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Abstract

Recyclability, environmentally friendly
chemistries, and spectrally selective
control of energy transmission while
maintaining clear vision makes glass

the ultimate substrate for green
technologies. Thin film nano-coatings
enhance the performance and quality of

glass substrates giving more functionality

and aesthetic value. Improved light
transmission can reduce energy costs
and increase solar cell efficiencies.
Protection can also be provided against
the relentless environmental stresses of
pollution, corrosion, and mechanical
scratching. These functional coatings on
glass will be reviewed along with their
added value as they become essential
to the performance of engineered
constructions such as buildings,
automobiles, containers, solar cells, and
multi-touch panels.

Introduction

Most glass products would not have
the properties that make them so
useful without coatings. 550 MM ft2
of flat glass is coated annually in North
America by either the manufacturer or
an end user. 95% of all glass containers
manufactured in US (36 BB/yr) and 75%
Worldwide (180 BB) are produced with
one or more coatings. Application of
coatings are an essential part of glass
manufacturing. Opportunities exist for
improved Functionality and improved
Processes.

The evolution of engineered surfaces
through Coating design is what
makes the difference for mainstream
and custom added value solutions in
modern glass constructions. The recent
scientific discoveries of new materials at
a nano scale and rising environmental
and convenience standards are driving
the glass industry in an emerging field
of “functional design”. Common
applications include spectrally selective
Low-Emissivity solar control, Anti-
Reflection stacks, “Easy-Clean” glass
and Transparent Conductive Oxides for
smart windows and displays.

Large Area Thin Film CVD and PVD
Methods

Figure 1.

Photo of LustReflex coating on spandrel glass, courtesy Steindl, Austria

On-Line: pyrolitic Chemical Vapor
Deposition processes deposit semi-
conductive metal oxides directly during
the float glass production while the glass
is still hot in the annealing lehr. Higher
density hard coatings are obtained at
high production rates, however, yields
and spectral performance are lower

and chemical by products can be more
harmful to the environment.

Off-Line: sputter Physical Vapor
Deposition magnetron processes deposit
one or more coats of metal oxide
under a vacuum to finished glass. PVD
coatings are better reflectors of UV and
IR wavelengths of light, however these
coatings are not as hard and dense.

Capital costs' for these application
methods require large area scales of
economy .

Capital Costs

~ $5MM / MMsgm/
year installed

~ $25MM /MMsgm/
year installed

Pyrolitic process line

Sputter process line

Nevertheless both technologies
remain as supplemental high energy
processes (see table below) and even
though glass is a durable long life
material that can save energy in an
installation, industries are beginning to
consider complete carbon footprints.

20-100 KW/sgm (DC)
200°C substrate Temp.

Sputter coatings:
(further annealing ?)

Pyrolitic coatings 50 - 100 KW/sqm,

speed 3-10 m/min.

Other important factors of these
large area coatings are inherently limited
design space (not easily patternable)
and sensitivity to intrinsic stresses due
to the nature of deposition. Molecules
could cause damage of the surface
structures at the atomic scale due to a
bombardment by high-energy particles?.
Scratch resistance, glass corrosion,
or a complete coating disintegration
in the field may be the consequence
and so often do not allow Side One
applications.

Deposition of Thin Films from
Solutions

Chemical silvering of glass from wet film
deposition processes is one of the oldest
processes and still in use today. Other
large area industrial thin film solution
processes involve sol-gel immersion or
dip coating methods of suitable metal
organic compounds to form optical
coatings. The type of bonding and
adhesion that occurs can be strongly
influenced by thermal energy to drive
chemical reactions and formation of
interfacial layers3.

