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Syntactic Selective Near Infrared Scattering Architectural Coatings 
 
Principle Investigators: 
Dr. Michel Barsoum 
Professor, Department of Materials Science  
and Engineering 
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barsoummw@drexel.edu
 
Institution: 
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Student Represented Departments: 
Department of Materials Science and Engineering, Drexel University 
http://materials.drexel.edu 
 
Project Period: 
Phase One: start date August 4, 2008, end date April 1, 2009 
 
Project Amount: 
$9,999 
 
Project Summary: 
 Solar Gain is in part responsible for up to 56% of energy consumed by cooling 
systems in residential buildings.1 By reflecting and scattering radiant energy from the 
sun, the surface temperature of exterior walls and roofs can be greatly reduced. Previous 
studies have indicated that although TiO2 based white paints are highly efficient at 
scattering visible light, absorption occurs for wavelengths of 650nm and higher.4 A 
coating utilizing a filler with a broad particle size distribution will reflect solar radiation 
from a broad range of wavelengths.  Preliminary data suggests that glass hollow 
microspheres are the ideal candidate for scattering light from the visible region well into 
the near infrared region. Glass hollow microspheres are easily integrated into traditional 
binder systems such as acrylic or latex base, are fire retardant, and manufactured from 
inorganic commodity raw materials. By optimizing the particle size distribution and 
packing factor of the glass hollow microspheres, highly efficient, low solar gain coatings 
are possible. Optimization of the coating will involve a thorough analysis and 
characterization of starting material blends, characterization of mixed coatings and 
microstructural characterization of dried coatings.  
  
Supplemental Keywords: 
Syntactic coating, close packed hollow microspheres, Qcel, NIR reflective glazing, solar 
gain 

Dr. James Hagarman 
Program Manager, Goodwin College 
of Engineering 
Drexel University 
jah68@drexel.edu 
 

Abstract 
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Research Plan 
Introduction 
 Buildings consume 40% of the primary energy in the United States, out of which, 
on average 13% is from cooling loads annually.1 Heat gains due to walls, windows, and 
roofs account for 56% of energy consumed by cooling systems in residential buildings.1 
Therefore, solar gains greatly contribute to the amount of energy consumed by 
buildings. By properly shielding a building from solar heat gain, the cooling load of a 
building can be reduced, yielding energy savings. 
 
 Radiation transmitted by the sun can be broken into three basic components; 
ultra violet, visible, and near infrared. Each of these regions corresponds to a particular 
wavelength of light, with the UV and visible regions being particularly narrow. Although 
much energy is transmitted by the UV and Visible regions, the near infrared (NIR) 
region is comparatively much wider in wavelength, therefore having a larger 
contribution to thermal gain than UV and Visible combined2 (Figure 1). 

 
Figure 1: Spectral Irradiance of sunlight, according to ASTM G173-03 AM1.52 
Shaded regions indicate visible and infrared regions. 
 
 Traditionally, little thought is given to infrared scattering properties of paints and 
coatings. Titanium dioxide is used in most paints as the primary pigment due to it's 
hiding power3. Titanium dioxide particles lend their hiding power to TiO2's particularly 
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high refractive index, which is controlled by grinding the TiO2 to an optimal particle 
size. Titanium dioxide particles are ground to an optimal particle size of about half the 
wavelength of visible light, or 0.2-0.4µm. Below this size, the particles loose their 
scattering ability; above it they loose their hiding power3. 
 
 Previous studies have indicated that although TiO2 based white paints are highly 
efficient at scattering visible light, absorption occurs for wavelengths of 650nm and 
higher (Figure 2)4. This data clearly indicates that common commercially available 
paints, which are exclusively TiO2 based, do not effectively reflect or scatter NIR 
radiation. Absorption that occurs in the NIR region is realized in the form of heat at the 
surface of the coating. 

