
EP 0 493 734 81 

Description 

Fleld of the Invention 

5 This invention relates to a method for preparation of small hollow glass spheres. 

BACKGROUND OF TtlE INVENTION · 

Small hollow glass spheres· are desirable in many industries for use as fillers for various organic and 
10 ·inorganic matrices. With tflese spheres, special properties can be achieved such as low dielectric constant, 

high strength to weight ratio and .low thermal conductivity. 
In the electronics industry,, ~mall. microspheres are desirable because conductor lines deposited on 

electronic substrates are small, and the spheres, in order to be effective, should be close to the dim9"nsions 
of these conductor lines. 

15 U.S; Patents 2,978,339, 2,978,340 and 3,030,215 to Veatch et al. describe a method of forming hollow 
glass spberes from siliceous-based feed particles by using a bottom feed of particles Into an ascending 
column of hot furnace gases.· The preferred feed Is an alkali metal silicate which contains an agent 
rendering the product glass spheres less sensitive to water. These agents include metal oxides such as 
oxides of zinc, aluminum, calcium, iron, boron, magnesium or lead. Also incorporated into the feed material 

20 is a "gasifying agent" to produce a low density product. · 
Such "gasifying agents" or "blowing agents" are substances that liberate gases at elevated tempera­

tures. Examples of gasifying ag~nts are carbonates, nitrates and various organics such as urea. The feed 
particles are heated in a furnace to obtain simultaneous glass formation at the time of triggering the blowing 
agent to cause expansion. . .... 

25 U.S. Patent 3,365,315 to Back et al. describes a process for the preparation of "glass bubbles", 
between 5 and 300 microns in diameter by "blowing" or expanding pre-formed glass particles of particular 
compositions. It is speculated that the "blowing"· is caused by gases adsorbed within and on the pre-formed 
glass particles. 

Hendricks, in U.S. Patent 4,133,854, uses a droplet generator and a urea blowing agent to form hollow 
30 glass spheres about 20-1000/J. in diameter. 

Gamier et al. in U.S. Patent 4,nS,502 disclose a method where glass particles to be expanded are 
obtained by finely grinding a solid precursor glass. A fluidizing agent is added to the ground glass particles 
to prevent agglomeration of the particles before or during the expansion by heating. 

It is difficult to achieve a high yield of the desired small sized hollow spheres using known solid feed or 
35 liquid feed methods of generating the particles to be expanded. 

In the solid feed m~thod, the size of the resultant spheres can be reduced by grinding to reduce the 
size of the feed particles. Grinding is generally disadvantageous because it generates large amounts of 
unusable. fines and can introduce unwanted impurities. Additionally, such grinding represents an additional 
proce~s step which adds to the product cost 

4-0 In the liquid feed process, the size of the resultant spheres might be reduced by adding large amounts 
· of water to the feed. This technique would involve large amounts of excess liquid and/or be difficult to · 
control. 

Accordingly. there remains a need for a simple, economical process for producing a high yield of small 
hollow spheres. 

Summary of the Invention 

The present invention provides a method which overcomes the disadvantages of the prior art methods. 
The new method of the invention represents an economical, easily controlled, high yield process for 

so producing small hollow glass microspheres. 
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In one aspect, the invention embraces a process for the preparation of hollow glass spheres comprising 
the steps of: 

a) combining 
(i) a surfactant, 
(ii) at least one source of components necessary to form the glass, 
(iii) a compound capable of producing a gas when heated, 

to form a solution or dispersion; 
b) forming droplets from the surfactant-containing solution or dispersion; 
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c} heating the droplets to remove water and generate gas as the glass is formed, thereby producing 
hollow glass spheres; and 
d) cooling and recovering the· hollow glass spheres. 

In a more specific aspect, the invention encompasses a process for the preparation of hollow glass 
s spheres where the eomponents necessary to form the glass include a source of silica, one or more metallic 

cations, and a boron-containing compound. . 
The surfactant iti~preferably. a nonionic surfactant and more preferably a fluorocarban ·surfactant. The 

surfactant concentration is preferably 0.05 to 5 wt:% based on the total solution or dispersion, more 
preferably 0.1 to 3 wt.%. :-t .. :i. 

