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Metal-Casting Processes
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Casting processes

Schematic illustration of various casting processes (ref  [1])
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Casting processes classification
1. Expendable molds; 
 Made from sand, plaster, ceramics and similar materials generally 

mixed with binders
 Typical sand mold: 90% sand, 7% clay, 3% water
 Refractories : capable of withstanding the high temperature of molten 

metal
 Broken up the mold to remove the casting

2. Permanent molds;
 Made of materials that maintain their strength at high temperatures
 Can be used repeatedly
 Molds are better heat conductors; thereby higher cooling rates

3. Composite molds;
 Made of two or more different materials (such as sand, graphite, metal)
 One permanent and an expendable portion
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Summary of Casting Processes
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Typical Cast Parts

(a) Typical gray-iron castings used in automobiles, including the transmission valve body 
(left) and the hub rotor with disk-brake cylinder (front).   (b)  A cast transmission housing.  (c) 
The Polaroid PDC-2000 digital camera with a AZ191D die-cast high-purity magnesium case.  
(d)  A two-piece Polaroid camera case made by the hot-chamber die-casting process. 

(a)

(b)

(c)

(d)
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Characteristics of Casting
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Expendable-Mold Casting processes
The major categories:
 Sand casting
 Shell mold casting
 Plaster mold casting
 Ceramic mold casting
 Evaporative pattern
 Investment casting 
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Sand casting process
The major categories:
 The traditional method of casting metals
 Still the most prevalent form of casting
 ~ 15 million tons of metal sand casting per year in the US
 Typical applications include machine bases, large turbine 

impellers, propellers, plumbing fixtures, ….
 Sand casting consists:

a. Placing a pattern in sand to make an imprint 
b. Incorporating a gating system
c. Removing the pattern and filling the mold cavity with molten metal
d. Allowing the metal to cool until it solidifies
e. Breaking away the sand mold
f. Removing the casting
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Production Steps in Sand-Casting

Outline of production steps in a typical sand-casting operation.
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Sand Mold

Schematic illustration of a sand mold, showing various features.
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Pattern Plate

A typical metal match-plate pattern used in sand casting.
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Design for Ease of Removal from 
Mold

Taper on patterns for ease of removal from the sand mold
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Sand Cores

Examples of sand cores showing core prints and chaplets to support cores.
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Vertical Flaskless Molding

Vertical flaskless molding.  

(a) Sand is squeezed between two halves of the pattern.  

(b) Assembled molds pass along an assembly line for pouring.

(c) A photograph of a vertical flaskless molding line.  Source:  Courtesy of 
American Foundry Society.

(c)
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Sequence of Operations for 
Sand-Casting
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Sequence of Operations for 
Sand-Casting

 (a)  A mechanical drawing of the part is used to generate a design for the 
pattern.  Considerations such as part shrinkage and draft must be built into 
the drawing.

 (b-c)  Patterns have been mounted on plates equipped with pins for 
alignment.  Note the presence of core prints designed to hold the core in 
place.  

 (d-e)  Core boxes produce core halves, which are pasted together.  The 
cores will be used to produce the hollow area of the part shown in (a).

 (f)  The cope half of the mold is assembled by securing the cope pattern 
plate to the flask with aligning pins and attaching inserts to form the sprue 
and risers.  

 (g)  The flask is rammed with sand and the plate and inserts are removed. 
Continued on next slide.

17

Dep. of Mech. Eng.

Sequence of Operations for 
Sand-Casting

 (h)  The drag half is produced in a similar manner with the pattern inserted.  
A bottom board is placed below the drag and aligned with pins.

 (i)  The pattern , flask, and bottom board are inverted; and the pattern is 
withdrawn, leaving the appropriate imprint.

 (j)  The core is set in place within the drag cavity.  

 (k)  The mold is closed by placing the cope on top of the drag and securing 
the assembly with pins.  The flasks the  are subjected to pressure to 
counteract buoyant forces in the liquid, which might lift the cope

 (l)  After the metal solidifies, the casting is removed from the mold. 

 (m)  The sprue and risers are cut off and recycled, and the casting is 
cleaned, inspected, and heat treated (when necessary).  
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Sand casting process components

Sands:
 Mostly silica sand (SiO2) because of its high-temperature 

characteristics, high melting point, cheap price
 Two types: naturally bonded (bank sand) and synthetic 

(lake sand) [controllability of the composition]
 Fine and round grains sand forms smooth mold surface 

and enhances strength, but lower mold permeability
 Good permeability of molds and cores allows gasses to 

escape freely
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Shell-Molding Process

The shell-molding process, also called dump-box technique.
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Precision casting 

