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1 
GLASS BEADS HAVING IMPROVED 

FRACTURE TOUGHNESS 

FIELD OF THE INVENTION 

This invention relates to glass beads that are suitable for 
use as reflective elements in roadway markings and as media 
in shot-peening and metal cleaning loose grain procedures. 

BACKGROUND OF THE INVEhTION 

Soda-lime glass 
Most commercial glasses fall into the category of silicates 

containing modifiers and intermediates. Addition of a modi- 
fier such as sodium oxide to the silica network alters the 
structure by cleaving the S i -O-Si  bonds to f o r m S i 4 N a  
linkages. Alkali silicates that have a silica:allcaLi ratio of 
0.5-3.4 are the basis of the soluble silicate $ass industry. 
Mixtures of a W  and alkaline earths gives glasses of higher 
durabilit). than the allcali silicates. These glasses are known 
as soda-lime glasses. 

The glasses commonly used for windows, bottles, auto- 
mobile windshields, and most other container and construc- 
tion uses is soda-lime glass. The actual compositions of 
soda-lime glasses are usually more complex than the tenni- 
nology "soda-lime" suggests. In addition to Na,O, CaO, and 
SiO,. these glasses may contain MgO, AL203, BaO, and/or 
K,O and various colorants. A typical soda-lime glass for- 
mulation comprises approximately 72% silica as the net- 
work former and approximately 1.115% sodium oxide. 
9-11% calcium oxide, 2-3% magnesium oxide, and 1-2% 
alumina as modifiers and fluxes. This formulation provides 
good transparency while enabling the glass to act as a 
barrier. The engineering of the composition andmethods for 
the manufacture of soda-lime glass are well known. It  is one 
os society's cheapest and most abundant manufactured 
materials. 

Because soda-lime glass is so common, glass bkads for 
reflective and impact process purposes (for cleaning and 
shot-peening) ace made from it. The bead making process 
consists of heating particles ranging in  size (maximum 
dimension) from a few microns up to a few millimeters in a 
flowing gas. The particles are heated until the surface 
tension is broken. at which point spheroidization occurs. 
Soda-lime glass is well suited to this process in terms of 
softening, annealing. and melting temperatures. 

Soda-lime glass spheres having diameters from about 1 
micron up to about 4 millimeters have long been used in a 
variety of applications in industry and transportation. An 
early application of glass beads, generally those ranging in 
size from 1.5 to 3.5 millimeters. was in the separation of 
pigments i n  connection with the process of introducing 
pigment masses into solvents in which they are to be used as 
paints. Glass beads ranging in size from 300 microns to 1 
millimeter were employed after the development of the 
motion picture in motion picture screens as reflective ele- 
ments. Glass beads in the size range 150-700 microns are 
utilized in roadway reflectivity. being seeded into marking 
paints and other binders to provide reflectivity for drivers 
travelling at night. Their contribution to highway safety has 
been documented in well-constructed tests, and theoretical 
justification for their use has been developed in scientific 
papers. Glass beads in the size range of 11-250 microns 
have been established as a leading fine abrasive medium for 
the cleaning and finishing of metals! generally substituting 
for chemical cleaning or the use of angular abrasives. Glass 
beads in the size range of 10&450 microns have been 
utilized as a shot-peening medium for the surface condition- 

ing of metals to add to theu fatigue strength and fatigue life. 
This technology has developed in the last fifteen years as a 
scientific as well as an engineering discipline. and is now 
broadly employed in the construction of fuel-efficient air- 

$ craft and aircraft engines. 
The material characteristics of the soda-lime formulations 

are desirable for reflective and impact glass beads. Soda- 
lime glass beads are typically used for removing scale and/or 
coatings from and for finishing aircraft engine parts or 

lo materials which must meet specifications for a smooth 
surface finish. Their hardness is approximately 490-510 
Knoop, their Young's Modulus is 10x106. and their refrac- 
tive index is about 1.5. With theseproperties, the material is 
sufficiently hard to shotpeen metals. That is, when blasted 
with the glass beads at sufficient velocities. metal surfaces 

l5 with hardnesses of less than Rockwelt C55-60 will move 
under the impact of the particles. This permits the use of 
glass beads as a shot-peening media and is also responsible 
for part of their cleaning action. When the metal is moved, 
the bond between the metal and scales or coatings is broken. 