10 A preferred method .. of forming the droplets is ~Y spraying. In further aspects, the invention encom-' ·. 
passes using a nozzle as a droplet-forming means ~nd spraying the droplets directly Into a heated zone. 
Alternatively, the surfactant-containing solution or dispersion may be spray dried, and the sp~y-dried 
product fed into the heated zone. ; 

1s Detailed Description 

Small hollow glass spheres are prepared by combining a surfactant; sources of the components needed 
to form ttie glass, and at least one gas generating agent to fonn an aqueous solution or dispersion. This 
solution or dispersion is fonned into droplets. While specific embodiments of the invention refer to spraying 

20 and spray drying, emulsion and dripping techniques could also be .used to form the droplets. 
The addition of the surfactant results in the production of consistently small ·droplets, which result in a 

smaller, more consistent microsphere end product. 
The droplets may be directly heated as they are formed or they may be first dried and then heated to 

form the hollow spheres. For example, microwave energy could be used to heat the droplets or particles. 
25 After expansion, the hollow spheres may then be cooled and collected. 

In one embodiment, the solution or dispersion can be sprayed directly into a heated zone. Any nozzle 
or device can be used to form droplets. The spray can be directed horizontally or vertically; a vertical spray 
entering from the bottom and exiting from the top of the zone is preferred. 

Alternatively, the solution or dispersion can be spray-dried, and the spray-dried particles can be fed into 
30 a heated zone horizontally or vertically. As with the spraying embodiment above, a vertical feed entering 

from the bottom and exiting from the top is preferred. 

3S 

The preferred nozzle for practicing the invention is a spiral nozzle design made and sold by Bete· Fog 
Nozzle, Inc. under the name "Bete Fog Spiral Air Atomizer" (nozzle model no. 1"SA 12H-20N-.350 and tip 
model no. 3SA~6726). · 

The temperature of the heating is prefer~bly between 800 and 1700•C, more preferably between 1000 
and 1500 • C. The temperatur~ should be sufficient to form molten glass from the feed droplets. or dried 
particles. 

Heating time is preferably between 0.1 and 5 seconds, more preferably between 0.5 and 2 seconds. 
Any aqueous solution or dispersion which contains precursors necessary to form a glass Cl!ln be used in 

40 this·invention. Preferred soluti~ns may generally eontain a soluble silicate or a colloidal silica (p_owder or 
sol) as silica sources, and various metallic cations including: sodium, potassium, lithium, calcium, barium·, 
magnesium and aluminum. Boron in the form of borates or boric acid is also preferably present. Anions 
such as chloride, fluoride, nitrate, sulfate and acetate may also be present. Concentrations of each 
component may vary, but the silica content is generally between 40 to 90 wt % based on the total solids in 

4S the solution or dispersion. 
Any known gasifying agent(s), such as described in U.S. Patent 2,978,340, can be used for gas 

generation. Urea is preferred. The urea concentration can be between 0.2 and 20 wt %, but preferred is a 
concentration between 0.4 and 12 wt % based on the total solids in the solution or dispersion. 

The surfactant is can be any surfactant that will lower the surface tension of water. Preferred are 
so nonionic surfactants which will not react with any of the cations or anions of the solution or dispersion. Most 

preferred are nonionic fluorocarbon surfactants. Included in this group are the fluorocarbon surfactants sold 
under the Fluorad® trademark (3M Company) and the Zonyl® trademark (DuPont Co.). The preferred 
surfactant of this group is Zonyl® FSN. 
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The surfactant dosage is preferably 0.05 to 5% by weight of total solution or dispersion, more 
preferably 0.1 to 3% by weight. 

In the following examples, all parts and percentages are by weight unless otherwise indicated. 
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Example 1 

This example shows that the addition of a fluorocarbon surfactant can significantly lower the surface 
tension of a precursor solution used to prepare hollow glass spheres.·· 

s Deionized fi20 (242 g) was heated to 50 • C. Sodium silicate solution (240 g) containing 29.2 wt % Si02 
and 9.1 wt % N320 was added and mixed well. Boric acid (11 g) was added and dissolved in the above 
solution: Urea blowing agent (1.8 g) was then added and dissolved in the above. The above solution was 
split into two equal portions, A and B. Solution A was set aside, and 0.24 g of Zonylct FSN nonionic 

.:. fluorocarpon surfactant (DuPont Company, Wilmington, Delaware) was add~d and mixed with solution B 
10 (Zonyl® .FSN is R1 CH2 CH20 (Cfi2 Cli20)xH, where R1 = F(CF2 CF2) 3.8)~;The surface tension of both 

solutions'A and B was determined using a Cahn Dynamic Contact Angle Analyzer. The results are shown in 
Table I below. · 

Table I 
15 

Surface Tension of Precursor Solution, with and without Surfactant 

Contains Surfactant Surface Tension 

20 
Nm-1 (Dynes/cm) 

A No 0.0602 (60.2) 
B Yes 0.0167 (16.7) 

These results show that. the surface tension of the precursor solution can be significantly lowered via 
25 

the addition of a surfactant. 

