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J In MA Japan Inc. ...

e TLIT—SvINY

R an'%acture of photocatalyst coating agent and applied products

M Head Office Factory: 3309 Kutoshi Ogata Kubota-cho, Saga
Prefecture
Sales = Construction = = = Agency in the whole country

B Photocatalyst coating agent - Visible light responsive
photocatalyst coating agent

Tio Sky Court/ OEM

(There are many outdoor and indoor

B Cross coater

B Photocatalytic air cleaner
TiOll FRESH

S k]
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%utdoor antifouling "TiOSKYCOAT" B Indoor Deodorant / Antibacterial
U'Smilelight”

B Hand spray "T102',
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What i1s a photocatalyst?

Crystal form: anatase rutile (brookite)

Absorbs ultraviolet light and generates strong
oxidizing power on the surface

Application to photocatalyst technology

Used as a white pigment in paints, paper, fibers, etc.

conventionally:-
O To scatter visible light easily

B Technology using "titanium dioxide"

A

Adjust particle size (about 0.25 um)
O Surface treatment with metal oxides (SiO2 / Al203)

MRAJ

e TLT—Sw/ty MA JAP CO.
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What is a hotocatalyst?

CO2: carbon dioxide
H20: Water

0O2: Oxygen

[1 Photosynthesis
Absorbs the rays of the sun's red and blue regions,

Synthesis of O2 and saccharides from atmospheric
CO2 and H20.

M It is often compared to plant hotosynthesis.

C6H1206: saccharides

Dirt, gas, bacteria etc
Hazardous chemical substance

|V
Decomposition
removal

titanium 1oxid

[1 Photocatalyst
Absorbs rays in the ultraviolet range of sunlight,

Active oxygen species are synthesized from

water in the atmosphere, etc.
Decomposition of harmful substances

MRAJ

et TLIT—3F v/
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Challenges in photocatalyst application
Photocatalytic titanium dioxide
/ d

—> Photocatalytic titanium dioxide

— Adhesive (Binder)

)

‘ Amorphous type titanium
’N

) peroxide

“ (Peroxotitanic acid)

The photocatalyst is buried ...
P d O Tio Sky Court

Decomposition of binder and substrate Coating system

Photocatalytic titanium dioxide

O General application technology
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Tio Sky Coat film forming model

Basic manufacturing method: Saga prefecture patent * Material image
High performance and high durability - -
of photocatalysis

phOtOC&talySiS undercoat  Top coat

J ‘l ‘f ‘l ‘*l* *A ‘l ‘l "I ‘l ‘

Inorganic membrane (no photocatalytic action) = Block photocatalytic degradation!

- [77Base material suchas painted surface™

‘ Amorphous (non-crystalline) type titanium peroxide: High fixing power, no photocatalytic action

‘ Anatase-type titanium oxide: high photocatalytic performance

MAJ
et TLI —S v/t MAJAPAN Co

R&D and manufacturing of
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Evaluation of organic matter decomposition performance

\ >4 - 360nm_1000uW/cm?
Acrylic cylinder D — D
Methylene blue aqueous solution 0.01 mmol / L) ///

y, [y

Photocatalytic coating

g

Sample(D)

Measure the absorbance of methylene blue
at intervals of 20 minutes

y=-00126x + 10.167

R>=0.9792
The slope x 1000 in the graph
Evaluated as a decomposition index

85

MBag Concentration (I mol/L
©
o

8.0

MRAJ
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S perhyd rOphiIiC (Evaluation by contact angle)

e

Under the dark Uv

Coated surface =1  Uncoated surface

0

L

Photocatalytic film H D » Photocatalytic film

Contributing to selfcleaning

0<10° - - - super hydrophilic

A

Photocatalytic film

When the photocatalytic film is exfoliated or non-degradable dirt is deposited,
the contact angle is also increased.

MRAJ

et TLIT—3F v/
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Durability of coating film (Outside exposure 8 to 10 years equivalent
Evaluation before and after "Accelerated weathering test")

B Sunshine Weather Meter
(Accelerated weathering tester: Reference 300 hours equivalent to 1 year of actual exposure)

Acrtificially reproduces sunlight (mainly UV light) / temperature / humidity (periodic rainfall),
Observe the deterioration of paints and building materials at an accelerating rate several times to

one hundred times the outdoor exposure.

