
EP 0 375 110 B1 Description This invention relates to a method for making
glass articles with defect-free surfaces and soluble glasses therefor. 5
U. S. Patent No. 4,102,664 provides the basic disclosure of a method for
making glass articles exhibiting defect-free surfaces which can be
equivalent in smoothness to that produced through a polishing operation. As
is explained therein, the method comprises five general steps: (1) two
glass forming batches of different compositions are melted, one batch for a
glass which is highly soluble in a given solvent and the second batch for a
glass which is relatively insoluble in the same solvent; 10     (2) these
molten batches are simultaneously brought together while in the fluid
state, I.e., at viscosities no higher than 2.5x[err] poises, to form a
laminated glass body wherein the insoluble glass is covered by the soluble
glass; (3) the glass layers are fused together at a temperature where they
are sufficiently fluid to provide an in- terface therebetween which is
defect free; 15     (4) the laminated article is cooled; and thereafter (5)
the soluble glass layer is dissolved away in an appropriate solvent. As is
apparent from the above description, the basic concept of the process
involved forming a glass body of a desired geometry having a main or core
glass portion substantially enveloped within a skin of a second glass, this
second glass having a composition exhibiting high solubility in a
particular liquid. Hence, the core 20   body is not exposed to any
environmental abuse during the initial forming operation, during any
subsequent forming operation, or during the cooling operation. Accordingly,
it is protected from the occurrence of mechan- ical and/or chemical surface
flaws inherently produced in glass forming processes. Consequently, an
essen- tially pristine, defect-free surface on the core glass portion
results when the skin glass is dissolved away. The most basic requirement
underlying the efficacy of the patented method is the presence of two glass
25  compositions exhibiting very different solubilities in a particular
solvent. As observed there, the skin glass will be at least ten times more
soluble than the core glass, and preferably greater than 100 times more
soluble. Whereas the disclosure of the patent posited the operability of
forming a body glass demonstrating high resis- tance to attack by bases and
a skin glass highly soluble in alkaline solutions, and the operability of
forming a core glass exhibiting high resistance to attack by hydrofluoric
acid and a skin glass highly soluble in hydrofluoric 30  acid, the most
practical combination of glasses was deemed to contemplate a body glass
designed for resis- tance to water and/or dilute acids and a skin glass
highly soluble therein. The patent disclosed three glasses illustrative of
suitable body glasses: the first had a composition gen- erally within the
alkali metal, alkaline earth metal (predominantly Sr) silicate system; the
second was composed generally of alkali metal aluminosilicate; and the
third consisted principally of alkali metal zinc silicate. As illus- 35
trative of operable skin glasses, the patent referred to glasses having
compositions in the following systems: alkali metal silicates; various
metaphosphate-type compositions; barium borosilicates; and various
borate-ba- sed compositions. In a preferred embodiment the body and skin
glass compositions were so selected that an exchange of ions occurred
between the two when brought into contact with each other and/or when the
lam- inated body was subsequently heat treated, that exchange enhancing the
solubility of the skin glass and/or in- 40  creasing the mechanical
strength of the core glass. As illustrations of that phenomenon the patent
noted the possible exchange of [err] ions from the skin glass with [err]
ions from the body glass, the presence of the [err] ions rendering the skin
glass more soluble, and the possible exchange of [err] ions from the skin
glass with [err] and/or [err] ions from the body glass, the presence of the
[err] ions leading to the formation of a surface layer on the body glass
having a lower coefficient of thermal expansion than the original body
glass composition. 45      With respect to processing parameters for
forming the laminated precursor glass article, the disclosure of the patent
specified the following three requirements: (a) the coefficient of thermal
expansion of the skin glass from room temperature to the set point thereof
should not exceed that of the core glass; preferably it will be somewhat
lower; (b) the viscosity of the skin glass will be equal to or somewhat
lower than that of the body glass; and 50      (c) the liquidus
temperatures of both the skin and core glasses will most preferably be
below the lamination temperature in order to avoid the occurrence of
devitrification. 



The patent expressly illustrates one forming process, viz., downdrawing In
pairs two streams of glasses of different compositions to form cane having
a core portion enveloped within a skin. However, the patent notes that
shaping of laminated articles can be performed in any conventional glass
forming practice, specifically 55   mentioning pressing, vacuum forming,
and press-and-blow. As is well recognized in the art, soda lime glass is
utilized in the fabrication of containers and window glass and, as such,
comprises by far the greatest tonnage of glass melted. The compositions of
commercial soda lime glasses vary somewhat over relatively narrow ranges of
individual components, such variations frequently 2    EP0375110B1
depending upon the batch materials employed.Atypical analysis of sheetglass
manufactured through the float glass process is reported below in weight
percent, along with several physical properties measured thereon and the
predominant crystal phase developed therein upon devitrification thereof. 5
[err]          73.33                MgO            3.91 [err]
13.69                [err]          0.11 [err]            0.03
[err]            0.15 10                  CaO             8.79
[err]         0.087 Softening  Point  ([err]        poises)
[err] Annealing  Point  ([err]  poises)
[err] 15    Strain Point  ([err] poises)
[err] Density
2.494  g/[err] Coefficient of  Thermal  Expansion  [err]
86.2x[err] Coefficient  of  Thermal  Expansion  [err]
89.6x[err] 20    Liquidus Temperature
[err] Crystal  Phase
Wollastonite 25      None of the composition systems of skin or cladding
glasses disclosed in Patent No. 4,102,664 appeared to be useful for
combination with soda lime glasses to develop defect-free surfaces thereon.
