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COLORED ALKALI ALUMINOSILICATE 
GLASS ARTICLES 

[0001] This application claims the bene?t of priority under 
35 U.S.C. §119 of US. Provisional Application Ser. No. 
61/565,196 ?led on Nov. 30, 2011 the content of Which is 
relied upon and incorporated herein by reference in its 
entirety. 

BACKGROUND 

[0002] 1. Field 
[0003] Aspects of embodiments and/ or embodiments of 
this disclosure generally relate to the ?eld of glass materials 
technology and more speci?cally to the ?eld of alkali alumi 
nosilicate glass materials technology. Also, aspects of 
embodiments and/ or embodiments of this disclosure are 
directed to one or more of: an ion exchangeable colored glass 
composition that substantially maintains its original color 
folloWing an ion exchange treatment; an ion exchangeable, 
colorable glass composition to Which a preselected color can 
be imparted by an ion exchange treatment; an ion exchanged 
(IOX) colored glass composition; an article or machine or 
equipment of or including an IOX colored glass composition; 
and one or more processes for making an IOX colored glass 
composition. 
[0004] 2. Technical Background 
[0005] Glass articles are commonly utiliZed in a variety of 
consumer and commercial applications such as electronic 
applications, automotive applications, and even architectural 
applications. For example, consumer electronic devices, such 
as mobile phones, computer monitors, GPS devices, televi 
sions and the like, commonly incorporate glass substrates as 
part of a display. In some of these devices, the glass substrate 
is also utiliZed to enable touch functionality, such as When the 
displays are touch screens. As many of these devices are 
portable, it can be desirable that the glass articles incorpo 
rated in such devices be suf?ciently robust to tolerate impact 
and/ or damage, such as scratches and the like, during bothuse 
and transport. 
[0006] Coming GORILLA® glass, a clear alkali alumino 
silicate glass, has been a successful product due to its ability 
to achieve high strength and damage resistance. To date, this 
alkali aluminosilicate glass has been primarily used for appli 
cations that require transmission of visible light. HoWever, 
neW potential applications relating to product color(s) and/or 
aesthetics as not addressed by clear alkali aluminosilicate 
glasses. 
[0007] The problem(s) of attaining product color(s) and/or 
aesthetics are solved by one or more ion exchangeable col 
ored glass compositions that substantially maintain their 
original color folloWing an ion exchange treatment (IOX); 
one or more ion exchangeable, colorable glass compositions 
to Which one or more preselected colors can be imparted by an 
ion exchange treatment (IOX); one or more ion exchanged 
(IOX) colored glass compositions; and one or more processes 
for making one or more IOX colored glass compositions. 
Such one or more ion exchangeable colored glass composi 
tions and/or one or more ion exchangeable, colorable glass 
compositions can combine the ion exchangeability character 
istics of GORILLA® glass With the depth and breadth colors 
found in stained art glass. In aspects, such one or more ion 
exchangeable colored glass compositions exhibit colorfast 
ness folloWing an ion exchange treatment (IOX). Also, such 
one or more IOX colored glass compositions combine the 
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high strength and damage resistance of GORILLA® glass 
With the depth and breadth colors found in stained art glass. 
To that end, the forgoing one or more glass compositions 
might be utiliZed and/or incorporated, for example, in per 
sonal electronic devices as an underside or backplates and/or 
household appliances as protective shells/casings. 
[0008] Additionally, the problem(s) of attaining product 
color(s) and/ or aesthetics on an industrial scale are solved by 
the forgoing one or more glass compositions being compat 
ible With large-scale sheet glass manufacturing methods, such 
as doWn-draW processes and slot-draW processes that are 
commonly used today in the manufacture thin glass sub 
strates, for example, for incorporation into electronic devices. 

SUMMARY 

[0009] Some aspects of embodiments and/ or embodiments 
of this disclosure relate to one or more ion exchangeable 
colored glass compositions that substantially maintain their 
original color folloWing an ion exchange treatment (IOX); 
one or more ion exchangeable, colorable glass compositions 
to Which one or more preselected colors canbe imparted by an 
ion exchange treatment (IOX); one or more IOX colored glass 
compositions; and one or more processes for making one or 
more IOX colored glass compositions. 
[0010] As to some aspects relating to compositions, such 
one or more ion exchangeable colored glass compositions 
and/or such one or more ion exchangeable, colorable glass 
compositions and/or such one or more IOX colored glass 
compositions included at least about 40 mol % SiO2. As to 
other aspects, such one or more ion exchangeable colored 
glass compositions and/or such one or more IOX colored 
glass compositions include one or more metal containing 
dopants formulated to impart a preselected color (e.g., any 
one or more of any of preselected hue {e.g., shades of red, 
orange, yelloW, green, blue, and violet}, preselected satura 
tion, preselected brightness, and/or preselected gloss). 
[0011] As to other aspects, such one or more ion exchange 
able colored glass compositions and/ or such one or more ion 
exchangeable, colorable glass compositions are formulated 
so that, folloWing an ion exchange treatment (IOX), for 
example, up to about 64 hours, the IOX colored glass has at 
least one surface under a compressive stress (OS) of at least 
about 500 MPa and a depth of layer (DOL) of at least about 15 
pm. 
[0012] As to aspects relating to one or more ion exchange 
able colored glass compositions, such compositions are for 
mulated so that, folloWing an ion exchange treatment (IOX) 
up to about 64 hours, the color substantially retains its origi 
nal hue Without fading or running (e.g., is substantially color 
fast). In aspects relating to substantial color retention, a color 
difference in the CIELAB color space coordinates of a pre 
selected color of such one or more ion exchangeable glass 
compositions after an IOX treatment and before the IOX 
treatment may be characterized by AE:[{AL*}2+{Aa*}2+ 
{Ab*}2]O'5 determined from specular transmittance measure 
ments using a spectrophotometer. 
[0013] Returning to aspects relating to compositions, such 
one or more ion exchangeable colored glass compositions 
and/or such one or more ion exchangeable, colorable glass 
compositions and/or such one or more IOX colored glass 
compositions also might include SiO2 from about 40 mol % to 
about 70 mol %; A1203 comprises from about 0 mol % to 
about 25 mol %; B203 comprises from 0 mol % to about 10 
mol %; Na2O comprises from about 5 mol % to about 35 mol 
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%; K20 comprises from 0 mol % to about 2.5 mol %; MgO 
comprises from 0 mol % to about 8.5 mol %; ZnO comprises 
from 0 mol % to about 2 mol %; P205 comprises from about 
0 to about 10%; CaO comprises from 0 mol % to about 1.5 
mol %; Rb2O comprises from 0 mol % to about 20 mol %; and 
Cs2O comprises from 0 mol % to about 20 mol %. It Will be 
appreciated that one of more sub-ranges of any one or more of 
the preceding are contemplated. 
[0014] Other aspects of embodiments and/or embodiments 
of this disclosure relate to a method of making a colored glass 
article having at least one surface under a compressive stress 
(OS) and a depth of layer (DOL) and a preselected colored. 
Such method can include communicating at least one surface 
of an aluminosilicate glass article, Which has SiO2 at least 
about 40 mol %, and a bath including one or more metal 
containing dopant sources and in amounts formulated to 
impart a preselected color to the aluminosilicate glass article 
by an ion exchange treatment of the aluminosilicate glass 
article at a temperature, for example, betWeen about 350° C. 
and about 5000 C. for a suf?cient time up to about 64 hours to 
impart the compressive stress (MS), the depth of layer (DOL), 
and the preselected color at the at least one surface of the 
aluminosilicate glass. It Will be appreciated, that in some 
other aspects, the compressive stress (OS) might be at least 
about 500 MPa While the depth of layer (DOL) might at least 
about 15 pm. In aspects, a bath is formulated using one or 
more salts including one or more strengthening ion sources, 
such as, for example, a potassium source; the one or more 
metal containing dopant sources; and a melting temperature 
less than or equal to the ion exchange treatment temperature. 
In other aspects, the one or more salts might be a formulation 
of one or more of a metal halide, cyanide, carbonate, chro 
mate, a nitrogen oxide radical, manganate, molybdate, chlo 
rate, sul?de, sul?te, sulfate, vanadyl, vanadate, tungstate, and 
combinations of tWo or more of the proceeding, alternatively, 
a formulation of one or more of a metal halide, carbonate, 