Photocatalytic coating

Photocatalytic coating SWM 3,000 hours later

Initial sample

Evaluation of photocatalytic performance

= Evaluation of durability MF.J/
JUMAJAPAN CO

R&D and manufact
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Degradation activity index

—
(&)

—
(@)

(&)

Durablllty of coatlng film (Outside exposure equivalent to 8 to 10 years
Degraded activity index before and after "Accelerated weathering test")
Photocatalyst industry association standard value
Critical water contact angle <30 °
_ o 70 r PIAJ certified products
B Photocatalyst industry association standard value dark place
Decomposition activity index 5.0
PIAJ certified products 60 dark place
<) i
> 50
c
(4¢]
- 46 40 -
T
c
i 8 30 E— _— —_— p— _— —_— _— — —_— —— _— —_—
I3
g 20 |
10 Under UV irradiation Under UV irradiation
— 1 O 1 1
initial After SWM 3000 hours initial After SWM 3000 hours
MRAJ
HH=t TLI—IF e/ MAJAPAN CO.,Lt
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Outdoar-antifouling proposal Case-1 Comparison with other companies like photocatalyst and Tio Sky Coat

M Construction place

L company Kyushu plant (Yame city, Fukuoka) Comparison of each one year and 6 months after construction
1) The second factory (other company like photocatalyst construction) ... mold, moss, dirt adhere to the whole
outer wall




irst factory (Tio Sky Court construction) ... maintaining the aesthetics of the
ructiory
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"Thio Sky Court" effect verification

At the time of last verification
The picture is about 2 years after application

At: Wall surface of Saga Ceramics Technology Center

\(September 26, 2013-re-verification start)
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"Thio Sky Court" effect verification
At: Saga Oxygen Co., Ltd. (November, 2010-Verification started)

A
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Outdoor antifouling proposal Case-1

M | want to maintain the aesthetics of new construction, remodeling and cleaning
\ /(Improvement of the exterior image of the facility)

<Yanagawa Hospital>
Completed in August 2012

Adoption to glass surface, brown tile wall
Proposal after design, but added as a measure for aesthetics

<Saga Prefectural Hospital Yoshiokan>
Completed May 2013 Adoption to concrete wall
Tio Sky Court K It is easy to get dirty in a short time

Patent No. 3953504 (2007/05/11) Dirt is noticeable MAJ

et TLIT—3F v/

R&D and manufacturir




Outdoor antifouling proposal Case-2

B We want to reduce the cost of cleaning
facility yhere cleaning is necessary or is carried out depending on the situation)

,,,,,,,,,,

p—

Z — ——

<Aeon Mall Kobe Kita> <Hakata Station Building>
Completed in November 2006 February 2011 completed

In order to keep clean, frequent cleaning is required

<Tenjin PARCO New Building>
Completed in March 2015

MRAJ
mREt TLI -3 v/0 MAJAP

R&D and manufac
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Outdoor antifouling proposal Case-3

M A place where it is difficult to wash (I want to wash but | want to leave it if | can)

<Kyoto Tower Observatory>

Photocatalytic
coating

<Wave reflector (reflecting material with photocatalytic function)>

Metropolitan Expressway, Hanshin Expressway, etc. MRAJ

et TLIT—3F v/
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B Purpose of introducing photocatalyst

(D Maintenance of aesthetics
We control dirt to the outer wall of building and contribute to impression of beauty.

(@Reduced maintenance costs
Inherently, you can save the time and cost of cleaning required to keep it clean.

@Air cleaning effect

It is expected to be effective in removing car exhaust gases, harmful gases and odors
that come in contact with the photocatalytic coating surface.

By coating Tio Sky Coat on a 200 m2 outer wall building,

the air purification capacity for 60 poplar trees

It corresponds to the force.

MRAJ
et TLI—SF R/ M A JAPAN CO L d.

R&D and manufacturing of phi




ahd development

Background and purpose of visible light responsive photocatalyst research

<Effect and limitations of UV response type>
= It is difficult to demonstrate the effects that customers are looking for

Photocatalytic coating

solar
Dirtprevention

S

Strong ultraviolet light s

NOx decomposition

<Qutdoor>

Demonstrate high photocatalytic
performance!

/

4 = FI tlight
I,é‘*;x;\\ N uorescentlig
v S )/ LED

Weak UV

: -
m’ &.

Miscellaneous bacteria

<Indoor>

*”ﬂ

Gas decomposition - antibacterial effect is weak - -| [

Miscellaneous bacteria

MRAJ

imnet TLIT—3w/V
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Outline of research and development
<Life environment light is very different from the test condition>

B Several major companies are developing visible light responsive photocatalysts
B Few have been put to practical use as coating agents and wallpaper,
Many are rated at a brightness of 3000 to 6000 lux

In this research and development, we carry out effect verification at a brightness of about 500 lux,
Production of products that match the needs of customers

Living environment light

dark/ — . bright
500 1000 3000 6000
N AN ) _
hd hd A few cm from fluorescent light
General household

A relatively bright hospital etc.
NV -~

General office etc

—

MRAJ
e TLIT—S v/ M A JAPAN CO.

R&D and manufacturing
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Why do we need a demonstration test?