20 allowing the beads to crack the scaIes or coatings and move 
them away. Glass beads also clean by friction with a stream 
of glass on the surface of a coating or contamiant. 

The hardness of the glass is also sufficient to resist the 
friction of road wear in roadway reflective applications. The 

25 glass beads are embedded in center and edgeline paints or 
plastic biders to retroreflect the light fcom automobile and 
truckheadlights. Their use on the road surface exposes them 
to enormous stresses from the tires of the vehicles which 
pass over them. 

30 Japanese patent publication IP77003612 B4 discloses 
certain highly rekactive glasses-which are not silica- 
based-for making beads. Specifically, glasses containing 
1-5% B203 andfor SO2,  0.5-5% CaO, 10-20% BaO andfor 
SrO, 20-50% PbO, and 25-55% TiO,. with PbO+Ti02= 

35 70-85%, were used for preparing glass beads for Light- 
reflecting tape or road signs. Thus. a glass melt containing 
3% SO2, 2% CaO. 10% BaO. 45% PbO, and40% TiO, was 
quenched to obtain a cullet, dried. pulverized. and heated to 
obtain a fine bead having a refractive index of 2.30. 

40 At the present time, about 500,000 metric tons of glass 
beads are utilized each year in industry and in  highway 
markings around the world. On occasion. new formulations 
of glass have been attempted, but none have met the 
qualifications of improving properties or reducing costs in 

45 the manner provided by the present invention. 
(33 glass 

With the advent of color television, personal computer 
color display units, and cathode ray tube ("CTCT") work 
stations attached to computers, an increasing amount of 

50 potentially hazardous waste has been introduced into the 
world. Color CRT tubes are manufactured by joining the 
panel, which is the front of the tube, to the funnel at the rear 
of the tube with a glass-ceramic lead frit. This technology 
was developed in the early stages of making color CRT 

55 tubes. Panel glass is a formulation based upon the normal 
constituents of alkaline glasses but with strontia, baria, and 
lead added. More specifically. panel glass is a lead glass 
containing •’corn 22% to 24% lead oxide and other conven- 
tional lead glass constituents and using potash as the prin- 

60 cipal W n e  flux rather than soda. 
Black-and-white CHT panels are typically composed of 

Si02, A1203, B,03, Li20, Na,O, K20. Ti02, and CeO,. 
Color CHT panels are typically composed of SO2. Al,O,, 
Na,O. K,O, MgO. CaO. BaO, PbO. SrO, TiO,, CeO,, 

65 As20,. and Sb,O,. Necks and funnels for color CRTs are 
typically composed of SiO,.Al2O3, Na,O, K,O, MgO. CaO, 
PbO, and SrO. 
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3 
The lead kit used to join the panels (fronts) and funnels 

(rearj of TV glass is soluble in rnild acids such as acetic acid. 
It has therefore been determined that broken W waste 
constitutes a hazardous waste in landfills. Germany, 
Switzerland. and France are considering regulations to pro- 
hibit the landfilling of consumer-owned television sets. In 
the United States, consumers are still exempt from such 
hazardous waste laws. Broken tubes and associated debris 
kom televisions manufacturing. known in the trade as "dirty 
cullet" has. however, been restricted fromlandfilling; it may 
be disposed of only after "stabilization". It is anticipated that 
eventually legislation will be necessary to prohibit the 
lanclfilling of CRT tubes. 

U.S. Pat. No. 5,273.566 teaches a process for the manu- 
facture of high hardness abrasive materials containing 
15-35% alumina. Among the waste glasses mentioned as 
sources of raw material for the process are glass wastes from 
television and cathode ray tubes. 

Japanese patent publication JP 57011846 A discloses a 
method of making glass of high refractive index that com- 
prises adding a compound of titanium, barium. zinc. or lead 
to the glass from waste cathode ray tubes and thermally 
fusing it. This is used to form glass beads having rekactive 
indices in the range 1.65-1.85. In an example, a color 
television tube is c~ushed and metallic parts are removed. 
then 129 parts of barium carbonate (100 parts ar BaO) is 
added to 100 parts of the crushed glass. rnked thoroughly, 
and fused for four hours at 1400•‹ C.. to yield a colorless 
transparent glass having a refractive index of 1.65. The glass 
beads are taught to be useful for traffic signals, etc. 
Desirable Improvements 

In the use of glass beads for impact blasting for cleaning 
and shot-peening, a critical property required for the beads 
is fracture toughness. With respect to impact beads, in 
typical shot-peening applications. the consumption in terms 
of percent per cycle for beads with diameters ranging in size 
from 420 to 600 microns is from 3.8-13.3 %/ cycle when 
achieving an Almen intensity of 0.012A2. Glass beads are 
"consumed" by k ing  shattered. As discussed elsewhere 
herein, such shattering can result in relatively large angular 
particles, which a n  damage the surface of the metal object 
being cleaned. or can create harmless powder. 