Accordingly, the primary objective of the present invention was to devise
glass compositions suitable for cladding articles pre- pared from soda lime
glass to protect the surface thereof as it is being formed into a desired
shape, but which are more readily soluble in a particular solvent than soda
lime glass, such as to be easily removable from the 30  soda lime body
shape. A second objective was to devise an Improved method for forming
laminated articles consisting of soda lime body glass and a soluble skin
glass. Summary of the Invention 35      We have determined that those
objectives can be secured through the use of skin or cladding glasses hav-
ing compositions within very narrowly-defined areas. The key requirements
for the cladding glasses are set out below: (1) A coefficient of thermal
expansion compatible with that exhibited by soda lime glass, preferably
between about 75-95x[err] over the range of [err]; 40      (2) A solubility
in a particular solvent at least 100 and, preferably, more than 1000 times
greater than that of soda lime glass; (3) A sufficient stability such that
it does not devitrify during the forming process; (4) Will preferably
contain constituents which do not react significantly with the body glass.
Hence, any reaction which may take place between the skin glass and the
soda lime body glass must not deleteriously 45      affect the soda lime
glass or adversely affect the smoothness of the body glass surface when the
skin glass is removed; and (5) A viscosity rendering it sufficiently fluid
at forming temperatures to act as a "cushion" when brought into contact
with a shaping means, thereby preventing the transfer of defects to the
surface of the body glass, but not so fluid that it flows uncontrollably.
We have determined empirically that forming of the 



50      body/skin composite articles can be conducted satisfactorily at
skin glass viscosities varying over the re- gion of about [err] poises,
depending upon the forming process employed, with a viscosity of about
[err] poises being deemed quite advantageous. In view of that finding we
have ascertained that the softening point of the cladding glass constitutes
a good reference property. Hence, our experimentation has indicated that
the softening point of the skin glass should preferably range about [err].
We have also deter- 55      mined empirically that the viscosity of the
cladding glass will most preferably be at least ten times less than that of
the base glass at the forming temperature. As was observed above, none of
the glasses tabulated in Patent No. 4,102,664 appeared to exhibit the
proper combination of melting and forming properties to be applicable as a
skin glass with soda lime glasses. 3    EP 0 375 110 B1 Thus, it was
generally found that, when the viscosities of the disclosed glasses were
satisfactory for forming with soda lime body glasses, the coefficients of
thermal expansion were generally too low. Hence, it was found generally
impossible to approximate the thermal expansion of soda lime glass, while
concurrently providing a glass demonstrating a viscosity suitable for
forming. 5       We have determined that glasses having compositions within
a narrow regime of the [err] and/or PbO- BaO-[err] system fully comply with
the five key requirements for cladding or skin glasses. That is, the
glasses exhibit: (a) coefficients of thermal expansion [err] compatible
with soda lime glass; (b) solubilities in particular solvents at least 100
times and, preferably, more than 1000 times greater than 10     that
demonstrated by soda lime glass; (c) good stability against devitrification
as illustrated by liquidi below [err]; (d) essentially no deleterious
effect upon the soda lime glass or adverse effect upon the surface smooth-
ness of the soda lime glass when removed therefrom; and (e) softening
points of about [err], preferably no higher than [err]. 15      The glasses
have base compositions consisting essentially, expressed in terms of weight
percent on the oxide basis, of 0-5%[err], 35-50% BaO, 30-50% B203, and
5-10% [err]. Where present alone, 0.75-7.5% [err] will be operable; where
present alone, 18-27% PbO has been found to be operable. It will be
appreciated, of course, that various blends of L120 and PbO can be employed
to achieve the same results; hence the expression [err] and/or PbO. The
total [err]+PbO will not exceed about 32%, however. 20      The use of a
minor amount of [err] to raise the thermal expansion of a glass, while
concurrently reducing the softening point thereof, was known to the art,
but it was very unexpected that the large additions employed here (as much
as 5 mole percent and higher) would yield glasses exhibiting sufficient
stability to resist devi- trification during the forming of laminated
shapes with soda lime core glass. The use of PbO supplies an added
advantage over the use of [err] in that the resulting glasses exhibit sub-
25  stantially lower liquidus temperatures, thereby providing more stable
glasses with better forming properties. Because of its general favorable
effect in reducing the liquidus of the glasses, the preferred compositions
will contain at least 0.5% [err]. We have also found that minor amounts of
[err] and/or [err] can be useful in modifying the properties of the
glasses. The amounts thereof will be limited to no more than about 5% with
a total not exceeding about 7%. 30      Our experimental work to date has
indicated there is little, if any, composition gradient produced between
the soda lime body glass and the above-described cladding glass. Thus,
examination of cross sections of sev- eral laminated samples through
scanning electron microscopy (SEM) has shown a very distinct separation of
the two laminae, thereby indicating no extensive diffusion taking place.