Fused, diffused, or sinter-bonded
coatings (Temper coatings): Printable
functional nano-coatings for glass
have been developed*. Advantages
include easy patterning to allow for new
designs, functionalities, and ease of
integration into standard glass thermal
treatments such as annealing, heat
strengthening, or tempering. Layer
thicknesses can range from 10-1000
nanometers
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LustReflex — silver or gold reflection LustReflex
also in combination with glass colors

Privacy
Glass

Privacy LustReflex

Glass

¢ Functional performance is a semi-
transparent, semi-mirror coating

e Easy screen and digital printing

e Applications are appliance glasses
(refrigerator, oven, shower, furniture)

e Architectural glasses (Side One) with
EN1092-2 compliance

100% 17%

Surface structures (AFM) are from
nano-smooth (low friction) to nano- Surface 1 Reflective Coating Surface 2 Reflective Coating

rough Figure 2.

o - )
Percent Reflection of Lus- —— %Reflection First Surface Coating

tReflex Reflective Coating

« Functional performance: reduced one ~ ©" Dark Privacy Glass -

side reflectivity Refl.Vis <1,5%

e Easy printing (screen-printable)

e Applications are solar panel and
display glass covers

e [EC61215, EN1092-2 compliance

Anti-Reflection (single layer) coatings

8

—a— %Reflection Second Surface Coating

30

25

% Reflection

Such spectrally selective, screen
printable thin-film coatings can enhance
the performance and quality of glass 5
substrates used for the cover glass in 0
photovoltaic (PV) cells while reducing 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
costs compared to other AR coating
methods. Their anti-reflective properties
increase light transmission by up to 4%
at various wavelengths through the
glass to the PV substrate with associated
improvements in net solar gain and cell
efficiency.

Wavelength (nm)

Figure 3
UV Functional Transparent coatings AFM picture of a Lus-
tReflex coating

¢ Functional performance Blocks 50 to 150nm
90% of UV transmission by reflecting
or absorbing UV

e Easy patternable by screen- or digital 400 nanometer
printing

e Applications UV protection, Bird
Collision coatings

A

Transparent conductive coatings

e Functional performance are sheet-
resistance < 600 Q/, <2009/ (Van
Der Paw method) under reduced
conditions, Transm.Vis>80%

e Easy patternable by screen- or digital
printing

e Applications are display glass,
electronic glass, security glass for
buildings.

= T2 5.1mm x100K "' 500nm |
Figure 4. Figure 5
High Resolution SEM of Reflective LustReflex Coating High Resolution SEM Anti-Reflection Glass Coat-
ing Structure
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Figure 6 UV Reflecting Coating 348-101 Screen Printed on a Soda-Lime Glass Sub-
strate

Spectrally Selective Light Transmission increase with an AR Coating Screen

Printed on One Surface of a Soda-Lime Glass Substrate
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UV Absorbing Coating 348-149a Screen Printed on a Soda-Lime Glass

Substrate

Diffusion colors coatings

e Functional performance (100% UV
block), Cd- free red coloration

e Depth of Copper Diffusion 2 — 4 pym,
1.0 g Cu/m?

e Easy printing (screen-, or roller
printable)

e Applications are furniture,

architectural, container glasses

EN1092-2 compliance

Self-assembling covalently bonded
Nanofilm ™ (LT cure coatings): Room
temperature hydrolysis and condensation
reactions utilize nanotechnology
to deliver site specific performance
attributes. Self assembling molecules
bond covalently and form nano scale
films that can enhance chemical and
mechanical performance. Silane
chemistry is typically utilized and
customer specific applications require
different functional groups, activation
promoters and suitable solvent/carriers.
A typical hydrolysis and condensation
reaction is illustrated in figure 11.

FESEM cross section of a screen printed TCO coating on tempered glass

S
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Figure 10.
Red Shade Cd Free Diffusion Color 6 mm Float Glass Heated 690°C for 5 min.

Figure 11. R

@&
Self Assembling Hydrolysis | \ .
Condensation Reaction Si S— gt T 'r

IR /\
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OH | |
OH OH @] o]
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Glass Substrate |
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Molecules settle on the glass
substrate surface and covalently bond
while self-assembling into a continuous
thin film less than 500 nm. Durable film
forming compositions® can be formed
from amphiphilic molecules consisting
essentially of RmSiXn where R is an
apolar or fluorinated alkyl group of
about 10 - 30 carbon atoms, m plus
n equals 4, and X is selected from the
group consisting of halogens, hydroxyl,
and alkoxy groups.