An Almen test strip is a flat piece of metal that is clamped 
to a solid block and blasted with a peening media. This 
causes the strip to curve. or arc, upon removal from the 
block. The height of the curved metal, which is directly 
proportional to the intensity of the shot-peening to which it 
has been subjected, is reported in units of "A,". The desig- 
nation 0.007A2. for instance. means an arc height. measured 
with an Almen number 2 guage, of 0.007 inches using a strip 
of A.I.S.I. 1070 spring steel heat-treated to 44-50 Rc and 
3.0"~0.75"~0.051"~.001''. In cleaning applications, the 
consumption of conventional glass beads ranges up to 
5.5%/cycle at Alruen intensities of 0.007A2. At an A h e n  
intensity of 0.008A2, the consumption of conventional glass 
beads ranges up to 8.75%/cycle. 

SUMMARY OF THE INVENTION 

The present invention addresses the need for improve- 
ment in glass bead performance by using glasses of different 
formulations to provide for the specific benefits that are 
needed. These new formulation increase the elasticity of 
glass beads with notable reductions in their impact con- 
sumption and fracture chatacteristics. 

The present invention provides silica-based glass beads 
that have improved fracture toughness. Improved beads 
formulated in accordance with the present invention are 

suitable for use as reflective elements in roadway miuliings 
and as cleaning agents in shot-peening metal cleaning pro- 
cedures. It has been discovered that CRT waste glass pro- 
vides a conveaient source of raw materials for the manu- 

s facture of glass beads formulated according to the present 
invention. The cost of disposal of dirty cullet and the cost of 
disposal of glass materials received from recycled television 
tubes should enable users of CHT cullet to charge recycling 
fees, iu effect obtaining the raw materials at a negative cost. 

10 The present invention thus provides products that may 
make use of the special characteristics of CRT panel and 
funnel glass in formulations of glass frit. These formulations 
in some cases utilize the funnel glass waste separately from 
the panel waste, and in some cases use both together. The 

15 invention comprises the use of formulations that include 
larger molecules. such as lead oxides. barium oxides, and- 
preferably-strontium oxides, within the soda-lime or a h -  
line glass formulations. 

The glass beads that comprise one aspect of the present 
invention constitute an improvement over conventional 
glass beads. The improvements include an improved impact 
cleaning bead; and improved shot-peening media bead; an 
improved media miU bead; and an improved retrofeflective 
bead. In each of these applications. there are specific prop- 

25 erties that are desirable and that are improved in accordance 
with the present invention. 

In addition to the substantial reduced consumption advan- 
tage resulting from the increased fracture resistance, glass 
beads formulated as described herein also provide increased 

30 speed of cleaning, A further benefit of the present invention 
is a reduction in the ,amount of glass embedded in the 
surfaces of the metal articles being blasted or shot-peened 
therewith. 

35 
The present invention includes the discovery of individual 

formulations of CRT glass blended with other ingredients 
which serve to enhance specific properties for specific 
applications. This includes the development of formulations 
utilizing CRT glass which broadly serve the applications that 

40 are manufactured in the same process. 
Still another aspect of the present invention is a glass Mt 

from which superior glass beads can be made. This frit is 
produced and formulated in  a glass melter, by a procedure 
which is described in detail hereinbelow. 

