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(57) ABSTRACT 

Lightweight synthetic particles that replace traditional aggre 
gates and methods of producing the same are disclosed 
herein. 
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LIGHTWEIGHT SYNTHETIC PARTICLE 
AND METHOD OF MANUFACTURING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 13/447,146, filed on Apr. 13, 2012, 
which claims priority from U.S. provisional patent applica 
tion Ser. No. 61/475,008, filed on Apr. 13, 2011, and U.S. 
provisional patent application Ser. No. 61/564,689, filed on 
Nov. 29, 2011, and incorporates each of the abovementioned 
applications by reference as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

0002 Concrete is a composite construction material com 
posed primarily of aggregate, cement and water. There are 
many formulations that have varied properties. The aggregate 
is generally coarse gravel or crushed rocks such as limestone, 
or granite, along with a fine aggregate Such as sand. The 
cement, commonly Portland cement, and other cementitious 
materials such as fly ash and slag cement, serve as a binder for 
the aggregate. Various chemical admixtures may also added 
to achieve varied properties. Water is then mixed with this dry 
composite which enables it to be shaped (typically poured) 
and then solidified and hardened into rock-hard strength 
through a chemical process known as hydration. The water 
reacts with the cement which bonds the other components 
together, eventually creating a robust stone-like material. 
Concrete has relatively high compressive strength, but much 
lower tensile strength. For this reason is usually reinforced 
with materials that are strong in tension (often steel). 
0003 Concrete is widely used for making architectural 
structures, foundations, brick/block walls, pavements, 
bridges/overpasses, motorways/roads, runways, parking 
structures, dams, pools/reservoirs, pipes, footings for gates, 
fences and poles and even boats. 
0004 Construction aggregate, or simply "aggregate', is a 
broad category of coarse particulate material used in con 
struction, including sand, gravel, crushed stone, slag, 
recycled concrete and geosynthetic aggregates. Aggregates 
are a component of composite materials such as concrete and 
asphalt concrete; the aggregate serves as reinforcement to add 
strength to the overall composite material. Due to the rela 
tively high hydraulic conductivity value as compared to most 
soils, aggregates are widely used in drainage applications 
Such as foundation and French drains, septic drain fields, 
retaining wall drains, and road side edge drains. Aggregates 
are also used as base material under foundations, roads, and 
railroads. In other words, aggregates are used as a stable 
foundation or road/rail base with predictable, uniform prop 
erties (e.g. to help prevent differential settling under the road 
or building), or as a low-cost extender that binds with more 
expensive cement or asphalt to form concrete. 
0005 Pozzolans are commonly used as an addition (the 
technical term is “cement extender') to concrete mixtures to 
increase the long-term strength and other material properties, 
and in Some cases reduce the material cost of concrete. A 
poZZolan is a material which, when combined with calcium 
hydroxide, exhibits cementitious properties. Pozzolans are 
primarily vitreous siliceous materials which react with cal 
cium hydroxide to form calcium silicates; other cementitious 
materials may also be formed depending on the constituents 
of the poZZolan. 
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0006. The pozzolanic reaction may be slower than the rest 
of the reactions that occur during cement hydration, and thus 
the short-term strength of concrete made with poZZolans may 
not be as high as concrete made with purely cementitious 
materials; conversely, highly reactive poZZolans, such as 
silica fume and high reactivity metakaolin can produce "high 
early strength” concrete that increase the rate at which con 
crete gains strength. 
0007. Many pozzolans available for use in construction 
today were previously seen as waste products, often ending 
up in landfills. Use of poZZolans can permit a decrease in the 
use of Portland cement when producing concrete; this is more 
environmentally friendly than limiting cementitious materi 
als to Portland cement. 
0008. One common pozzolan used in modern concrete is 
fly ash. Fly ash is one of the residues generated in combustion, 
and comprises the fine particles that rise with the flue gases. In 
an industrial context, fly ash usually refers to ash produced 
during combustion of coal. Fly ash is generally captured by 
electrostatic precipitators or other particle filtration equip 
ment before the flue gases reach the chimneys of coal-fired 
powerplants, and together with bottomash removed from the 
bottom of the furnace is in this case jointly known as coal ash. 
Depending upon the source and makeup of the coal being 
burned, the components of fly ash vary considerably, but all 
fly ash includes substantial amounts of silicon dioxide (SiO2) 
(both amorphous and crystalline) and calcium oxide (CaO), 
both being endemic ingredients in many coal-bearing rock 
Strata. 