Example2 

This example shows that significantly smaller hollow glass spheres can be prepared using the 
30 

surfactant addition to the precursor solution. 

35 

Hollow glas$ spheres were prepared by using a precursor solution similar In composition to solution A 
of Example 1 (no surfactant). The spheres were prepared by pumping the solution through a nozzle at 0.6 
I/min (600 cc/min) into a flame inside an enclosed chamber; Flame temperature was approximately 12oo•c. 
During this process, hollow glass spheres were formed and collected. The run lasted 2 hours. The mean 
particle size was determined using a Coulter Counter Model TA-II and a value of 33:8 microns was 
obtained. 

The above experiment was repeated using Solution B described in Example 1 above (with surfactant).· 
The mean particle size was 25 microns, thus showing a 26% reduction in mean particle size. 

V 40 
Example 3 

The experiment described in Example 2 was repeated, with the exception that the nozzle used in 
Example 2 (Custom Air Atomizer) was replaced with a Bete Fog Spiral Air atomizer. The particle sizes 
obtained were 18 microns with surfactant compared to 27 microns without surfactant, again showing that 

45 
significantly smaller spheres can be obtained with a surfactant. 

Clalms 

50
. 1. A process for the preparation of hollow glass spheres comprsing the steps of: 

a) combining 
i) a surfactant, 
ii) at least one source of components necessary to form said glass, and 
iii) a compound capable of producing a gas when heated, to form a solution or dispersion; 

b) forming droplets from the surfactant -containing solution or dispersion; 
c) heating the droplets to form hollow glass spheres; and 

55 

d) cooling and recovering the hollow glass spheres. 

2. A process according to Claim 1 wherein the droplets are formed by spraying the solution or dispersron: 

4 
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Example 1 

This example shows that the addition of a fluorocarbon surfactant can significantly lower the surface 
tension of a precursor solution used to prepare hollow glass spheres. 

s Deionized H:iO (242 g) was heated to so·c. Sodium silicate solution (240 g) containing 29.2 wt% Si02 
and 9.1 wt % N820 was added and mixed well. Boric acid (11 g) was added and dissolved in the above 
solution. Urea blowing agent (1.8 g) was then added and dissolved in the above. The above solution was 
split into two equal portions, A and B. Solution A was set aside, and 0.24 g of Zonyl• FSN nonionic 

· fluorocarbon surfactant (DuPont Company, Wilmington, Delaware} was added and mixed with solution e 
10 (Zonyl® .FSN is Rt CH2 CH20 (CH2 CH:iO>icH, where Rr = F(CF2 CF2) 3.8}. The surface tension of both 

solutions: A and B was determined using a Cahn Dynamic Contact Angle Analyzer. The results are shown in 
Table I below. 

Table I 
15 

Surface Tension of Precursor Solution, with and without Surfactant 

Contains Surfactant Surface Tension 

20 
Nm-t (Dynes/cm) 

A No 0.0602 (60.2) 
B Yes 0.0167 (16.7) 

These results show that the surface tension of the precursor solution can be significantly lowered via 
25 

the addition of a surfactant. 

Example 2 

This example shows that significantly smaller hollow glass spheres can be prepared using the 
30 

surfactant addition to the precursor solution. 

35 

Hqllow glass spheres were prepared by using a precursor solution similar In composition to solution A 
of Example 1 {no surfactant). The spheres were prepared by pumping the solution through a nozzle at 0.6 
I/min (600 cc/min) into a flame inside an enclosed chamber. Flame temperature was approximately 12oo•c. 
During this process, hollow glass spheres were formed and collected. The run lasted 2 hours. The mean 
particle size was determined using a Coulter Counter Model TA-II and a value of 33.8 microns was 
obtained. 

·The above experiment was repeated using Solution B described in Example 1 above (with surfactant). 
The mean particle size was 25 microns, thus showing a 26% reduction in me!lll particle size. 

