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“The art of casting . . . is closely related to 
sculpture, . . . it is highly esteemed  . . . it is a 
profitable and skillful art and in a large part 
delightful.” 

     -- Vannocio Biringuccio, 

     Head of Papal Foundry 

     circa 1500 AD 



This is a practical course where we will 
actually build furnaces and molds and 

physically pour molten metal! 
• Handling molten metal is a 

magical process which 
requires the utmost in focus 
and attention. 

• Because of the seriousness 
involved in this process, 
anyone not adhering to all 
proper safety procedure may 
find themselves dismissed 
from the class period or the 
entire course. 

•    Missing safety lectures will prevent you from using the tools  
      involved, this may affect your success in this course. 
 



• In lieu of a textbook and lab fee, you will be 
required to purchase the safety equipment and 
materials necessary to complete the course. 

• I will provide you with some suggested reading 
lists for those who are interested. 

• All written assignments, syllabus and study guides 
as well as any announcements will be found 
online at 
www.ME401MetalCasting.wordpress.com 

• Please let me know if you will require hard copies 
of any of these. 

http://www.me401metalcasting.wordpress.com/


Format of Course 

• Class will rotate between lecture periods and lab sessions. You will have at 
least one lecture and one lab session a week with the third weekly hour 
varying according to need.  A majority of the time periods will occur 
during official class time, however you may need to attend some out of 
class sessions which will be arranged as needed.  Hopefully, we will also be 
taking a field trip to several working foundries. 

• We will be building 2-4 different types of furnaces (crucible and cupola) 
using at least three different alloys of metal (bronze, aluminum and iron) 
to pour into at least four different types of molds (sand, plaster, ceramic). 

• Will will be using both ancient and ultra-modern casting methods. 
• Your grade will be split between written exams, practical assignments, a 

written research paper and a practical research project.  Except for the 
exams, you may be required to work in small teams of 2-4 people.   

• You will be required to present a 5-10 minute summary of your research 
paper (solo) as well as a 10-15 minute summary of your research project 
(teams). 



Breakdown of points 

• Mid-term and final exam:  100 points each 
• Practical assignments (4-8 depending on time): 

50 points each 
• Research Paper: 80 points with presentation 20 

for a total of 100 
• Practical Research Project: 80 points with 

presentation 20 for a total of 100 
• Extra credit may be earned by being the “best” 

team in the completion of practical assignments 
(fastest metal, hottest metal, strongest metal, 
cleanest metal ect.) 
 
 



Projects may include the following: 
• Charcoal furnace melting copper, 

brass or bronze alloy using a 
clay/sand/fiber mold. 

• Gas fired Crucible furnace utilizing 
non-ferrous metals and potentially 
any of the following mold techniques: 
Green sand, resin bonded sand, 
traditional plaster investment, 
ceramic shell molds, 3D Printed 
“patternless” molds. 

• Cupola furnace with cast iron using 
ceramic shell or resin bonded sand 
molds. 

• If time permits, we may build an 
electric crucible furnace. 



Need to acquire ASAP 
(a full materials list will come with each project) 

• Closed toed leather shoes, preferably steel 
toed leather work boots with stitched soles 

• Safety glasses (if you wear, glasses you still 
will need saftey glasses) 

• All natural fiber clothing without holes:  
Cotton jeans, cotton hat and long-sleeved 
cotton shirt. 

• Heavy leather welding gloves. 
• Face shield or hard-hat with metal screen 

sheild. 
• A package of dust masks or respirator. 
• Optional:  welding jacket and apron as well as 

spats 



A tiny bit on history 

• Humans have been casting 
metal for 6000 years. 

• The oldest cast metal 
objects originate from the 
Middle East and India. They 
date to around 3,000 years. 

• Most indications are that 
metal casting started in 
India and/or China. 

• The earliest known objects 
were made from copper. 



Types of Furnaces 

• Furnaces are machines that are used to melt 
metal.   

• Crucible furnaces melt the metal inside of a 
container called a crucible in the interior of the 
furnace. They are named according to fuel 
source.  

• Ladle furnaces melt the metal in the body of the 
machine which is transferred to an external cup 
called a ladle.  They are named according to body 
type. 

 



Charcoal Crucible Furnace 

Uses wood charcoal, coal or coke as a fuel.  Air is introduce 
to the flame to increase temperature.  A crucible is used to 
contain the metal. 



Oil Fired Crucible Furnace 

Uses an oil drip burner and forced air to heat the metal 
inside a crucible that is placed in a cylindrical refractory 
lined container. 



Gas fired Crucible Furnace 

Uses an natural gas or propane burner and forced air to 
heat the metal inside a crucible that is placed in a 
cylindrical refractory lined container. 