 
Figure 2: Scattering efficiency of titanium dioxide nanoparticles4 

 
 Scattering of one particular wavelength of light can be modeled my Mie Theory. 
Mie Theory predicts the optimal particle diameter needed to scatter one wavelength of 
light.5 By extending this prediction across the entire near infrared spectrum, a particle 
size distribution can be predicted for ideal scattering in the near infrared region. A filler 
with the proper particle size distribution can be homogeneously mixed into a 
transparent binder system to create a coating with a close packed microstructure. Given 
ideal conditions, when a light wave of wavelength λ hits the coating, it will pass through 
various particles until it is deflected by a particle of ideal diameter for scattering.  
 
Challenge Definition 
 In order to design an architectural coating capable of scattering and reflecting 
UV, Visible, and NIR radiation from the sun, the filler (scattering) particles must be 
optimized for full spectrum scattering. By using Mie Theory as a basis for optimal 
particle size necessary to scatter a particular wavelength, a filler medium with preferred 
optical properties will be designed to encompass a corresponding particle size 
distribution, based on wavelengths to be scattered.5 The filler medium, or filler particles 
will be bound by conventional binder systems such as latex or acrylic.  
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Innovation  
Hollow Microspheres: Introduction 
 Hollow Microspheres (HMS) are a class of material derived from fly ash from 
coal fired power plants. Materials formulated with HMS are referred to as Syntactic. 
These HMS powders find their way into many commercial products including thermal 
insulation for offshore sub-sea oil delivery lines.  The utility in the insulating application 
is not only density reduction and thermal insulation of the pipe wall, but also the ability 
of the insulating layer to withstand high pressures at depth.  In the Building Products 
industry, the use of HMS in insulating roof coatings has received attention in recent 
years.5 
 
 One product in particular, Hy-Tech Thermal Solutions Insulating Ceramics, uses 
low thermal conductivity ceramic hollow microspheres to increase the insulation factor, 
or R value, of a coating.6 The addition of these spheres is done only to decrease the 
coating's thermal conductivity; no selective optical scattering takes place since the 
particles are opaque and their size distribution is not tailored for optical scattering 
events. 
 
Hollow Microspheres: Our implementation 
 Spherical micro and nanoparticles such as glass hollow microspheres are ideal for 
scattering of NIR radiation due to their spherical geometry which allows for interaction 
with incident light of any polarization.4 By suspending these glass hollow microspheres 
at high volume fraction in a binder system such as acrylic or latex, a coating which dries 
into a close packed glass hollow microsphere layer is possible. This coating can then be 
applied to a substrate and take full advantage of the bulk optical properties of the glass 
hollow microspheres.  
 
 Glass hollow microspheres of compositions of sodium borasilicate will be used for 
this research; their optical properties and presence of air gap voids at the centers of the 
spheres make them ideal candidates for visible and NIR scattering. Durability of the 
final coating should be comparable to or better than that of the binder system used. 

 
Initial research was conducted by a team of undergraduate students at Drexel 

University under the direction of Dr. James Hagarman. These trials utilized off the shelf 
products from PQ Corporation and 3M Corporation. See the attached supporting letter 
for a brief account of materials, methods, and results of the trials.7 
 
Methods: 
 Previous work conducted at Drexel University provides strong supporting 
evidence that glass hollow microspheres are a viable scattering filler capable of reducing 
a coating’s temperature under sunlight compared to titanium dioxide based coatings. 
The research team assembled will formulate a theoretical model for the scattering and 
optical interactions with glass hollow microspheres, conduct in depth simulation trials, 
characterize optical and microstructure properties of coatings and raw materials, and 
optimize the filler particle size distribution. Further work done on this project, budget 
permitting, includes field testing an optimized coating on an experimental property at 
Drexel University outfitted with proper measurement facilities.  
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Material Characterization 
 Photon Correlation Spectroscopy will be used to evaluate the exact particle size 
distribution of glass hollow microspheres in given samples. Fourier transform infrared 
spectroscopy (FTIR) will be used as a qualitative investigative tool into the optical 
properties of different glass hollow microsphere samples. Further optical testing 
methods will be investigated by the research team as necessary. 
 