0009. Owing to its pozzolanic properties, fly ash is used as 
a replacement for some of the cement content of concrete. It 
can replace up to 30% by mass of Portland cement, and can 
add to the concrete’s final strength and increase its chemical 
resistance and durability. Recently concrete mix design for 
partial cement replacement with High Volume Fly Ash (50% 
cement replacement) has been developed. 
0010 Silica fume, is another commonly used pozzolanic 
material, also known as microsilica, is an amorphous (non 
crystalline) polymorph of silicon dioxide, silica. It is an 
ultrafine powder collected as a by-product of the silicon and 
ferro-silicon alloy production and consists of spherical par 
ticles with an average particle diameter of 150 nm. Because of 
its extreme fineness and high silica content, silica fume is a 
very effective pozzolanic material. 
0011 Silica fume is added to concrete to improve its prop 
erties, in particular its compressive strength, bond strength, 
and abrasion resistance. These improvements stem from both 
the mechanical improvements resulting from addition of a 
very fine powder to the cement paste mix as well as from the 
poZZolanic reactions between the silica fume and free cal 
cium hydroxide in the paste. 
0012 Polystyrene is an aromatic polymer made from the 
monomer styrene, a liquid hydrocarbon that is manufactured 
from petroleum by the chemical industry. Polystyrene is one 
of the most widely used plastics, the scale being several 
billion kilograms per year. Polystyrene can either be a ther 
moset or a thermoplastic. A thermoplastic polystyrene is in a 
Solid (glassy) state at room temperature, but flows if heated 
above its glass transition temperature of about 100° C. (for 
molding or extrusion), and becomes Solid again when cooled. 
Pure solid polystyrene is a colorless, hard plastic with limited 
flexibility. It can be cast into molds with fine detail. Polysty 
rene can be transparent or can be made to take on various 
colors. 
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0013 Polystyrene can be recycled, and has the number “6” 
as its recycling symbol. The increasing oil prices have 
increased the value of polystyrene for recycling. No known 
microorganism has yet been shown to biodegrade polysty 
rene, and it is often abundant as a form of pollution in the 
outdoor environment, particularly along shores and water 
ways especially in its low density cellular form. 
0014 Expanded polystyrene (EPS) is a rigid and tough, 
closed-cell foam. It is usually white and made of pre-ex 
panded polystyrene beads. Familiar uses include molded 
sheets for building insulation and packing material ("pea 
nuts) for cushioning fragile items inside boxes. Sheets are 
commonly packaged as rigid panels which are also known as 
“bead-board. 

BRIEF DESCRIPTION OF THE INVENTION 

0015 The invention described herein is a lightweightsyn 
thetic particle (“particle') which may replace all or a portion 
of the aggregate content in any given mixture. In one embodi 
ment, the particle is comprised of at least a core coated with a 
wetting agent. In another embodiment, the aggregate is com 
prised of at least a core coated with a wetting agent; the 
wetting agent is then coated with a coating agent. 
0016. The core maybe be expanded polystyrene, styrene, 
or other lightweight material Such as perlite, pumice, Ver 
miculite, bamboo, wood chips or pellets, husks or shells from 
rice, coffee, cocoa, wheat or other plants, plant seeds, cores, 
stalks, Strands or fibers, sea shell fragments, paper fragments 
or pellets, rubber fragments or particles, amongst other mate 
rials. The wetting agent may be a soluble, glass forming 
silicate salt, amongst others. The coating agent maybe an 
acrylic (virgin, or recycled. Such as acrylic paint), biochar or 
other nutrient soil enhancers, cementitious and poZZolanic 
materials, Portland cement (all forms, including masonry, 
plastic, high-early, slag cement, etc), fly ash, silica fume, 
perlite, metakaolin, pigments, iron oxide, gypsum, and/or 
fibers (including PVA, nylon, steel, fiberglass, organics), 
amongst others. The coating agent may be comprised of 
either a single material or a combination of materials. 
0017. The particle offers several benefits over traditional 
aggregates. It is an ultra-lightweight particle which can be 
used as an aggregate in concrete that is static-free and user 
friendly for handling, blending, and application. Reducing 
the weight of concrete reduces worker fatigue, thereby reduc 
ing labor costs. Additionally, the particle is a green, Sustain 
able building product that replaces natural minerals or other 
aggregate materials which must be mined, processed and 
transported to cement product manufacturing centers. The 
particle helps reduce transportation, handling, shipping costs 
and energy both to and from the factory. Also, the particle 
offers improved impact, fire, crack, and freeze-thaw resis 
tance to concrete products. 