Invisible and optically clear films
with visible light transmission of >98%
can be achieved. The amphiphilic
chemistry of the R molecule lowers
surface energy and can repel water
and oils creating hydrophobic and
oleophobic functionality making glass
surfaces harder to soil, easier to clean,
stain resistant, and chemical resistant.
Mechanical properties include mar
resistance and enhanced micro-scratch
resistance. Continuous long exposures
to elevated temperatures, UV, chemicals,
and mechanical action will eventually
erode these molecular layers. However
these coatings are easy to apply with
rapid room temperature curing and can
be easily refurbished as needed in the
field.

Ultraseal ™

¢ Top coat for ophthalmic lenses, lab
ware, dinner ware.

e Architecture ESG,VSG,IGU, technical
glass (display), stain and graffiti
resistant.

Float soda-lime glass panels coated
with Clarity UltraSealTM AB show
significant reductions in static and
dynamic coefficients of friction®. Test
Procedure : ASTM D1894

Speed 150mm/min, 200gm sled, 2.5
in2 (16.1cm2).

Figure 12.

Permanent Marker Pen is Removed by Scotch Tape on Coated Glass®

Figure 13.

Treated and Un-treated Automotive Glass in a Rainstorm®

DIN 58196-2

Boiling water Test — 60 mins

DIN 50017 KK

High Humidity/High Temp : 144 hours at 95% RH/40 C

DIN 50021 SS Cass 24h

Salt Spray test, 20 cycles

DIN 58196-5

Abrasion Test , 50 cycles with cheesecloth

DIN 58196-6-K2 Tape adhesion test

Defender ™

Applications include Automotive
windshield, side lights. Repels rain to
improve visibility. Increases driver vision
34% on a rainy night. A 34% increase
can add about 1 second to a driver’s
response time. At 60mph, that’s an extra
88 feet of pavement to brake, to turn,
to be safe. Snow and ice are easier
to remove and an easy-clean barrier
to bugs and bird droppings is present.
Durability in Automotive WS conditions
of 6 months or more.

Coated glass specimens have been
tested for chemical, temperature, UV
exposures and have been demonstrated

to pass the following exposures®, see
table 1.

Acid Rain Chemical resistance:
Solution preparation of Ammonia,
NaOH, KOH, and CaOH were added
with addition of tap water to make a
1-liter solution. H2SO4, HNO3, and
HCl were added with addition of tap
water to make a 1-liter solution. The
anion solution was added to the cation
solution. Concentrated solution of
anions (Cl-, NO3-, and HSO4-) and
cations (H+, NH4+, K+, Na+, and Ca++);
pH = 1. Prior to testing, the mixture
was thoroughly stirred to ensure all parts

Soda Lime Glass | Static COF | Dynamic COF
UV Exposure 30 hour SUN test, 1.1 kw, 820 W/m?2
Uncoated glass 0.34 0.28
(control) ) ) Temperature cycling - 400 C (2 hours) to 930 C ( 2hour) ; Five cycles
UltgsaingB 0.19 0.17 Chemical exposure Acetone, Diesel, Ajax ( window cleaner),Alcohol, Soft drink -10 mins
UltraSeal ABS
Coated 0.13 0.12 Table 1

were suspended. Coated substrates
were immersed in Acid Rain solution
for 30 minutes at 80°C, then rinsed
and dried at 80°C for an additional 30
minutes. Water contact angle measured
before and after acid rain test

Clarity Defender™ coated glass
panels were subjected to an accelerated
Salt solution test®. 2 Hours of
immersion in a Boiling NaCl solution.
Water Contact Angles measured before
exposure, and after 1 hour and 2 hour
exposures.
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Dgg%?gg r Uncoated
Before Test 97° 49°
EnergySlayer ™

Designed to reduce energy loads by
trapping IR radiation at the surface.
Potential uses Laminated automotive
glass, architectural glass, energy
controlling window film treatments.
Functional performance IR-absorptive
TNIR <40%. Thin (< 25 microns), flexible
coatings applied to glass or polymer
film ( PVB). High visibility coating with
transmittance as high as 85%. Final
coated glass can range in visible light
transmittance from 55% to 70%. Fine
tuning of absorption characteristics —
either single layer or dual layer coating.
Absorbs as much as 95% of IR radiation
in 900 -2500 nm range and blocks >
95% of UV radiation.