Also, electron spectroscopy forchemical analysis (ESCA) has detected no
significant change in the surface chemistry of the body glass after removal
35  of the skin glass. In general, we have ascertained thatforming and
reforming of laminated articles are preferably undertaken at temperatures
where the cladding glass has a viscosity of about 104-107 poises and the
thickness of the clad- 



ding varies between about 0.005"-0.020" ([err]0.125-0.51 mm). Skin
thickness Is important from two standpoints, cost and dimensions of the
final product. It is quite apparent that the effect on cost is directly
related to the 40  amount of skin glass that is applied and then removed.
The affect on product dimensions is related to the ge- ometry of the
desired final product and to the viscosity of the cladding glass. Hence,
for example, where a thick fluid skin glass is used, the more irregular the
shape of the product the more likely there will be a deviation from the
desired design during forming. This is easily recognized in press molding a
lens where, as the press platen contacts the laminate, the cladding layer
is displaced and flows to the top of the cavity thereabove re- 45
sulting in a lens having a truncated top. That phenomenon is minimized with
a thin skin layer; thus, a cladding layer no thicker than about 0.020"
([err]0.51 mm) is preferred. At the other extreme, a cladding layer of only
about 0.001" ([err]0.025 mm) in thickness may prove operable to protect the
surface of the body glass from defects in certain applications.
Nevertheless, a thin cladding layer having a thickness of 0.005-0.015"
([err]0.125-0.38 mm) has been found to be most preferred. 50      That the
disclosed method is highly effective in protecting the surface of a soda
lime core glass is illustrated by the example where, after press molding,
the skin glass was measured to have an average surface roughness of about
150 microinches ([err]3.8 microns); whereas, after removal of the skin
glass, the surface of the core glass was measured to have an average
roughness below about 1.5 microinches ([err]0.038 micron). 55   Prior Art
Patent No. 4,102,664 records a number of patents which are generally
relevant to the present invention. The U. S. patents referred to are:
3,023,139, 3,737,294, 3,771,983, 3,791,806, 3,849,097, 3,899,314, 4    EP 0
375 110 B1 3,926,601, and 3,989,495. French Patent No. 2,309,482 was also
noted. However, it is believed that Patent No. 4.102,664 is the most
pertinent prior art. Description of Preferred Embodiments 5 Table I records
a group of glasses illustrating the compositional parameters of the present
inventive glass- es. The compositions are expressed in terms of parts by
weight on the oxide basis. However, because the sum of the individual
components totals or very closely approximates 100, for all practical
purposes the values listed in Table I may be deemed to represent weight
percent. The actual batch ingredients can comprise any materials, 10
either the oxides or other compounds, which, when melted together, will be
converted into the desired oxide in the proper proportions. To illustrate,
in the compositions reported, [err] formed the source of [err] and [err]
the source of [err]  was included in the compositions where it was desired
to add color to the glass, thereby making it more readily visible. The
batch ingredients were tumble mixed together, charged into platinum
crucibles, lids placed onto the 15  crucibles, and the crucibles thereafter
introduced into a furnace operating at a temperature of about 1000- 1200C.
After about one hour the resulting melt was poured into a steel mold to
produce a glass slab having dimensions of about 6" x 6" x 0.5"
([err]15.25x15.25x1.25 cm), and that slab was immediately moved into an an-
nealer. Table I also recites determinations of softening point (S.P.) in
[err], annealing point (A.P.) in [err], strain point 20  (St.P.) in [err],
coefficient of thermal expansion (Exp.) over the range of [err] in terms of
x[err], and the internal liquidus temperature (Liq.) in [err], as measured
in accordance with techniques conventional in the glass art. Finally, Table
I reports the weight loss, expressed in terms of percent, exhibited by the
glasses after im- mersions, with stirring, in 1N HCl after four hours at
room temperature (RT) and after four hours in such a sol- ution at [err].
25 30 35 40 



45 50 55    EP 0 375 110 B1 Table I 5                  1         2
3         4         5        6 [err]       44.2      40.3      31.7
42.7      42.0    37.9 [err]        6.54      7.0      10.9       8.7
8.6      7.7 BaO        49.0      48.4      55.1      42.8      42.0
30.4 10 [err]       -         4.3       2.1       2.3       2.2      2.0
[err]        -         -         -         3.5       -        - [err]
-                                       5.2    - 15   PbO          -
-         -        -          -      22.1 S.P.        675       665
677       653       651      617 20   A.P.         589       577       590
552       551      529 St.P.       565       550       565       525
523      501 Exp.       66.5      80.9      85.4      78.0      87.3
71.9 Liq.        862       849       918       953       782      729 RT
44        66        59        41        55       26 [err]        100
100        81       100       100       86 30                7         8
9        10        11       12 [err]       33.1      40.5      43.5
46.8      42.0    39.0 [err]        7.4       9.1       8.9       9.5
8.0      8.5 35  BaO        36.4      44.6      43.6      37.5      46.0
48.6 [err]       1.9       2.4       2.3       2.5       2.3      2.2 [err]