BRIEF DESCRIPTION OF THE SEVERAL 
DRAWINGS 

0018 FIG. 1 depicts a flow chart indicating the preferred 
process for manufacturing a synthetic aggregate. 
0019 FIG. 2 depicts an abstract cross-sectional view of 
non-spherical EPS particles, shredded, ground, texturized, or 
otherwise reduced according to the methods described 
herein, Suspended in a cementitious mixture. 
0020 FIG. 3 depicts a flow chart indicating the preferred 
process for manufacturing an alternative synthetic aggregate. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0021. In the following detailed description, numerous spe 
cific details are set forth in order to provide a thorough under 
standing of various embodiments. However, those skilled in 
the art will understand that the present invention may be 
practiced without these specific details, that the present inven 
tion is not limited to the described embodiments, and that the 
present invention may be practiced in a variety of alternate 
embodiments. In other instances, well known methods, pro 
cedures, components, and systems have not been described in 
detail. One of skill in the art will appreciate various modifi 
cations to the process, to the ingredients, and to the propor 
tions of ingredients that are possible. One skilled in the art 
will further appreciate that the following steps can be scaled 
to allow larger or Smaller quantities of product to be made. 
0022. The following description teaches a lightweight 
synthetic particle (“particle'). In one embodiment, the par 
ticle is comprised of at least a core coated with a wetting 
agent. In another embodiment, the particle is comprised of at 
least a core coated with a wetting agent, and then coated with 
a coating agent. The coating agent (or agents) may com 
pletely or partially encapsulate the wetting agent. 
0023. One exemplary core is expanded polystyrene (EPS). 
However, one of ordinary skill in the art will recognize that 
any Suitable form of styrene polymers can be used in place of 
the EPS content with similarly beneficial results. In particu 
lar, manufactured, expanded or partially expanded polysty 
rene beads or other prepared pieces of suitable size, shape or 
texture may be used without departing from the scope of the 
aggregate described herein. Similarly either virgin or 
recycled EPS or other styrene polymers can be used as the raw 
material. Other exemplary cores include perlite, vermiculite, 
bamboo, wood chips, wood pellet fragments, rice, coffee, 
cocoa husks or shells, husk or shells from wheat or other 
plants, seeds, cores, stalks, plant strands or fibers, sea shell 
fragments, paper fragments or pellets, biochar and/or other 
plant nutrients, amongst others, or a combination thereof. 
0024. The particle described herein can be blended with 
dry mix stucco, mortars, grouts, concrete or other dry cem 
etititious mixes or can be directly added to wet-mix stucco, 
mortars, grouts, ready-mix concrete, slurries or other wet 
cementitious mixes. The particle is suitable for use in a wide 
variety of both structural and non-structural cement-based 
mixes. Incorporation of these particles advantageously 
increases fire resistance, flexibility, impact resistance and 
freeze-thaw durability over conventional aggregates. The 
particles are uniquely non-static and provide bond strength to 
the cement paste within a concrete mixture, thereby improv 
ing mixability, aggregate dispersal uniformity and perma 
nently securing the particles within the cured matrix. The 
particles also help reduce the speed with which moisture 
escapes from freshly formed mixes, thereby improving 
hydration, which creates stronger concrete and helps reduce 
both micro and macro cracking The higher air-containing 
content of the particles decreases mixture weight and adds 
valuable insulative and Sound-absorbing properties to the 
final product (e.g., stucco, mortar, grouts, or concrete). Also, 
while conventional raw, white, hydrostatic and non-binding 
EPS beads are often visibly exposed on a given mixture's 
Surface and/or may otherwise adversely affect finish appear 
ance and desirability by creating pits, bumps, lumps other 
Surface irregularities, the darkened coated particles stay well 
bonded and well-suspended with the mixture and are there 
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fore much less prone to “float” to the surface. The particles 
also homogeneously incorporate within Soil mixes to advan 
tageously decrease unit weight and help reduce the speed 
with which moisture may escape. 
0025 Referring to FIG. 1, in an exemplary embodiment of 
a method of preparing an exemplary particle having an EPS 
core, the components of which are described in detail below, 
raw EPS material 4 is finely crushed, sliced, shredded, tex 
turized, or otherwise reduced into preferably non-spherical 
EPS particles 32 and placed in a wetting station 40. A wetting 
agent 42 is introduced to the EPS particles 32. The wetting 
agent 42 is preferably water mixed with a thickening agent 
such as acrylic. The EPS particles 32 are then thoroughly 
combined with the wetting agent 42 using a mixing device, 
Such as a paddle mixer, or other blending method. Such that 
the EPS particles 32 are substantially and uniformly coated 
with the wetting agent 42. After the EPS particles 32 are 
coated with the wetting agent 42, coating agents 46 are added 
in a coating step 44. The coating agents may include fly ash or 
silica fume or some combination thereof. In a particular 
embodiment, the coating agent 46 consists of equal parts by 
volume of fly ash and silica fume, combined with polyvinyl 
acetate (PVA) fibers. Other pozzolanic materials may also 
serve as effective additives. In an exemplary embodiment of 
the aggregate, the proportion of ingredients are: 