Coating Characterization 
 Since the formulation goal of the architectural coating is to achieve close packing 
among the glass hollow microspheres, several microscopy techniques will be employed 
to monitor close packing efficacy. Our primary method of obtaining inexpensive, quick 
results will be to freeze and fracture a dried, coated substrate with liquid nitrogen, then 
use SEM to characterize the microstructure of the fractured coating surfaces. This 
method provides a glimpse of the cross section of a coating. 
 
Project’s role in education: 
 Work conducted on Architectural Coatings will ultimately be featured in a 
permanent, evolving display of sustainable research and technology at Drexel University 
called the Drexel Smart House.  
 
 The Drexel Smart House is a student-led, multidisciplinary project to construct 
an urban home to serve as a "living laboratory" for exploring cutting edge design and 
technology. Participants will conduct research and develop designs in the areas of 
environment, energy, interaction, health, and lifestyle with the ultimate goal of 
improving quality of life in the urban residential setting. The project will provide an 
outstanding example for what the urban home of the future should look like and will 
show how quality of life can improve through smart design and technology: simplifying 
daily life, decreasing a person's environmental impact, and providing a healthier home.8 
 
 The Smart House project is currently in the design phase, however construction 
is scheduled to begin at the end of 2009. Located at 35th and Race Streets in 
Philadelphia, the Drexel Smart House aims to educate the Philadelphia community, 
Drexel University students, other universities, and the public about sustainable 
practices and technology in a real world setting. When completed, the home will be a 
permanent, evolving icon of sustainability in Philadelphia designed to house ten 
students. 
 
 The research community at Drexel University, particularly the personnel in the 
Drexel Nanotechnology Institute, will see first hand how materials and nano materials 
research can be applied to develop sustainable products and technologies. The 
undergraduate students on the Architectural Coatings research team (Eric Eisele, Sarah 
Byrnes, Charlie Woods, and Dan Pugh) will complete their Senior Design Theses for 
Bachelor of Science degrees in Materials Science and Engineering. 
 
 
 

Page 6 of 22



EPA-G2008-P3-Z3 

 

Project Schedule 
 July 2008 
  •Finalize background research 
  •Finalize market & economic analysis 
 August 2008 
  •Finalize theoretical model & Mie theory calculations 
  •Calculate optimal particle size distribution data 
  •Evaluate all potential binder products, select binder materials for trials 
 September 2008 

•Present proposal to Engineering Design Panel (University degree 
program obligations) 
•Obtain panel of glass hollow microsphere samples from PQ Industries 
•Conduct optical analysis on glass hollow microsphere samples 
•Blend samples based on calculations from theoretical model 
•Coat substrates for sunlight simulation tests 

 October 2008 
  •Conduct detailed characterization of top performing samples 
  •Duplicate results of top performing samples 
  •Prepare samples for long term testing 

•Formulate mechanical testing methods for durability, frictional 
characteristics, wear resistance 

 November 2008 
  •Begin long term testing of samples 
  •Conduct mechanical testing 
  •Begin research on additional pigmentation systems 
 December 2008 
  •Research ASTM and other industry standards for market viability 
  •Begin provisional patent disclosure process 
 February 2009 
  •Conclude coating foundtion formulation 
  •Continue pigmentation research & testing 
 March 2009 
  •Identify continuing research and commercialization costs 
 April 2009 
  •Prepare final report for P3 Award 
  •Prepare for phase two of P3 Award 
 
Partnerships 

•Verbal commitment from PQ Industries, manufacturer of glass hollow 
microspheres 
 •Will donate samples and provide product technical support 
 •Possibility for fund matching will be discussed for phase two of P3 award 

 •At this time, no other partnerships are anticipated. 
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Department of Materials Science and Engineering 
TEL:  215-895-2328 
FAX:  215-895-6760 

E-Mail:  judith.trachtman@coe.drexel.edu 

 
 
 
 
December 19, 2007 
 
To Whom It May Concern: 
 
 
I am submitting a proposal for a grant from the Environmental Protection Agency for a project 
called Architectural Coatings. Architectural Coatings utilize a glass hollow microsphere 
(borosilicate and aluminosilicate) filled acrylic base coating to selectively scatter and reflect near 
infrared radiation from the sun based on Mie Scattering theory. 
 