-         3.5       1.7       3.7       1.7      1.6 PbO        21.2
-         -                   - 40  Co304        0.01      -         0.01
-         -        - S.P.        619       607       643       614
639      638 45    A.P.         531       524       550       525       548
548 St.P.       505       499       524       502       524      524 Exp.
81.1      84.8      81.3      77.6      80.8    85.0 Liq.        765
859       884         -       839      916 RT           30        48
56        58        45       51 [err]         71       100       100
100       100       93 55 6    EP0375110 B1 Table I (continued) 5
13           14         15          16        17        18        19 [err]
42.8        42.5        42.3       43.0       42.8      45.0      41.8
[err]            8.7         8.7        8.6         8.8       8.7       8.9
8.5 10      BaO            42.9        42.5        42.4       43.1
42.9      43.5      45.2 SrO             0.7         0.7        0.7
0.7       0.7       0.7        0.8 



[err]           2.3         2.3        2.3         2.3       2.3       -
- [err]            1.3         1.0        0.8         1.3       1.0
1.7        0.8 15     [err]           0.1          0.1        0.1         -
-         0.1       0.2 [err]             1.1         2.1        2.6
-         -          -         2.6 [err]            -           -
-          0.7       1.4        -         - 20 S.P.          637
636         639         637       635       648       646 A.P.          546
544        544         546       544       553        551 st.P.         520
517         517         520       518       528        524 25    Exp.
77.9        79.1        79.9       77.9       78.1      78.2      83.6 Liq.
820          688        833         733       834       912        890 RT
63          46          53         60        52         45        37 30
[err]          100          100        100         100       100        100
100 Impurities in the batch materials 35 As can be observed from the above
examples, a seemingly minor variation in glass composition can result in a
very significant change in the physical properties exhibited by the glass.
Thus, Examples 1-5 represent compositions within the general barium
borosilicate system disclosed in Patent No. 4,102,664. Each of those
glasses is too hard (the softening point thereof is too high) plus, in
certain instances, the glasses lack stability 40  and/or the thermal
expansion is outside the required range. A comparison of Examples 6 and 7
is of particular interest in illustrating the extreme criticality of base
glass composition in the BaO-[err] system in assuring that the desired
physical properties are obtained. Examples 18 and 19 Illustrate the
significant effect which the presence of [err] has upon the liquidus
exhibited by the glasses. Also, the absence thereof appears to result in a
hardening of the glass, as evidenced by a raising of the softening point.
Therefore, the inclusion 45   of [err] is much preferred, as is a glass
softening point below [err]. A batch for the glass of Example 9 was
compounded, charged into a platinum crucible, and then melted according to
the following procedure: (1) Melt at [err] for one hour; (2) "Cocktail" mix
(pour melt into an empty crucible and then pour back into original
crucible--repeat five 50      more times); (3) Return to [err] for 0.5
hour; (4) Cocktail mix again; (5) Return to [err] for 0.5 hour; (6)
Cocktail mix again; 55      (7) Return to [err] for 1.5 hours; and then (8)
Pour into steel mold to produce a glass slab measuring about 12"x4"x0.25"
([err]30.5x10.2x0.6 cm) and anneal. After annealing, the slabs were cut
into 4" ([err]10.2 cm) squares. 7    EP0375110B1 Because initial attempts
to laminate these flat slabs with flat squares of soda lime glass resulted
in con- siderable air entrapment at the interface between the two glass
surfaces, the squares of Example 9 were sag- ged to a spherical shape prior
to lamination. This was achieved in the following manner: Fused silica
formers were ground to a 25" ([err]63.5 cm) radius. A light coating of BN
was sprayed onto the 5   fused silica to serve as a parting agent. The
glass squares were sagged onto the formers at a temperature slightly above
the softening point of Example 9 in accordance with the following schedule:
Heat at about 250C/hour to [err]; Hold at that temperature for 20 minutes;
and then 



Cool at about 250C/hour to room temperature. 10      Because any surface
defect on the surface of the sagged square would transferto the soda lime
body glass during the fusion of the two glasses, it was absolutely
necessary that the surface of the sagged square in con- tact with the soda
lime glass be as free of defects as possible. Therefore, the sagged squares
were ground and polished to further remove surface blemishes. Commercial
soda lime glass sheet prepared by the float process having a thickness of
about 0.153" ([err]3.9 15  mm) was cut into 4.5" ([err]11.4 cm) squares and
cleaned with a mild soap solution to remove any surface debris. Aflat plate
of fused silica was lightly sprayed with BN and then introduced into a kiln
on kiln furniture to elevate it above the floor of the kiln. The square of
soda lime glass was placed onto the fused silica plate in such a manner
that the surface of the square that had been carried by the molten tin
during the float process was in contact with the plate. The convex face of
the sagged square of Example 9 was placed upon the soda lime 20  square. A
sheet metal cylinder having a height of about 8" ([err]20.3 cm) was
positioned around that assembly and a refractory plate placed atop the
cylinder. This enclosure was made to assure uniform heating during the
subsequent lamination process. The assembly was laminated into an integral
unit by firing in an electrically-heated kiln in accordance with the
following schedule: 25        The kiln was heated at about [err]/hour to
[err]; That temperature was maintained for 15 minutes; The kiln was heated
at about [err]/hour to [err]; That temperature was held for 25 minutes; The
temperature was lowered to [err] at kiln rate; 30        That temperature
was held for 15 minutes; The kiln was cooled at about [err]/hour to [err];
and then The kiln was cooled at about [err]/hour to room temperature. As
can be observed, the top temperature employed was slightly above the
softening point of Example 9 [err]. The adhered layer of Example 9 was
ground to a nominal thickness of 0.010"-0.01 5" ([err]0.25-0.38 mm). 35
The laminated samples were reformed either by pressing or by gravity
sagging. In the following pressing experiments the laminated samples were
fired in an electrically-heated kiln util- izing a cylindrically-shaped
mold and plunger with a 1.875" ([err]4.8 cm) radius prepared from stainless
steel. The mold and plunger were lightly sprayed with BN parting agent.