45 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Formulations 
The present invention provides glass beads based upon 

50 silica that contain an oxide ofoa metal having an atomic 
radius of at least about 1.9 A as a fracture resistance 
improvement compon~nt. The metal is preferably barium 
\atomic radius=1.98 A) or strontium (atomic radius=1.91 
A), with strontium being the element that is most preferred 

s j  in the context of the present invention. The metal. in the 
form of its oxide, is present in the glass beads in an amount 
effective to impart fracture resistance to the glass beads. The 
amount of metal oxide present in the glass beads may range 
from about 5 to about 25% by weight, and preferably 

60 constitutes from about 8 to about 16% by weight. 
Constituents of glass beads in accordance with the present 

invention may include Si02, A1,0,, N%O, K,O, BaO, SIO, 
TiO,, and CeO,. The glass of which the glass beads is made 
will generally contain by weight at least 40% SiO, as the 

65 network former. from about 10 to about 25% Na,O and K,O 
as fluxes, from about 5 to about 25% of BaO and/or SrO as 
a fracture resistance improvement components, a small 
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5 
amount of A120,, and-when made from C a  waste-small 
amounts of TiO, and CeO,. A preferred range for the silica 
is 50-75%. most preferably 57-66%. for the sodium oxide 
is 5-15%, most preferably 7-10%. for the potassium oxide 
is 5-15%. most preferably 7-lo%, for the barium oxide is 
610%.  for the strontium oxide is 6-16%, most preferably 
8-14%, for the alumina is  0.1-10%. most preferably 
0.254%. for the titanium oxide is 0.05 to 1%: most pref- 
erably 0.1-0.5%, for the cerium oxide is 0.05-1%, most 
preferably 0.1-0.5%, and for other components. i.e., trace 
compounds. is 04%. 

Three examples of glass formulations i n  accordance with 
the present invention, showing weight-percentages, are pre- 
sented in Table 1. 

TABLE 1 

Fornulation Formulation Fornulalion 
Glass No. 1 No. 2 Yo. 3 

Component (wt a) (wt a) (wt %) 

SiO, 61-64 59-63 6 1 6 4  
A1z03 0.25-3 1-3 2 4  
Na,O 7-9 7-9 8-10 
G O  7-9 6-9 7-9 
CaO 0-30 0-3 1-4 
w30 0-2 0-1 1-2 
SrO 8-11 9-11 11-14 
Boo 1-3 5-9 0-1 
PbO 1-3 0 0 
2 x 0  0 1-3 0 

Sb203 0.2-0.4 0.2-0.4 0.61 
no,, ca,, 0.2-2 0.2-2 0.2-2 
and others 

Manufacture 
Glass beads in accordance with the present invention may 

be manufactured by forming a batch of glass-making mate- 
rials from waste CRT glass, heating the glass-making mate- 
rials to melt them and to volatilize any organic contaminants 
associated with the waste as well as any volatilizable heavy 
metals therein, removing the organic materials and the 
volatilized heavy metals from the melted glass-making 
materials, and fritting the glass-making materids to form 
glass particles, which are generally angular at this stage. The 
glass melter is preferably equipped with a Waterloo scrubber 
associated with a dross cover that treats heated air to remove 
the organic and volatilizable inorganic toxins therefrom and 
to wash acid gasses therefrom. The fritted glass particles are 
then melted in order to cause the individual particles flow 
into spheroidal shapes. which are subsequently cooled to 
form the glass beads of the invention. This process is 
discussed in more detail below. 

In one embodiment, the present invention is a process for 
making an effective and environmentally acceptable glass 
bead product from the waste materials including black-and- 
white and especially color television and computer monitor 
cathode ray tubes. The process preferably comprises the 
general steps of: preprocessing the waste strzam; grouping 
the waste stream into different batches of glass-making 
materials; optionally! mixing the feed stream with other 
glass-making materials to form a batch mixture; melting the 
glass-making materials to form glass; Mtting the glass to 
form angular particles; and heating the angular particles to 
form glass beads. The process also oxidizes any organics and 
vaporizes volatile heavy metal oxides contained in the 
glass-making batch during the melting phase. Heavy metal 
oxides. which may be discharged with the exhaust gases, 
may later be recovered. 

The CFO waste stream employed in this process typically 
includes a relatively high strontium content, other heavy 

5,674,616 
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metal elements and compounds. and organic and as well as 
other inorganic wastes and toxins. 

