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In my extensive experience within the precision casting industry, the fabrication of
components with complex geometries, such as twisted blades for pump impellers and volutes,
presents a significant challenge. These parts are characterized by narrow, flat flow channels,
large wrap angles, and high degrees of twist. Market demands increasingly call for materials
with superior wear resistance, corrosion resistance, and oxidation resistance, alongside
excellent surface finish and dimensional accuracy—often for small-batch orders with tight
delivery schedules. Conventional casting methods frequently fall short, making lost wax
casting the essential and preferred technique. This process, also known as investment casting,
is uniquely suited to meet these stringent requirements. The core of this discussion is a
simplified and cost-effective adaptation of the lost wax casting process, specifically
developed for producing these intricate twisted blade parts. The methodology centers on
innovative mold and core-making strategies that bypass the need for expensive, time-

consuming dedicated tooling.

The fundamental principle of lost wax casting involves creating a wax or soluble pattern of
the desired part, building a ceramic shell around it, melting out the pattern, and then pouring
molten metal into the resulting cavity. For parts with internal complexities like twisted blades,
a soluble core is typically used to form the internal passages. The primary hurdle has
traditionally been the removal of this core from the highly contoured, undercut blade surfaces
without damage. My work has focused on refining this very aspect. The standard material for
such soluble cores, urea, possesses high brittleness and poor plasticity upon solidification,
making it impossible to extract from deeply twisted patterns without fracture. After
considerable experimentation, a breakthrough was achieved by substituting urea with a
specialized water-soluble wax, designated KC-1665-D. This material’s superior plasticity and

controlled properties form the cornerstone of this simplified lost wax casting process.
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The process flow can be systematically broken down into several key stages: master pattern

and mold creation, soluble core production, wax pattern assembly, core dissolution, and
finally, shell building and casting. Each stage has been optimized for efficiency and quality in
small-batch production.

Master Pattern and Mold Fabrication

Given the small order quantities, investing in complex metal dies for the lost wax casting
process is economically prohibitive. Therefore, the strategy employs existing conventional
casting metal patterns as masters. For a component like a pump impeller, the external shape
is often relatively simple. A plaster mold is created directly from this metal master pattern. To
enhance the strength, toughness, and surface replication fidelity of the plaster mold, a
modifier is added to the slurry. A critical design consideration is incorporating proper locating
pins, clamping devices, and wax injection ports directly into the plaster mold structure. This
approach drastically reduces lead time and cost for mold fabrication in the lost wax casting

sequence.

For the core mold, which defines the internal blade geometry, the standard core box used in
conventional casting is modified. The key enhancements include adding a cover plate with
integrated material injection ports and robust fastening mechanisms. This ensures the core
mold can withstand the pressure of injecting the molten water-soluble wax and produces
cores with the required surface finish and dimensional precision. The geometry of a typical
twisted blade, with its significant wrap angle and torsion, is what demands this careful core
mold design.
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Material Science: The Water-Soluble Wax Core

The selection and processing of the core material are the most critical aspects of this adapted
lost wax casting process. The KC-1665-D water-soluble wax exhibits a suite of properties that

make it ideal for forming complex, extractable cores:

e Solubility in water at room temperature.

¢ A low paste-forming temperature of approximately 75°C (167°F).

e The ability to be melted and injection-molded or cast.

e Upon solidification, it possesses adequate strength, elasticity, and yieldability (controlled

deformation), allowing it to be withdrawn from undercut geometries.

These properties directly address the limitations of urea. The following table summarizes the

comparative properties crucial for core extraction in lost wax casting:

Urea-based Core KC-1665-D Water-
Property .
Material Soluble Wax
Plasticity / Ductility Very Low (Brittle) Moderate to High
Melting/Paste Temperature Higher (=130°C+) Lower (=75°C)
Strength after Solidification High, but brittle Adequate, with toughness
Ease of Extraction from . )
Poor/Destructive Good/Non-destructive
Undercuts
Solubility Rate in Water Moderate Good, enhanced by acid

The core production process is meticulously controlled. The wax is melted in a stainless steel
container placed in a water bath, with the water temperature not exceeding 90°C (194°F) to
prevent degradation. Gentle stirring ensures uniform heating. Once fully molten, the container
is removed from the heat, and the temperature is allowed to drop to about 65°C (149°F). This
holding period allows air bubbles to rise and dissipate, critical for achieving a defect-free core
surface. The material is then pressure-injected into the prepared core mold, mimicking
standard wax injection practices in lost wax casting. After a brief solidification period, the
core—representing the intricate twisted blade shape—is carefully extracted, trimmed of any
flash, and allowed to dry in a controlled environment. The elasticity of the material allows it to
deform slightly during extraction and then recover its shape, preserving the precise geometry
imparted by the mold.