Pressing was conducted at temperatures between [err]; pressing pressures
varied from 1-4 psi; and pressing times ranged from 5-20 seconds. Atypical
40  pressing schedule is set out below: Heat at about [err]/hour to [err];
Maintain that temperature for 15 minutes; (The viscosity of Example 9 is
about [err] poises at this tem- perature.) Press; 45        Cool at about
[err]/hour to [err]; and then Cool at kiln rate to room temperature. To
remove the layer of Example 9, the samples were immersed into a 1N HCl
solution at a temperature of [err] and the solution stirred continuously.
The glass removal rate was determined to be about 0.001" ([err]0.025
mm)/minute. We ascertained that a 2% by weight [err] solution operated In a
similar manner to the HCl sol- 50  ution. It will be recognized that other
concentrations of acid and other acids may be employed. Upon removal of the
Example 9 layer, a very thin layer of silica ([err]300-400[err] thick)
remained on the soda lime glass surface. This silica layer was readily
removed by immersing the sample in a 2% by weight HF solution for about 30
sec- onds at room temperature. Again, itwill be appreciated that other
concentrations of HF solutions and othertimes of immersion can be utilized.
55      As was noted above, ESCA analysis of the surface of the soda lime
glass after removal of the Example 9 glass could detect no substantial
change in the surface chemistry of the soda lime glass. The typical surface
roughness of pristine soda lime float glass is about 0.12 microinch
([err]0.003 micron). There is some very minor surface degradation of the
soda lime glass during lamination with Example 9 glass; 8 



EP 0 375110 B1 however, the surface roughness remains below 0.5 microinch
([err]0.01 micron). After pressing the soda lime glass/Example 9 glass
laminate and removal of the Example 9 glass and the thin silica layer, the
average sur- face roughness is about 1 microinch or less ([err]0.025
micron). The surface roughness of conventionally ground and polished
glassware generally resides in the vicinity of about 1 microinch
([err]0.025 micron). Hence, the 5   smoothness of soda lime glass surface
after the pressing reforming is at least equivalent to that obtained
through polishing. Whereas the above procedure was carried out applying the
glass of Example 9 onto the surface of the float glass square facing away
from the molten tin, it will be appreciated that the procedure would also
be op- erable where the soluble glass is applied to the surface of float
glass in contact with the bath of molten tin. 10      Several experiments
were also carried out wherein laminated samples were free sagged into molds
to pro- duce various shapes. The molds included a cylindrically-shaped
stainless steel mold having a radius of 1.875" ([err]4.8 cm). Other molds
utilized were an "S"-shaped stainless steel mold, a compound curved nickel
mold, and a dish-shaped graphite mold having a diameter of 2.5" ([err]6.3
cm). Some samples were also sag- ged "flat." That process was accomplished
by supporting the laminated sample at the ends thereof on 0.25" is
([err]0.63 cm) slivers of soda lime glass, and allowing the glass to free
sag onto a flat plate of fused silica. With the exception of the graphite
mold, all contact surfaces were coated with BN parting agent. In each
experiment a layer of Example 9 glass contacted the mold surface with a
layer of soda lime glass superposed thereon. The sagging was carried out in
an electrically-heated kiln at temperatures between about 730-[err]
according to the typical schedule set out below: 20        Heat at about
[err]/hour to [err]; No substantive hold at that temperature; Cool at kiln
rate to [err]; Cool at [err]/hour to [err]; and Cut off electric power to
kiln and let cool to room temperature with samples retained therewithin. 25
After removal of the Example 9 glass layer through immersion in 1N HCl
solution at [err] and removal of the thin silica layer through immersion in
2% by weight HF solution, the average surface roughness of the soda lime
glass was again less than 1.5 microinches ([err]0.038 micron) and, hence,
at least equivalent to that obtained through polishing. Whereas the
above-described experiments involved laminating an individual, integral
body of soda lime 30  glass with a glass body of the present invention at a
temperature at which at least the latter glass is in fluid form, it will be
recognized that, in like manner to the disclosure of Patent No. 4,102,664,
bodies of the two glass- es in the form of streams can be
broughttogetherwhile in the fluid state, i.e., at viscosities no higher
than about [err] poises, to form a laminated article. Hence, it is only
necessary that the soda lime glass and a glass of the instant invention be
brought into contact with each other while at least the latter glass is in
the fluid state, such 35  that a surface of the soda lime glass is covered
with a glass of the present invention. Furthermore, although the
above-described experiments involved contacting only one side of a soda
lime glass body, It must be ap- preciated that, where desired, an
additional side of a soda lime glass body can be contacted or the body
totally enveloped within a glass of the present invention. Also, despite
the fact that in the above-described experiments the entire laminate was
immersed into dilute aqueous acid solution, it must be realized that It is
only necessary 40  for the soluble glass of the present Invention to be so
contacted; the entire laminate does not need to be con- tacted therewith.