Includes:
 Plaster-mold, ceramic-mold and investment casting 

processes
 High dimensional accuracy and good surface finish
 Plaster-mold typical parts: lock components, gears, valves, 

fittings and tooling
 Casting weight 125 to 250g (usually less than 10Kg)

 The mold is made from plaster (gypsum or calcium sulfate) with the 
addition of talc and silica flour to improve strength and to control the 
time required for the plaster to set

 Mixed with water and is poured over the pattern
 After setting plaster, the mold is dried (120° to 260°C°)
 The mold halves are assembled and preheated to about 120°C
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Plaster-mold casting 

 Aluminum alloys, thermosetting plastics, brass or zinc 
alloys patterns

 Plaster molds have very low permeability
 casting is carried out in a vacuum or under pressure
 Dehydrating the mold in a pressurized oven for 6 to 12 hours and 

then rehydrated in air for 14 hours
 To use foamed plaster containing trapped air bubbles

 Plaster-mold can used for aluminum, magnesium, zinc, and 
some copper-based alloys.

 Because of low thermal conductivity of mold, the casting the 
castings cool slowly, and thus, a more uniform grain 
structure is obtained
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Ceramic-mold casting 
 Similar to the plaster-mold process but using refractory 

mold material suitable for high-temperature applications
 Parts such as impellers, cutters for machining operations, 

dies for metalworking, and mold for making plastic and 
rubber components

 The slurry is mixture of fine-grained zircon (ZrSiO4), 
aluminum oxide, and fused silica which are mixed with 
bonding agents

 After setting, the molds are removed, dried, burned off to 
remove volatile matter, and baked.

 Casting ferrous and other high-temperature alloys
 Good dimensional accuracy and surface finish, somewhat 

expensive
23
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Sequence of Operations in Making a 
Ceramic Mold

Sequence of operations in making a ceramic mold.  
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Evaporative-Pattern Casting Process
 Pattern and mold must be produced for every casting
 Typical parts: cylinder heads, engine blocks, 

crankshafts, brake components, manifolds, and machine 
bases

 Uses polystyrene pattern which evaporates upon 
contact with molten metal to form the cavity for the 
casting

 One of the more important casting method for ferrous 
and nonferrous metals, particularly the automotive 
industry
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Expandable-Pattern Casting Process

Schematic illustration of the expandable-pattern casting process, also known as 
lost-foam or evaporative casting.
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Evaporative-Pattern Casting Process
 Raw polystyrene (EPS) containing 5 to 8% pentane (a 

volatile hydrocarbon) are placed in a preheated die which is 
made of aluminum

 The EPS takes the shape of die cavity
 The pattern is coated with a water-based refractory slurry, 

dried, and placed in a flask
 Flask is filled with fine sand and compacted
 The pattern evaporates by pouring the molten metal
 The molten metal cools faster because polymer requires 

considerable energy to degrade
 The flow velocity of the molten metal depends on the rate of 

degradation of the polymer (0.1 to 1.0 m/s; Re 400-3000)
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(a) Metal is poured into mold for lost-foam casting of a 60-hp. 3-cylinder marine 
engine; (b) finished engine block. Source: Courtesy of Mercury Marine.

(b)(a)

Evaporative Pattern Casting of an 
Engine Block
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Advantages of evaporative-pattern 
process over the other methods

 Relatively simple (no parting line, cores, or riser systems)
 Inexpensive flasks are satisfactory for the process
 Polystyrene is inexpensive and can be processed easily 

into patterns having complex shapes
 Minimal finishing and cleaning operations
 Can be automated

Drawbacks:
 The cost to produce the die for expanding the polystyrene 

beads to make the pattern
 The need for two sets of tools
 The process is used for new casting designs and not for 

existing designs
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Investment Casting Process

Schematic illustration of investment casting (lost-wax) process.  Castings by 
this method can be made with very fine detail and from a variety of metals.  
Source:  Courtesy of Steel Founder’s Society of America.
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Investment casting
 “investment” derives from the fact that pattern is invested 

(surrounded) with the refractory materials – also called Lost-wax 
process

 Office equipments, mechanical components, such as gears, 
cams, valves

 The mold material and labor involved make the process costly
 Suitable for high-melting point alloys with good surface finishes 

and close dimensional tolerances
 Few or no finishing operations
 Ferrous and nonferrous alloys
 Intricate shapes, with parts weighing from 1g to 35 Kg
 Recent advances include casting titanium air-craft engine and 

structural airframe components with wall thickness on the order 
of 1.5mm
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Investment casting sequences
 Wax or a plastic such as polystyrene pattern is made by 

molding or rapid prototyping techniques
 The pattern is dipped into a slurry of refractory material 

such as very fine silica and binders, including water, ethyl 
silicate, and acids

 Repeated coating to increase the thickness 
 Drying in air and heating to a temperature of 90° to 175°C
 Holding 12 hours inverted to melt out the wax
 Firing the mold to 650° to 1050°C for about four hours to 

dive off the water of crystallization and to burn off any wax
 Breaking the mold and removing the part after pouring the 

metal into the mold and the solidification
 Using a tree increases the production rate

32



Production techniques

Mohsen Badrossamay 17

Dep. of Mech. Eng.