chromate, a nitrate, manganate, sul?de, sul?te, sulfate, 
vanadyl, vanadate, and combinations of tWo or more of the 
proceeding. 
[0015] In any aspects relating to one or more ion exchange 
able colored glass compositions that substantially maintain 
their original color folloWing an IOX; one or more ion 
exchangeable, colorable glass compositions to Which one or 
more preselected colors can be imparted by an IOX; one or 
more IOX colored glass compositions; and/or one or more 
processes for making one or more IOX colored glass compo 
sitions, an ion exchange treatment (IOX) might be performed 
at betWeen about 350° C. and 500° C. and/or betWeen about 1 
hour and 64 hours. 
[0016] Also in any aspects relating to such one or more ion 
exchangeable colored glass compositions and/or such one or 
more ion exchangeable, colorable glass compositions and/or 
such one or more IOX colored glass compositions, a glass 
article having a thickness of up to about 1 mm or more might 
be made using such compositions. 
[0017] In any aspects relating to one or more ion exchange 
able colored glass compositions that substantially maintain 
their original color folloWing an IOX; one or more ion 
exchangeable, colorable glass compositions to Which one or 
more preselected colors can be imparted by an IOX; one or 
more IOX colored glass compositions; and/or one or more 
processes for making one or more IOX colored glass compo 
sitions, a colorant might include one or more metal containing 
dopants in amounts formulated to impart a preselected color 
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(e.g., any one or more of any of preselected hue {e.g., shades 
of red, orange, yelloW, green, blue, and violet}, preselected 
saturation, preselected brightness, and/or preselected gloss) 
to the glass. Such one or more metal containing dopants 
include, in some aspects, one or more of transition metals, one 
or more of rare earth metals, or one or more of transition 

metals and one or more of rare earth metals; in other aspects, 
one or more of one or more of Au, Ag, Cu, Ni, Co, Fe, Mn, Cr, 
V, Ti, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,Yb, and 
Lu; in still other aspects, one or more metal containing 
dopants formulated to impart a preselected color comprises 
one or more ofAu, Ag, Cu, Ni, Co, Fe, Mn, Cr, andV. 
[0018] Yet other aspects of embodiments and/or embodi 
ments of this disclosure relate to one or more methods of 

making one or more colorfast, ion exchangeable glass com 
positions as disclosed and described herein. In some aspect, 
the one or more methods impart the one or more glass articles 
With a layer under a compressive stress (OS) and a depth of 
layer (DOL), the layer extending from a surface of the glass 
article toWard the depth of layer. The one or more methods 
can involve subjecting at one surface of an alkali aluminosili 
cate glass article to an ion exchanging bath at a temperature of 
up to about 500° C. for up to about 64 hours, optionally, up to 
about 16 hours, for a suf?cient time to form the layer. In 
further aspects, the bath can comprise at least at least a colo 
rant including one or more metal containing dopants formu 
lated to impart a preselected color as disclosed and described 
herein. 
[0019] Numerous other aspects of embodiments, embodi 
ments, features, and advantages of this disclosure Will appear 
from the folloWing description and the accompanying draW 
ings. In the description and/or the accompanying draWings, 
reference is made to exemplary aspects of embodiments and/ 
or embodiments of this disclosure Which can be applied indi 
vidually or combined in any Way With each other. Such 
aspects of embodiments and/or embodiments do not repre 
sent the full scope of this disclosure. Reference should there 
fore be made to the claims herein for interpreting the full 
scope of this disclosure. In the interest of brevity and con 
ciseness, any ranges of values set forth in this speci?cation 
contemplate all values Within the range and are to be con 
strued as support for claims reciting any sub-ranges having 
endpoints Which are real number values Within the speci?ed 
range in question. By Way of a hypothetical illustrative 
example, a recitation in this disclosure of a range of from 
about 1 to 5 shall be considered to support claims to any of the 
folloWing ranges: 1-5; 1-4; 1-3; 1-2; 2-5; 2-4; 2-3; 3-5; 3-4; 
and 4-5 . Also in the interest of brevity and conciseness, it is to 
be understood that such terms as “is,” “are,” “includes,” “hav 
ing,” “comprises,” and the like are Words of convenience and 
are not to be construed as limiting terms and yet may encom 
pass the terms “comprises,” “consists essentially of,” “con 
sists of,” and the like as is appropriate. 
[0020] These and other aspects, advantages, and salient 
features of this disclosure Will become apparent from the 
folloWing description, the accompanying draWings, and the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The draWings referenced herein form a part of the 
speci?cation. Features shoWn in the draWings are meant to be 
illustrative of some, but not all, embodiments of this disclo 
sure, unless otherWise explicitly indicated, and implications 
to the contrary are otherWise not to be made. Although like 
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reference numerals correspond to similar, though not neces 
sarily identical, components and/or features in the drawings, 
for the sake of brevity, reference numerals or features having 
a previously described function may not necessarily be 
described in connection With other draWings in Which such 
components and/ or features appear. 