Moreover, whereas aqueous solutions of mineral acids such as HCl, [err],
and [err] com- prise the preferred solvents from an economic standpoint, It
can be appreciated that other solvents may be used; for example, solutions
of organic acids will also be operable. 45 Claims 1. A method for preparing
a soda lime glass article having at least one surface which is essentially
defect free and is at least equivalent in smoothness to a polished surface
which comprises the steps of: 



50        (a) bringing into contact with each other a body of a soda lime
glass and a body of a glass consisting essentially, expressed in terms of
weight percent on the oxide basis, of 0.75-7.5% [err] and/or 18-27% PbO,
the total [err]+PbO not exceeding 32%, 35-50% BaO, 0-5%[err], 30-50% [err],
and 5-10% [err], said glass having a softening point between [err], a
coefficient of thermal expansion compatible with that of soda lime glass,
and being at least 100 times more soluble in a particular solvent than soda
55        lime glass, said contact being at a temperature wherein at least
said more soluble glass is in fluid form to produce a laminate having an
interface between said glass bodies which Is essentially defect free; (b)
cooling said laminate; and then (c) contacting said laminate with an acid
solution to dissolve away said more soluble glass whereby 9    however, the
surface roughness remains below 0.5 microinch ([err]0.01 micron). After
pressing the soda lime glass/Example 9 glass laminate and removal of the
Example 9 glass and the thin silica layer, the average sur- face roughness
is about 1 microinch or less ([err]0.025 micron). The surface roughness of
conventionally ground and polished glassware generally resides in the
vicinity of about 1 microinch ([err]0.025 micron). Hence, the 5
smoothness of soda lime glass surface after the pressing reforming is at
least equivalent to that obtained through polishing. Whereas the above
procedure was carried out applying the glass of Example 9 onto the surface
of the float glass square facing away from the molten tin, it will be
appreciated that the procedure would also be op- erable where the soluble
glass is applied to the surface of float glass in contact with the bath of
molten tin. 10      Several experiments were also carried out wherein
laminated samples were free sagged into molds to pro- duce various shapes.
The molds included a cylindrically-shaped stainless steel mold having a
radius of 1.875" ([err]4.8 cm). Other molds utilized were an "S"-shaped
stainless steel mold, a compound curved nickel mold, and a dish-shaped
graphite mold having a diameter of 2.5" ([err]6.3 cm). Some samples were
also sag- ged "flat." That process was accomplished by supporting the
laminated sample at the ends thereof on 0.25" 15  ([err]0.63 cm) slivers of
soda lime glass, and allowing the glass to free sag onto a flat plate of
fused silica. With the exception of the graphite mold, all contact surfaces
were coated with BN parting agent In each experiment a layer of Example 9
glass contacted the mold surface with a layer of soda lime glass superposed
thereon. The sagging was carried out in an electrically-heated kiln at
temperatures between about [err] according to the typical schedule set out
below: 20        Heat at about [err]/hour to [err]; No substantive hold at
that temperature; Cool at kiln rate to [err]; Cool at [err]/hour to [err];
and Cut off electric power to kiln and let cool to room temperature with
samples retained therewithin. 25      After removal of the Example 9 glass
layer through immersion in 1N HCl solution at [err] and removal of the thin
silica layer through immersion in 2% by weight HF solution, the average
surface roughness of the soda lime glass was again less than 1.5
microinches ([err]0.038 micron) and, hence, at least equivalent to that
obtained through polishing. Whereas the above-described experiments
involved laminating an individual, Integral body of soda lime 30   glass
with a glass body of the present invention at a temperature at which at
least the latter glass is in fluid form, it will be recognized that, in
like manner to the disclosure of Patent No. 4,102,664, bodies of the two
glass- es in the form of streams can be brought together while in the fluid
state, i.e., at viscosities no higher than about 107 poises, to form a
laminated article. Hence, it is only necessary that the soda lime glass and
a glass of the instant invention be brought into contact with each other
while at least the latter glass is In the fluid state, such 35  that a
surface of the soda lime glass is covered with a glass of the present
invention. Furthermore, although the above-described experiments involved
contacting only one side of a soda lime glass body, it must be ap-
preciated that, where desired, an additional side of a soda lime glass body
can be contacted or the body totally enveloped within a glass of the
present invention. Also, despite the fact that in the above-described
experiments 



the entire laminate was immersed into dilute aqueous acid solution, it must
be realized that it is only necessary 40  for the soluble glass of the