40 
. ;:J Example 3 

The experiment described in Example 2 was repeated, with the e?Cception that the nozzle used in 
Example 2 (Custom Air Atomizer) was replaced with a Beta Fog Spiral Air atomizer. The particle sizes 
obtained were 18 microns with surfactant compared to 27 microns without surfactant. again showing that 

45 
significantly smaller spheres can be obtained with a surfactant. 

Claims 

1. A process for the preparation of hollow glass spheres comprising the steps of: 
50 

a) combining 
i) a surfactant, 
ii) at least one source of components necessary to form said glass, and 
iii) a compound capable of producing a gas when heated, to form a solution or dispersion: 

b) forming droplets from the surfactant -containing solution or dispersion: 
c) heating the droplets to form hollow glass spheres; and 
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d) cooling and recovering the hollow glass spheres. 

2. A process according to Claim 1 wherein the droplets are formed by spraying the solution or dispersion. 

4 
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A process according to Ciaims 1 or 2 where the surfactant-containing solution or dispersion is spray­
dried prior to said heating. 

A process according to Claims 1 to 3 where the surfactant is a oonionic surfactant 

A process according to Claim 4 where the surfactant is fluorocarbon surfactant. 

A process according to Claims 1 to 5 where the surfactant concentration i.s 0.05 to 5 wt.% based on the 
total,~lution or dispersion'. ·.'.Ii' 

!; . ;; 
The;process of Claims 1 to 6 wherein said components necessary to foryn said glass include a source 
of silica, one or more metallic cations, and a boron-containing compound. 

A process· according to Claims 7 where the source of silica is selected from the group consisting of 

sodium silicate, colloidal silica powder, silica sol, and mixtures there()f. 

A process according to Claim 7 where the metallic cations are selected from the group consisting of 
alkali metals or alkaline earths metals, and aluminum. 

20 10. A process according to Claim 7 where the boron compound is selected from the group consisting of 
boric acid, boric acid salt, and mixtures thereof. 

25 

30 

11. A process according to Claim a. where the silica concentration is 40-90 wt.% based on the total solids 
in the solution or dispersion. 

12. A process according to Claims 1 to 11, where the gas producing compound is urea. 

13. A process according to Claim 12 where the urea concentration is 0.2 to 20 wt.% based on the total 
solids in the solution or dispersion. 

14. A process according to Claims 1 to 13 where said heating is at a temperature of 800 to 1700•C. 

15. A process according to Claim 14 where the heating occurs for 0.1 to 5 seconds. 

35 PatentansprUche 

1. Verfahren zum Herstellen von hohlen GlaskOgelchen, watches die Stufen des 
a) Kombinlerens 

i) eines Tensids, 
40 ii) mindestens eines Lieferanten der zur Bildung des Glases erforderlichen Komponenten, und 

iii) einer Verbindung, die beim Erwiirmen · zur Erzeugung eines Gases befiihigt ist, um eine 
Losung oder Dispersion zu bilden; 

b) Bildens von Tropfchen aus der Tensid enthaltenden l.Osung oder Dispersion; 
c) Erwarmens der Tr<Spfchen zur Ausbildung von hohlen Glaskllgelchen; und 

45 d) KUhlens und lsolierens der hohlen GlaskUgelchen umfaBt. 

2. Verfahren nach Anspruch 1, in welchem die Tropfchen durch VersprUhen der Losung oder Dispersion 
gebildet werden. 

so 3. Verfahren nach den AnsprOchen 1 oder 2, in welchem die Tensid enthaltende Losung oder Dispersion 
vor dem Erwiirmen sprOhgetrocknet wlrd. 

4. Verfahren nach den AnsprUchen 1 bis 3, in welchem das Tensid ein nichtionisches Tensid ist. 

55 5. Verfahren nach Anspruch 4, in welchem das Tensid eln Auorkohlenstomensid ist. 

6. Verfahren nach den AnsprUchen 1 bis 5, in welchem die Tensidkonzentration 0,05 bis 5 Gew.-,(._~,.., 
bezogen auf die gesamte Losung oder Dispersion, betr§gt ,,, · 

5 
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7. Verfahren nach den AnsprUchen 1 bis 6, in welchem die zur Bildung dieses Glases erforderlichen 
Komponenten einen Kieselsiiurelieferanten, ein oder mehrere Metallkationen, und eine borhaltige 
Verbindung umfassen. · 

5 8. Verfahren nach Anspruch 7, in welchem der Kieselsaurelieferant ausgewihlt ist aus der Gruppe 
bestehend aus Natril,imsilikat, kolloidalem Kieselsiurepulver, Kieselsiuresol, und Mischungen dersel-
ben. · > ~,. 