Induction Crucible Furnace 

An induction furnace is an 
electrical furnace in which the 
heat is applied by induction 
heating of metal. The advantage of 
the induction furnace is a clean, 
energy-efficient and well-
controllable melting process 
compared to most other means of 
metal melting. Most modern 
foundries use this type of furnace 
and now also more iron foundries 
are replacing cupolas with 
induction furnaces to melt cast 
iron, as the former emit lots of 
dust and other pollutants. 



Cupola Furnace 

A tall cylindrical furnace which uses coke and 
air to heat metal.  The furnace is lined with coke 
and then lit.  Then charges of coke and iron are 
poured into the top.  The iron melts down the 
cylinder and is tapped out the bottom when the 
well is filled. 



Gas Fired Tilt Furnace 

In this type of furnace, a gas/air mixture is used to heat the metal directly inside 
the furnace.  When the metal is molten, the furnace is tilted to pour the metal 
into a ladle which is then carried over to the molds. 



Induction Tilt Furnace 
The induction tilt furnace operates just like the gas 
tilt furnace, except that it uses induction melting.  
This is becoming major type of furnace used by larger 
foundries because it is the fastest way to melt metal 
and has a lower impact on the environment. 



Arc Furnace 
Arc furnaces differ from induction 
furnaces in that the charge material 
is directly exposed to an electric arc, 
and the current in the furnace 
terminals passes through the 
charged material. 



There are also furnaces that use a 
centrifuge or air vacuum to draw the 

metal into the molds 



Types of Molds 

• A form which contains a hollow cavity in which to 
pour a liquid material that solidifies to create the 
final product. 

• The form that the mold is taken from and that the 
final product will duplicate is called the pattern. 

• The receptical for catching the liquid is called a 
cup. 

• The channels that guide the material to the 
pattern are called gates. 

• The channels that trap or allow air to escape are 
called vents. 
 



Mold type chart 



Lost wax clay molds 

This is the earliest form of molds known.  
It uses a mixture of clay, sand and a 
burnable material such as manure.  The 
moist mixture is pressed around a wax 
pattern then allowed to dry.  The mold is 
then placed over a fire, while the metal 
is melting in a crucible.  When the metal 
is ready it is poured into the cavity.   



Lost Wax Clay Molds 

• Advantages 
• Materials are easily found 

to create molds 
• Little or no technology is 

needed to create the molds 
• Disadvantages 
• The results are not always 

reliable 
• You cannot make very large 

parts 
• The detail is varied due to 

potential cracking. 



Lost-Wax Plaster Investment Molds 

Plaster or Standard Investment 
Casting is a lost wax process where 
the wax pattern and gates are 
enveloped in a cylindrical container 
of plaster, sand and vermiculite.  
The mold is then slowly heated in a 
kiln to  900 degrees F and then 
allowed to cool to 500 degrees 
before pouring with non-ferrous 
metals. 



Lost-Wax Plaster Investment Molds 

Advantages 
• Molding process is quick and 

provides a high level of detail 
• Investment casting is relatively 

inexpensive. 
• Removal of the mold is very easy 
• Very little technolgy/machinery is 

needed to create the mold. 
Disadvantages 
• There is usually flashing along micro 

cracks in the mold that must be 
cleaned. 

• Depending on thickness of the mold, 
it must be baked for 32+ hours. 

• The pattern must be heavily vented 
as the mold is not porous in any way. 

• You can only cast non-ferrous metals. 



Ceramic Shell Molds 
Ceramic Shell Investment Casting is the process of 
completely investing a three-dimensional pattern in 
all of its dimensions to produce a one-piece 
destructible mold into which molten metal will be 
poured. A refractory slurry flows around the wax 
pattern, providing excellent detail.  
The wax patterns are assembled on a "tree" and 
invested with a ceramic slurry. The tree is then 
immersed into a fluidized bed of refractory particles 
to form the first layer of the ceramic shell. The mold 
is allowed to dry and the process repeated with 
coarser material until sufficient thickness has been 
built up to withstand the impact of hot metal. 
When the slurry hardens, the wax pattern is melted 
out and recovered and the mold or ceramic shell is 
oven cured prior to casting.  
Most materials can be cast by this process but the 
economics indicate that fairly high volume is 
necessary and the shape and complexity of the 
castings should be such that savings are made by 
eliminating machining.  



Ceramic Shell Molds 

Advantages  
• Excellent accuracy and flexibility of 

design.  
• Useful for casting alloys that are 

difficult to machine. 
• Exceptionally fine finish. 
• Suitable for large or small quantities 

of parts. 
• Almost unlimited intricacy. 
• Suitable for most ferrous / non-

ferrous metals. 
• No flash to be removed or parting line 

tolerances.  
Disadvantages  
• Limitations on size of casting. 
• Higher casting costs make it important 

to take full advantage of the process 
to eliminate all machining operations. 