Integrally Cast Rotor for a Gas 
Turbine

Investment casting of an integrally cast rotor for a gas turbine.  (a)  Wax 
pattern assembly.  (b)  Ceramic shell around wax pattern.  (c)  Wax is melted 
out and the mold is filled, under a vacuum, with molten superalloy.  (d)  The 
cast rotor, produced to net or near-net shape.  Source:  Courtesy of Howmet 
Corporation.
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Comparison of Investment-Cast and 
Conventionally Cast Rotors

Cross-section and microstructure of two rotors: (top) investment-cast; 
(bottom) conventionally cast.  Source:  Advanced Materials and 
Processes, October 1990, P. 25. ASM International.
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Permanent-mold casting processes
 Two halves of the mold made from materials with high 

resistance to erosion and thermal fatigue such as cast iron, 
bronze, steel, graphite, or refractory metal alloys

 Typical parts are automobile pistons, cylinder heads, 
connecting rods, gear blanks for appliances and 
kitchenware

 More economical for parts weighing less than 25 kg
 Mold cavity and gating system are machined into the mold
 Cores made from metal or sand aggregate are placed in the 

mold prior to casting
 Mold surfaces usually are coated with refractory slurry 

(such as sodium silicate and clay) or sprayed with graphite 
every few castings to increase the life of mold
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Permanent-mold casting processes
 Mechanical ejectors (such as pins located in various parts of the 

mold) may be required for removal of complex castings
 The molds are clamped together by mechanical means and 

heated to about 150° to 200°C to facilitate metal flow and reduce 
thermal damages to the dies

 The mold is cooled during the process (water or use of fins)
 Manually or automated operating
 Casting mostly aluminum, magnesium, copper alloys, and gray 

iron
 Casting steel with graphite or heat-resistant metal molds
 Good surface finish, close dimensional tolerances, uniform and 

good mechanical properties and high production rate
 Not economical for small production runs and intricate shapes
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Permanent-mold casting processes
 Vacuum casting
 Slush casting
 Pressure casting
 Die casting
 Centrifugal casting
 Squeeze casting and semisolid metal forming
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Vacuum-Casting

Schematic illustration of the vacuum-casting process.  Note that the mold 
has a bottom gate.  (a)  Before and (b) after immersion of the mold into the 
molten metal.  Source:  After R. Blackburn.
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Hot-Chamber Die-Casting

Schematic illustration of the hot-chamber die-casting process.
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Cold-Chamber Die-Casting

Schematic illustration of the cold-chamber die-casting process.  These machines 
are large compared to the size of the casting, because high forces are required 
to keep the two halves of the dies closed under pressure. 40
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Properties and Applications of Die-
Casting Alloys
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Types of Cavities in Die-Casting Die

Various types of cavities in a die-casting die.  Source:
Courtesy of American Die Casting Institute.
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Centrifugal-Casting Process

(a)  Schematic illustration of the centrifugal-casting process.  Pipes, cylinder liners, 
and similarly shaped parts can be cast with this process. (b)  Side view of the 
machine.
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Semicentrifugal Casting and Casting by 
Centrifuging

(a)  Schematic illustration of the semicentrifugal casting process.  Wheels with spokes 
can be cast by this process.  (b)  Schematic illustration of casting by centrifuging.  The 
molds are placed at the periphery of the machine, and the molten metal is forced into the 
molds by centrifugal force.
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Squeeze-Casting

Sequence of operations in the squeeze-casting process.  This process 
combines the advantages of casting and forging.

45

Dep. of Mech. Eng.

Methods of Casting Turbine Blades

(c)

Methods of casting turbine blades:  (a)  directional solidification; (b)  method to produce a 
single-crystal blade; and (c) a single-crystal blade with the constriction portion still attached.  
Source:  (a) and (b) After B. H. Kear, (c) Courtesy of ASM International.
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Crystal Growing

(c)

Two methods of crystal growing:  (a)  crystal pulling 
(Czochralski process) and (b) the floating-zone 
method.  Crystal growing is important especially in the 
semiconductor industry.  (c)  A single-crystal ingot 
produced by the Czochralski process.  Source:  
Courtesy of Intel Corp.
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Melt-Spinning

(b)

(a)  Schematic illustration of melt-spinning to produce thin strips of amorphous metal.  (b)  
Photograph of nickel-alloy production through melt-spinning.  Source: Siemens AG
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