[0022] FIG. 1 shoWs a matrix of photographs (Which have 
been converted from color to black-gray-White) illustrating a 
retention of original hue Without fading or running (e.g., 
colorfastness) of ion exchangeable colored glass composi 
tions and IOX colored glass compositions made according to 
aspects of embodiments and/or embodiments of this disclo 
sure; 

[0023] FIG. 2 shoWs the compressive stress (US) as a func 
tion of ion exchange treatment (IOX) time (t [h]) at 410° C. for 
substrates of IOX colored glass compositions (i.e., Samples 
1-18) according to aspects of embodiments and/or embodi 
ments of this disclosure; 
[0024] FIG. 3 shoWs the depth of layer (DOL) as a function 
of IOX time (t [h]) at 410° C. for the substrates of IOX colored 
glass compositions (i.e., Samples 1-18) ofFIG. 2 according to 
aspects of embodiments and/or embodiments of this disclo 
sure; 
[0025] FIG. 4 shoWs the transmittance [%] as a function of 
Wavelength, 7» [nm], for the substrates of IOX colored glass 
compositions (i.e., Samples 1-6) made by an IOX at 410° C. 
for 2 [h] according to aspects of embodiments and/or embodi 
ments of this disclosure; 
[0026] FIG. 5 shoWs the transmittance [%] as a function of 
Wavelength, 7» [nm], for substrates of ion exchangeable Glass 
A colored using a iron (Fe) dopant and corresponding IOX 
colored glass compositions IOX at 450° C. for 2 [h], 410° C. 
for 32 [h], and 410° C. for 64 [h] (i.e., Samples 19, 25, & 31, 
respectively) of FIG. 1 according to aspects of embodiments 
and/ or embodiments of this disclosure; 

[0027] FIG. 6 shoWs the transmittance [%] as a function of 
Wavelength, 7» [nm], for substrates of ion exchangeable Glass 
B colored using a vanadium (V) dopant and corresponding 
IOX colored glass compositions IOX at 450° C. for 2 [h], 410° 
C. for 32 [h], and 410° C. for 64 [h] (i.e., Samples 20, 26, & 
32, respectively) of FIG. 1 according to aspects of embodi 
ments and/or embodiments of this disclosure; 

[0028] FIG. 7 shoWs the transmittance [%] as a function of 
Wavelength, 7» [nm], for substrates of ion exchangeable Glass 
C colored using a chromium (Cr) dopant and corresponding 
IOX colored glass compositions IOX at 450° C. for 2 [h], 410° 
C. for 32 [h], and 410° C. for 64 [h] (i.e., Samples 21, 27, & 
33, respectively) of FIG. 1 according to aspects of embodi 
ments and/or embodiments of this disclosure; 

[0029] FIG. 8 shoWs the transmittance [%] as a function of 
Wavelength, 7» [nm], for substrates of ion exchangeable Glass 
D colored using a cobalt (Co) dopant and corresponding IOX 
colored glass compositions IOX at 450° C. for 2 [h], 410° C. 
for 32 [h], and 410° C. for 64 [h] (i.e., Samples 22, 28, & 34, 
respectively) of FIG. 1 according to aspects of embodiments 
and/ or embodiments of this disclosure; 

[0030] FIG. 9 shoWs the transmittance [%] as a function of 
Wavelength, 7» [nm], for substrates of ion exchangeable Glass 
E colored using a copper (Co) dopant and corresponding IOX 
colored glass compositions IOX at 450° C. for 2 [h], 410° C. 
for 32 [h], and 410° C. for 64 [h] (i.e., Samples 23, 29, & 35, 
respectively) of FIG. 1 according to aspects of embodiments 
and/ or embodiments of this disclosure; 
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[0031] FIG. 10 shoWs the transmittance [%] as a function of 
Wavelength, 7» [nm], for substrates of ion exchangeable Glass 
F colored using a gold (Au) dopant and corresponding IOX 
colored glass compositions IOX at 450° C. for 2 [h], 410° C. 
for 32 [h], and 410° C. for 64 [h] (i.e., Samples 24, 30, & 36, 
respectively) of FIG. 1 according to aspects of embodiments 
and/or embodiments of this disclosure; 
[0032] FIG. 11 shoWs the internal absorbance [%] for a 1 
mm path length as a function of Wavelength, 7» [nm], for 
substrates of 10x glass compositions (i.e., Samples 37-61 
made using ion exchangeable clear Glass G) colored using a 
silver (Ag) dopant by IOX at 410° C. for 8 [h] using a 5 Wt % 
AgNO3-95 Wt % KNO3 bath according to aspects of embodi 
ments and/or embodiments of this disclosure; and 
[0033] FIG. 12 shoWs a detail of the internal absorbance 
[%] for a 1 mm path length as a function of Wavelength, 7» 
[nm], of FIG. 11 for substrates of 10x glass compositions 
(i .e., Samples 37-61 made using ion exchangeable clear Glass 
G) colored using a silver (Ag) dopant by IOX at 410° C. for 8 
[h] using a 5 Wt % AgNO3-95 Wt % KNO3 bath according to 
aspects of embodiments and/or embodiments of this disclo 
sure 