Enclosed please find my Curriculum Vitae and a statement of Current and Pending Support. 
 
If you require any additional information, please feel free to contact me. 
 
 
 

 
Dr. Michel Barsoum 
Distinguished Professor 
Department of Materials Science and Engineering Drexel University Philadelphia, PA 19104 
barsoumw@drexel.edu 
Phone: 215 895 2338 
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Goodwin College 
One Drexel Plaza 

3001 Market Street Suite 100 
Philadelphia, PA 19104 

215-895-2159 
 
December 19, 2007 
 
To Whom It May Concern: 
 
Architectural coatings with visible and near-IR reflectivity in thin, multilayer films.  Coatings 
use commercial raw materials from Rohm and Haas Co., PQ Corporation, 3M Co. and Emerson 
Cuming Composite Materials in Canton, Mass.  Coatings use standard manufacturing technology 
and are applied by conventional techniques in use in the industry.  Acrylic latex binders are filled 
with hollow glass microspheres to produce such efficient coatings. 
 
We plan to save 10% of the annual energy cost in cooling season by saving 40% of the air 
conditioning costs of 10% of the building infrastructure in-place and planned.  Building targets 
are residential and light commercial structures with wood, vinyl, or stucco 
exteriors and trim. 
 
We further intend these coatings to be fire-retardant due to the inclusion of special hollow glass 
microspheres with high ignition moisture content and low softening temperature. Still further, we 
intend these coatings to be acoustically insulating as tested by the Non-Destructive Testing 
Facility at Drexel in the Applied Engineering Technology program. 
 
As such, with the combination of thermal and acoustical properties, these thin coatings can also 
be applied to fabrics suitable for temporary inflatable structures intended for emergency relief or 
inhospitable environments. 
 
This work will be performed as Undergraduate Research by Applied Engineering Technology 
students using the extant Measurements Lab and Non- Destructive Testing Facility at Goodwin 
College/Drexel University in combination with Smart House. 
 
 
 
James A. Hagarman, Ph.D. 
Program Manager 
Corporate Onsite and Online Programs 
Goodwin College 
Drexel University 
215-895-0909
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Supporting Letter: Syntactic Architectural Coatings Research 
Dr. James Hagarman 
 

Materials and Methods:  Representative samples of HMS and latex binders 
were obtained from commercial sources and simple three-part coatings were 
formulated to stucco-like (trowelable) consistency.  A spreadsheet was 
constructed for all formulations to allow calculation of total solids and volume 
loading of HMS in the formulations.  Coatings (one and two layers) were troweled 
onto 3/8 plywood (12in.X 12in.) panels.  Wet and dry coated panel weights, 
combined with solids content, allowed calculation of coating thicknesses.  Coated 
panels were exposed to heat lamp radiation at several distances (one foot and two 
feet) and the front and back panel temperatures were measured by several 
techniques.  The large number of panels was first measured for surface 
temperature during heating with an optical pyrometer.  The most interesting 
coatings were then re-evaluted using thermocouples linked to a real-time data 
acquisition system (Lab View).  For each coating, the pyrometer data was 
correlated to the thermocouples by adjusting the emissivity of the pyrometer.  
Estimates of emissivity of each coating were thus obtained.  The best coatings 
were compared to white paint and grey paint over a 30 minute heating period 
sampling front and back surface temperatures every 30 seconds, following by a 
cooling period sufficient to return to near-ambient temperature (80 deg F).  
These measurements were taken for both single and double layer coatings at 
distances (lamp to panel) of one and two feet. 

 
Results:  Peak temperatures of approx. 150 deg F and 120 deg F were 

obtained for grey and white paint.  The best of the HMS coatings (3M S-60) 
peaked at approx. 105 deg F.  This HMS coating was 15 deg F cooler than the 
white paint, roughly 38% reduction in temperature rise over ambient (80 deg F) 
compared to the white control.  The relative efficiency of the HMS coatings is 
related to the size distribution of the HMS (smaller is generally more efficient).  
The difference between the single and double coats for various HMS is small 
compared to the absolute effect.  The ceramic HMS (flyash-derived) were the 
poorest performers among the HMS.  No attempt was made to improve the color 
of the flyash coatings which was noticeably grey-brown. 

