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Hydrophilic Super Hard Coating



AQUAMICA™ is silica coating material which makes 
use of water.  The hardness and hydrophilic property 
of silica glass protect against dirt.  AQUAMICA™ is 
used in ‘Quartz Glass Coating,’ ‘Echelon’ and 
‘Diagranz’ etc. for car body coating brands.
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Figure 2 - 1)  Infrared absorption spectrum of AQUAMICA™
 (immediately after coated)

Figure 2 - 2)  Infrared absorption spectrum of AQUAMICA™
 (after conversion to silica film)
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Mechanism of reaction 
leading to silica 
●AQUAMICA can be applied with a spray 
gun or manually with cloth.  When it is left at 
room temperature for about 5 minutes after 
application to volatilize the organic solvent, 
AQUAMICA instantly becomes dry-to-touch 
because of its strong self-cross-linking prop-
erty.

●AQUAMICA then reacts with moisture in 
air very vigorously, although this is invisible.  
The time taken for this substance to convert 
to silica glass depends on conditions, such 
as temperature and humidity.  As shown in 
Figure 1, in typical circumstances, AQUAMI-
CA converts to silica film with a density of 2.0 
in approx. 2 weeks (the ideal density of silica 
glass is 2.2.).

●Figure 2 shows changes in infrared ab-
sorption spectrum.  AQUAMICA, which is 
composed only of Si, N and H, has conver-
ted to silica glass composed of Si and O. In-
organic coating has been made, free from 
any organic constituents such as Si-Me. 

●The characteristics of the above process/ 
mechanism include the unique reaction that 
the skeletal Si-N bond changes to the Si-O 
bond, resulting in the increased molecular 
weight of a fundamental constitutional unit, 
60/45 = 1.33.  This phenomenon gives an 
advantage to coating quality (hardness).  

●Coating with AQUAMICA makes it possible 
to cover the surface of various kinds of sub-
strates with thin glass, normally less than 1 
µ in thickness. And it provides these sub-
strates with hardness, durability and hydro-
philic properties of glass.  Functions includ-
ing (1) Easy-to-Clean or protection from dirt, 
(2) corrosion resistance or the prevention of 
metal corrosion and (3) scratch resistance or 
the prevention of the substrates from being 
scratched can thus be obtained.

Figure 1  Changes in coating film density 
The density of coating approaches to that of silica glass even at room temperatures.
(Measured on 6-inch Si wafer)

(The coating is left under the conditions below.)
Dry: 20˚C 5%RH
In Air: 20˚C 30%RH
High humidity: 20˚C  95%RH
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What is AQUAMICA™?
AQUAMICA™ is composed of perhydropolysilazane, organic solvent and a small amount of catalyst.  
“Perhydropolysilazane”, an original material produced solely by Clariant, reacts to silica glass with 
moisture in air.
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●Strong adhesion is due to the reaction of 
chemical bonding, between AQUAMICA  and 
functional groups such as OH and COOH. 
AQUAMICA has compatibility with resin such 
as polyacrylate or polyurethane, it shows 
good adhesion as well. To metals or ceram-
ics,  OH functional group on the surface will 
bond chemically with AQUAMICA.  For the 
resins that has polar groups, it can also ad-
here strongly with this polar group.

●Photo 1 shows a cross section of coating 
film under an electron microscope.  Excellent 
adhesion of thin coating to the substrate is 
revealed.  
●Figure 3 shows depth profile on substrate 
by XPS. It is found that the coating is com-
posed only of Si and O with no organic con-
stituent(C). 
●Coating thickness depends on expected 
functions and substrate roughness on sur-
face.  For example, Easy-to-Clean purpose 
needs 0.05 to 0.2 µ film thickness.  On the 
other hand, corrosion resistant coating on 
metal requires thickness of 0.5 to 1 µ, and 
scratch resistant coating on painting, resin 
and metal also requires thickness of 0.5 to 1 
µ.