DETAILED DESCRIPTION 

[0034] In the folloWing description of exemplary aspects of 
embodiments and/or embodiments of this disclosure, refer 
ence is made to the accompanying draWings that form a part 
hereof, and in Which are shoWn by Way of illustration speci?c 
aspects of embodiments and/or embodiments in Which this 
disclosure may be practiced. While these aspects of embodi 
ments and/or embodiments are described in su?icient detail 
to enable those skilled in the art to practice this disclosure, it 
Will nevertheless be understood that no limitation of the scope 
of this disclosure is thereby intended. Alterations and further 
modi?cations of the features illustrated herein, and additional 
applications of the principles illustrated herein, Which Would 
occur to one skilled in the relevant art and having possession 
of this disclosure, are to be considered Within the scope of this 
disclosure. Speci?cally, other aspects of embodiments and/or 
embodiments may be utiliZed, logical changes (e.g., Without 
limitation, any one or more of chemical, compositional {e.g., 
Without limitation, any one or more of chemicals, materials, . 
. . and the like}, electrical, electrochemical, electromechani 
cal, electro-optical, mechanical, optical, physical, physio 
chemical, . . . and the like) and other changes may be made 
Without departing from the spirit or scope of this disclosure. 
Accordingly, the folloWing description is not to be taken in a 
limiting sense and the scope of aspects of embodiments and/ 
or embodiments of this disclosure are de?ned by the 
appended claims. It is also understood that terms such as 
“top,” “bottom,” “outWard,” “inWard,” . . . and the like are 
Words of convenience and are not to be construed as limiting 
terms. Also, unless otherWise speci?ed herein, a range of 
values includes both the upper and loWer limits of the range. 
For example, a range of about 1-10 mol % includes the values 
of1mol% and 10 mol %. 
[0035] As noted, various aspects of embodiments and/or 
embodiments of this disclosure relate to an article and/or 
machine or equipment formed from and/ or including one or 
more IOX colored glass compositions of this disclosure. As 
one example, an ion exchangeable, colored glass composi 
tions; ion exchangeable, colorable glass compositions; and/or 
IOX colored glass compositions might be used in a variety of 
electronic devices or portable computing devices, Which 
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might be con?gured for Wireless communication, such as, 
computers and computer accessories, such as, “mice”, key 
boards, monitors (e.g., liquid crystal display (LCD), Which 
might be any of cold cathode ?uorescent lights (CCFLs 
backlit LCD), light emitting diode (LED-backlit LCD) . . . 
etc, plasma display panel (PDP) . . . and the like), game 
controllers, tablets, thumb drives, external drives, White 
boards . . . etc.; personal digital assistants (PDAs); portable 
navigation device (PNDs); portable inventory devices (PlDs); 
entertainment devices and/or centers, devices and/or center 
accessories such as, tuners, media players (e.g., record, cas 
sette, disc, solid-state . . . etc.), cable and/or satellite receivers, 
keyboards, monitors (e.g., liquid crystal display (LCD), 
Which might be any of cold cathode ?uorescent lights 
(CCFLs-backlit LCD), light emitting diode (LED-backlit 
LCD) . . . etc, plasma display panel (PDP) . . . and the like), 

game controllers . . . etc.; electronic reader devices or e-read 

ers; mobile or smart phones . . . etc. As alternative examples, 

an ion exchangeable, colored glass compositions; ion 
exchangeable, colorable glass compositions; and/ or IOX col 
ored glass compositions might be used in automotive, appli 
ances, and even architectural applications. To that end, it is 
desirable that such ion exchangeable, colored glass compo 
sitions and ion exchangeable, colorable glass compositions 
are formulated to have a suf?ciently loW softening point and 
a suf?ciently loW coe?icient of thermal expansion so as to be 
compatible With to shaping into complex shapes. 
[0036] As to some aspects relating to compositions, such 
one or more ion exchangeable colored glass compositions 
and/or such one or more ion exchangeable, colorable glass 
compositions and/or such one or more IOX colored glass 
compositions included at least about 40 mol % SiO2. As to 
other aspects, such one or more ion exchangeable colored 
glass compositions and/or such one or more IOX colored 
glass compositions include one or more metal containing 
dopants formulated to impart a preselected color (e.g., any 
one or more of any of preselected hue {e.g., shades of red, 
orange, yelloW, green, blue, and violet}, preselected satura 
tion, preselected brightness, and/ or preselected gloss). 
[0037] As to aspects relating to one or more ion exchange 
able colored glass compositions, such compositions are for 
mulated so that, folloWing an ion exchange treatment (IOX) 
up to about 64 hours, the color substantially retains its origi 
nal hue Without fading or running (e.g., is substantially color 
fast). In aspects relating to substantial color retention, a color 
difference (AE:[{AL*}2+{Aa*}2+{Ab*}2]O'5) in the 
CIELAB color space coordinates of a preselected color of 
such one or more ion exchangeable glass compositions after 
an IOX treatment and before the IOX treatment determined 
from specular transmittance measurements using a spectro 
photometer include: 

[0038] 1. up to about 8.2 When measurement results 
obtained betWeen about 200 nm-2500 nm are presented 
in CIELAB color space coordinates for an observer 
angle of 10° and a CIE illuminant A; or 

[0039] 2. up to about 9.1 When measurement results 
obtained betWeen about 200 nm-2500 nm are presented 
in CIELAB color space coordinates for an observer 
angle of 100 and a CIE illuminant F02; or 

[0040] 3. up to about 8.4 When measurement results 
obtained betWeen about 200 nm-2500 nm are presented 
in CIELAB color space coordinates for an observer 
angle of 100 and a CIE illuminant D65; or 
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[0041] 4. up to about 5.2 When measurement results 
obtained betWeen about 3 60 nm-750 nm are presented in 
CIELAB color space coordinates for an observer angle 
of 100 and a CIE illuminant A; or 

[0042] 5. up to about 6.3 When measurement results 
obtained betWeen about 3 60 nm-750 nm are presented in 
CIELAB color space coordinates for an observer angle 
of 100 and a CIE illuminant F02; or 