Ingredient Volume % by Volume 

Ground EPS Content 4 gallons 77.10% 
Wetting Agent 0.125 gallons 2.4% 
Fly ash 0.5 gallons 9.6% 
Silica Fume 0.5 gallons 9.6% 
PWA Fibers 0.0625 gallons 1.2% 

0026. Finally the wetted, coated EPS particles are dried 
48. This process creates particles 52 for aerating cement, 
stucco and other cementitious materials. The use of finely 
ground EPS maximizes the encapsulated air in the particle by 
reducing the interstitial Volume Surrounding fully formed 
foam beads or scrap fragments. Larger beads used as a filler in 
cement and cementitious products are typically able to 
decrease cement-based product weights up to a limit of 
approximately 20%, while embodiments of the particles 52 
described herein can decrease the same product weights by up 
to 80% or more, for example as may be preferable in the case 
of certain cement stucco base coat or finish applications, 
floating concrete, geo-filled slurries, or other products or 
applications that may require or benefit from ultra-light 
weight materials. 
0027. For certain specialized uses, such as stucco, a small 
amount of a Surfactant may also be added to the mix at this 
point. After adding the coating agents and any other dry 
ingredients, the particles 52 are again mixed thoroughly with 
mechanical paddle mixer until coating ingredients and/or 
fibers are evenly distributed in mixture. Certain air entraining 
agents, fibers, Surfactants, pumping aids and other additives 
common to the stucco industry may also be incorporated in 
dry or wet stucco mixes containing the invention. The fly ash, 
silica fume and PVA fiber ingredients should be thoroughly 
blended with the EPS and other ingredients using a mechani 
cal mixer or similar mechanism to ensure uniform and 
homogenous mixing of all ingredients in the matrix. 
0028. After the EPS particles 32 are wetted with the wet 
ting agent 42 and the fly ash, silica fume and PVA fibers have 
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been thoroughly blended with the finely shredded EPS par 
ticles, the removal of excess moisture during the drying step 
48 ensures that any potential future storage problems which 
might be caused by excess moisture are minimized while the 
aggregate is stored in a bulk or bagged state. The mixture can 
be dried using conventional methods (e.g., circulating air) or 
can be allowed to air dry through natural convection. The EPS 
particles 32 are preferably dried until it does not bind together 
when Squeezed. Alternatively, Sufficient moisture-absorbing 
coating agent 42 content may be applied to enable a speedier 
drying process that does not require secondary curing time or 
procedures. 
0029 Appropriately ground EPS particles 32 combined 
with appropriate wetting and coating 42 agents are used to 
incorporate a concentrated air-infused material into the 
cement-based matrix. EPS beads contain approximately 95% 
air by volume and, therefore, the finer the grind, the greater 
the concentration of air that can be added to any given mix 
ture. Once the finely ground, or otherwise reduced, EPS mate 
rial is properly wetted and surface-coated to inhibit static and 
add a stabilizing film of dead weight, then dried, the resulting 
additive can be quickly and uniformly integrated into the 
applicable stucco or concrete mixture. Using a preferred 
method of processing the raw EPS material 4, the preferred 
size of the finely ground EPS particles 32 may range from 20 
to 120 mils (0.508 to 3.048 millimeters). The exemplary 
embodiment may advantageously utilize EPS material 
obtained from post-consumer or manufacturing waste prod 
ucts, whereby foam pieces of various sizes are received from 
store outlets and other commercial sources. Although EPS 
sources ranging from Type 1 EPS (1 lb/cu. ft.) to Type 2 EPS 
(2 lb/cu. ft.) are preferred and are described below, other 
polystyrene materials, including other densities of EPS mate 
rial, or other materials based on styrene polymer variants, 
Such as cups, trays, containers, and egg cartons may be also be 
used. Other recycled products such as pulverized rubber tire 
fragments and/or other miniaturized plastic components, as 
well as organic byproducts such as rice hulls or wood chips 
may also be incorporated into the mix design. As described 
above, other cores that may be used are perlite, vermiculite, 
bamboo, wood chips, wood pellet fragments, rice, coffee, 
cocoa husks or shells, husk or shells from wheat or other 
plants, seeds, cores, stalks, plant strands or fibers, sea shell 
fragments, paper fragments or pellets, biochar and/or other 
plant nutrients rubber fragments or particles, amongst others, 
or a combination thereof. 