~-

9.' Verfahrea nach Anspruch 7, in welchem die Metallkationen ausgeWihlt slnd al.ts der Gruppe bestehend 
10 aus Alkafimetallen oder Erdalkalimetallen und Aluminium. A · 

15 

10. Verfahren · nach Anspruch 7, in welchem die Borverbindung ausgewihlt ist au·s der Gruppe bestehend 
aus Borsaure, Borsauresalz und Mischungen derselberf 

11. Verfahren nach Anspruch 8, in welchem die Kieselsiurekonzentration 40 bis 90 Gew.-%, bezogeri auf 
die gesamten Feststoffe in der Losung oder Dispersion, betragt. 

12. Verfahren nach den Ansprtlchen 1 bis 11, in welchem die Gas erzeugende Verbindung HamStoff ist. 

20 13. Verfahren nach Anspruch 12, in welchem .die Harnstoffkonzentratlon 0,2 bis 20 Gew.-%, bezogen auf 
v' die gesamten Feststoffe in der Losung oder Dispersion, betragt. 

25 

14. Verfahren nach den AnsprUchen 1 bis 13, in welchem das Erwirmen auf eine Temperatur von etwa 800 
bis 1700 • C erfolgt. 

15. Verfahren nach Anspruch 14, in welchem das Erwarmen wiihrend 0,1 bis 5 Sekunden stattfindet. 

Revendlcatlons 

3tJ 1. Procede pour la preparation de spheres de verre creuses comprenant les etapes de : 
a) combiner 

i) un surfactant, 
ii) au moins une source des composants necessaires pour former ledit verre, et 
iii) un compose capable de produire un gaz lorsque chauffe, pour former une solution ou 

35 dispersion: 
b) former des gouttelettes de la solution ou de la dispersion contenant le surfactant; 
c) chauffer les gouttelettes pour former des spheres.de verre creuses; et 
d) refroidir et recuperer les spheres de verre creuses. 

40 2. Procede salon la revendication 1, dans lequel les gouttelettes sont forrnees par vaporisation de la 
solution ou de la dispersion. 

45 

3. Procede selon les revendications 1 ou 2, dans lequel la solution ou dispersion contenant le surfactant 
est sechee par vaporisation avant ledit chauffage. 

4. Procede selon les revendications 1 a 3, dans lequel le surfactant est un surfactant non-ionique. 

5. Procede selon la revendication 4, dans lequel le surfactant est un surfactant fluorocarbone. 

so 6. Procede selon Jes revendications 1 a 5, dans lequel la concentration en surfactant est de 0,05 a 5% en 
poids sur la base de la solution ou dispersion totale. 

7. Procede salon las revendications 1 a 6, dans lequel lesdits composants necessaires pour former ledit 
verre incluent une source de silica un ou plusieurs cations metalliques, et un compose contenant du 

55 bore. 
~ . ,/ 

8. Procede salon la revendication 7, dans lequel la source de silica est choisie dans le groupe consistant • .-·" 
du silicate de sodium, d'une poudre de silica colloltlale, d'un sol de silica et de melanges de ceux-ci· . .....-
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9. Procede salon la revendication 7, dans Jaquet les cations metalliques sont choisis dans le groupe 
consistant des metaux alcalis ou des metaux de terres alcalines, et de !'aluminium. 

10. Procede salon la revendicatlon 7, d~ns lequel le compo~ bore est choisi dans le groupe consistant de 
5 l'acide borique, d'un set d'acide borique, et de melanges de ceux-ci. 

11. Procede selon la revendicatlon 8, dans leqt,iel la concentration· en Silica est de 40 a 90% en poids sur 
la base des solides totaux dans la solution ou dispersion. · 

0 ~ . 
10 ·· 12. Proced~ salon les revendications 1 a 11, dans lequel le compo~ produisantiun gaz est l'uree. 

;. ... 
·~·· 

13. Procede salon la revendication 12, dans lequel la concentration duree est de 0,2 a 20% en poids sur la 
base des solides totaux dans la solution ou dispersion: 

15 14. Procede salon les revendications 1 a 13, dans lequel ledit chauffage est effectue a une temperature de 
aoo a 1700 • c. 

15. Procede selon la revendication 14, dans lequel le ·chauffage se produit pendant 0,1 a 5 secondes. 
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