[0043] 6. up to about 6.5 When measurement results 
obtained betWeen about 3 60 nm-750 nm are presented in 
CIELAB color space coordinates for an observer angle 
of 100 and a CIE illuminant D65; 

[0044] alternatively, a color difference (AE:[{AL*}2+ 
{Aa*}2+{Ab*}2]O'5) in the CIELAB color space coordinates 
of a preselected color of such one or more ion exchangeable 
glass compositions after an IOX treatment and before the IOX 
treatment determined from specular transmittance measure 
ments using a spectrophotometer include: 

[0045] 1. up to about 3.5 When measurement results 
obtained betWeen about 200 nm-2500 nm are presented 
in CIELAB color space coordinates for an observer 
angle of 100 and a CIE illuminant A; or 

[0046] 2. up to about 3.6 When measurement results 
obtained betWeen about 200 nm-2500 nm are presented 
in CIELAB color space coordinates for an observer 
angle of 100 and a CIE illuminant F02; or 

[0047] 3. up to about 3.3 When measurement results 
obtained betWeen about 200 nm-2500 nm are presented 
in CIELAB color space coordinates for an observer 
angle of 100 and a CIE illuminant D65; or 

[0048] 4. up to about 5.2 When measurement results 
obtained betWeen about 3 60 nm-750 nm are presented in 
CIELAB color space coordinates for an observer angle 
of 100 and a CIE illuminant A; or 

[0049] 5. up to about 6.3 When measurement results 
obtained betWeen about 3 60 nm-750 nm are presented in 
CIELAB color space coordinates for an observer angle 
of 100 and a CIE illuminant F02; or 

[0050] 6. up to about 6.5 When measurement results 
obtained betWeen about 3 60 nm-750 nm are presented in 
CIELAB color space coordinates for an observer angle 
of 100 and a CIE illuminant D65. 

[0051] Returning to aspects relating to compositions, such 
one or more ion exchangeable colored glass compositions 
and/or such one or more ion exchangeable, colorable glass 
compositions and/or such one or more IOX colored glass 
compositions might include A1203; at least one alkali metal 
oxide of the form R20, Wherein R comprises one or more of 
Li, Na, K, Rb, and Cs; and one or more ofB2O3, K20, MgO, 
ZnO, and PZOS. In some other aspects, such one or more ion 
exchangeable colored glass compositions and/ or such one or 
more ion exchangeable, colorable glass compositions and/or 
such one or more IOX colored glass compositions also might 
include SiO2 from about 40 mol % to about 70 mol %; A1203 
comprises from about 0 mol % to about 25 mol %; B203 
comprises from 0 mol % to about 10 mol %; Na2O comprises 
from about 5 mol % to about 35 mol %; K20 comprises from 
0 mol % to about 2.5 mol %; MgO comprises from 0 mol % 
to about 8.5 mol %; ZnO comprises from 0 mol % to about 2 
mol %; P205 comprises from about 0 to about 10%; CaO 
comprises from 0 mol % to about 1.5 mol %; Rb2O comprises 
from 0 mol % to about 20 mol %; and Cs2O comprises from 
0 mol % to about 20 mol %. It Will be appreciated that one of 
more sub-ranges of any one or more of the preceding are 
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contemplated. In further aspects, in such one or more ion 
exchangeable colored glass compositions and/or such one or 
more ion exchangeable, colorable glass compositions and/or 
such one or more IOX colored glass compositions a sum of 
the mol % of R2O+Al2O3+MgO+ZnO might be at least about 
25 mol %. In still further aspects, such one or more ion 
exchangeable colored glass compositions and/or such one or 
more ion exchangeable, colorable glass compositions and/or 
such one or more IOX colored glass compositions might 
include at least one ?ning agent of one or more of F, Cl, Br, I, 
As2O3, Sb2O3, CeO2, SnO2, and combinations thereof. 
[0052] In any aspects relating to one or more ion exchange 
able colored glass compositions that substantially maintain 
their original color folloWing an IOX; one or more ion 
exchangeable, colorable glass compositions to Which one or 
more preselected colors (e.g., any one or more of any of 
preselected hue {e.g., shades of red, orange, yelloW, green, 
blue, and violet}, preselected saturation, preselected bright 
ness, and/or preselected gloss) can be imparted by an IOX; 
one or more IOX colored glass compositions; and/or one or 
more processes for making one or more IOX colored glass 
compositions. a colorant might include one or more metal 
containing dopants in amounts formulated to impart a prese 
lected color (e.g., any one or more of preselected hue {e.g., 
shades of red, orange, yelloW, green, blue, and violet}, pre 
selected saturation, preselected brightness, and/or prese 
lected gloss) to the glass. Such one or more metal containing 
dopants include, in some aspects, one or more of transition 
metals, one or more of rare earth metals, or one or more of 
transition metals and one or more of rare earth metals; in other 
aspects, one or more of one or more of Au, Ag, Cu, Ni, Co, Fe, 
Mn, Cr, V, Ti, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, and Lu; in still other aspects, one or more metal contain 
ing dopants formulated to impart a preselected color com 
prises one or more ofAu, Ag, Cu, Ni, Co, Fe, Mn, Cr, and V. 
[0053] Other aspects of embodiments and/or embodiments 
of this disclosure relate to a method of making a colored glass 
article having at least one surface under a compressive stress 
(OS) and a depth of layer (DOL) and a preselected colored. 
Such method can include communicating at least one surface 
of an aluminosilicate glass article, Which has SiO2 at least 
about 40 mol %, and a bath including one or more metal 
containing dopant sources and in amounts formulated to 
impart a preselected color to the aluminosilicate glass article 
by an ion exchange treatment of the aluminosilicate glass 
article at a temperature, for example, betWeen about 350° C. 
and about 500° C. for a suf?cient time up to about 64 hours to 
impart the compressive stress (Us), the depth of layer (DOL), 
and the preselected color at the at least one surface of the 
aluminosilicate glass. It Will be appreciated, that in some 
other aspects, the compressive stress (OS) might be at least 
about 500 MPa While the depth of layer (DOL) might at least 
about 15 pm. In aspects, a bath is formulated using one or 
more salts including one or more strengthening ion sources, 
such for example, a potassium source; the one or more metal 
containing dopant sources; and a melting temperature less 
than or equal to the ion exchange treatment temperature. In 
other aspects, the one or more metal containing dopants 
sources comprises one or more of one or more of Au, Ag, Cu, 