0030 Referring again to FIG. 1, in an exemplary method 
of preparing the EPS material for use in the particle described 
herein, during the EPS processing step 6, the raw EPS mate 
rial 4 is sorted 8 and any relatively large foam pieces are 
broken into Smaller sizes preferably no larger than approxi 
mately 6" in the longest dimension 12. During this process, 
the raw EPS pieces are inspected for foam of the wrong type 
or color and for any loose, foreign objects, such as Screws, 
tape, paper, and other foreign objects incorporated into foam 
packaging and any such offending material is removed. High 
and low density foam chunks are also mixed into rough pro 
portion such that, after processing, the EPS particles 32 have 
an approximate final density of 1.0-1.5 pounds per cubic foot. 
The reduced foam is then put through a pre-break milling 
process 16, whereby the foam is ground, crushed, cut or 
otherwise reduced to pieces no more than roughly 2 inches 
across 20. The reduced foam is then put through a final mill 
ing step 24 whereby the EPS material further processed, 
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texturized, shredded, granulated, beaded, or otherwise 
reduced until the pieces are able to pass through an appropri 
ately sized screening mechanism to be acceptable for pro 
cessing. 
0031 Referring to FIG. 2, once the ground, shredded, or 
otherwise textured or screened EPS material is coated, the 
resulting non-static and readily homogenized particles are 
advantageously more efficiently incorporated into a cemen 
tious mixture than otherwise possible using conventional, 
statically-charged and hydrophobic EPS beads or EPS-con 
taining aggregates. Additionally, reducing the EPS particles 
in the manner described above creates irregularly shaped 
and/or sized materials that are more easily mixed and resist 
settling or rising in the mixture (either wet or dry) under 
vibration. The air-containing particulate density also retards 
the mixture drying process, which helps create better hydra 
tion and increases mixture “pot life', which extends applica 
tor “working time.” In the case of the utilization of recycled 
EPS waste material in the mixture, the higher the concentra 
tion, the greater the “green” environmental benefit. The 
invention’s particle shape, size, texture and cement-bond 
enabling outer coating also combine to improve compressive 
strength as compared to conventional round, Smooth, Virgin, 
and hydrophobic EPS bead particles. The ultralight particles 
provide lighter, Smoother and more easily transportable, mix 
able, trowelable and/or pumpable mixtures and these proper 
ties combine to cause much less physical strain on work 
persons, machinery and equipment and advantageously 
reduces structure weight. 
0032 Referring again to FIG. 1, pre-coating the EPS par 