(1) Adhesion

(2) Coating structure
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Coating layer

Coating
film

Si wafer

Photo 1  Electron micrograph of a cross section

Figure 3  Results of elemental analysis of coating and substrate by XPS
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Easy-to-Clean or stain-resistant property, an 
AQUAMICA’s greatest feature, is attributed 
to the surface hardness of coating film.  Dust 
penetrates into soft painting or coating sur-
face and cannot be removed, like water stain 
on the car body.  Thin silica coating film 
made from AQUAMICA, protects this stain. 
This is supported by data shown in Figure 4.  
The data was obtained using a nano indent-
er*, a special system capable of measuring 
the essential hardness and modulus of elas-
ticity of approx. 1 µ thin film. AQUAMICA, 
baked at a high temperature, 900 C has 
hardness greater than soda-lime glass.  The 
hardness of a product cured at room temper-
ature for a month reaches half of that of 
glass.  In comparison with existing hard coat-
ing materials, AQUAMICA coating proves to 
be overwhelmingly different. If coating film is 
adjusted for required thickness, AQUAMICA 
can be used to improve scratch resistance.
→See Application
* Essential hardness differs from pencil hardness.  Pencil 
hardness is affected mostly by the hardness of substrate 
itself.  It is a sort of destructive test including the substrate.

Hydrophilic property means that the surface 
of a substance easily gets wet.  The surface 
with this property produces the state in which 
dust takes off easily in the rain and with wa-
ter.   The degree of hydrophilic property is 
expressed in terms of contact angle formed 
with water.  In the painting industry, materi-
als, which have a contact angle of less than 
approx. 40˚, are referred to as “Hydrophilic”.  
Figure 5 shows contact angles of AQUAMI-
CA.  In combination with “Wetting promoter”, 
it makes possible to achieve high hydrophilic 
property quickly with a contact angle of 10 to 
20˚
→See Application Manual.

Performances of coating film
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(1) Surface hardness 

(2) Hydrophilic property

Figure 4  Hardness measurement data for thin coating
 by the nano indentation method.
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Figure 5  Water Contact angle of AQUAMICA™
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Weathering test.  Figure 6 shows the results 
of an acceleration test under conditions of 
strong UV, temperature and humidity that 
demonstrate the excellent durability of 
AQUAMICA.

(3) Durability

(4) Acid resistance
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(5) Barrier property

AQUAMICA exhibits acid resistance under 
various conditions including normal tempera-
ture curing and low temperature burning, as 
shown in Figure 7. 

Gas barrier property can be provided to film 
under appropriate curing conditions, as 
shown in Figure 8.

Figure 7

Grade of AQUAMICA

NP110

NL110

Curing conditions 

200˚C for 30 min

250˚C for 30 min

300˚C for 30 min

50˚C and 90%RH for a day

Room temperature for 10 days

200˚C for 30 min

250˚C for 30 min

300˚C for 30 min

50˚C and 90%RH for a day

Room temperature for 10 days

Changes in film thickness

None

None

None

None

None

None

None

None

None

None

Experimental results

AQUAMICA NL110

Curing conditions  120˚C for 1 hr → 95˚C and 80%RH for 3 hr

Operation   Continuous coating by
 a photogravure roller

Figure 8

Silica coating thickness (µm)

Oxygen transmission
(cc/m2/24h/atm.)
@0%RH (JIS7126K)

@65%RH

Samples

Substrate
(75 µmPET)

0 

25

–

One side coated

0.6

1 to 2

1 to 2

Both sides coated

0.6

<1

<1

Substrate Si wafer

AQUAMICA NP110 and NL110

Coating method Spin coating

Film thickness Approx. 0.5 µ

Acid resistance test conditions
 1% H2SO4 for 24 hr (at room temperature)

Figure 6

Substrate

Polyurethane coated color
steel sheet (black)

Polyester coated steel sheet
(beige)

AQUAMICA

NP140-01

NP140-02

NP140-03

Not applied (control)

NP140-01

Not applied (control)

Coating method

Flow

Flow

Flow

–

Spray

–

Coating thickness

Approx. 0.1 µ

Approx. 0.2 µ

Approx. 0.3 µ

–

Approx. 0.2 µ

–

time

300 hr

300 hr

300 hr

300 hr

300 hr

300 hr

Results

Lustrous without discoloration

Lustrous without discoloration

Lustrous without discoloration

Lusterless with discoloration to gray

Lustrous

Lusterless

Test instrument Eye Super UV TESTER

UV irradiation strength 90 mW/cm2

Temperature 63˚C

Humidity 80 %



Stain-resistance is the most obvious feature 
of AQUAMICA. Photo 2 shows a car half of 
the body AQUAMICA was applied with. Al-
though the body has never been washed for 
6 months, self-cleaning activity based on its 
hydrophilic property starts working quickly af-
ter application. The difference between the 
coated and non-coated areas of the body 
was so distinct. Figure 9 show results of a 
staining test with carbon, marker, food, etc., 
and the excellent Easy-to-Clean effect of 
AQUAMICA is demonstrated.

