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Potential of Hollow Glass Microspheres (3M™ Glass Bubbles) for 
Thermal Insulation
Dr. Friedrich Wolff
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History – From Solid Glass Beads to Glass Bubbles

Diameter
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Property Value

Shape Hollow; thin walled; single-cellular spheres

Composition Borosilicate glass, chemical and water resistant

Color White

Hardness Mohs Scale 5

Softening temperature 600 C 

Density 0.12 – 0.6 g/cm³

Isostatic collapse strength 1.7 – 190 MPa (250 – 2800 psi)

Average particle diameter 16 – 65 µm

The named properties are not for specification purpose.

Glass Bubble as manufactured Glass Bubble with amorphous silica anti caking agent

Properties of 3M™ Glass Bubbles

Diameter

Glass Bubbles Masterbatch (PP)

80 µm
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Diameter

3M™ Glass Bubbles Isostatic Collapse Strength
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Applications of 

3M™ Glass Bubbles

Explosives

Anti-condensation 

paints
Solar heat reflective 

paints & coatings

Wall fillers

Pipeline thermal insulation

Buoyancy elements
Oil well drilling 

& cementing

Light weight SMC

Light weight 

thermoplastics 

for aerospace
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Thermal Conductivity of 3M™ Glass Bubbles

Maxwell equation:

𝜆𝐺𝐵

𝜆𝑔𝑙𝑎𝑠𝑠

𝜆𝑖𝑛𝑡

𝑉𝑖𝑛𝑡 = 1 −
𝜌𝐺𝐵
𝜌𝑔𝑙𝑎𝑠𝑠

𝜌𝐺𝐵

𝜌𝑔𝑙𝑎𝑠𝑠

Thermal conductivity of Glass Bubble

Thermal conductivity of glass

Thermal conductivity of interior medium

Volume fraction of the interior medium

Density of Glass Bubble

Density of glass

Bubble type
Density

[g/cm³]

Pressure

Strength

[bar]

Bubble Void

Volume 

[%]

Calculated Thermal 

Conductivity of GB 

[W/m.K]

K1 0.125 17 95.1% 0.044

K15 0.15 21 94.1% 0.051

K20 0.20 34 92.1% 0.065

S22 0.22 28 91.3% 0.071

XLD3000 0.23 210 90.9% 0.074

K25 0.25 52 90.2% 0.080

S32LD 0.29 103 88.6% 0.091

S32 0.32 140 87.4% 0.100

S35 0.35 210 86.2% 0.109

K37 0.37 210 85.4% 0.115

S38HS 0.38 385 85.0% 0.118

S42XHS 0.42 550 83.5% 0.131

K46 0.46 420 81.9% 0.143

iM16K 0.46 1100 81.9% 0.143

iM30K 0.60 1930 76.4% 0.187

𝜆𝐺𝐵 = 𝜆𝑔𝑙𝑎𝑠𝑠
𝜆𝑖𝑛𝑡 + 2𝜆𝑔𝑙𝑎𝑠𝑠 + 2𝑉𝑖𝑛𝑡 𝜆𝑖𝑛𝑡 − 𝜆𝑔𝑙𝑎𝑠𝑠

𝜆𝑖𝑛𝑡 + 2𝜆𝑔𝑙𝑎𝑠𝑠 − 𝑉𝑖𝑛𝑡 𝜆𝑖𝑛𝑡 − 𝜆𝑔𝑙𝑎𝑠𝑠

Maxwell JC (1892), A treatise on electricity and magnetism. Oxford University Press, London
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Thermal Conductivity of Compounds with 3M™ Glass Bubbles

Example: Glass Bubbles in Polypropylene Matrix

𝜆𝑐 = 𝜆𝑚
1 + 𝐴𝐵𝜙𝐺𝐵

1 − 𝐵𝜓𝜙𝐺𝐵

Nielsen equation:

𝐴 = 𝑘𝑒-1 𝐵 =
 

𝜆𝐺𝐵
𝜆𝑚

− 1

 
𝜆𝐺𝐵

𝜆𝑚
+ 𝐴

𝜓 = 1 +
1 − 𝜙𝑚

𝜙𝑚
2 𝜙𝐺𝐵

with

𝜆𝑐

𝜆𝑚

𝜆𝐺𝐵

𝜙𝐺𝐵

𝜙𝑚

𝑘𝑒

Thermal conductivity of Glass Bubble

Thermal conductivity of matrix

Thermal conductivity of compound

Einstein coefficient (2.5 for rigid spheres)

Volume fraction of Glass Bubbles

Maximum packing fraction of Glass Bubbles (~0.63)

Nielsen LE (1974), The thermal and electrical conductivity of two-phase systems, Ind. Eng. Chem. Fundam 13 17-20
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Potential Applications for 3M™ Glass Bubbles in Windows

Reduction of thermal conductivity and elimination of thermal bridges

 PVC window frame profiles

 Insulation profiles for metal windows

 Spacer between window panes (“warm edge”)

 Sealings
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Warranty, Limited Remedy, and Disclaimer:  Many factors beyond 3M’s control and uniquely within user’s knowledge and control can affect the use 

and performance of a 3M product in a particular application.  User is solely responsible for evaluating the 3M product and determining whether it is fit 

for a particular purpose and suitable for user’s method of application.  User is solely responsible for evaluating third party intellectual property rights 

and for ensuring that user’s use of 3M product does not violate any third party intellectual property rights.  Unless a different warranty is specifically 

stated in the applicable product literature or packaging insert, 3M warrants that each 3M product meets the applicable 3M product specification at the 

time 3M ships the product.  3M MAKES NO OTHER WARRANTIES OR CONDITIONS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED 

TO, ANY IMPLIED WARRANTY OR CONDITION OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR ANY IMPLIED 

WARRANTY OF NON-INFRINGEMENT OR ANY IMPLIED WARRANTY OR CONDITION ARISING OUT OF A COURSE OF DEALING, CUSTOM 

OR USAGE OF TRADE.  If the 3M product does not conform to this warranty, then the sole and exclusive remedy is, at 3M’s option, replacement of 

the 3M product or refund of the purchase price.  

Limitation of Liability: Except where prohibited by law, 3M will not be liable for any loss or damages arising from the 3M product, whether direct, 

indirect, special, incidental or consequential, regardless of the legal theory asserted, including warranty, contract, negligence or strict liability.

Technical Information: Technical information, recommendations, and other statements contained in this document or provided by 3M personnel are 

based on tests or experience that 3M believes are reliable, but the accuracy or completeness of such information is not guaranteed.  Such information 

is intended for persons with knowledge and technical skills sufficient to assess and apply their own informed judgment to the information.  No license 

under any 3M or third party intellectual property rights is granted or implied with this information.