The pre-processing step of the present invention includes 
the extraction of soluble salts from the waste stream. This 

s pre-processing step includes a hot water extraction process 
for removing soluble salts from the waste stream. The hot 
water extraction process is done as waste materials arrive for 
processing. The incoming waste is washed and stirred in a 
water bath equal to approximately twenty timcs the weight 

10 of the raw waste being washed. The water bath is a hot water 
bath in which the bath temperature is maintained at an 
elevated temperature. preferably about 50"-80" C. The 
materials will remain in the water bath for a period of time 
sufficient to extract a significant portion of the soluble salts, 

15 preferably for about 2 hours. Of course. it is within the skill 
of the art to vary these and other process parameters widely. 
depending upon the composition of the waste and the results 
desired The resulting solution is passed through a filter 
press, where the insoluble components of the waste stream 

20 are caught and retained as a filter cake. The filter cakeis then 
p a r t i 4  dried and repackaged. A number of different filter 
cakes can be merged for easier control of assaying. The 
material is also weighed before the extraction process and 
again after the hot water extraction. 

A batching makk may be used to organize the extracted 
material for hatchings and melting. After completing the hot 
water process, the extracted filter cakes of the hazardous 
wastes are segregated and merged into lots. These lots are 
then sampled by known assaying methods for organic 
content, strontia content, and the content of other relevant 
materials. While any number of known assaying techniques 
may be employed. it is most important to accurately measure 
the percentage of sttontia and the percentage of inorganic 
materials. Accordingly. the amount of organic material may 
be easily ascertained by conducting an energy content test, 
or a loss-on-ignition test. A thermogravimetric analysis may 
also be employed to identify the amount of organic material 
present in the lot, as well as the percentage of hydrates. The 
presence of heavy metals can be easily determined through 
the use of an atomic absorption spectrophotometer or other 
similar techniques. Acombination of each of these tests. plus 
historical data relating to specific type of waste generated by 
specific waste generator can be used to establish the char- 
acteristics of the materials. The data collected from the 
analysis of each lot is employed for the development of 
melting batches inco~porating the addition of optional addi- 
tion glass formers and modifiers such as silica and soda ash 
if desired The contents of each batch will, in turn, meet the 
required product specifications. 

In accordance with this embodiment of the present 
invention. the hatched mixture is next delivered to an 
apparatus adapted to melt the batch mixture into a glass-like 
material in an oxidizing environment. The melting apparatus 
is further adapted to oxidize organic materials and vaporize 
heavy metal oxides in the gas stream. Under certain 
circumstances. it may be desirable to add collected heavy 
metal oxides to the batch mixture, for instance, if necessary 
to provide sufficient strontium oxide to the glass-making 
mixture. Of course, make-up strontium oxide or other com- 
ponents of a desired formulation may be obtained from any 
source. Melting in an oxidizing environment is required in 
order to assure that organic rnaterials are oxidized as com- 
pletely as possible from the batched mixture. An oxidizing 
environment also serves the function of oxidizing at least 
some fine elemental or alloyedmetal particles in the batched 
mixture. Moreover, failure to melt the batched mixture in  an 
oxidizing environment could lead to reduction of the heavy 



are preferably mhntained in the vapor state in themilter and 
in the exhaust path from the melter to the first quench zone 
of the scrubber. Temperatures along the exhaust path should 
be maintained between 1000'-1400' C., and preferably 
above about 1100' C.. to avoid the precipitation of the heavy 
metals prior to the quench zone. Premature precipitation will 
cause such the heavy metals to accumulate in the exhaust 
pathway. 

In a preferred embodiment of the invention, the scrubber 
is a wet/* scrubber. such as the Waterloo Scrubber known 
in  the art, modified to recapture the vaporized heavy metal 
oxides and particles of the glass-making materials from the 
melter exhaust gases. I n  one embodiment of the present 
invention the e.xhaust gasses are quenched in the quench 
zone by exposure to a spray of water and by exposure to the 
water irrigated surfaces of the quench zone. The quench 
water is recovered and filtered through a filter press to 
remove the precipitated volatile heavy metal oxides such as 
lead oxide and cadmium oxide. In general, this water will be 
maintained in a slightly alkaline condition with the use of 
calcium hydroxide. Specifically, the scrubber liquid is main- 
tained at apH of about 9 and is regularly monitored to assure 
that it remains in an acceptable range. 

