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DECORATED
GLASS

Automotive and building applications



DECORATED GLASS

A LONG STORY

Stained glass-St Jean-Baptiste
Sainte-Chapelle Xl Century
Cf Verrerie de Saint-Just

Bulk colored G'Iass
6 Colored by selected TMOs

Planilaque™ by Saint-Gobain

Organic Painted Glass
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Vitrail des cent
visages (2015),
Strasbourg
Cathedral

Emalit™
Seralit™
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AUTOMOTIVE APPLICATION

DECORATIVE AND FUNCTIONAL REQUIREMENTS :
* Protect Gluing system from UV ageing

» Aesthetic for end user (color, opacity, gloss)

* Matching designer requirements: color, color matching
* Matching with process parametes: shaping process

* Matching system requirements (active systems,
magnetron coatings...)

Individual Marking

Complex shape

N ;
Panoramic sunroof with solar Active and passive
7 solar control, inner thermal confort (Solarbay) Optical Properties of Decorated glass

Patterned design SAINT-GOBAIN



BUILDING APPLICATIONS Wbk

DECORATIVE AND FUNCTIONAL GLASS

e |Interior decoration

Facade Aesthetics

A L = e

Cool-Lite™ - Silver solar control coating + Enameled Spandrels

8 Optical Properties of Decorated glass Individual Marking SAINT-GOBAIN



GLASS

DECORATION w
TECHNIQUES 0 -

Process for glass printing
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PRINTED GLASS

PRINTING RAW MATERIALS

<

Enamel Paste ' Medium
' (solvents,
resin)

Viscosity

. S

Pigment
£ Colour

3‘ Opacity

Particle size
=  Average = 5um
= Max >10pum

-Adhesion on glass
-Firing range
-Chemical resistance

-Glass weakening /
mechanical
robustness

-Specific properties
(anti-stick)

Viscosity/Rheology
= 10to 15 Pa.s
= Shear thinning
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Digital Ink

Particle size
Average ~ 500nm
Max <1 pum

Viscosity/Rheology

~10mPa.s at jetting Temp
Newtonian behaviour
(nwaterz 1 mpa‘s)
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PRINTED GLASS el

FROM SCREEN PRINTING .... (“"“

YOUNG

Fabric with
emulsion
(prevents paste to
pass through the

fabric)

Aluminium Frame

Menoniament 1a0ric obsenved
with & microscope

V,, [cm¥m?] = 31'—0

aol%]= 2100 ., [um] = 10000y
Percentage of open area O, %] Theoretical ink volume

Opening defines the printed design
Screen mesh tunes the fransferred thickness for shear thinning fluids
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PRINTED GLASS

FROM SCREEN PRINTING ....

Example of black enamel contour printing on windshield

Optical Properties of Decorated glass
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Individual
Marking

PRINTED GLASS

....TO DIGITAL PRINTING

Digital printing maching -
Multi or Single Pass

| -TTTTT:---?E

Printhead

Xaar 1003

3 5 70 9 10 10 150 170 190 210 20 250m

Ink droplets ) ) o
Flexible achievable design
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PRINTED GLASS Wbk

BENCH MARK OF INDUSTRIAL PRINTING TECHNIQUES Digital printing -

+ Flexibilty
+ Robustnes_s Multi material
Raw materials
. Cost
- Flexibility cycle time

Screen management

Spray | Curtain

Metal Disks for Painting

Optical Properties of Decorated glass



CHARACTERIZATION
OF DECORATED
GLASS

Laboratory vs onsite measurement
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COLOR MEASUREMENT 1l

MOBILE COLOR MEASUREMENT VS SPECTROCOLORIMETER ‘:q

Integrated L*,a*,b* color Opacity - Optical density Gloss
measurement

16 Optical Properties of Decorated glass SAINT-GOBAIN



COLOR MEASUREMENT

MOBILE COLOR MEASUREMENT VS SPECTROCOLORIMETER -

v
Lio
HL
R
/ /,/"” —
N\, //Monochromatorly /‘,‘(\‘
Pt ") )
M2 A\ /) ‘ TN
) //U\/Nis;_// Y ':",/ 7
o ? o1 I i {NIR]." "j,vflvl\\".\l\\llinochromator 1]
\= T\ Y s S
M5 \j"-ﬂ — 1" ma N SN ‘bq}_\\ .
M7, | T we
v cBM |
T B e -
P C o [ l v
RN ! R M ‘
mio [ A e S = rPMT (below PbS)
o N | B i
V ‘;)p I |M12 PB’S r\Vi ;g M13 l
| \ N 1
.;‘\,: \ SBA' : s :M12v ‘..i — 'P Mm13 |
\ Y 1 {7 - |
M10' \ &
5 f;’ié : : M11 M4 :
M8 | | |
. .. . |
Full spectrum in transmission or reflexion e e $-——- -
. . Sample compartment Detect rh t
(Perkin Elmer Lambda 1050, Agilent Cary 60) creciorcemeatmen