Two layer hybrid coatings self-
assembling sinter- and covalently
bonded:

Lotus-effect ™ Easy-clean coatings/

e Functional performance is super-
hydrophobic easy-clean or fingerprint
resistant coating

e Applications are enabling all weather
camera housings and cover glass, Anti-
fingerprint solutions on touch-screens,
self-cleaning solar-cover glasses.

Conclusions

Finding the right coating solution also
has to take into account secondary
processing operations such as cutting,
grinding, annealing, heat strengthening,
and sealing to name a few. At the
very end, the total cost of ownership
could be much higher than projected
and could significantly impact the
total economic balance of a glass
construction.

On the other hand value add glass
confectioning facilities of tomorrow
will have to dispose a whole range
of complementary coating solutions
to assemble them in a fast and cost
effective manner on demand for a
specific custom application. This is the
reason why today we are successfully
introducing a new range of user friendly
performance nano-coatings
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Figure 14.
QUV Accelerated Weatherometer Testing®

Figure 15. Acid Rain Test
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& FERRO

A world of possibilities
for your glass

For outstanding glass color and coating technologies — both decorative and functional —

Ferro are global market leaders. We work in partnership with you from the start to provide the ‘
applications advice and expertise that will guide you through even the most challenging projects. ‘
Our vast technical and market knowledge, global reach and innovative approach will guarantee

that you can trust Ferro to deliver a solution to exceed your expectations... a world built on

performance and style.

GLASS SYSTEMS

www.ferro.com



e TERELN KR

G. Sakoske', M. Baumann?, G. Tuenker?, K. Fritsche?, J. Hanich?

" Ferro Corporation
2 Ferro GmbH

i 2

A, B, 3EG. ek
PR RCRN 97 1 fi A 3o Ao B 385
KR REIMAT . T D RETE
PIKERJZ TSP T T BEES I 5 0
R SEME: T 38 G 33 A
PERE v LD R SRR P AN
BH BE FRIB AR s I D IR T 5
388 et B PRV IR £5 PRIV LA Rl
PERE. DREME B RS ER 2 R I = b
IOAE CCR 250, VR4 SR,
B e PR 7 DA R f g T A &% 1R
AR AN AT BEER 677 i
148
R B R 7 i IR A D RE v
J2 eI AR PR BE T )i A
Mo ALRBFFAS. S TTHR
(511007~ F 5K W F-H B 5wk
AP R el A RS
56 [ A2 77 1 95% I B B A s (s
FE36012 H) FI4SERT5% 1) 3 3 2%
2% (BFE180042 ) #h%smify —
FEk ZFR)ZE . BEIRESE 2
R B A A PR N T A B A
2o EBERZ M T REAL
BERM T A IRAFAE K 3] o
K Z P sy R e 2
JE IR BRI 7 S v B
R EERS, EARE RN
BEINTT RER AR A FH 7 {8 ) 4l oK
AR O B AT A 3 T — A
B D REE VTSR . LT
PRIZALOW-ENEE,  FH a4 il gt |
Bij S SR 2 i DR DL KA R
ﬁﬁ%ﬁ%%ﬁ%%%ﬁ%%
5
KIHARCVDAIPVDER J2 714
TELE: mi o s S AR ORI
(e R CRERrS ) S A e Ons s L (8
BRI KB B i A B
P E NN A SR Ny =R
Yo TZMETRIHE S 1 [T i FH R vy
M. H R, JetrrERE

AL B e MR

FERE IS ) SR E I, courtesy Steindl, BMBAF]