• De-vesting the mold is not easy on 
complex parts. 
 



Green Sand 
The green sand process utilizes a 
mold made of compressed or 
compacted moist sand packed 
around a wood or metal pattern. A 
metal frame or flask is placed over 
the pattern to produce a cavity 
representing one half of the casting. 
The sand is compacted by either 
jolting or squeezing the mold.  
The other half of the mold is 
produced in like manner and the 
two flasks are positioned together 
to form the complete mold. If the 
casting has hollow sections, cores 
consisting of hardened sand (baked 
or chemically hardened) are used.  



Green Sand 

Advantages  
• Most ferrous / non-ferrous metals 

can be used. 
• Low Pattern & Material costs. 
• Almost no limit on size, shape or 

weight of part. 
• Adaptable to large or small 

quantities 
• Used best for light, bench molding 

for medium-sized castings or for 
use with production molding 
machines.  

Disadvantages  
• Low design complexity. 
• Lower dimensional accuracy. 

 



Resin Bonded Sand 

Chemical binders (furan, alkyd, 
sodium silicate or urethane) are 
mixed with sand and placed in 
mold boxes surrounding the 
pattern halves.  At room 
temperature, the molds become 
rigid with the help of catalysts. T he 
pattern halves are removed and 
the mold is assembled with or 
without cores.  



Resin Bonded 

Advantages  
• Most ferrous / non-ferrous 

metals can be used.  
• Adaptable to large or small 

quantities 
• High strength mold 
• Better as-cast surfaces. 
• Improved dimensional 

repeatability 
• Less skill and labor required 

then in conventional sand 
molding. 

• Better dimensional control.  
Disadvantages  
• Sand temperatures critical. 
• Patterns require additional 

maintenance. 
 



Resin Shell Molds 
Resin-bonded silica sand is placed onto a heated pattern, forming shell-like mold 

halves. Pattern halves are bonded together with or without cores. Probably the 
earliest, most automated and most rapid of mold (and coremaking) processes 
was the heat-curing technique known as the shell process.  

Ejector pins enable the mold to be released from the pattern and the entire cycle is 
completed in seconds depending upon the shell thickness desired. The two 
halves of the mold, suitably cored, are glued and clamped together prior to the 
pouring of the metal. Shell molds may be stored for long periods if desired. 
Because of pattern costs, this method is best suited to higher volume production.  
 



Resin Shell Molding 

Advantages  
• Adaptable to large or medium 

quantities 
• Most ferrous / non-ferrous metals can 

be used.  
• Rapid production rate. 
• Good dimensional casting detail and 

accuracy. 
• Shell molds are lightweight and may 

be stored almost indefinitely. 
Disadvantages  
• Since the tooling requires heat to cure 

the mold, pattern costs and pattern 
wear can be higher. 

• Energy costs are higher.  
• Material costs are higher than those 

for green sand molding. 
 



Permanent Molds 
Permanent molds consist of mold cavities machined into metal 
die blocks and designed for repetitive use. Currently, molds 
are usually made of cast iron or steel, although graphite, 
copper and aluminum have been used.  
Permanent mold castings can be produced from all of the 
metals including iron and copper alloys, but are usually light 
metals such as zinc-base, magnesium and aluminum.  
Gravity Permanent Mold -The flow of metal into a permanent 
mold using gravity only is referred to as a gravity permanent 
mold. There are two techniques in use: static pouring, where 
metal is introduced into the top of the mold through 
downsprues similar to sand casting; and tilt pouring, where 
metal is poured into a basin while the mold is in a horizontal 
position and flows into the cavity as the mold is gradually 
tilted to a vertical position.  
Normally, gravity molding is used because it is more accurate 
than shell molding. It is preferred almost exclusively to shell 
molding for light alloy components.  
Low-Pressure Permanent Mold - Low-pressure permanent 
mold is a method of producing a casting by using a minimal 
amount of pressure (usually 5-15 lb/sq in.) to fill the die. It is a 
casting process that helps to further bridge the gap between 
sand and pressure diecasting.  



Permanent Molds 
Advantages  
• Superior mechanical properties.  
• Produces dense, uniform castings with 

high dimensional accuracy. 
• Excellent surface finish and grain 

structure.  
• The process lends itself very well to the 

use of expendable cores and makes 
possible the production of parts that are 
not suitable for the pressure diecasting 
process.  

• Repeated use of molds.  
• Rapid production rate with low scrap 

loss. 
Disadvantages  
• Higher cost of tooling requires a higher 

volume of castings.  
• The process is generally limited to the 

production of somewhat small castings of 
simple exterior design, although complex 
castings such as aluminum engine blocks 
and heads are now commonplace.  
 