Application
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(1) Easy-to-Clean
     property

(2) Corrosion resistance

Photo 2 

Figure 11

Test item

Abrasion
(abrasive detergent)

Pencil hardness

Substrate

Stainless steel (Specular)

Stainless steel (Specular)

Stainless steel (Specular)

Stainless steel (Specular)

AQUAMICA

NL110A

No coating (control) 

NL110A

No coating (control) 

Application method

Spin

–

Spin

–

Baking

200˚C for 1 hr

–

200˚C for 1 hr 

–

Coating thickness

Approx. 1 µ

–

Approx. 1 µ

–

Figure 10

Test item

Salt spray

CASS

High temperature oxidation

Substrate

Aluminum

Aluminum

Galvanized steel sheet

Aluminum

Stainless steel

AQUAMICA

NL110A

NL110A

NL110A

NL110A

NL110A

Application method

Flow

Flow

Spin

Flow

Spin

Baking

120˚C for 30 min

140˚C for 20 min

80˚C for 1 hr

120˚C for 30 min

500˚C for 30 min 

Coating thickness

Approx. 1 µ

Approx. 1 µ

Approx. 1 µ

Approx. 1 µ

Approx. 1 µ

Results

No change

Scratched all over 

7H

2H

Results

No change

No change

No change

No change

No discoloration

Figure 9

Test item

Maker staining

Food staining
(mustard, etc.)

Carbon staining

Exposure to
raindrops
(six months)

Substrate

Steel sheet coated with polyester

Steel sheet coated with polyester

Galvanized steel sheet

Galvanized steel sheet

Steel sheet coated with polyester

Steel sheet coated with polyester

Galvanized steel sheet

Galvanized steel sheet

Steel sheet coated with polyester

Steel sheet coated with polyester

Galvanized steel sheet

Galvanized steel sheet

AQUAMICA

NL110A

No coating

NP140

No coating

NL110A 

No coating

NP140

No coating

NP140

No coating

NP140

No coating

Coating method

Bar coating

– 

Spray

–

Bar coating

– 

Spray

–

Flow

–

Spray

–

Baking

80˚C for 30 min

–

Room temperature

–

80˚C for 30 min

–

Room temperature

–

Room temperature and 
hydrophilic accelerator

–

Room temperature

–

Coating 
thickness

Approx. 0.1 µ

–

Approx. 0.1 µ

–

Approx. 0.1 µ

–

Approx. 0.1 µ

–

Approx. 0.1 µ

–

Approx. 0.1 µ

–

Results

No color remaining

Color remaining

No color remaining

Color remaining

No color remaining

Color remaining

No color remaining

Color remaining

No rain streak observed

Rain streaks observed

No rain streak observed

Rain streaks observed

Figure 11 shows the results of a scratch re-
sistance test using pencil hardness and 
abrasive detergent. The excellent scratch re-
sistance performance of AQUAMICA is dem-
onstrated.

(3) Scratch resistance  

Figure 10 shows the results of corrosion resis-
tance tests including salt spray test, CASS test, 
etc., AQUAMICA exhibits the excellent corro-
sion resistance performance.
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Product Grades
Figure 12 shows AQUAMICA product lineup / a lineup of AQUAMICA products.  You can choose a product grade in terms of catalyst, solvent and concentration 
according to application and a coating method.

(1) Non-catalyst type 
(NN110, NN310)

(2) Palladium catalyst 
type
(NL110A, NL120A, NL150A)

(3) Amine catalyst type
(NP110, NP140)

(4) Antibacterial type

(5) UV cut type

(6) Wetting Promoter

High temperature baking (e.g., baking at 450˚C for 1 hr in air) is required for conversion to silica.  NN110 is a basic perhydropoly-

silazane solution.  NN310 is characterized by the terminated with methyl group to increase the stability of the solution. 