Wax Pattern Assembly and Core Dissolution
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With the soluble core ready, the next phase of the lost wax casting process begins. The core
is precisely positioned within the cavity of the plaster outer mold. Molten pattern wax is then
injected around it to form the complete wax pattern assembly, which includes both the
external shape of the part and the internal core. After cooling, the wax pattern is removed
from the plaster mold. At this stage, the water-soluble wax core is encapsulated within the

conventional pattern wax.

The core dissolution step is vital. The entire wax pattern is immersed in a water bath. To
accelerate the dissolution of the KC-1665-D core, an acid is added. A concentration of 5% by
volume hydrochloric acid (HCI) has been found effective. The dissolution reaction can be
conceptually related to the hydrolysis of the wax's soluble components. The rate of core mass
loss over time can be modeled. If we denote the initial mass of the soluble core as M, and
the mass at time ¢ as M (t), a simplified kinetic model under constant agitation and acid
concentration might follow a first-order approximation:

dM
= = kM
dt

where k is a rate constant dependent on temperature, acid concentration, and core geometry.

Integrating gives:

M(t) - Moe_kt

In practice, the process is monitored, and acid is replenished based on observed dissolution

speed to maintain efficiency.

Following complete core removal, a thin oily residue often remains on the internal surfaces of
the wax pattern. This is effectively removed by a subsequent alkaline wash, typically using a
5% by volume solution of a base like sodium hydroxide (NaOH), which saponifies and cleans
the residue. The cleaned wax pattern, now hollow where the blades will be, is ready for the
shell-building stage. This successful core dissolution is a pivotal achievement in this simplified

lost wax casting route for complex internals.

Ceramic Shell Building and Casting

The subsequent steps align with standard lost wax casting practice but are worth detailing
for completeness. The wax pattern assembly undergoes a series of ceramic coating (dipping)
and stuccoing (sand raining) operations to build a multi-layer shell. Each layer must be
thoroughly dried. A typical shell system might consist of a primary slurry with very fine
ceramic flour (e.g., zircon) for surface finish, followed by several backup coats with coarser
stucco materials (e.g., fused silica) for strength. The shell thickness S built over n coats can be

approximated by a cumulative sum:
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S~ i(ts,i + tc,i)
=1

where t, ; is the thickness contribution of the slurry dip for coat ¢, and ¢, ; is the thickness
added by the stucco grains. Control over this process is essential to prevent shell cracking

during dewaxing and to withstand metallostatic pressure during pouring.

Once the shell is built and dried, it is placed in a furnace for dewaxing (typically using steam
or flash firing) and then high-temperature baking (e.g., 1000°C for several hours) to remove all
volatile residues, sinter the ceramic, and achieve the necessary strength and permeability for
casting. The mold is then ready to receive molten metal. For the target applications, alloys like
AISI 304 or 316 stainless steel are poured. The critical parameters during pouring include
superheat temperature T},,,,, which must be sufficiently above the liquidus temperature TT,
to ensure complete filling of thin sections, but not so high as to promote excessive metal-

ceramic reaction or shrinkage defects. A common rule is:

Tpour - TL + AT'superheat

where ATsuperheat is typically in the range of 50-150°C, depending on the alloy and section
thickness.

Quality Outcomes and Process Optimization

The implementation of this adapted lost wax casting process has yielded consistently high-
quality castings. The surface roughness of the final cast blades, measured as the arithmetic
average (Ra), achieves values of 6.3 um or better. Dimensional accuracy conforms to
international casting tolerance standards such as ISO 8062 (equivalent to GB 6414-86
mentioned in the source). The ability to use a soluble wax core directly translates to the
accurate replication of the challenging twisted blade geometry without parting lines or core
breakage issues common in other methods.