Ni, Co, Fe, Mn, Cr, V, Ti, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, and Lu, alternately, one or more of one or 
more of Au, Ag, Cu, Ni, Co, Fe, Mn, Cr, and V. In still other 
aspects, the one or more salts might be a formulation of one or 

more of a metal halide, cyanide, carbonate, chromate, a nitro 
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gen oxide radical, manganate, molybdate, chlorate, sul?de, 
sul?te, sulfate, vanadyl, vanadate, tungstate, and combina 
tions of tWo or more of the proceeding, alternatively, a for 
mulation of one or more of a metal halide, carbonate, chro 
mate, a nitrate, manganate, sul?de, sul?te, sulfate, vanadyl, 
vanadate, and combinations of tWo or more of the proceeding. 
[0054] Yet other aspects of embodiments and/or embodi 
ments of this disclosure relate to one or more methods of 
making one or more colorfast, ion exchangeable glass com 
positions as disclosed and described herein. In some aspect, 
the one or more methods impart the one or more glass articles 
With a layer under a compressive stress (OS) and a depth of 
layer (DOL), the layer extending from a surface of the glass 
article toWard the depth of layer. The one or more methods 
can involve subjecting at one surface of an alkali aluminosili 
cate glass article to an ion exchanging bath at a temperature of 
up to about 500° C. for up to about 64 hours, optionally, up to 
about 16 hours, for a su?icient time to form the layer. In 
further aspects, the bath can comprise at least at least a colo 
rant including one or more metal containing dopants formu 
lated to impart a preselected color as disclosed and described 
herein. 
[0055] As to other aspects, such one or more ion exchange 
able colored glass compositions and/ or such one or more ion 
exchangeable, colorable glass compositions are formulated 
so that, folloWing an ion exchange treatment (IOX), for 
example, up to about 64 hours, the IOX colored glass has at 
least one surface under a compressive stress (OS) of at least 
about 500 MPa and a depth of layer (DOL) of at least about 15 
pm. 
[0056] In any aspects relating to the one or more glass 
compositions described herein (e.g., one or more ion 
exchangeable colored glass compositions that substantially 
maintain their original color folloWing an IOX; one or more 
ion exchangeable, colorable glass compositions to Which one 
or more preselected colors can be imparted by an IOX; and 
one or more IOX colored glass compositions) and/or one or 
more processes for making one or more IOX colored glass 
compositions, an ion exchange treatment (IOX) might be 
performed at betWeen about 350° C. and 500° C. and/or 
betWeen about 1 hour and 64 hours. 

[0057] Also in any aspects relating to the one or more glass 
compositions described herein, a glass article having a thick 
ness of up to about 1 mm or more might be made using such 
compositions. 
[0058] In any aspects relating to the one or more ion 
exchangeable colored glass compositions that substantially 
maintain their original color folloWing an IOX, a colorant 
formulated to impart a preselected color (e.g., any one or 
more of any of preselected hue {e.g., shades of red, orange, 
yelloW, green, blue, and violet}, preselected saturation, pre 
selected brightness, and/ or preselected gloss) to a glass article 
is added to a glass composition. A colorant can include one or 
more metal containing dopants in amounts formulated to 
impart such preselected color. In some aspects, such one or 
more metal containing dopants can include one or more tran 

sition metals, one or more rare earth metals, or one or more 
transition metals and one or more rare earth metals. In some 

other aspects, such one or more metal containing dopants can 
include one or more of one or more ofAu, Ag, Cu, Ni, Co, Fe, 
Mn, Cr, V, Ti, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, and Lu; While in still other aspects, such one or more 
metal containing dopants can include one or more of Au, Ag, 
Cu, Ni, Co, Fe, Mn, Cr, and V. It Will be appreciated that metal 



US 2013/0136909 A1 

containing dopants might be in the form of an element (e.g., 
Au, Ag . . . etc.) and/or a compound (e.g., CuO, V205, Cr2O3, 
C0304, Fe2O3 . . . etc.).Also, such metal containing dopants 
are added in amounts formulated to impart a preselected 
color. Such amounts might be up to 5 mol % and more in any 
combination of dopants that imparts the preselect color. It Will 
be appreciated that a colorant might be added as a constituent 
of a batch of materials formulated for melting to a glass 
composition; as a constituent of an ion exchange bath formu 
lated for imparting color to While at the same time strength 
ening an ion exchangeable, colorable glass; or both. 

[0059] In any aspects relating to the one or more ion 
exchangeable colored glass compositions, a presence of cer 
tain metal containing dopants can impart color While at the 
same time enhancing one or more properties achieve by an 
ion exchange treatment. For example, a presence of iron in a 
glass can impart color While at the same time lead to an 
increase in compressive stress by increasing stress relaxation 
times in a manner similar to that obtainable to using one or 
more alkaline earth ions, such as, for example, Mg, Ca . . . etc. 

As another example, a presence of vanadium in a glass can 
impart color While at the same time lead to diffusivity 
increases in a manner similar to that obtainable to using 
phosphorous in a glass composition that, in turn, can result in 
increased depths of layers (DOLs). 
[0060] In any aspects relating to the one or more glass 
compositions described herein, including one or more of any 
of B2O3, P205, A1203, ?uorine . . . and the like in a glass 
composition can form charged species in a network of such 
composition glass that can interact With Na+ in a manner so as 
to modify one or more properties of the resultant glass. 