present invention to be so contacted; the entire laminate does not need to
be con- tacted therewith. Moreover, whereas aqueous solutions of mineral
acids such as HCl, [err], and [err] com- prise the preferred solvents from
an economic standpoint, it can be appreciated that other solvents may be
used; for example, solutions of organic acids will also be operable. 45
Claims 1.  A method for preparing a soda lime glass article having at least
one surface which is essentially defect free and is at least equivalent in
smoothness to a polished surface which comprises the steps of: 50
(a) bringing into contact with each other a body of a soda lime glass and a
body of a glass consisting essentially, expressed in terms of weight
percent on the oxide basis, of 0.75-7.5% L120 and/or 18-27% PbO, the total
Li2O+PbO not exceeding 32%, 35-50% BaO, 0-5%[err], 30-50% [err], and 5-10%
[err], said glass having a softening point between [err], a coefficient of
thermal expansion compatible with that of soda lime glass, and being at
least 100 times more soluble in a particular solvent than soda 55
lime glass, said contact being at a temperature wherein at least said more
soluble glass is in fluid form to produce a laminate having an interface
between said glass bodies which is essentially defect free; (b) cooling
said laminate; and then (c) contacting said laminate with an acid solution
to dissolve away said more soluble glass whereby 9    EP 0 375 110 B1 said
surface of said soda lime glass from which said more soluble glass has been
removed is rendered essentially defect free and is at least equivalent in
smoothness to a polished surface. 2.  A method according to claim 1 wherein
said more soluble glass exhibits a coefficient of thermal expansion 5
over the temperature range 25-300C between about 75-95x[err] and a
softening point below [err]. 3.  A method according to claim 1 wherein said
more soluble glass contains at least 0.5% [err]. 4. A method according to
claim 1 wherein said more soluble glass also contains up to 7% total of at
least 10      one alkali metal oxide selected from the group consisting of
0-5% [err] and 0-5% K20. 5.  A method according to claim 1 wherein said
more soluble glass is at a viscosity of about [err] poises when said soda
lime glass and said more soluble glass are brought into contact with each
other. 6. A method according to claim 1 wherein said laminate is heated to
a temperature at which said more soluble 15      glass exhibits a viscosity
between 104-107 poises to form said laminate Into a shape of a desired
geometry prior to contacting said laminate with an acid solution. 7.  A
method according to claim 1 wherein said solvent is a mineral acid. 20  8.
A method according to claim 7 wherein said mineral acid is selected from
the group consisting of HCl and [err]. 9.  A method according to claim 1
wherein said laminate consists of soda lime glass in the form of a flat
sheet wherein said more soluble glass is in contact with at least one
surface thereof. 25  10. A method according to claim 1 wherein said
laminate has a shape of a desired geometry and said more soluble glass is
in contact with the entire surface of said soda lime glass body. 30
PatentansprOche 1.  Verfahren zur Herstellung eines Gegenstandes aus
Natronkalkglas mit wenigstens einer Oberflache, die im wesentlichen
fehlerfrei ist und in ihrer Glatte einer pollerten Oberfliche wenigstens
gleichwertig ist, umfassend die folgenden Schritte: a) das miteinander
Inkontaktbringen eines K6rpers aus einem Natronkalkglas und eines KMrpers
aus einem Glas, bestehend im wesentlichen, ausgedrUckt in Gew.-% auf
Oxidbasis, aus 0,75 bis 7,5 % L120 und/oder 18-27 % PbO, wobei der
Gesamtgehalt an Li2O+PbO nicht Ober 32 % liegt, 35-50 % BaO, 0- 5 % AJ203,
30-50 % B203 und 5-10 % SiO2, wobei das Glas einen Erweichungspunkt
zwischen 575- 6500 C aufweist, elnen Warmeausdehnungskoeffizienten, der mit
dem des Natronkalkglases kompa- 



tibel ist, und in einem bestimmten L6sungsmittel wenigstens 100 mal
16slicher ist als Natronkalkglas, 40         und wobel der Kontakt bei
einer Temperatur staftfindet, be! welcher wenIgstens das lasllchere Glas in
flussiger Form vorliegt, um ein Laminat mit einer GrenzfIache zwischen den
Glask6rpern herzustellen, die im wesentlichen fehlerfrei ist; b) Abkuhlen
des Laminates und anschlier~end c) Inkontaktbringen des Laminates mit einer
Saurelosung, um des l6slichere Glas abzulosen, wobel die Oberflache des
Natronkalkglases, von welcherdas loslichere Glas entfernt wurde, im
wesentlichen feh- lerfrei vorliegt und in seiner Glatte wenigstens einer
polierten Oberflache entspricht. 2.  Verfahren nach Anspruch 1, wobei das
16slichere Gias einen Warmeausdehnungskoeffizienten Ober den
Temperaturbereich von 25-3000 C zwischen etwa 75-95x1 0-7/0C und einen
Erweichungspunkt unter 6450 50       C aufweist. 3.  Verfahren nach
Anspruch 1, wobei des 18slichere Glas wenigstens 0,5 % A1203 enthalt. 4.
Verfahren nach Anspruch 1, wobei des loslichere Glas weiterhin bis zu
insgesamt 7 % wenigstens eines 5s       Alkalimetaloxides enthilt,
ausgewAhIt aus der Gruppe, bestehend aus 0-5 % Na2O und 0-5 % K20. 5.