ticles 32 with a wetting agent 42 including a thickening agent 
43 permanently encapsulates the EPS particles 32 with a thin 
layer of the thickening agent. This layer helps to ensure a 
uniform bonding of the EPS particles 32 with the later applied 
coating materials 46 and further allows for a greater percent 
age of aeration of the bulk mixture and a more uniform 
distribution of the particles than provided by the conventional 
method of adding EPS content directly to cement products. 
0033. The wetting agent 42 allows the EPS-coating addi 

tives, described below, to adhere to the surface of the EPS 
particles 32. The introduction of the moisture in this step also 
helps weigh down the EPS particles 32, making it easier to 
uniformly mix with the coating agent(s) 46 in a later step 46. 
Wetting and later coating the EPS particles also reduces static 
electricity, which results in a Smoother, more readily inte 
grated mixing process. The addition of a thickening agent, 
Such as acrylic, increases the wetting agent's stickiness, 
which allows for a stronger adhesion of the coating agent 46 
to the surface of the EPS particles 32. 
0034. In certain embodiments of the aggregate disclosed 
herein, PVA is used as part of the wetting agent, preferably in 
a ratio of 3 parts water to 1 part PVA. In other embodiments, 
Such as for use in the creation of stucco products, the addition 
of a small amount of a Surfactant or other common stucco 
performance enhancing additives may be added to the wetting 
agent to improve the Viscosity and body of the mix and to help 
homogenize the mix. The surfactant emulsifies with the water 
when water is added at the time of mixing of the product. 
Addition of the surfactant improves the mixability and work 
ability of the mixture. The surfactant improves water resis 
tance, flame and fire resistance and compressive strength. It 
also reduces the surface PH of stucco materials. In the pro 
portions described in Table 1, the addition of 0.17 oz of 
surfactant has proven effective. 
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0035. After wetting 40, a coating agent of fly ash, silica 
fume and/or, in some embodiments of the present aggregate, 
cement and/or PVA fibers is applied to the EPS particles 32. 
The coating agent 46 is mixed with the EPS particles 32 such 
that the coating agent 46 is uniformly distributed through the 
mass of EPS particles 32. The surface of the individual EPS 
particles are thereby coated and the coating agents bond with 
the individual EPS particles. 
0036. The addition of fly ash to the coating agent 46 
improves the workability and flowability of the additive. Fly 
ash is extremely fine, adheres well and improves coverage to 
small grind EPS particulate surfaces. Fly ash acts as a water 
reducer or super-plasticizer. Fly ash fines fill up interstitial 
spaces in and around the fine grind EPS beads, thereby help 
ing to create a denser and less permeable mixture. Fly ash is 
a common extender of cement. On vertical applications, the 
addition of fly ash to cement or cementitious products pro 
vides for better adhesion, improves “slump' and helps to 
“hold” the wall better. The fly ash should be added to the 
mixture after the moisture is added and before the moisture 
begins to evaporate. Fly ash also serves to weigh down the 
foam. Fly ash also allows the material to dry slower (retards 
the cure rate) because it holds the moisture longer. This also 
lengthens applicator workability time and helps decrease 
shrinkage and cracking. Addition of the fly ash keeps the 
mixture Sticky and pliable. 
0037 Silica fume, like fly ash, is another recycled waste 
product and is derived from the production of silicon metal or 
ferrosilicon alloys in electric arc furnaces. Because of its 
chemical and physical properties, silica fume is a very reac 
tive poZZolan. Concrete containing silica fume can feature 
very high strength and can be very durable. Because of its 
extreme fineness and high silica content, silica fume is a very 
effective poZZolanic material. Silica fume is commonly 
added to Portland cement concrete to improve its properties, 
in particular its compressive strength, bond strength, and 
abrasion resistance. These improvements stem from both the 
mechanical improvements resulting from addition of a very 
fine powder to the cement paste mix, as well as from the 
poZZolanic reactions between the silica fume and free cal 
cium hydroxide in the paste. 
0038. The addition of silica fume to the coating agent 46 
also reduces the permeability of concrete to chloride ions, 
which protects the reinforcing steel of concrete from corro 
sion. With the addition of silica fume, the slump loss with 
time is directly proportional to increase in the silica fume 
content due to the introduction of large Surface area in the 
concrete mix by its addition. Although the slump decreases, 
the mix remains highly cohesive. 
0039 Silica fume also reduces bleeding significantly 
because the free water is consumed in wetting of the large 
surface area of the silica fume and hence the free water left in 
the mix for bleeding also decreases. Silica fume also helps 
improve hydration because it blocks the pores in the fresh 
concrete so that water within the concrete is not allowed as 
readily to rise or migrate to the Surface. 
0040 Silica fume’s fine size and inherent stickiness also 
improves its ability to both coat and bond to the wetted EPS 
Surfaces. It also enhances product hardness. 
0041 Although it is known to use fly ash and silica fume as 
ingredients in common cement based admixtures, particles 
created by the method described herein are unique because 
the reduced EPS content is first coated with the wetting agent 
and the fly ash and silica fume are used to adhere to the EPS 
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content in order to minimize the interstitial spaces between 
the individual EPS particles and enhance the bond strength 
between both the coated EPS particles and the cement par 
ticles within the desired admixture. Once the resultant light 
weight mixture has dried and all ingredients are fully bonded, 
the resultant lightweight aggregate product ultimately helps 
to allow greater aeration of the intended aggregate mixture, 
up to 80%. 
0042 Cement may be used as an exclusive or added ingre 
dient to the coating agents in order to catalyze the hardening 
of the surface coating of the coated, reduced EPS content. 
This, in turn, increases the resultant compressive strength of 
the resultant product. Other poZZolanic materials may also be 
used as coating agents without departing from the scope of the 
particle described herein. 
0043. In additional embodiments of the present particle, 
PVA fibers may be added to the mixture to form a fine, 
interlocking mesh within the particle that helps Suspend, sta 
bilize and reinforce the coated EPS and other components in 
the mixture. The PVA fibers improve the tensile and compres 
sive strength of the concrete manufactured using the present 
aggregate. The workability of the concrete is also improved 
whilebrittleness is reduced. The fibers may be treated with oil 
to keep the fiber from bonding to the matrix. The oiled and 
asbestos-like nature of the selected ultra-high performance 
fiber causes the fiber to react to stresses in the concrete as 
though the fiber is protected by and moving within a sleeve, 
which allows the material to essentially “tear rather than 
Snap or shatter under severe stress forces. 
0044) The addition of the PVA fibers at this point allows 
the fibers to bond directly to the coating agent, which are in 
turn directly bonded to the ground EPS content material. 
Thus, when then resulting dried lightweight particle is then 
added to a stucco, concrete, mortar or gypsum based mixture, 
the individual fiber infused lightweight product particles stay 
better suspended within the matrix. The bonding of the fibers 
to the EPS-coated content also helps hold the lightweight 
particles in uniform Suspension throughout packaging ship 
ping, handling and dry storage conditions. Polypropylene, 
nylon, fiberglass and other types offibers may serve as appro 
priate alternatives to the PVA fibers for some uses or appli 
cations. 