7=, AEEEI PR IR £ 5 R
B2k YRS DU R S L R
RARTRE T, — 22 248 EA
AU TRAAE B B3 . PVDYRJE XS
UVAITROG I S5 P B Ao {HX o fi
SR RN 2 ] JE AN

XSG T L BT A =

B
P AR P %igi?/ﬁﬁ¥
Wt A e ?g@ig/ﬁﬁ

ERGERLEE ATf,
AR X L 2R T 14
U, (LI PR B TV

ZEneke, HEfmlkw Oar®
TP HE T R) 7
20-100 KW/m? (EHR
WSR2 B 200° C Bk
W (HEEK? D

S K TR A AR
K% AR R
BB . LR B
(e UK. T R RER T
H, AHOIIRA T, JUBUEIBER
R0 TR A R L. ke
2 SEGRE T TR PR G
BpERE R RS I, DY
L6 R S0 VSRR B

I

IR TR A i vk
TR 2 A Bty 2 8
Wik —, WA e H .
Al R TIAR VA 5 7 v B HE v
W B AV R A TS
JEANULEARIE SO RZ 7
o IXFIURIZ ) 52 AR W R
HEAL 2 N IR S T2

P Rl R O B 4 R )2
CGRRABVRE) « alENRI A Bh A
KPR E DR
R DL E B, ThRETE
U, g HT L AR A By
A, GmiB ok, PR E N1k
iiﬁ R 2 R FE TS 10-100044

N,

I A
P i B R

DNRERE Rl FIEW] BT
TR

Sy - 22 W B B B

© EGHH KR, FERD |
KR CGWB D5 IR B
%~ﬁ%%,%ﬁmm%ﬂ%

" ERET

(=
rﬁ Fp B AR I T 4

GLASS PERFORMANCE DAYS CHINA 2010

7
www.gpd.fi



MANKSEN IRFERE D B4k Lot
LI (T
i)

Privacy LustReflex

Glass

Privacy
Glass

100% 17%

B SRR )
o DDRERR W S L
2, Refl. . <1,5%

VY R ET

AR B 17013

* Wi AETEC61215, EN1092-2

XA PR,
FIJEI’M%):TuhmJ‘CEEEE/@ifBZ
TERITEREA BT, ]I EE LA B
SRR A . X7 S
s AERE A R KO (38 1 A
24 %, [FIIFE R PH BESRI
=SR] 1)

Surface 1 Reflective Coating Surface 2 Reflective Coating

—— %Reflection First Surface Coating

—a— %Reflection Second Surface Coating

B 35

30

25

o\

% Reflection

U VI B R ;

IjJHb#%){_i: LL&E#EZ%q&’ IZH_U: 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
50-90%(1UVHGIE 5 ‘ Wavelength (nm)

P oy P I 22 (22 9 Bl s 25 R B

il

T T2 AN B 4 B 2 i ol 3

B ARIRIR i3

© TDAERS: 7 BRIBE: < 600 FRUMVREMIARME Y
Q/, <200 Q/ (Van Der T

Paw J7ik)
© EIEJRSAETR: Transm.
>80% 400 nanometer
o 0% ) A 24 9 A E R st
pRrEICES
© EHRMIL B, T,
L B

Y BRI

© THRERELL © 100%BHESUVE,
P AN

o HAYHGERIE: 2-4K, 1.0 g

Cu /m?

A

el R 45
15 SRR IR (K15 70 W SEME J 11> HRARSEM B S B U SR S A
8 er— GLASS PERFORMANCE DAYS CHINA 2010

www.gpd.fi D [ BB T 4



o]
=

—Blank
95 4 ——AR Coating | —
3
g
el
|
§ 89 NN,
o W
87
85
83
250 700 1150 1600 2050 2500
Wavelength (nm)
K6
FEAPE SR L ENRIT SR R St i T Ot &
100
§ 80 =
=]
4 80
£
£ 40 /
= i
-
e 20
0 —
250 300 350 400 450
Wavelength (nm)
K8