[0061] In any aspects relating to the one or more glass 
compositions described herein, SiO2 can be the main con 
stituent of a glass composition and, as such, can constitute a 
matrix of the glass. Also, SiO2 can serve as a viscosity 
enhancer for aiding in a glass’s formability While at the same 
time imparting chemical durability to the glass. Generally, 
SiO2 can be present in amounts ranging from about 40 mol % 
up to about 70 mol %. When SiO2 exceeds about 70 mol %, a 
glass’s melting temperature can be impractically high for 
commercial melting technologies and/or forming technolo 
gies. In some aspects, SiO2 might ranging from about 50 mol 
% up to about 65 mol %, or, alternatively, even from about 50 
mol % up to about 55 mol %. 

[0062] In any aspects relating to the one or more glass 
compositions described herein, such glass compositions 
might further include A1203. In some aspects, A1203 can be 
present in amounts ranging from about 0 to about 25 mol %; 
alternatively, from about 5 mol % up to about 15 mol %; and, 
still further, from about 10 mol % to about 20 mol %. 

[0063] In any aspects relating to the one or more glass 
compositions described herein, one or more ?uxes can be 
added to a glass composition in amounts that impart to a glass 
a melting temperature compatible With a continuous manu 
facturing process, such as, for example, a fusion doWn-draW 
formation process, a slot-draW formation process . . . and the 

like. One example of a ?ux includes NaZO, Which When 
included in appropriate amounts, can decrease not only a 
glass’s melting temperature but, also, it’s liquidus tempera 
ture, both of Which can contribute to a glass’s ease of manu 
facturing. Additionally folloWing a glass’s formation, an 
inclusion of Na2O can facilitate it’s strengthening by ion 
exchange (10x) treatment. To that end, in some aspect, Na2O 
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can be present in amounts from about 5 mol % to about 35 mol 
%, While in alternative aspects, from about 15 mol % to about 
25 mol %. 

[0064] In any aspects relating to the one or more glass 
compositions described herein, B203 might be included in 
suf?cient amounts, for example, to loWer a glass’s softening 
point. To that end, in some aspects, B203 can be present in 
amounts from about 0 to about 10 mol %; While in alternative 
aspects, from about 0 to about 5 mol % In some other aspects, 
B203 can be present in amounts from about 1 mol % to about 
10 mol %; While in still other alternative aspects, from about 
1 mol % to about 5 mol %. 

[0065] In any aspects relating to the one or more glass 
compositions described herein, P205 might be included in 
suf?cient amounts, for example, to enhance an ion exchange 
ability of a glass by shorting an amount of time that might be 
required to obtain a prespeci?ed level of compressive stress 
(Us) at a glass’s surface While either not reducing or not 
signi?cantly reducing a corresponding depth of layer (DOL) 
at the glass’s surface. For example for an ion-exchange pro 
cess performed using a salt bath having a prescribed formu 
lation at a speci?ed temperature, it has been found that an 
inclusion of P205 in a glass’s composition signi?cantly short 
ens the time required to obtain a prespeci?ed level of com 
pressive stress (Us) at a glass’s surface While not signi?cantly 
reducing a corresponding depth of layer (DOL) at the glass’s 
surface. As a corollary, it has been found for an ion-exchange 
process performed at a speci?ed temperature for a speci?ed 
time using a salt bath having a prescribed formulation, that 
When comparing a depth of layer (DOL) achieved for a glass 
composition including P205 and that achieved for a corre 
sponding glass composition having no PZOS, the DOL 
achieved for the glass including P205 is signi?cantly greater 
than the DOL achieved for the glass including no P205. To 
that end, in some aspects relating to the one or more glass 
compositions described herein, P205 may be substituted for 
some or all of any included B2O3. In aspect based on such 
cases, P205 can be present in amounts from about 0 mol % to 
about 10 mol %; alternatively, from about 0 mol % to about 5 
mol %. In some other aspects relating to the one or more glass 
compositions described herein having no B203 (i.e., the con 
centration of B203 is 0 mol %), P205 can be present in 
amounts from about 1 mol % to about 10 mol %; alternatively, 
from about 1 mol % to about 5 mol %. 

[0066] Based on the foregoing, it Will be understood that 
the constituent materials of the one or more glass composi 
tions described herein may be formulated in any one or more 
variety of combinations so as to generate glass compositions 
having softening points and/ or liquid coef?cients of thermal 
expansion compatible With techniques and/ or processes con 
?gured for forming glass articles having complex shapes. 
Also, it Would be bene?cial that such glass compositions be 
formulated to be compatible With ion exchange strengthening 
techniques so that relatively high values of depth of layer 
(DOL) and/or compressive stress (OS) might be achieved in at 
least one surface of an article made using such compositions. 
Some exemplary compositions of such one or more ion 
exchangeable colored glass compositions; such one or more 
ion exchangeable, colorable glass compositions; and such 
one or more IOX colored glass compositions have been and 
Will be described. 

[0067] As noted, one or more ion exchangeable colored 
glass compositions and one or more ion exchangeable, col 
orable glass compositions of this disclosure are formulated so 
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as to be capable of strengthening by an ion-exchange tech 
nique. For example, in some aspects, glass articles formed 
from such exemplary one or more glass compositions 
described herein may be strengthened by an ion exchange 
techniques resulting in one or more IOX colored glass com 
positions having a compressive stress (OS) greater than (>) 
about 625 MPa and a depth of layer (DOL) greater than about 
30 um; alternatively, such compressive stress (US) may be 
greater than (>) about 700 MPa. Further, glass articles formed 
from these exemplary glass compositions may be ion-ex 
change strengthened such that the one or more IOX colored 
glass compositions having a compressive stress (OS) equal to 
or greater than (>) 750 MPa; alternatively, equal to or greater 
than (>) 800 MPa; or instead, equal to or greater than (>) 850 
MPa. 