 
Discussion:  If we consider that roughly 45% of the solar heating effect is 

from visible light and roughly 50% is from near-IR, and we consider that grey 
paint and white paint peak in our experiments at 150 and 120 deg F, we might 
roughly expect efficient near-IR scattering to be able to reduce surface 
temperatures approx. 30 deg F.  The coatings prepared in this study have realized 
approx. ½ of the maximum expected thermal cooling- 15 deg F.  Considering 
further that the HMS size distributions truncate, in the best case, at one micron, 
and realizing that approx ½ of the incident near-IR solar radiation is in the 
region 700 nanometer to one micron, we might expect that extending the size 
distribution of the HMS in such coatings to 700 nanometers could effect an 
improvement in overall cooling efficiency.   
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Since we have observed only a small effect in cooling efficiency upon 
increasing HMS coating thickness by an order of magnitude (from approx. 20 
microns to 40 microns), it is conjectured that the observed HMS effect is not 
conventional foam insulation- whereby the density reduction and trapping of 
contained air reduces the thermal convective heat transfer, but rather a scattering 
effect which keeps the heat out of the thermal mass of the wall completely.  As 
mentioned above this shortens the cooling period for such a wall in the cool 
evening and reduces the late-day time lag between exterior and interior areas.  In 
fact, the density of the most efficient HMS is little different that the latex binder 
system.  Such coatings- provided gas entrainment is controlled during 
formulation- are about 1.0 in specific gravity.  Some of the less efficient HMS are 
significantly lighter than the better HMS- producing lower density coatings.  If 
conventional insulative effect were dominant the results should be reversed.  Also 
and last, the PQ product 1.10P8, while the smallest HMS in the study, is only 
second in efficiency as insulation.  Discussions with PQ Corp. have indicated that 
the fines portion of this product is solid, not hollow, microspheres.  Perhaps at 
least a portion of the insulating effect with HMS is due to refraction of the 
incident radiation as the hollows have a void with a significantly different index 
of refraction that either the latex binder or glass HMS wall. 
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Budget 
 
$1870   Domestic Travel to Washington D.C. 
$2398   Supplies 
$2398   Characterization costs 
$3333   Indirect costs__________________ 
$9999   Total Project Cost 

 
Budget Justification 
 

Domestic Travel: Travel cost were estimated for the trip to the National Sustainable 
Design Expo. Roundtrip Amtrak fare from Philadelphia to Washington D.C. is currently 
$84. We assumed that the fare might increase slightly before the next expo. We assume 
$95 for the purpose of our calculations. We estimate that six people will be attending 
bringing the total travel fare to $570. Checking rates online, it appears that a room for 
three people near the National Mall will be approximately $325 per night. Two rooms 
for two nights at $325 comes to $1300. The total for travel cost comes to $1870.  

Supplies: For trials, general hardware and supplies must be purchased such as 
thermocouples, substrates, heat lamps, isolation boxes, sample holders, etc. Data 
capturing and logging equipment will be provided courtesy of Drexel University AET 
Labs. Glass hollow microspheres will be supplied either in bulk at no charge by PQ 
Industries, or in smaller quantities from 3M. Binder materials will be supplied at no 
charge by various manufacturers by requesting product samples; a common practice in 
industry. Quantity of samples supplied by manufacturers will be sufficient for our 
purposes. 

Characterization Costs: In order to verify particle size distribution of starting 
materials, Photon Correlation Spectroscopy and other characterization methods must be 
employed. Scanning Electron Microscopy will be used to determine close packing 
quality of microspheres. Lateral Force Microscopy will be one among several mechanical 
material tests used to determine wear properties of the coating. Several spectroscopy 
methods and optical tests will be used to determine the emissivity of the coatings. Each 
of these procedures will take place in the Materials Characterization Facility and Drexel 
Nanotechnology Institute at Drexel University, billed on an hourly basis. 

Indirect Costs: Based on the standard accounting practice of Drexel University, 50% 
of the total direct cost was used to calculate the indirect costs.  
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