Common photocatalyst evaluation test method
light source

O O Gas removal performance

100
= -\.—.
E 75
= \ —«— Deodorant O O Wallpaper
= —=— Blank
o
= 50
I=
3
§ 25
2 P i
O .
0 - VY
0 4 8 12 \ 16 24
-
time 'ﬁ- -—

l P Gas bag (container)

he smell of the room, "this number" Is a game

imnet TLIT—3w/V M A JAPAN CO
f photo

R&D and manufacturing of ph
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"Odor" Is felt at extremely low concentration

O Six step odor intensity method

Odor intensity

Contents

In general, you will not be bothered by the smell

Odorless

The smell that | can finally sense

Weak smell to understand what kind of smell

Smell that can be detected easily

| am worried about odor

Strong smell

odor---

gl bW DN] ]| O

Intense smell

For example: The concentration at the four major bad smells of life is ...

Name of substance smell Concentration at odor intensity "2"
Hydrogen sulfide Smell like rotten eggs 0.006 ppm

Methyl mercaptan | Smell like rotten onions 0.0007 ppm
Trimethylamine Smell like rotten fish 0.001 ppm

ammonia Smell like night soill 0.6 ppm

MRAJ

et TLI—SFp/t M A JAPAN CO,Ltd

R&D and manufacturing of photocatalyst technology



Indoor odor elimination / antibacterial (visible light response development product: demonstration test)

<Odor component data about 1 month after test construction: Hospital specific odor is significantly reduced>

0.005 007 r . 0025 r
Methyl mercaptan Propionaldehyde
00045 | .
0.06 | _ Hydrogen sulfide
0004 | ' Generally, "smell" is 002
' Concentration that you do not care

00035 | 005 = == |[ESEESEN= == == = = = ==
E T 4, £,
& 0003 | 8 < £ 0015 | %
5 . c 004 <
® 00025 | 1S E £
= ou do not care 5 8
S e N L L L o s 003 | 5
2 0002 [ o - 8 001 } )
S 8 erally, "smell" is

0.0015 | 002 centration that you do not care

0.001 0.005

001 |
0.0005 |
0 0 ) o |
Before construction 1 month after construction Before construction 1 month after construction Before construction 1 month after construction

(Stimulating sweet and sour charred odor) (Scent like rotten onion) (Scent like rotten onion)



B Offensive odor analysis result graph

Before and after demonstration construction (each odor

Concentration(ppm)

Concentration(ppm)

Before construction by component with component data up to about 3 months later)
0006 - high odor contribution rate Fukuoka City A Hospital Private Room
2 -
Trimethylamine Isobutyraldehyde
0.004 | g 15
5
5
§ 7
0.002 | §
Odor intensity = 2 lines 05
- r---"-"-"""~=""=""=""="=""="="="==- Odor intensity = 2 lines
1 month later
N.D. N.D. .. - — = = =ND— — — — ND— — — — — AD- — — .
0 . o000 o0 o000 . 0 ] XXX ] XXX ) XXX )
0.0063 Before construction 1 month later 2 month later 3 month later Before construction 1 month later 2 month later 3 month later
Methyl mercaptan o Odor intensity = 2 lines
0.0042
00021 - In general, the concentration at
which you do not care about the smell
Odor intensity = 2 lines
0

Before construction 1 month later 2 month later 3 month later



Bl Offensive odor anaIySiS result gfaph Before and after demonstration construction (each odor

component data up to about 3 months later)

Before construction by component with Fukuoka City A Hospital Private Room

Concentration(ppm)

sois high odor contribution rate 0.0084
0.012 r . .
Hydrogen sulfide 0.0063 | Methyl sulfide
001 e
o
o
<
o
0.008 2
S o0o0042
C
3
0.006 Odor intensity = 2 Iines§
L Odor intensity = 2 lines
0.004 00021 t_ L Jd_ _ b _______C Y
0.002
N.D. N.D. N.D.
n eeee eeeoe . n . . . eeee
Before construction 1 month later 2 month later 3 month later Before construction 1 month later 2 month later 3 month later

————— Odor intensity = 2 lines

! 2

In general, the concentration at
which you do not care about the smell



2,100

(A210: Odor analysis object

Red numbers in the figure are the illuminance at 1,500

ints in heig

1,350

door

(lux)
1,900
WindovAv (North) 1,400
2
i ' 300Lx é
‘ 2750 _ 7
T Z
-
e 7
S0Lx  +-goptar 450Lx§
4,150 L g
i é
D7 N I 7/
~
+ 360Lx 7
7/

wrzz7z7777 - Testing department

MRAJ
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 Wall + ceiling area: Approximately 52 square
meters

* Floor mat (soft mat): Approximately 18 squar
meters

« Light condition: About 500 lux on average
-Material: wall and ceiling wallpaper

™

Floor mat (spread in room A211)
Approximately 1 m2 x 9 pieces: Back and
front construction