Optical path: through Sample or In
reflection onto sample , vs Reference
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COLOR MEASUREMENT

L*,a*,b* color scale

[lluminant D65

XYZ and LAB
—

n L luminance

\ / 4 (cd/mz)
- - [ luminous
O 1 ' dQ
P \ intensity 3
o (candela) F o
/ Q1
/7

/| 0 J

) S yi /

\ \\\ “-\,,\:\.\ / []

\\ \\\ - = I
ds y ds

E illuminance
Surface (lux)

E illuminance
Surface ( lux)
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COLOR MEASUREMENT

Soda-lime glass (2 mm) SOl
L*,a*,b* color scale . . “
s Typical transmission spectrum
1 CIE standard lluminant D65 100
: < 80f
1) 2) ¢
@]
=
73]
E 40 A
mp
C 204
°
— o . . - . - . - :
D65 iIIuminant Standard Whlte 0 500 1000 1500 2000 2500 3000 3500 4000
Wavelength A (nm)

4) Répartition spectrale energetique de Uilluminant D65 3) I

2 a0 20T Color Matching funcions — x®)
X = Z ——parre(D)T(1)AL
aa 15
A= 380 nn|
780 Composante chromatique de U'observation de référence
do 1.0
v D @M
A=380nm 05

780 d Facteur de transmission ou réflexion
Ze ) S W@ 00
A=380nm 400 500 600 700

A/nm
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COLOR MEASUREMENT Wb

ﬁb* color scale ‘:‘m
5) L¥ — llﬁf(Y/Yn) — 16 #1/3 if t> (2_69)3

o' =500 [f(X/Xn) — f(Y/Y,)]  With  f@&)={ .2

b — 200 [f(Y/Y,) — f(Z)Z,)] L2) 4 Ese

And Xn, Yn, Zn : coordinates of neutral white

; TL =90,5% R=8,2%
. L*=96 34,3
‘ 20 a*: -1 _0’4 g Vellow
e +2*Red

/ i b*=0,2 -0,56  creeng

M Transmission (%) M Réflexion extérieure (%) M Réflexion intérieure (%)

-L*Black

Example : Transparent frit onto 6mm clear glass ;
Reflection and transmission spectrum

Optical Properties of Decorated glass SAINT-GOBAIN



COLOR MEASUREMENT gl

5 L* =116f(Y/Y,) — 16 $1/3 if t> (2—69)3
a® =500 [f(X/X,) — f(Y/Ya)]  With  f(t) =

b* = 200 [£(Y/Ys) — f(Z/Z)] L2) 4 Ese

And Xn, Yn, Zn : coordinates of neutral white

+L"White

TL=0.7% R=6,7%
L*=67 31.2%
a*=-08 0.1
b*=-05 -15

e +2°Red

-a*Green =

-L*Black

Example : 20um Black enamel onto 6mm clear glass ;
Reflection and transmission spectrum
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COLOR MEASUREMENT gl
OPACITY -
Transmission oD
1 0
: : 0.5 0.3
o : 0.2 0.7
: [:— T T o1 1.0
oAy 0.05 1.3
] 0.02 1.7
! ! 0.01 2.0
: 0.005 2.3
0.002 2.7
W Transm ission (%) M Réflexion extérieure (%) B Réflexion intérieure (%) 0. 001 3.0
Optical Density = -log;o(2) = 0D = —log,(T) = ————&. " log,, T()dA
10 I, 910 (700—400) 7400 910

TL=0,7% =>0D=2,1
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COLOR MEASURFMENT

GLOSS .