The baking condition for conversion to silica is 250˚C for 1 hr as the standard, but concomitant treatment in high temperature and 

high humidity ambience enables conversion to silica at a lower temperature.  For instance, treatment at 90˚C and 80%RH for 3 hr 

in addition to burning at 150˚C for 1 hr is workable for silica conversion.  However, it does not mean that complete conversion to 

silica is essential to the use of AQUAMICA.  The process of silica conversion can be assessed in terms of your possible curing 

process by taking into account the limits of substrate and manufacturing processes.  Since palladium is an inorganic catalyst, the 

coating quality (Elaborateness and strength) is superior to NP grade (Amine catalyst type). So, NL grade is suitable for the corro-

sion resistance and scratch resistance.  This solution is brown but thin coating film after applied is transparent.

Using this grade, conversion to silica is obtained at 150˚C for 1 hr, lower temperature than the palladium type and is also pro-

duced at room temperature in approx. 2 weeks.  This type is most suitable for the purpose of anti-soiling coating.  This type in a 

spray can (1% concentration) is also available.     

Silver nano particles are dispersed in the solution to add an antibacterial function.  Figure 13 shows the results of an antibacterial 

performance test.

Two UV cut types using inorganic and organic UV absorbents are available. 

Wetting Promoter will help to show hydrophilic property immediately after application of AQUAMICA.  The surfactant and catalyst 

contained have activities for converting Si-H group (hydrophobic property) on the top surface of coating, to Si-OH group (hydro-

philic property).  With this treatment, Easy-to-Clean effect by hydrophilicity appears even when AQUAMICA coating is exposed to 

rain immediately, and prevents stain due to non-uniform reaction with water drops.

Figure 12   AQUAMICA™ product lineup

Silica conversion temperature

Catalyst

Solvent

Color

Characteristics

Concentration

NN110

450

Not contained

Xylene

Colorless

20%

NN310

450

Not contained

Xylene

Colorless

Terminated with methyl 
group, Stable solution

20%

NL110A

250

Palladium

Xylene

Brown

20%

NL120A

250

Palladium

Dibutyl ether

Brown

Safe solvent

20%

NL150A

250

Palladium

Solvent naphtha

Brown

Good leveling

5%, 3% 

NP110

150

Amine

Xylene

Colorless

20％ 

NP140

150

Amine

Mineral spirits

Colorless

Weak solvent
General use

2%, 1%,
0.75%, 0.5% 

SP140

150

Amine

Mineral spirits

Colorless

Antibacterial type

1%, 0.5% 

UP140

150

Amine

Mineral spirits

Colorless

UV cut type

5%, 2% 

エアゾール缶

150

Amine

Mineral spirits

Colorless

300cc

1%

Wetting Promoter

Conditioner for automotive use

Primer for concrete, etc.

Nitrogen spray for purging

Containing 4 L

300 ml bottle

Contained in a 3 kg can

Spray containing 5 L

Accelerates hydrophilic performance after AQUAMICA coating

Maintenance conditioner, No damage to AQUAMICA coating films

Primer treatment of porous substrate such as concrete, etc.

Prevents half-used AQUAMICA from spoiling.

Other products

Figure 13  Results of a performance test of the antibacterial type

Test bacillus

E. coli

Staphylococcus aureus 

E. colu (100-hour super UV treatment)

Salmonella

Legionella pneumophilia

Pseudomonas aeruginosa

E. coli (O157:H7)

Immediately after inoculation

Non-processed 1.6×105

Sample 1.6×105

Non-processed 1.8×105

Sample 1.8×105

Non-processed 1.4×105

Sample 1.4×105

Non-processed 1.3×105

Sample 1.3×105

Non-processed 2.5×106

Sample 2.5×106

Non-processed 2.0×105

Sample 2.0×105

Non-processed 4.3×105

Sample 4.3×105

35˚C at 24 hr after inoculation

2.0×107

<10

5.1×105

<10

5.8×107

<10

5.1×105

<10

1.5×106

<100

4.4×106

<10

5.2×106

<10

Test results Test conditions
• Laboratory Japan Food Research Laboratories 

• Report number No. 100040350-001, No. 100081929-001

 No. 102060636-001

• Substrate Glass

• AQUAMICA SP110-10

 (with the addition of 0.5% Ag nano particles)

• Coating method Flow

• Coating thickness Approx. 1 µ

• Curing condition Curing at room temperature

• Antibacterial test method

 Film contact method

• Non-processed test pieces

 Polyethylene film

• Sample SP110-applied glass

• <10 Undetected 

• <100 Undetected (only Legionella pneumophilia)



1  Cleaning and degreasing of surface
(1) Degreasing with alkaline detergent
(2) Degreasing with xylene or mineral spirit.
AQUAMICA cannot achieve close adhesion to coating surface unless the coating surface is fully degreased.  Since AQUAMICA converts to Silica glass upon reac-

tion with moisture, it is necessary to remove moisture completely from coating surface.  Full degreasing and the complete drying process are important for PHPS 

application.