The air stream is passed through a wet particle scrubbing 
zone or a "contact" zone where water vapor contacts the 
particles in the gas stream and removes them by a wetting 
process. The moisture is then removed from the air with the 
particles in the zone of an axial fan and in the moisture 
entrapment zone. The water containing the particles is 

5,673,616 
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metals or other metal oxides, particularly if carbon is present given composition. For example, furnace temperatures may 
in the batched mixture. Carbon would reduce metal oxides need to be increased depending on the mount  of high 
to the metal and carbon dioxide, thus making it more melting point material, such as iron. that is present in the 
difficult to the the hatched batch. Additionally, the melting point of the batch nlixture 

An apparatus for the batch 5 may be changed by the addition of various materials. For 
mixture is a glass that is also adn~ted to oxidize example, such as Na,CO,, or 
organic materials in the glass-making batch. Thorough oxi- 
&tion of materials is ensured by providing an NaSi03 may be added reduce the point of he 
oxygen injection systelll that assures an oxidation atmG batch h ~ t u r e .  In addition, thermal analysis, ie., the weight 
sphere in the melter. and energy gain or loss and gas emission as a sample 

As embodied herein, the glass melter also vaporizes lo material is heated to, for example, 1000' C. in 10' C. 
vaporizable heavy metal oxides, such as for example. lead increments and viscosity measurements are also input into 
and cadmium oxides, in  the batch mixture. The vaporized the process base data in order to d e t e ~ e  the o p t i m ~ n  
heavy metal oxides are directed from the melter to a scrub- rnelter temperature. Melting wiU occur in an oxygenizing 
ber attached to the melter via an exhaust duct. The scrubber atmosphere, though the the/temperature regimen 
is a wetldry scrubber which condenses the metal oxides &om l5 depend upon the of the batch mkture and 
the stream of vauorized materials. Vauorized heavv metals the sDecific comwsition of the For exmule. 

mate.rks with a high content of metd oxides with l&h 
melting temperatures wiU take longer to melt at a given 

,, temperature. -" 
As embodied herein, the melter should provide for a long 

dwell time. The melter should also provide for oxygen 
injection to insure complete oxidation of the organic com- 
pounds. Ln a preferred embodiment of the present invention. 

25 the melter will oxidize up to 500 ppm toxic organics, 
allowed in the waste stream under current EPAreguIations. 
The final product is discharged (as described below) directly 
into a water bath (i.e. "kitted"). 

In a preferred embodiment of the present invention the 
30 resulting glass is fritted to the correct shape. Sizing of the 

materials is accomplished by discharging the material at a 
temperature between 1000'-1400' C., preferably approxi- 
mately 1200" C., horn the melter to a quenching water bath. 
This produces blocky or block-like. round or spheroidal, and 

35 pyramidal shaped particles. The temperature at fritting is 
critical to produce this result. This temperature of the 
outfiow of glass must be adjusted to impart to the glass a low 
viscosity just prior to fritting. 

The particles are then heated until the surface tension is 
@ broken, at which point spheroidization occurs. 

Utilization 

treated in a treatment process to remove the particles in a 
filter. The filter cake of particles contains glass-making 
ingredients such as silica, alumina, magnesia, calcia, soda, 
and potash, which can be used in batching materials after 
k ing  assayed and analyzed. After the collection materials 
are complete, they are assayed and the resulting data is 
entered into the batching matrix. They are reused in this or 
other glass-making processes. 

After passing through the contact zone, through the axial 
fan, and through the entrapment zone the air is then heated 
to between 100'-200" C., preferably approximately 150" C. 
The air stream is then passed through a dry baghouse which 
substantially collects auy remaining metal oxides allowing 
any rem'aining water to pass through and be collected for 
reuse or disposal. 

The precipitated heavy metals are collected in a collection 
chamber. The metal oxides are then dried and collected. 
Oxides such as lead oxide and cadmium oxide can be later 
used as a raw material for other glass manufacturing p r e  
cesses. 

The temperature of the glass melter is adjusted to heat to 
the proper melting temperature for a batch mixture of a 

The invention comprises the use of formulations that 
include larger molecules, such as barium oxides and- 

45 preferably-strontium oxides. within the soda-lime or a l h -  
line glass formulations. These larger molecules significantly 
increase the ability of the glass to absorb energy. When this 
occurs. Etacture toughness is increased substantially. 

When glass beads are used in shot-peening operations. 
some of the individual beads fracture as they strike the 
surface being treated Thus a bead of a given size is 
transformed into two or more smaller particles, some or all 
of which may be ineffective for use as shot-peening media. 
Testing of used shot-peening media compares sieve analyses 

55 of the media before and after use. The smaller particles 
caused by deterioration during use are identified by 
increases in the number of particles in a sample passing 
through smaller sieve openings. 