UV IR J2 348~ 149A 22 W) BV AE AP 45 31t B kA4 I

AT 22 9 LR 15 B Rl
°§%%%@ﬁ\%ﬁ\ﬁﬁ

© AR EN1092-2 5 1tE

H 41 B A KR 2 (K
WEARE) o FIHGKEAR,
T = KRR A S N 15 B
SERIThRE. B 413 T3
TETERRAIK 2, nf U Et K10
FRIGURPERE . BRI 4l
R BIPRFA, & ASFE RN
TAEREARK TR, WA g,
R /3 o LT (R K A RN 4
S NS I

7E H 225 /N F500 40 K (1) i 45
IR, 4 TR B R o
PRR ISR . 2 [E (R )2
FH A 75 RmS 1 Xn 46 #4) 1) Y 12 43
T AR AR B T

EEIEIN ey

100

o @
o O

c
o

7]

h

; lh/
g 40

§ i

-

=

7
UV 5402 348101 22 19 BT RIAE 445 31k 3 Ak 1

N
(=]

- J

250 300 350 400 450

o

Wavelength (nm)

=
K9
BNV IR L 22 W BRI TCOYAR J2 1137 R 414 v s ) i <)

2 ms s

33

.
S

% Transmission
, © s 28

T
o5
=

700 150 1600 2050 2500
Wavelength (nm)

TR AL, 622 KV IR, 690°C 5534l

R A
| N
S S 0\(\ R R
AN / | |
HO™ | ToH o0 ‘o 0—Si— 0—8—0
OH | |
3H,0
OH OH o) o)
| | _ | |

| Glass Substrate | | Glass Substrate |

GLASS PERFORMANCE DAYS CHINA 2010

Hh BRI TR 2

9
www.gpd.fi



R RS, H10-307M kR
F, mn=4 , XN EKE, B
FsE 4 3 R G ik ok 1 o

AJ LA 2 AT W% R K T-98% 1)
BB ME ] WLE R E . ROT- M
PR RE PR T RE R, nTLARIK
B, AR K AEIM I RE,
BERMYUG SiEas mrker.
BURRE BE B0 HE T #2475 P RE19 21 4
fRre AN AR 7 BIE mhld,  UVOL,
A2 JES A R LA R 1 S A BT vt 2
R AAZ I LSy IR . (HIX e
JEAR T Ty AR P s BB A, AR
KO W L.

Ultraseal™

Rk, SR ERE, R
IR Z

« HHIESG, VSG, 16U, , A
CWoRBE) » s MBER

TV B 3 S T R
Clarity UltraSeal™ AB , 0
@M¢@@%%ﬁﬁ%@%%

WA 7 ASTM D1894 )i
150224 /43 %0, 20008 F4&, 2.5
Dl (16, 17K .

S B FRPERRA | ZIEE R
B

D 0.34 0.28
Heti

UltraSeal AB 0.19 0.17
712

iUl traSeal

ABSIRE 0.13 0.12

Defender ™

MRV ERI RS, LT .
B P R RE WL . R A

Mh e m AE L 34%, X 34%fE
AR INE LA P SN AN S P
F£60 mph, ABELEAIMAISS v
JG SRR ZE B P32 5l e i
ML IR . AR B DIE RIS LA
MU, ARG Y B

%L%W%%%ﬁ@ﬁ?ﬁﬁ%

Ko
BMRTRZ Dl i ~ e
F il BERUVG I

K12

WRJZ LKA R AL 5 28328 T DAL W R

K13
2 A PP AR T R VR 2 I R EE

PURFMIAL AN P e HER T
247K, NaOH, KOH, FiCa (OH) , Ji
NE) B R RBC LT
AH,S0,, HNO,, A1 HCLFREH 1T}
VAo I B RN 2 B B
. BB (C1,No,, HSO, ) il
FHEsf- (H+, NH+, K+, Na+, and
Cat+) [RIR4EH, PH=1. MRAHT, ¥
W RIS, MR
L BIFI . B2 AR
PR, 80° C, 30%04f, 4K
JEPYE T, AE80° CHET-304 44,
00 E S Y I R 2K Ak A
Clarity Defender™:R1fi ff) Bl B 101
BOEEEBEAT S . 7E

