer production device according to clam 5, wherein
the treatment solution is asolution containing hydrogencarbonate, and
the control gas supply means supplies the same control gas as gas generated by a

reaction of the treatment solution.

[Clam 7]  Thenet-like structure layer production device according to claim 3, further
comprising:

abase materid holding member that holds the glass base material in the treatment
solution, wherein

the base material rotation means rotates the base material holding member.

[Clam 8] Thenet-like structure layer production device according to claim 2, wherein
the glass base material is treated in the treatment solution at 1000 or higher by the

heating means.

[Clam9] Thenet-like structure layer production device according to clam 7, wherein
the base material rotation means rotates the base material holding member in anon-
contact manner by afirst magnetic body attached to the base materia holding member

and a second magnetic body disposed outside avessel that houses the treatment solution.

[Clam 10] The net-like structure layer production device according to any one of
clams 1 to 9, further comprising asolution vessal disposed inside the pressure vessd,
wherein

the treatment solution and the glass base materia are housed in the solution vessdl.

[Clam 11] The net-like structure layer production device according to claim 10,
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wherein the pressure vessel or the solution vessel is made of an alkali-resistant material.

[Clam12] A method for manufacturing glassincluding a net-like structure layer by
treating glass by atreatment solution in a pressure vessdl, the method comprising:
pressurizing an inside of the pressure vessd;
stirring the trestment solution in the pressure vessdl; and
producing a net-like structure layer on asurface of a glass base materid by the

treatment solution under an akaline environment.