Tests were carried out as follows. Samples of nominal 
60 125-180 micron shot-peening media were sieved with U.S. 

standard sieves after splitting according to the Tyler ASTM 
procedures. These are agitated until no further material 
passes each sieve at which time the weight retained in the 
sieve is recorded. The samples were then used for four 

65 cycles of shot-peeuing under these conditions: 45 p.s.i., 10" . 
distance, 90" angle, %" nozzle, 3/16" grit stem, 62B target. 
Results were as reported in Table 2. 
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beads was 0.76%. while the werage percent per cycle 
TABLE 2 consumed for Lot C of the present invention mas 0.36%. In 

other words, the rate of consumption of the glass beads 
U.S. Sieve Conk01 ~ o t  c ~ o t  D formulated in accordance with the present invention was 

5 approximately half that of conventional soda-lime glass O p b g s  Un- After 4th Un- After4th Un- After 4th beads. 
in hficrons used Cycle (%) used Cycle (%) used Cycle (W) 

The glass beads of the present invention  ma^ be used as 
180 5.32 5.51 17.67 14.75 7.47 5.57 impact cleaning beads. Lot-peening media deads, media 
150 38.25 31.39 43.47 38.33 31.92 27.70 milling beads. and retroreflective beads. With respect to 

:i:i 288:;; ::::; impact beads, the key attributes are sphericity and fracture 
90 5.18 7.96 1.56 3.02 11.56 12.75 toughness. With respect to shot-peening media, sphericity 
75 1.26 3.86 - - 4.98 6.05 and fracture toughness are key. along with fracture mecha- 
63 - 2.05 - - 2.86 nism. It is desirable in fracturing that beads disintegrate into 

powder, rather than into half-spheres which can damage the 
As can be seen from the results reported in Table 2, the 

average percent per cycle consumed for the con&ol glass 
beads was 2.52%, while the average percent per cycle 
consumed for Lots C and D of the present invention were 
1.24% and 1.47%' respectively, for an average of 1.3%. In 
other words, the rate of consumption of the glass beads 
formulated in accordance with the present invention was 
approximately half that of conventional soda-lime glass 
beads. 

Similar tests were conducted with samples of nominal 
75-127 micron glass beads. Results were as reported in 
Table 3. 

surfaces being shot-peened. For media milling beads. the 
key attributes are sphericity and surface toughness. For 
highway reflective beads, the key attributes are refractive 
index and smface toughness. 

As indicated, one utility of glass beads formulated in 
accordance with the present invention is in the cleaning of 
metal objects by shot-peening. Using glass beads formulated 
in accordance with the present invention reduces the amount 
of t h e  necessary to achieve a selected degree of cleaning as 
compared to the amount of time that would be necessary to 
achieve the same degree of cleaning using conventional 
glass beads. Thus. cleaning times, and concomitant labor 
costs. can be reduced by utilizine glass beads formulated in 

TABLE 3 
accordance with the prksent in&;ion in place of conven- 
tional glass shot-peening beads. 

U.S. Sieve Control Lnt C Lot D Although this invention has been desaibedwithreference 
to certain specific embodiments thereof to illustrate the 

~ p e n i ~ g ~  UU- ~ f t c r  4th ~ n -  After 4th UU- Alter 4th 30 principles embodied therein, those skilled in the art will 
iu Microns used Cycle (%) Cycle i%) u . d  Cycle l W  readilv conceive of alternate means of obtaining the benefits 

125 4.5 2.99 1.33 3.23 1.27 1.4 of thi invention, The scope of the inventib is to be 
106 34.83 31.58 32.34 29.76 20.49 20.46 determined, therefore. by the language and spirit of the 
90 36.06 38.82 42.39 43.06 39.3 40.32 appended claims. 
75 16.3 15.88 273.5 19.39 23.82 22.3 35 What is claimed is: 
63 6.31 6.73 3.25 3.68 11.48 11.19 

- 1. A glass bead wherein the glass comprises at least 40 
53 - 1.85 - 2.48 2.0 
u - 71 - - .84 1.4 weight-% SiO, and a strontium oxide in an amount effective 

to impart fracture resistance to the glass bead. 
2. A glass bead according to claim 1 comprising SiO,? 