(FINaCT VI 2N NN o S T
FIVSEZIG J5 1N 7N DA R SIS J5 27 718
A K A Ak A

[k BATIRE
SR 970 490
BAHLIA NN G 980 380
BL2AN NN R 940 290

DIN 58196-2

WK NA-6043 i

DIN 50017 KK PR o OSBRI S, 40°CF, 144/M
HEL SR 25 5 HEIR: 20
DIN 58196-5 i AR IR HLARAT 50 MR IR

DIN 58196-6-K2

G EEPARIIIEN

uv ot

S0ANMEBIGINR, 1.1 kw, 820 W/m2

AR

40°C (2 /M) F 93°C( 2/hI) ; 5AMIEIR

AT e fE

B, S, E e, WORE, FUOR-1023 Bl

EnergySlayer ™

T ol e TRA S ik /D> R B 7 Ay o
LR R B, R
Y T B T s ) T B
DRERE s LI AT, | <40%
o BENT 250K, Bellifh3ian
BGPVB L. miffRE WEE, JiEgY
KAIAF85%. I IR Z IS
WLGE R GEIA B 55%F70%. 1
DL I — J2 50294 2 0 6
WePERE. 900 —2500 nmff) 4 4R
B, WORCRBEIA F|95% LA L, fE
FH$495% L LUV,

WETRAWE B 413 g5 [ 4k .
Lotus—effect ™ [ & i B

10
www.gpd.fi

(- GLASS PERFORMANCE DAYS CHINA 2010
I

/
|

A BRI TR 2



e

DIRERE i

MK Bt

EEE

Betf: MEATHLHLAL, 567 3%

3, B Z TR SR 5
I P BE i 1 B

4iie

WA IR 2 A5 8 5
SN Loy an; D)Fl B

i,

KL BB By

Jri s SRR AT B EE AR
%, T HE™ H A B BN
L A o

85371, K RAT BN AEL Y B 36
TN ity A it 2 AR AN 22 5 1) 7
X RAARMRIRZ BB Trik
KA AEANF ) ) 2o XA
RIEANTEN G R REA RN
KIRJZ 5 o

References

(1]
(2]

(3]

(4]

(5]

(6]
(7

source ARKEMA, ICCG7 2008

M. Lottiaux, C. Boulesteix, G. Nihoul et al., Thin
Solid Films 17071989.107

H.K. Pulker, Coatings on Glass, Elsevier, 1984,
p. 64-275

M. Baumann, K. Fritsche, G. Sakoske, G.
Tuenker, “Easy Printable Nano Coatings for
Glass”, Glass Processing Days, Finland 2005, p.
193-195.

B. Singh, R. Subramaniam, US Patent
5,078,791, Jan 7, 1992

NanoFilm Ltd, Valley View OH.

M. Baumann, G. Sakoske, L. Poth, G. Tuenker,
“Learning From the Lotus Flower- Selfcleaning
Coatings on Glass”, Glass Processing Days,
Finland 2003, p. 330-333.

QUV Accelerated Weatherometer Exposure Results

8

N

—

Average Water Contact Angle (°)

60 \
40
20
0 T T T T
start 200 400 800 1200 1600 2000
Exposure (hrs)
14

QUV s AL IR 5 ML

Acid Rain Test

%15
Ay BACKRZEIA 0
355 "
90 -
2 80
& 70
g 60
S 50
; 40
§ 30
20
10 -
ol
K16

PET_L 4l Ky |2 1 1)k

[ Before Test
B After Test

Ultraseal ABS

Defender

Control

Optical Comparison of Window Films on PET

B N e

70 4
60 4
50 4

40 4

%T

30 4

20 4

10 1

—Energy-Slayer
= Competitor A
= Competitor B

-10 <
300

800 1300
nm

1800

2300

(

BNEE S MRS P

— GLASS PERFORMANCE DAYS CHINA 2010

11
www.gpd.fi