/2 o
Gloss =100 * e i g
Ref g 'High gloss
F : Flux measured on the sample 2 A )
Fref - Flux measured on 2 :
v 4 o
Reference specular reflector = ‘Medium gloss
] P e s SR b s S
’;}0 ? 5| r ri
Reo \ el f B 2 ‘ 'Low gloss
0 25 50 75 100
Optical measurement: gloss index (GU)
Gloss is an optical properties which indicates how well a surface
reflects light. Measurement are standardized at 20, 60 or 85°
Ref: Optical Models for Material Appearance, M Hebert, Insitut d’Optique Graduate School Textbook
23 Optical Properties of Decorated glass
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-m-Gloss

T T T T
570 575 580 585 590 595 600 605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680
Temperature (°C)

Gloss increases with enamel sintering
Gloss decreases with enamel crystallization
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COLOR MEASUREMENT

COLOR AND ENAMEL PROCESSION AND APPLICATION

Color defines the firing range

Color (L*min < L* < L*min +1) => Firing range (T1, T2)
| i

| |

24

15

10

0

Color (L *) evolution

I ]

\ | [
.. |

\\\l Firing range ,
ﬁ

I I

I ! I I ! I 1
580 600 620 640 660 680

Processing temperature (°C)

Optical Properties of Decorated glass

, Gloss
[y
o

*
L%
O =R N W B~ U N 0O

560 570 580 590 600 610 620 630 640 650 660 670 680
()

Dried State — Underfired

enamel
Porous, heterogeneous

Low optical density
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COLOR MEASUREMENT

COLOR AND ENAMEL PROCESSION AND APPLICATION

Color defines the firing range

Color (L*min < L* < L*min +1) => Firing range (T1, T2)
| |
| |

15
S I I
= I I
o 10 — !

Firing range

o | I
* 5 ¢ >
=
N I I
% 0 I ! I I ! I 1
© 580 600 620 640 660 680

Processing temperature (°C)
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, Gloss
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O =R N W B~ U N 0O

560 570 580 590 600 610 620 630 640 650 660 670 680
()

Continuous glassy phase

Pigments encapsulation

SAINT-GOBAIN



COLOR MEASUREMENT

COLOR AND ENAMEL PROCESSION AND APPLICATION

Color defines the firing range

Color (L*min < L* < L*min +1) => Firing range (T1, T2)
| i
| |

15

§ ! |

= | |

o 10 — !

2 \\\l Firing range ,

¥ 5 ¢ >

=

— [ [

% 0 I ' I I ' I 1
Q

580 600 620 640 660 680
Processing temperature (°C)

10

, Gloss

L*,

O B N W B U1 Y N 0 O

560 570 580 590 600 610 620 630 640 650 660 670 680
T°(Q)

e Over-fired fired enamel :
Crystalization

Chemical interaction with glass

substrate
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COLOR MEASUREMENT W2k
COLOR AND ENAMEL PROCESSION AND APPLICATION “*

But also ageing resistance :

Color defines the firing range
Color (L*min < L* < L*min +1) => Firing range (T1, T2) (Li, ai, b;) =>(Ly, ag, by)
| )

' ; AE = \/(L*lf — L)2+(a} — a2+ (b} — b})?

Acceptedrange AE<1

< 15 | |
= \ I I

S 10 E— I Normalized

2 \\\l Firing range , ng;ﬁgt

¥ 5 —

=

. | [

% 0 | ' | | ' | | ACid '
© 580 600 620 640 660 680 'tﬁégerswn

w?a?:‘:?s}:‘(aw@ﬁg«@*%f‘ra\?z?sf;;'

Processing temperature (°C)

QEIL
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FROM
I\/IICROSTRUCTUE |
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FROM ENAMELED GLASS MICROSTRUCTURE TO OPTICS  «@k

v & U noemme
HOW DOES THE MICROSTRUCTURE TUNE FINAL COLOR ?
Matrice vitreuse (Fritte: Bi,O,, Cristallites (Bis(SiO4)s)
B,0,, Zn0O, SiO,, Na,O — ;
e 20 B e | Neoe(A) = n() + iK (1)
/ Pigments (CuCr,0,)
Refractive index

/)

n(A)
=A+5; (Cauchy)

=A+BA? +/_l—c2 (Herzberger)

Porosités (air)
Extinction index

k(2) [em™1] = 252 I;(A)

[ — o~ k(A)*x
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FROM ENAMELED GLASS MICROSTRUCTURE TO OPTICS lﬂ/\

OPTICAL DESCRIPTION OF CLEAR GLASS

R=100% ta,vtv,arvlae'Zdvkv"Wse ta,vtv,arv.ara,vrv,ae-4deVjcose
=tav2r e-2d,kfcos® =t 2r  3a-4d kK /cose

v fayv vV =layvTay
V \ . /
|’—\/ / i _
’/ S Airng=1

/\ —2dyk
) . / vity
L) ) // \ / Verre n,k d T =7 +t 2 rv’a " e
e\ % _ vty — Ta,v a,v -

\\: / rv!a \\ /

; Y

> tva I =

E\\/\\‘\ A AN Alr na_1 e _dvkv

L = (1=100)?