As can be seen from the results reported in Table 3, the 4 M,O,, Na20, &O, BaO, and SrO. 
average percent per cycle consumed for the control glass 3. A @ass bead according to claim 2 wherein the glass 
&ids was 0.60%. 1vhiIe the average Percent Per CYcL further comprises Ti0,and CeO,, each present in an amount 
consumed for Lots C and D of the present invention were of 1 weight-% or less, 
0.28% and 0.09%! respectively, for an average of 0.19%. In  4. A glass bead according to c l a h  3 comprising about 50 
Other words. the rate of the glass beads 45 to about 75 weight-% of SiO,, from about 10 to about 25 
formulated in  accordance with the present invention was weight-% of Na,O and K,O? kom about to about 25 

one-third that of soda-Lime weight-% total of BaO and SrO, from about 0.1 to about 10 glass beads. 
Similar tests were conducted with samples of nominal weight-% of A1203, from about 0.05 to about 1 weight-% 

75-127 micron glass beads, this time using an TiO,, and from about 0.05 to about 1 weight-% CeO,. 
impingement angle of 60" rather than 90". Results were as 50 '. A glass bead according wherein the glass 
reported in Table 4. comprises by weight about 6164% SiO,, about 0.25-3% 

ALO,. about 7-9% Na-0. about 7-9% 0. about 0-30% 

TABLE 4 ~ a b , ~ a b o u t  0-28 ~ ~ 6 ,  about &11% s&, about 1-3% 
BaO, about 1-3% PbO, and about 0.2-1% Sb,O,. 

US. Sieve Conhul Lot C 55 6.  A glass bead according to claim 1 wherein the glass 
comprises by weight about 5943% SiO,, about 1-3% 

%ems After 4th After 4th 
in Mcmm Unused Cycle (5%) Unused Cyclc (9%) 

A120,, about 7-9% NazO, about 6 9 %  K,O, about 0-3% 
CaO, about 0-1% MgO. about %11% SrO. about 5-9% 

125 4.5 2.46 4.17 3.35 BaO, about 1-3% ~ 6 .  and about 0.2-1% Sb,03. 
106 34.83 35.38 35.56 
90 36.06 34.44 38.64 60 7. A glass bead according to claim 1 wherein the glass 
75 16.3 16.38 17.75 22.77 comprises by weight about 6 1 4 %  SiO,, about 2-44 
63 6.31 6.47 3.6 4.42 A1203, about 8-10% Na,O, about 7-9% K,O, about 1 4 %  
53 - 2.64 - .s 1 CaO, about 1-2% MgO, about 8-14% SrO, about 0-1% Ba. 
45 - - - .17 and about 0.2-1% ~ 6 ~ 0 , .  

65 8. A glass bead according to claim 1 wherein the glass 
As can be seen from the results reported in Table 4, the further Eornprises from aboit 5 to about 25 weight-%-S~O 

average percent p a  cycle consumed for the control glass and from 0 to about 10 weight-% BaO. 
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9. A glass bead according to cl'aim 1 wherein the glass 16. The glass bead of claim 11 wherein the glass further 
further comprises from about 5 to about 25 weight-% SrO comprises Cm panel waste glass. 
and from about 5 to 25 weight-% BaO. 17. A glass bead having improved fracture resistance 

10. A glass bead according to claim 1 wherein the glass conlprising at least SO weight-% SiO, as a network former, 
further comprises from about 5 to about 25 weight-% Na,O 5 from about 10 to about 25 weight-% total Na,O and K,O as 
and about 5 to about 25 weight% K,O. a flux. and from about 5 to about 25 weight-% of an oxide 

11. A glass bead accorbg  to claim 1 wherein the glass of a ~netal having an atomic radius of at least about 1.97k as 
fi~rther comprises from about 0.1 to about 10 weight-% a fracture improvement component. 
AlzO,. 18. The glass bead of claim 17 wherein said fracture 

12. The glass bead of claim 1 tirherein the @ass fuaha 10 resistance irllprovelllent component comprises strontium 
comprises CRT panel waste glass. oxide, 

13. 'Ihe glass bead of claim 8 wherein the glass further 
comprises CRT panel waste glass. 19. The glass bead of claim 18 wherein said glass bead 

14. The glass bead of claim wherein the glass further further comprises Ti0,and CeO,, each present in an amount 

comprises CST panel waste glass. 15 of 1 weight-% or less. 

15. The glass bead of claim 10 wherein the glass further 
comprises CST panel waste glass. 