Process optimization can be guided by statistical design of experiments (DOE). Key
controllable factors (X) for the core quality include injection temperature Tj,;, injection
pressure ij, holding time ¢,,;4, and acid concentration C,;4 for dissolution. The critical
responses (Y) are core surface finish R$°™, dimensional accuracy A D, and dissolution time

t4iss- Relationships can be explored, for instance:

Rgore - f(irinj’ -ij)

tdiss = g(Cacid7 Tbath)
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These relationships help fine-tune the lost wax casting process for specific blade geometries.

The table below summarizes the key process parameters and their typical ranges or targets for

this specialized lost wax casting application:

Process

Stage

Core Making

Core

Dissolution

Shell &
Casting

Key Parameter

Wax Melting

Temperature

Injection

Temperature

Core Drying

Environment

Bath Composition

Cleaning Bath

Shell Bake

Temperature

Stainless Steel Pour

Temp

Typical
Value/Range

75-85°C

~ 65°C

Low Humidity, 20-
25°C

Water + 5 vol%

HCl

Water + 5 vol%
NaOH

950 - 1050°C

~ 1550 - 1600°C

Remarks

Water bath controlled

After de-aeration

Prevents moisture

absorption

Accelerates dissolution

Removes oily residue

Sinters ceramic,

removes organics

Alloy dependent (e.g.,
304 SS)

The economic advantages of this simplified lost wax casting approach are substantial for

small-batch production. It eliminates the high initial cost and long lead time for hard tooling

(steel dies). The plaster molds and modified core boxes are relatively inexpensive and quick to

produce. The water-soluble wax, while potentially more costly per kilogram than urea, reduces

overall cost by eliminating scrap due to broken cores and by simplifying the process flow. The

total lead time from order receipt to casting is significantly compressed, making this lost wax

casting variant highly responsive to market needs.

Advanced Considerations and Future Directions

Looking deeper into the mechanics, the stress o on the soluble core during extraction from an

undercut can be analyzed. For a simplified model of a blade with a twist angle 6, the core
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must deform elastically by a strain € related to the geometry for extraction without permanent
deformation or fracture. The condition for successful extraction is that the induced stress

remains below the yield strength o, of the core material:

a:E-e<ay

where E is the Young's modulus of the core material. The KC-1665-D wax, with its favorable
combination of moderate F/ and adequate o, satisfies this condition for practical twist

angles, whereas urea, with a high E and very low ductility, fails.

Furthermore, the precision of the final cast part in lost wax casting is a function of multiple
factors, including pattern wax shrinkage, ceramic shell expansion, and metal shrinkage. The
linear dimension L, of the casting can be related to the master pattern dimension L,tern,
via a net shrinkage factor f:

Legst = Lpattern X (1_ f)

The factor f is a complex aggregate:

f - fwam + fshell + fmetal

where f,,. accounts for wax pattern contraction during cooling, fs,e; accounts for the
ceramic mold’s thermal expansion (which can be negative or positive depending on the
material), and f,,c:q1 is the solidification shrinkage of the alloy. Mastering these
compensations is key to achieving the high dimensional accuracy demanded in this lost wax

casting application.

Future enhancements to this process could involve the development of even more advanced
soluble core materials with tailored dissolution rates and greener chemistry. Integration of
additive manufacturing (3D printing) to directly produce the soluble cores or even the wax
patterns could further streamline the process for prototype or highly customized parts,
pushing the boundaries of what is possible with lost wax casting. Simulation software for
modeling fluid flow during wax injection, stress during core extraction, and solidification
during metal pouring would also be valuable tools for optimizing the process digitally before
physical trials.

Conclusion

The simplified process for the lost wax casting of twisted blade components, as detailed
from a first-hand perspective, demonstrates a highly effective solution to a longstanding
manufacturing challenge. By innovating at the core-making stage—specifically through the

adoption of a specialized water-soluble wax—the process overcomes the limitations of
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traditional materials, enabling the reliable and economical production of complex, high-
integrity castings in small batches. The methodology leverages existing tooling where possible
and follows a logical, controlled sequence from mold making through to final casting. The
repeated emphasis on lost wax casting throughout this description underscores its centrality
as the enabling technology. This adapted approach not only meets the stringent requirements
for surface finish, dimensional accuracy, and material properties but also aligns perfectly with
the economic realities of low-volume, high-mix production environments. It stands as a
testament to the flexibility and enduring relevance of the lost wax casting process when

combined with thoughtful material science and process engineering.
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