Verfahren nach Anspruch 1, wobel des ldslichere Glas eine Viskositit von
etWa 104-108 Poise aufweist, wenn des Natronkalkglas und das l6slichere
Gias mitainander in Kontakt gebracht warden. 10    EP 0375110B1 SI
C   L      **1* II 6.  Verfahren nach Anspruch 1, wobel das Laminat auf
sine Temperatur erhitzt wird, be! welcher das losli- chere Glas sine
Viskositatzwischen 104-107 Poise aufweist, um das Laminatvorselnem
Inkontaktbringen mit einer Saureldsung in sine Form der gewOnschten Gestalt
zu bringen. 5   7.  Verfahren nach Anspruch 1, wobei das L6sungsmittel sine
Mineralsaure ist. B.  Verfahren nach Anspruch 7, wobei die Mineralsaure
ausgewihit wird aus der Gruppe, bestehend aus HCI und H2SO4. 9.  Verfahren
nachAnspruch 1, wobei des Laminataus Natronkalkglas In Form elnerflachen
Schicht besteht, wobei das loslichere Glas in Kontakt mit wenigstens einer
seiner Oberflichen steht. 10. Verfahren nach Anspruch 1, wobei das Laminat
sine Form der gewunschten Gestalt aufweist und des loslichere Glas in
Kontakt mit der gesamten Oberflache des K6rpers aus Natronkalkglas ist. 15
Reve ndications 1. Proced6 de preparation d'un article en verre
sodocalcique possedant au moins une surface qui est es- sentiellement
exempts de defauts et qui est au mains equivalente, en ce qui concerne le
caractere lisse, 20       A une surface polie qui comprend les 6tapes
consistant A: (a) amener en contact I'un avec l'autre un corps d'un verre
sodocalclque et un corps d'un verre constitue essentiellement, exprimb en
pourcentage ponderal surla base des oxydes, de 0,75 a 7,5% de L120 et/ou 18
A 27% de PbO, le total de Li2O+PbO ne depassant pas 32%, 35 A 50% de BaO, 0
A 5% de A1203, 30 A 50% de B203, et 5 A 10% de S02, ledit verre ayant un
point de ramollissement compris entre 575 25         et 650C, un
coefficient de diatation thermique compatible avec celui du verre
sodocalclque, et etant au mains 100 fois plus soluble dans un solvent
particulier que Is verre sodocalciques, ledit contact etant effectu6 a une
temperature a laquelle au moins ledit verre le plus soluble est sous une
forms fluids pour produire un stratifie ayant une interface entre lesdits
corps de verre qui est essentiellement exempts de defaut; 30         (b)
refroidir ledit stratifie; et ensuite (c) mettre ledit stratifie en contact
avec une solution acide pour eliminer par dissolution ledit verre le plus
soluble, de maniere que ladite surface du verre sodocalcique, A partir de
laquelle ledit verre le plus soluble a ete ellmine soit rendue
essentiellement exempts de d6fauts et solt au mains equivalente, en ce qui
concerns le caractere lisse, A une surface polie. 35 



2.  Procede selon la revendication 1, dans lequel ledit verre le plus
soluble presente un coefficient de dila- tation thermique, dans la gamme de
temperatures de 250 A 300C, compris entre environ 75 et 95x1 0-YOC et un
point de ramollissement au-dessous de 645C. 40  3.  Procede salon la
revendication 1, dans lequel ledit verre le plus soluble contient au moins
0,5% de A1203. 4. Procede selon la revendication 1, dans lequel ledit verre
le plus soluble contient egalement jusqu'A 7% au total d'au mains un oxyde
de metal alcalin choisi dans le groupe constitue de 0 A 5% de Na2O et de 0
A 5% de K20. 45 5.  Procede selon la revendication 1, dans lequel ledit
verre le plus soluble se trouve A une viscosite d'environ 1 04 A 108 poises
quand ledit verre sodocalcique et ledit verre le plus soluble sont amenes
en contact l un avec I'autre. 6.  Procede solon la revendication 1, dans
lequel ledit stratifie est chauffe a une temperature A laquelle ledit verre
le plus soluble presente une viscosite comprise entre 104 et 107 poises
pour former ledit stratifie en une forms d'une geometrie souhaitee avant
d'amener ledit stratifi6 en contact avec une solution acide. 7.  Procede
salon la revendication 1, dans lequel ledit solvent est un acide mineral.
55   8.  Procede selon la revendication 7, dans lequel ledit acide mineral
est choisi dens Is groups constitue de HCI et de H2SO4. 9. Procede selon la
revendication 1, dans lequel ledit stratifie est constitue de verre
sodocalcique sous la 11    forme d'une feuille plate dans laquelle ledit
verre le plus soluble est en contact avec au moins une de ses surfaces. 10.
ProcedA selon la revendication 1, dans lequel le stratifie a une forme
d'une geometrie souhaitee et ledit verre le plus soluble est en contact
avec la surface entibre du corps de verre sodocalcique. 10 15 20 25 30 35
40 45 50 55 12    