4 - a,v —
T=100% taubya@IVCOSE ¢ 4 eddykjcoss 1 =1, 5%e 20
= VRV, avivalvalayv vV !
:ta Vze-dvkvlcose :ta vzra Vze-SdevlcosB
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FROM ENAMELED GLASS MICROSTRUCTURE TO OPTICS ?*/'_

OPTICAL DESCRIPTION OF CLEAR GLASS

« Calcul de k, par mesure en e~ vky

. T=100% t=100%* (1—1,,)>
Transmission (Beer Lambert) (1=7a) 1 — 1,2 2dvky

Z*T*(ra,,,)z
Avec: 1y, = K ; 0,4 R
’ (200-R) ——k_PLC par mesure en Transmission
0,35

= 03 ———k_PLC rapport de T 2 épaisseurs
« Calcul de k, par rapportde T I = 1 In T,
a 2 épaisseurs différentes V' d,—d, \T,
0 2,=2dyky _ _ _ 2 —dyky

Avec: 1y,,%e <<I2T=100*t=100* (1—1,,)% 200 500 1300 1800 2300
A [nm]
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FROM ENAMELED GLASS MICROSTRUCTURE TO OPTICS

OPTICAL DESCRIPTION OF CLEAR GLASS

C
Formule polynomiale (Herzberger) n,(A\) = A—2A? B + "z

l

-Calcul de R, - & partir de n,(A) et k,(L):

Relation de Fresnel a I'interface Air-verre

‘r' T e
T (1+n,)?

_ (1 - nv)z

l

R

r =14y +tay

calcul

Taw * o—2dvky

1 — ra‘vze—Zdvkv

2

=100 *r

nl have been formulated bi Aiin [22, 24]

-Minimisation de I'écart R,y -Rimesuré

N. G. Sultanova, I. D. Nikolov, and C. D. Ivanov, “Measuring the refractometric characteristics of
optical plastics, ” Optical and Quantum Electronics, vol. 35, no. 1, pp. 21-34, Jan. 2003,

Optical Properties of Decorated glass

9al
‘:‘

9
3 ——R_calculé
——R_mesuré

— 7
S
<6

>

a

250 750 1250 1750 2250

A [nm]

n_Glass Ellipsometry

n_Glass
A n_Glass Appen formula

250 750 1250 1750 2250

A [nm]
e
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FROM ENAMELED GLASS MICROSTRUCTURE TO OPTICS gia*/'

OPTICAL DESCRIPTION OF CLEAR GLASS

1) Echantillon de verre nu 2) Fritte sur le verre 3) Fritte + Pigment

e W// // / W// S
N S VA Vi ﬂ L8/ @

WL SRVAVAR VAV,

E i Air n,=1 Airng=1 Airng=
[ T= 100 T= 100
! i
% 4
—100*

Verre + Fritte

dq

-~

-
-
=3

Verre +
Fritte +

Pigment

Application aux frittes et pigments

k n

* Ratio Beer-Lambert de 2

N * Méthode d’Appen
mesures de transmission a

Mi ‘ | L e s  Méthode d’'Herzberger
M|cro§tfucturg den;e, homogeéne et épaisseur 2 épaisseurs différentes g
contrblée aprés cuisson du verre
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1000
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k [cm-1]

10
1
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0,01
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FROM ENAMELED GLASS MICROSTRUCTURE TO OPTICS

OPTICAL DESCRIPTION OF CLEAR GLASS

2,3

2,2

—k_Pi t
_Pigmen 21

—k_Frit

——k_Glass
1,9

_/\// 114

400

500

600

1,7
1,6
1,5

1,3
700 800

A [nm]

A n_Pigment_Litterature

n_Frit_Herzberger
A A n_Frit Appen
n_Glass_Herzberger
A n_Glass_Appen
===-n_Glass_Ellipsometry
7y
——
400 500 600 700 800
A [nm]

Détermination de n, k = f(A) pour chaque composant de I'émail :
=> Contribution principale des pigments

Optical Properties of Decorated glass
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CONCLUSION - THANKS 9ale

« Enamel Color and absorption are mainly driven by the pigment material

=> Highly absorbing pigments embedded in glassy matrix
=> Room for independent formulation of the frit material achieving functional requirements

Thanks to the entire ACE group lead by Juliette Jamart at SGR Compiegne for reference sample
preparation, correlation with standard microstructure and fruitful discussions. Optical investigation of
enamel sub-systems was investigated in collaboration with Pr. Ch. Andraud (MNHN).
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