EE s sl e




B Offensive odor analysis result graph O Six-step odor intensity method

(number on the vertical axis in the graph)

i ) ~ Odor Contents
Before test construction-after test construction| intensity
— 0 Odorless
I T S 1 The smell that | can finally sense
Normal valeric acid T Hydrogen sulfide

2 Weak smell to understand what kind of
Normal acetic acid y Methyl sulfide smell
‘ 1 I‘y \ 3 Smell that can be detected easily
Propionic acid ‘ ’ Methyl disulfide

' ‘ 4 Strong smell
"' 5 Intense smell

Trimethylamine

styrene ‘ ,/l \\\ Acetaldehyde From the above, generally
Almost no odor is felt inside the dashed line
1 é in the grap
toluene ‘ - [

Propionaldehyde

Methyl isobutyl ketone Normal peptaldehyde *

<Result>
Ethyl acetate T / Isobutyraldehyde = 1 The odor concentration decreased even under relatively low light intensity.
Isobutanol L —— Normal barrelaldehyde 2 | no longer feel particularly offensive odor in terms of bodily sensation.

Isovaleraldehyde * .
—_m— Before construction

—&—  After construction

MRAJ
et TLI—SFp/t M A JAPAN CO,Ltd

R&D and manufacturing of photocatalyst technology




Verification summary

In the operation room (total of 10 rooms) in the university hospital, Tio Sky
Coat was coated on the wall at the time of renovation, and the antibacterial test
of the wall was carried out over a year in collaboration with a general contractor.

B e o KU
f %ﬁh@j"?{‘n‘ﬁ ki1
FHTR. — /o

Construction situation & Verification status |

The presence or absence of viable bacteria on the inner wall surface was examined using "Pethan Check 25 standard
agar medium (for measuring viable cell count)" (manufactured by Eiken Instruments Co., Ltd.).

In the method, the agar medium is lightly pressed against the wall, and cultured in a shaker (constant temperature
incubator) at 35 ° C. for 24 hours. If viable bacteria are present on the wall, colonies of viable bacteria can be

visually confirmed on the medium after 24 hours. M A JAPAN Co.,Ltd.

R&D and manufacturing of photocatalyst technology



Result photo

About half a year after construction (lower left photo), no
construction (lower right photo) is shown.

6 months after construction = Not installed
No bacteriostatic detection Live bacteria detection

M A JAPAN Co.,Litd.

R&D and manufacturing of photocatalyst technology



Verification place outline figure ... Saga Prefectural Ureshino Senior

High School Health Room
Red O part: Completed (®®@@) Blue O part: NOt ConStruc'trﬁeqmgn@rs@\t@@j)bonom of the photo indicate the site

illumination (lux) at the time of verification.
(2013/05/31 10:00 AM Weather: Cloudy)

Door Door
sink =
—h
Q@ &
1,000Lx 450Lx o
[ A S
7.E
@ S 500Lx
\ 3
table
@
curtain 400LX
400Lx
Door @ @ Aﬂ

Doo 2 sheetsr

MA JAPAN Co,.Ltd.

R&D and manufacturing of photocatalyst technology
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Measurement result table

No, | measuredvalu | Illuminance (Lx) | Explanation of verification location
D) 51 700 Painted surface, smile light construction
@) 3120 500 Refrigerator door painted surface

©) 30 400 Painted surface, smile light construction
@ 293 400 Entrance door, painted surface

®) 473 300 Entrance door / painted surface (high frequency of use)
® 48 50 Painted surface, smile light construction
@ 56 200 Painted surface, smile light construction
560 450 Sink door part painted surface

© 85 1,000 Painted surface, smile light construction
04 300 Curtain, smile light construction (not washed)
a 2317 900 Wooden table (high frequency of use)

* At the time of measurement: Blind closed, fluorescent light lit

* Measurement unit is RLU (Relative Light Unit relative luminescence amouny

<Measurement result>

Construction-In the non-construction part,
There was a clear difference in the measured values.

(Red: Construction section / Blue: Non-construction section)

* About measured value (management standard setting
Less than 200 RLU for smooth (metal, glass etc.)
Irregular things and scratches

(Resin products, etc.) should not exceed 500 RLU.
<Example>

Cutting board: 500

Monkey bowl: 200

Kitchen knife: 200

Fingers: 1,500

Above, from measuring instrument manufacturer HP

MA JAPAN Co,.Ltd.

R&D and manufacturing of phot;
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Smile light construction results




Smile light construction results

R&D and manufac
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"Smile Light" Cross processing (Cross material loading) Contract processing at our company

95999999917,

S / ‘

/////////i;;;/////(////// ‘
&

g~
)\ Dol

B On-site application In the case of existing cross, painted surface, partition, tile, dipton etc

B Advantages of cross processing for on-site application

1. Cost reduction
2. No need for installation period by field application

MRAJ

et TLIT—3F v/