0045 Referring to FIG.3, in an alternative embodiment 68 
of the present particle, the wetting agent disclosed above is 
replaced by a wetting agent 56 including water soluble, glass 
forming silicate Salt ("liquid glass') such as, preferably, 
potassium silicate, sodium silicate or lithium silicate. In Such 
embodiments, the raw EPS material 4 may be ground, textur 
ized, or otherwise reduced in the same manner described 
above to produce the EPS particles 32 having the same char 
acteristics. The alternative wetting agent 56 is prepared by 
mixing approximately thirty pounds of preferably liquid, 
potassium silicate with approximately one hundred pounds of 
water. In some embodiments, an optional step 61 adds citric 
acid, a catalyzing agent, and/or commercially available pig 
ment agents, such as fly ash or iron oxide, (collectively indi 
cated as 70) to the aggregate. Generally, seven gallons of the 
alternative wetting agent 56 is sufficient to coat approxi 
mately forty five cubic feet of EPS particles 32. In a preferred 
method of manufacturing Such embodiments of the present 
aggregate, the wetting agent is applied to the EPS particles 32 
by spreading the EPS particles 32 over a relatively wide area, 
then misting the wetting agent 56 over the EPS particles while 
agitating the EPS particles for approximately two minutes to 
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encourage complete coating 60. The alternative wetting agent 
56 infuses and encapsulates the EPS particles 32 with a 
Smooth, glass-like, fire-retardant coating, thereby increasing 
the weight of the particles, reducing the accumulation of 
static charges and generally improving the overall handling 
characteristics of both the aggregate and the wet concrete 
product made therefrom. The resulting concrete's structural 
integrity and water repellency are respectively improved due 
to the potassium silicate’s natural acid resistance and ten 
dency to bind with excess calcium in the concrete. Coating 
EPS particles in the manner described above has other ben 
eficial attributes during handling of the materials, including 
lessening of static electricity, reducing the electric spark or 
flame potential, and decreasing dust. The liquid glass coating 
also enhances the overall compressive strength of the result 
ing concrete. 
0046. In another embodiment the particle 68 does not 
require any additional coating agents, such as fly ash, silica 
fume, or PVA fibers, although such agents may be used to 
adjust the properties of the resulting aggregate without 
departing from the scope of the aggregate disclosed herein. 
Coating agents may include acrylics, bio-char or other soil 
nutrients, cementitious and poZZolanic materials, Portland 
cement (all forms, including masonry, plastic, high-early, 
slag cement, etc), fly ash, silica fume, metakaolin, pigments, 
iron oxide, gypsum, and/or fibers (including PVA, nylon, 
steel, fiberglass organics), amongst others. 
0047 For example, in certain embodiments of the alterna 
tive particle 68, a pigment, such as black iron oxide, may be 
added in order to increase the cosmetic appeal of the particle 
as well as to act as a visual aid to ensure uniform coating of the 
wetting agent on the reduced EPS material. The pigment may 
also be common concrete performance-enhancing materials 
such as silica fume or fly ash, which can be mixed with the 
liquid glass in the wetting agent 56 or applied as a coating 
material to the wetted surface in dry powder form. In certain 
embodiments of the alternative aggregate 68, citric acid is 
added to the wetting agent in order to catalyze the curing of 
the selected silicate. The drying time of the aggregate is 
thereby reduced. The citric acid also advantageously reacts 
with calcium in the resulting concrete. 
0048. The terms and expressions which have been 
employed in the foregoing specification are used therein as 
terms of description and not of limitation, and there is no 
intention in the use of such terms and expressions of exclud 
ing equivalents of the features shown and described or por 
tions thereof, it being recognized that the scope of the inven 
tion is defined and limited only by the claims which follow. 
What is claimed is: 
1. A light weight synthetic particle comprising a core and 