[0068] As previously described, articles and/or machines 
or equipment might be formed from and/ or including one or 
more glass compositions of this disclosure or described 
herein. For example, cover glasses for electronic devices 
might be formed using any one of a fusion doWn-draW pro 
cess, a slot-draW process, or any other suitable process used 
for forming glass substrates from a batch of glass raW mate 
rials.As a speci?c example, the one or more ion exchangeable 
colored glass compositions and one or more ion exchange 
able, colorable glass compositions disclosure and described 
herein might be formed into glass substrates using a fusion 
doWn-draW process. Such fusion doWn-draW process utiliZes 
a draWing tank that has a channel for accepting molten glass 
raW material. The channel has Weirs that open at the top along 
the length of the channel on both sides of the channel. When 
the channel ?lls With molten glass, the molten glass over?oWs 
the Weirs and, due to gravity, the molten glass ?oWs doWn the 
outside surfaces of the draWing tank as tWo ?oWing glass 
surfaces. These outside surfaces extend doWnWardly and 
inWardly While joining at an edge beloW the draWing tank. 
The tWo ?oWing glass surfaces join at this edge and fuse to 
form a single ?oWing sheet of molten glass that may be 
further draWn to a desired thickness. The fusion draW method 
produces glass sheets With highly uniform, ?at surfaces as 
neither surface of the resulting glass sheet is in contact With 
any part of the fusion apparatus. 

[0069] As an alternative speci?c example, the one or more 
ion exchangeable colored glass compositions and one or 
more ion exchangeable, colorable glass compositions of this 
disclosure and described herein may be formed using a slot 
draW process that is distinct from the fusion doWn-draW pro 
cess. In the slot-draW process molten glass is supplied to a 
draWing tank. The bottom of the draWing tank has an open slot 
With a noZZle that extends the length of the slot. The molten 
glass ?oWs through the slot/noZZle and is draWn doWnWard as 
a continuous sheet and into an annealing region. 

[0070] In some aspects relating to the one or more glass 
compositions described herein, after a glass substrate is 
formed, such glass substrate may be further processed and 
shaped into one or more complex 3-dimensional shapes such 
as, for example, a concave shape, a convex shape, another 
desired predetermined geometry . . . etc. A formation of the 

glass substrate into a glass article having any of the aforemen 
tioned complex shapes is enabled by formulating the one or 
more ion exchangeable colored glass compositions and/or 
one or more ion exchangeable, colorable glass compositions 
to be characteriZed by a relatively loW softening point and/or 
a loW liquid coef?cient of thermal. 
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[0071] As used herein, the term “ion-exchange strength 
ened” means that a glass is strengthened by one or more 
ion-exchange processes as might be knoWn in the art of glass 
manufacturing. Such ion-exchange processes can include, 
but are not limited to, communicating at least one surface of 
a glass article and at least one ion source. The glass articles are 
made using the one or more ion exchangeable colored glass 
compositions and/ or one or more ion exchangeable, colorable 
glass compositions of this disclosure. The at least one ion 
source provides one or more ions having an ionic radius larger 
than the ionic radius of one or more ions present in the glass’ s 
at least one surface. In this manner, ions having smaller radii 
can replace or be exchanged With ions having larger radii in 
the glass’s at least one surface. Communication can be 
effected at a temperature Within a range of temperatures at 
Which ion inter-diffusion (e.g., the mobility of the ions from 
the at least one ion source into the glass’s surface and ions to 
replaced from the glass’s surface) is suf?ciently rapid Within 
a reasonable time (e.g., betWeen about 1 hour and 64 hours 
ranging at betWeen about 300° C. and 500° C.). Also, typi 
cally such temperature is beloW the glass transition tempera 
ture (T8) of the glass When it is desired that, as a result of such 
communication, a compressive stress (US) and/or depth of 
layer (DOL) are attained in the glass’s at least one surface. 
Also, Some examples of ion-exchange include: ions of 
sodium (Na+), potassium (K’'), rubidium (Rb+), and/or 
cesium (Cs+) being exchanged for lithium (Li+) ions of col 
ored or colorable glass compositions including lithium; ions 
of potassium (K’'), rubidium (RbJ'), and/or cesium (Cs+) 
being exchanged for sodium (Na+) ions of colored or color 
able glass compositions including sodium; ions of rubidium 
(Rb+) and/or cesium (Cs+) being exchanged for potassium 
(K") ions of colored or colorable glass compositions includ 
ing potassium . . . etc. Some examples of at least one ion 

source include one or more gaseous ion sources, one or more 

liquid ion sources, and/or one or more solid ion sources. 
Among one or more liquid ion sources are liquid and liquid 
solutions, such as, for example molten salts. For example for 
the above ion-exchange examples, such molten salts can be 
one or more alkali metal salts such as, but not limited to, one 

or more halides, carbonates, chlorates, nitrates, sul?tes, sul 
fates, or combinations of tWo or more of the proceeding. As a 
further example for the above ion-exchange examples, such 
one or more alkali metal salts can include, but not be limited 
to, a molten salt bath including potassium nitrate (KNO3) 
communicated With the glass’s at least one surface. Such 
communication can be effected at a preselected temperature 
(e.g., betWeen about 300° C. and 500° C.) for a preselected 
time (e.g., betWeen about 1 hour and 64 hours) so as to 
effected the exchange of potassium (K") ions for any one of 
lithium (Li+) ions and/or sodium (Na+) ions in the glass’s at 
least one surface so as to strengthen it. A preselected molten 
salt bath composition for as Well as a preselected temperature 
and a preselected time at Which communication is to be 
effected can be varied depending on the magnitude of com 
pressive stress (US) and/or depth of layer (DOL) one desires to 
attain in at least one surface of the glass’s surface. 

[0072] In some aspects relating to the one or more ion 
exchangeable, colorable glass compositions described 
herein, glass articles, such as, for example, glass substrates 
and/or shaped glass articles, are simultaneously strengthened 
and colored through an ion-exchange process. In such 
aspects, an at least one ion source, in addition to providing 
one or more ions having an ionic radius larger than the ionic 






















	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Drawings
	Page 8 - Drawings
	Page 9 - Drawings
	Page 10 - Drawings
	Page 11 - Drawings
	Page 12 - Drawings
	Page 13 - Drawings
	Page 14 - Description
	Page 15 - Description
	Page 16 - Description
	Page 17 - Description
	Page 18 - Description
	Page 19 - Description
	Page 20 - Description
	Page 21 - Description
	Page 22 - Description
	Page 23 - Description
	Page 24 - Description
	Page 25 - Description
	Page 26 - Description
	Page 27 - Description
	Page 28 - Description/Claims
	Page 29 - Claims
	Page 30 - Claims

