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Overview
The development of alternatives to cement stabilization of masonry is one of the most important
frontiers of building materials science today. While an exceptionally versatile and impressive
material, ordinary Portland cement is responsible for 6% of global greenhouse gas emissions1,
and represents 91% of the environmental impact of traditional cementstabilized concrete block
masonry2
. Watershed Materials, a California based building materials technology startup, was
founded to develop alternatives for cementstabilized concrete masonry. The company has
recently developed a novel zerocement stabilization approach utilizing three common building
materials: lime, groundgranulated blastfurnace slag (GGBFS) and natural aluminosilicates
found commonly in aggregates all over the world. This stabilizer is tailormade for Watershed
Materials’ production process that incorporates unwashed aggregates containing the
finegrained, natural aluminosilicates required for this stabilizer to be effective. These natural
aluminosilicates react with lime and GGBFS to produce a binder with exceptional engineering
properties, compressive strengths in excess of 2500 psi, and a reduced environmental footprint.
As a serendipitous benefit, these products have a stunning aesthetic, resulting from the
snowwhite, nearly porcelain coloration of the constituents of the binder.

History
The history of the use of lime as a stabilizer in masonry products dates back to Greek and
Roman times. Early “concrete” was produced by Roman engineers using a mixture of lime
and pozzolanic fine materials to make a type of hydraulic “cement” which would serve as an
extremely effective stabilizer in a wealth of magnificent Greek and Roman engineering
projects, some exhibiting unparalleled durability over the centuries to come. In fact, what we
commonly refer to as “cement” today would not come into being for thousands of years.
Instead, these ancient Roman hydraulic cementitious materials (sometimes called “roman
cements”) would undergo a long evolution, including iterations involving the use of oyster
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shells, clays and chalk. It was not until the 1820’s that Joseph Aspdin would develop the
high-temperature kilns necessary for the production of his limestone-based “Portland
cement”, which is today commonly referred to simply as “cement.”3
Hydrated Lime
Hydrated lime, like Portland cement, is obtained from the processing of limestone, but is
associated with a smaller carbon footprint. In the case of hydrated lime, as in the production
of Portland cement, raw limestone is quarried, crushed, then calcined at high temperatures
to facilitate the chemical reactions responsible for the transformation of the limestone into
the desired co-products. However, hydrated lime is produced at lower calcination
temperatures (~1,800ºF for hydrated lime compared to ~2,400ºF for cement) and does not
undergo the additional processing required for the production of portland cement, resulting
in reduced energy use and greenhouse gas emissions4 (in the production of these products,
greenhouse gas emissions result from the energy required for the kilns, as well as from
chemical interactions undergone by the products).
Unlike portland cement, hydrated lime interacts with clays and fine-grained soil materials
present in a given mix design in unique ways. The calcium from lime interacts with
aluminates and silicates present in certain aggregates to induce pozzolanic reactions and
stable calcium silicate hydrate (C-S-H) and calcium aluminate hydrate (C-A-H) hydration
products5 , leading to the development of strong and durable binders. In simpler terms, the
lime breaks down clay particles to form new products, which act as potent stabilizers. For
this reason, while lime cannot be used as a direct substitute for Portland cement in
conventional concrete applications, it is well suited for use in Watershed Materials’
production process as a stabilizer, where the fine-grained natural aluminosilicates necessary
for these reactions are already present, and indeed enhance (rather than detract from, in the
case of ordinary concrete) the performance of the product.
Ground Granulated Blast Furnace Slag (
GGBFS)
GGBFS is a coproduct of the processing of iron ore for iron and steel production. A glassy and
reactive aluminosilicaterich finematerial, GGBFS has been increasingly used as a
supplemental cementitious material (SCM) in concrete production in recent years, owing to its
ability to offset a portion of the Portland cement (typically up to 40%) required to produce
satisfactorily performing concrete. In fact, concrete produced with a Portland cementGGBFS
blend can have some advantages over ordinary Portland cementstabilized concrete (e.g.
reduced thermal cracking, a finer microstructure, reduced permeability and increased chloride
resistance)6. While the production of GGBFS is regionally restricted, and the supply is limited to
a certain degree, the discovery of its effectiveness as an SCM represents an important
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development in building materials science with the promise to help reduce cement dependency
in concrete and related building materials.