Wetting agent. 
2. The light weight synthetic particle of claim 1 where the 

core is taken from the group consisting of EPS, perlite, 
Vermiculite, bamboo, wood chips, wood pellet fragments, 
rice, coffee, cocoa husks or shells, husk or shells from wheat 
or other plants, seeds, cores, stalks, plant Strands or fibers, sea 
shell fragments, paper fragments or pellets, rubber fragments 
or particles, or a combination thereof. 

3. The light weight synthetic particle of claim 2 where the 
wetting agent is glass forming silicate salt. 

4. The light weight synthetic particle of claim 3 where the 
wetting agent is water soluble, glass forming silicate salt is 
potassium silicate. 
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5. The light weight synthetic particle of claim 2 wherein 
said water soluble, glass forming silicate salt is sodium sili 
Cate. 

6. The light weight synthetic particle of claim 1 is further 
comprised of a coating agent. 

7. The light weight synthetic particle of claim 5 where the 
coating is taken from the group consisting of acrylic, bio 
char, cementitious and poZZolanic materials, Portland 
cement, masonry cement, plastic, high-early slag cement, fly 
ash, silica fume, metakaolin, pigments, iron oxide, gypsum, 
fibers, PVA fibers, nylon fibers, steel fibers, fiberglass, 
organic materials, or a combination thereof. 
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