Die Casting 
This process is used for producing large 
volumes of zinc, aluminum and 
magnesium castings of intricate shapes. 
The essential feature of diecasting is the 
use of permanent metal dies into which 
the molten metal is injected under high 
pressure (normally 5000 psi or more). 
The rate of production of diecasting 
depends largely on the complexity of 
design, the section thickness of the 
casting, and the properties of the cast 
metal. Great care must be taken with the 
design and gating of the mold to avoid 
high-pressure porosity to which this 
process is prone.  



Die Casting 

Advantages 
• Cost of castings is relatively low 

with high volumes. 
• High degree of design complexity 

and accuracy. 
• Excellent smooth surface finish.  
• Suitable for relatively low melting 

point metals (1600F/871C) like 
lead, zinc, aluminum, magnesium 
and some copper alloys.  

• High production rates. 
Disadvantages  
• Limits on the size of castings - 

most suitable for small castings 
up to about 75 lb.  

• Equipment and die costs are high.  
 



Lost Foam Casting 

Also known as Expanded Polystyrene Molding or Full Mold 
Process, the EPC or Lost Foam process is an 
economical method for producing complex, close-
tolerance castings using an expandable polystyrene 
pattern and unbonded sand. 

The EPC process involves attaching expandable 
polystyrene patterns to an expandable polystyrene 
gating system and applying a refractory coating to 
the entire assembly. After the coating has dried, the 
foam pattern assembly is positioned on several 
inches of loose dry sand in a vented flask. Additional 
sand is then added while the flask is vibrated until 
the pattern assembly is completely embedded in 
sand.  

A suitable downsprue is located above the gating system 
and sand is again added until it is level to the top of 
the sprue. Molten metal is poured into the sprue, 
vaporizing the foam polystyrene, perfectly 
reproducing the pattern. Gases formed from the 
vaporized pattern permeate through the coating on 
the pattern, the sand and finally through the flask 
vents.  

In this process, a pattern refers to the expandable 
polystyrene or foamed polystyrene part that is 
vaporized by the molten metal. A pattern is required 
for each casting. 
 



Lost Foam Casting 
Advantages  
• No cores are required. 
• Reduction in capital investment and operating 

costs.  
• Closer tolerances and walls as thin as 0.120 in.  
• No binders or other additives are required for 

the sand, which is reusable.  
• Flasks for containing the mold assembly are 

inexpensive, and shakeout of the castings in 
unbonded sand is simplified and do not require 
the heavy shakeout machinery required for 
other sand casting methods.  

• Need for skilled labor is greatly reduced. 
• Casting cleaning is minimized since there are no 

parting lines or core fins.  
Disadvantages  
• The pattern coating process is time-consuming, 

and pattern handling requires great care.  
• Good process control is required as a scrapped 

casting means replacement not only of the mold 
but the pattern as well.  
 



Vacuum Molds 
This adaptation of vacuum forming permits molds to 

be made out of free-flowing, dry, unbonded 
sand without using high-pressure squeezing, 
jolting, slinging or blowing as a means of 
compaction. The V-process is dimensionally 
consistent, economical, environmentally and 
ecologically acceptable, energy thrifty, versatile 
and clean.  

The molding medium is clean, dry, unbonded silica 
sand, which is consolidated through application 
of a vacuum or negative pressure to the body of 
the sand. The patterns must be mounted on 
plates or boards and each board is perforated 
with vent holes connected to a vacuum 
chamber behind the board. A preheated sheet 
of highly flexible plastic material is draped over 
the pattern and board. When the vacuum is 
applied, the sheet clings closely to the pattern 
contours. Each part of the molding box is 
furnished with its own vacuum chamber 
connected to a series of hollow perforated flask 
bars. The pattern is stripped from the mold and 
the two halves assembled and cast with the 
vacuum on.  
 



Vacuum Molds 

Advantages  
• Superb finishes. 
• Good dimensional accuracy. 
• No defects from gas holes.  
• All sizes and shapes of castings are possible 
• Most ferrous / non-ferrous metals can be used. 
Disadvantages  
• The V-process requires plated pattern equipment.  

 



Cetrifugal Casting 

The Centrifugal Casting process 
consists of a metal or graphite 
mold that is rotated in the 
horizonal or vertical plane during 
solidification of the casting. 
Centrifugal force shapes and feeds 
the molten metal into the 
designed crevices and details of 
the mold. The centrifugal force 
improves both homogeneity and 
accuracy of the casting. 

This method is ideally suited to the 
casting of cylindrical shapes, but 
the outer shape may be modified 
with the use of special techniques.  
 



Centrifugal casting 

Advantages  
• Rapid production rate. 
• Suitable for Ferrous / Non-

ferrous parts. 
• Good soundness and 

cleanliness of castings.  
• Ability to produce extremely 

large cylindrical parts. 
 

Disadvantages  
• Limitations on shape of 

castings. Normally restricted 
to the production of cylindrical 
geometric shapes. 
 