Combination of Lime, GGBFS, and Natural Aluminosilicates as a Stabilizer for Masonry
GGBFS undergoes reactions under alkaline conditions, in which its constituents are dissociated
and new products form from polycondensation networks. Similarly, natural aluminosilicates are
broken down in alkaline conditions (induced by hydrated lime, in this case) and react with free
calcium to form new amorphous products with strong binding potential. Limeslag stabilizers
incorporating natural aluminosilicates, as is the case with Portland cement, react with water to
produce CSH hydration products, but they produce calcium aluminum silicate hydrate
(CASH) products as well, which are not found in Portland cement stabilized systems. CASH
hydration products are common to geopolymer stabilizers, and are also found in ancient Roman
concretes 7. These CASH gels are characterized by exceptional durability characteristics and
resistance to chemical attack8,9 . The mechanisms responsible for the development of these
various hydration products is made more complex by the role that natural aluminosilicates (e.g.
clays), highly variable in their nature, play in these stabilization reactions. Some researchers
have discovered additional hydration products formed in limeslagclay interactions, including
hydrotalcite. Indisputably, however, when used appropriately, these materials contribute to the
development of a complex, strong and durable stabilizer with engineering properties rivaling
those of cement with a lower environmental profile.

Manufacturing Process and Results
The production of Watershed Materials’ zerocement, hydrated limeGGBFSnatural
aluminosilicate stabilized masonry units follows the same production process as Watershed
Materials’ lowcement masonry units and Watershed Materials’ geopolymer masonry units. The
products are produced in the company’s custom block manufacturing machine, which imparts
the extreme compressive forces necessary to transform the raw materials into highperformance
masonry units. After manufacture, the units undergo a controlled curing regime (which does not
involve heat), developing strength somewhat more slowly than conventional concrete, but ready
to be installed within 28 days of production.
Masonry produced with this zerocement, hydrated limeGGBFSnatural aluminosilicate mix
design and Watershed Materials’ custom high compression manufacturing process have
compressive strengths in excess of 2,500 psi, surpassing the ASTM standard for concrete
masonry units. They exhibit total water absorption of less than 13% wt. and total linear drying
shrinkage of less than 0.1%. The highlydense units will also benefit from the superior durability
and resistance to chemical attack characteristic of stabilizers yielding CASH hydration
products.
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These units offer environmental benefits over traditional concrete blocks by completely
eliminating cement and replacing it with more carbonneutral materials. Lime, produced from
largely the same raw materials as cement, is associated with reduced energy use and
greenhouse gas emissions. GGBFS is an industrial byproduct and is likewise associated with
reduced environmental cost in comparison with cement (indeed, offsetting cement use through
the use of GGBFS has been a major strategy undertaken in the concrete and masonry
industries in recent history). Lastly, natural clay mineral aluminosilicates are one of the most
widely available and cheap materials on the planet, their use being associated with virtually no
environmental cost. Clearly, replacing carbonintensive materials with those that are more
benign is highly desirable from an environmental perspective. A thorough comparison of the
lifecycle costs associated with this unique limeGGBFSnatural aluminosilicate binder vs.
cement is being undertaken by Watershed Materials but is beyond the scope of this paper.
The white coloration of the hydrated lime and GGBFS contribute to this product’s striking
aesthetic. The lightlycolored natural fineparticle constituents of the mix design also enhance
the look, while providing important components of the stabilizer in this novel mix design, as they
contain feldspars and other reactive natural aluminosilicates. They are industrial byproducts
derived from a rhyolitic rockcrushing operation in the Napa Valley, and a clay processing facility
in Sacramento, California, respectively. A local, basaltic aggregate makes up the rest of the mix
design.

Watershed Materials LLC
Watershed Materials was formed in 2011 to develop technologies for reducing cement in
structural masonry, one of the world’s most common building materials. To accomplish this goal,
the team focuses on several key guiding principles  
take advantage of the natural binding
characteristics of the natural aluminosilicates normally washed out of aggregate, use intense
compression in the manufacturing process to lithify block into a kind of man-made stone,
and use as little cement as possible to meet industry standards for structural masonry.

In 2013 and 2014, Watershed Materials was awarded a series of research grants by the
National Science Foundation’s Small Business Innovation Research program. The grants
provide research funding on two simultaneous fronts. The first is to produce a radically new
machine capable of manufacturing block under intense pressure while still delivering a
throughput necessary for production at scale. The second is to produce formulations for zero
cement masonry using the geopolymerization of natural nanoaluminosilicates. The research
described in this paper is conducted in parallel with the NSF funded research but falls
outside of the specific scope of the NSF funded research.

- Zero-cement masonry unit developed by Watershed Materials using a GGBFS-hydrated lime-natural
aluminosilicate blend incorporating industrial by-products and natural aluminosilicates.

-
4” x 2” 
architectural sample of the mix design.

- Raw materials in the mix design primarily responsible for stabilization. From left to right: clay kiln wash
from Industrial Minerals Co., GGBFS from Lehigh Hanson, and hydrated lime from
Standard Lime.

- Raw materials on a conveyor in the mixing process.

- Fresh blocks on curing racks. These products will develop a rich, white coloration as they dry.
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