2  Coating
(1) Methods
●Spray coating 

●Coating by manual application 

Do not use “Chemical cloth” for applying, because the chemicals soaked in cloth may react with AQUAMICA, and lead to an accident.  Coat substrate with cloth 

soaked in AQUAMICA and wipe up the surface with another clean cloth by spreading AQUAMICA, before solvent dries completely.  This gives a clean finish to the 

coating.  Wear solvent resistant gloves for applying.  

• Recommendable cloth: Superfine fiber cloth   •Recommendable gloves: Made of nitrile rubber

●Roll coater

●Flow coating

●Relationship between coating methods and coating thickness (* Condition: Using 1% solution at 50 cc/m2)

●Functions required and coating thickness

Application Manual
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Coating method

High pressure spray (coating efficiency: 30%)

HVLP spray (coating efficiency: 60%)

Blower spray (coating efficiency: 80%)

Hand coating (coating efficiency: 60%)

Coating thickness

Approx. 0.08 µm

Approx. 0.15 µm

Approx. 0.2 µm

Approx. 0.15 µm

Coating thickness

0.05 to 0.2 µm

0.2 to 0.5 µm

0.5 to 1.0 µm

Functions

Easy-to-Clean, Primer

Anti-oxidation

Corrosion resistance, Scratch resistance

Basic flow

1 Cleaning and degreasing of surface 

2 Coating 

3 Conversion to Silica
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●Cracking threshold

(2) Selection of the grade of liquid
○Selection of catalyst
●Catalysts and Baking Temperatures 

●Catalysts and expected functions … • NP: Easy-to-Clean
 • NL and NN: Anti-oxidation, scratch resistance / corrosion resistance, and gas barrier property

○Selection of solvent

3  Conversion to silica
Conversion to silica can be achieved by either of 1) heating 2) moisturizing and 3) standing at room temperature, but generally heating treatment provides better 

coating quality.  100% conversion to silica is not necessarily required in using AQUAMICA, and curing conditions can be chosen according to the thermal-resistant 

temperature of substrates, expected functions and manufacturing processes.

Substrate

Metals

Resins

Cracking threshold (rough standard)

2 µm

1 µm

NN

NL

NP

Silica conversion temperature

450 ˚C

250 ˚C

Room temperature to 150 ˚C

Types of catalysts

No catalyst

Palladium catalyst

Amine catalyst

Realistic baking conditions

300 to 500 ˚C

80 to 300 ˚C

Room temperature to 150 ˚C

Applicable substrates

Ceramic, metals, etc.

Metals, painted surface, resins

Coating surface, resin

Xylene

Mineral spirits

Solvent naphtha

Dibutyl ether

Characteristics

Base solvent, maximum dissolution

General coating use, weak solvent

Good leveling

Safe solvent 

Portion of aromatic hydrocarbons (%) 

100

30

100

0

(1) Conversion by heating

●NP: 150 ˚C for 1 hr  ●NL: 250 ˚C for 1 hr  ●NN: 450˚C for 1 hr

(2) Conversion by moisturizing

●NP: 150˚C for 1 hr  ●NL: 250˚C for 1 hr  ●NP: 50˚C and 90% humidity for 3 hr
●NL: 90˚C and 80% humidity for 3 hr (after heating at 90˚C and 80% humidity for 3 hr)

(3) Conversion by standing at normal temperature

●NP: For approx. 2 weeks  ●NL: For approx. 6 weeks
* Apply the “wetting promoter” between 5 and 30 min after coating, if necessary.



pan) K. K.Clariant (Japa Polysilazane Business Group
komagome, Bunkyo-ku Tokyo 113-8662, Japan Bunkyo Green Court 2-28-8 Honko Tel: +81 3 5977 7990


