CLAY ACTIVATION IN GREEN SAND
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The secret to effectiveness of green sand molding lies in a seemingly simple,
yet complicated process: clay activation. To understand it, let’s look at a
scenario many can relate to—building sandcastles at the beach.

A Lesson with Sandcastles

On a recent trip to the beach, my 4-year-old eagerly began building a
sandcastle. Working with heaps of dry sand, he flipped over his bucket, only to
watch the form crumble immediately. His older sisters stepped in with advice:
“You need wetter sand.” They helped him mix the dry sand with just enough
water and compact it into the bucket. Suddenly, the sandcastles were standing
tall.

Not to be outdone, my middle boys joined in with their own method. “If a little
water is good, a lot must be better!” they exclaimed, turning their sand into a
soupy mess—unsuitable for castles.

The lesson was clear: the right amount of water makes all the difference. And
that’s similar to how clay activation works in green sand molding.

What Is Clay Activation?

Clay activation refers to the process of hydrating clay particles to coat sand
grains effectively. In a green sand system, clay acts as the mortar binding the
sand grains (the bricks) together. Too little water and the clay remains stiff, dry,
and ineffective; too much, and the clay becomes too fluid, and loses its strength
and integrity. The right balance is critical.

The Science of Clay

The primary type of clay used by foundries to form molds is called
montmorillonite, which has a distinctive charged structure. It is derived from
volcanic ash that’s been compressed and transformed over millions of years.



When mined, dried, and ground into a fine powder, montmorillonite has unique
properties that make it ideal for green sand molding. Unlike sand, which is
supplied already broken down into individual grains, foundries must disperse
the clay into smaller units, or platelets. As additional water is added, the surface
area that can be coated by a unit of clay will increase.

At the microscopic level, clay particles are made up of layers: two silicon
tetrahedral sheets sandwiching an aluminum octahedral sheet. These layers
form a platelet that is incredibly thin in the Z-axis but much larger in the X and Y
dimensions. This is the structure that gives clay its ability to swell and bind.

The key to activating the clay is to drive water in between these platelet
“sandwiches” and then to disperse these clay platelets over the sand grain
surface. The surfaces of the tetrahedral layers have localized negative charges
that attract water and exchangeable cations, like sodium and calcium. It is
crucial to use a high-quality foundry clay in green sand applications.

Graphic showing the structure of montmorillonite clay, and an image of clay
platelets.

e Sodium Montmorillonite (Western Clay): Found in Wyoming, this clay
holds more water due to sodium’s smaller atomic radius, and to it having
only a single positive charge (monovalent). It swells more and takes
longer to drive off excess water, making it excellent for molds that are
subject to high temperatures.

o Calcium Montmorillonite (Southern Clay): Found in the southern U.S.,
calcium’s larger atomic radius and its having two positive charges
(divalent) mean that it can hold the adjacent clay particles more tightly
(less swelling), which allows for faster activation. This clay will activate
quicker; however, it does not retain the water as long as the alternative,
and it will break down earlier than sodium montmorillonite.
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How Clay Activation Works

The goal of clay activation is to introduce water between the clay platelets. This
hydration process separates the layers, increasing the clay’s surface area and
enabling it to coat the sand grains efficiently. The “sandwich” structure—with its
crystalline water and exchangeable cations—expands as water penetrates the
layers, increasing plasticity and ensuring a strong bond. The right amount of
water allows the sand and clay to be pressed into a dense strong mold, too
much water and just like the over watered sandcastle it will be weak and fall
apart.

Similar to the sandcastle analogy, achieving the right balance of water and
applying energy to distribute it properly between the platelets, rather than
leaving it as 'free' water, is critical. For example, if you pour water over a bucket
of sand, the water will not be effective. The sand and water need to be
thoroughly mixed to achieve the desired result.

The Importance of Mulling

Mulling — the process of mixing sand with water, clay, and other additives to
create a uniform mixture for molding — has a vital role in clay activation and the
overall quality of the green sand system. During mulling, the sand, clay, and
water are thoroughly mixed and worked together. This mechanical action helps
to distribute water evenly throughout the clay and increases the surface area of
the clay by dispersing the individual clay platelets. Thus, ensuring the hydrates



fully and coats the sand grains effectively. Without proper mulling, you can have
the correct amount of water, but it is ineffective at holding the sand grains
together.

Proper mulling achieves several critical objectives:

« Uniform Mixing: Ensures consistent distribution of clay and water,
reducing variations in the sand mix.

o Clay Activation: The mechanical shear forces during mulling break up
clay clusters and drive water in between the platelets, enhancing
activation.

o Improved Strength: A well-mulled mixture creates stronger molds with
better cohesion and resistance to defects.

o Efficient Use of Materials: Reduces the need for excess clay or water
by optimizing the strength at the lowest addition rates.

Without adequate mulling, the sand mixture can have dry spots or free water
pockets, both of which reduce mold quality and increase defects. Monitoring key
metrics such as moisture percentage, green strength, and methylene blue clay
levels, as well as their ratios, can help a foundry optimize mold quality. When
moisture and active clay stay consistent, but strengths decrease, foundries
should investigate their muller maintenance and setup.

Practical Applications

In practice, clay activation involves carefully balancing water addition and
mulling. Mulling distributes the water uniformly and works it into the clay,
enabling activation. Foundries may modify the charge interaction through
additives or process adjustments to achieve quicker or more efficient hydration.
It is necessary to disperse the clay in a thin layer around the sand grains.

In the same way that building a sturdy sandcastle at the beach requires the
perfect balance of water and compaction, creating a good green sand mold
requires properly activated clay. By understanding the charged nature of clay,
the importance of mulling, and its interaction with water, we can optimize the
process for consistent and defect-free molds—which result in quality castings.
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