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ABOUT THIS 
HANDBOOK

THE ULTIMATE HANDBOOK

Become an expert and learn about the world 
of magnets, with our magnet handbook! 
Discover the difference between each type of 
magnet and their various grades. Learn about 
the manufacturing processes, magnetisation 
and the handling of magnets and develop 
your understanding of specific technical 
terms and much more!
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HOW DOES A 
MAGNET WORK?

A magnet is an object that gives off an invisible magnetic field. Each magnet has 
a south pole and a north pole, and opposite poles attract. If you put the same poles 
together, the magnets will repel. Shown above is a simple diagram of a magnet 
and its magnetic field. Magnets are produced in many different forms and can 
be manufactured with various different poles. The direction of the magnetic field 
can be altered depending on the application, as well as the form of a magnet. 
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HOW MAGNETS ARE MADE - 
SINTERED NEODYMIUM

The mixture is then cooled to form ingots. These 
ingots are then ground into a fine powder in a jet 
mill. This powder is then pressed into a mould, 
and magnetic energy is applied. As the mixture is 
pressed, the direction of magnetism is locked in.

The heated material is then rapidly cooled using 
a technique known as quenching to maximise 
performance of the magnet. At this stage, the 
raw magnets are machined into their shape.

The finished material is then re-magnetised by 
placing it inside a coil, and an electric current is 
passed through it which produces a magnetic field 
three times the required strength of the magnet. 

The first step in creating a rare-earth magnet is
mining the rare-earth material. The rare-earth 
material is then separated by heating and melting in a 
vacuum induction furnace to form the alloy material.

1. THE MIX

3. SINTERED

5. A COAT FOR ALL APPLICATIONS 6. A MAGNET IS BORN

4. COOLED

2. PRESSED

Once pressed, the material is then demagnetised 
and heated, almost until melting point through 
a process called sintering. This process makes 
the powdered magnet particles fuse together.

Magnets are very hard, so they are prone to breaking 
and chipping. They must be coated, cleaned, 
dried and plated. The most common being nickel-
copper-nickel due to its hardwearing properties. 
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MAGNETIC 
MATERIALS

FERRITE
Ferrite magnets are commonly used in many everyday applications 
due to their low production costs and their resistance to heat and 
corrosion.

Ferrite magnets are easily identified by their dark graphite grey
colour. They do not rust and as such do not require any protective 
plating. Whilst they are not as powerful as neodymium magnets, 
they have great endurance, and will most likely exceed the life of the 
applications they are used in.

NEODYMIUM
Also described as rare-earth magnets, Neodymium magnets are the most powerful of all permanent magnets. They are used in many industries 
and applications where the strongest magnetic force is required, and are capable of lifting in excess of 1,000 times of their own weight. Due 
to their super-strength, performance and resistance to demagnetisation, they can be made in many shapes and size, providing endless uses.

VIEW FERRITE

VIEW NEODYMIUM
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https://www.first4magnets.com/ferrite-magnets-t138
https://www.first4magnets.com/neodymium-t137


MAGNETIC 
MATERIALS ®

0845 519 4701 www.first4magnets.com

SAMARIUM COBALT 
Known as SmCo magnets, samarium cobalt magnets are 
also part of the rare-earth family of permanent magnets.  An 
advantage of samarium cobalt is their ability to operate at high 
temperatures paired with superior resistance to corrosion.

Due to their characteristics, samarium cobalt magnets are 
commonly used in applications that require high operating 
temperatures such as generators, sensors and motors, and 
are used within industries such as automotive, aerospace and 
manufacturing.

FLEXIBLE MAGNETS 
In general, flexible magnets have a weaker magnetic force in 
comparison to neodymium, but whilst their magnetic force is 
poor in terms of cm2, when applied over a large contact area, a 
considerable force can be generated. In fact, flexible magnets can 
be used as signage on the side of vehicles moving up to 100mph. 

Due to their versatility, flexible magnets are used for hundreds 
of applications that do not require powerful ‘hard magnets’.  As 
flexible magnets can be laminated in any design, they can be used 
in a number of creative projects such as display and promotional 
advertising. 

ALNICO 
Alnico magnets are permanent magnets that are made up of a 
combination of aluminium (Al), nickel (Ni) and cobalt (Co). These 
strong magnets are typically less brittle than most rare-earth 
magnets and are available in either isotropic or anisotropic 
versions.

Alnico magnets also have the ability to operate at the highest 
temperature of any magnetic material. Due to their resistance 
to high temperatures, alnico magnets  can be used in various 
applications such as; electric motors, guitar pick ups and 
engineering applications.

VIEW SAMARIUM COBALT

VIEW ALNICO

VIEW FLEXIBLE
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https://www.first4magnets.com/samarium-cobalt-magnets-t140
https://www.first4magnets.com/alnico-magnets-t139
https://www.first4magnets.com/flexible-magnets-t141


®

0845 519 4701 www.first4magnets.com

MAGNETISATION 
TYPES

AXIAL
This type of magnetisation is describes a magnet that has been 
magnetised between two flat parallel surfaces. This is a common type 
of magnetization.

MULTIPOLE
Multipole describes one magnet that has been magnetised with a 
number of poles with the North and South side by side.

DIAMETRICAL
Diametrical Rod or disc magnets get magnetised through the 
diameter so the poles on either side of the curved faces.

LATERAL
Lateral Magnetisation is when the magnet has been magnetised 
through the width of the magnet as opposed to the surfaces. 

RADIAL
Radial Ring magnets have been magnetised through the wall 
thickness, so the poles are on the outer and inner diameter

8
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COMMON 
MAGNET SHAPES

When we think of magnets, many people will think of the 
traditional horseshoe magnet. Large horseshoe magnets are 
used to hold and lift large pieces of steel. 

Square magnets are commonly used in many applications 
including model making crafts and manufacturing, offering a 
pleasing visual appearance with straight lines & clean edges.

Disc magnets are incredibly versatile and have superb strength 
for their size. They are commonly used in many commercial 
applications and can be easily fixed in place using adhesive.

Disc Magnets Square Magnets

Horseshoe MagnetsRectangular Bar Magnets

VIEW DISC MAGNETS VIEW SQUARE MAGNETS

VIEW HORSESHOE MAGNETS

Bar magnets provide strong performance at each end as they 
are magnetised down their length. They are commonly used 
when max strength is required for a small pole area. 

VIEW RECTANGULAR BAR MAGNETS

9

There are many more specialist magnet shapes and magnet assemblies. To view the full list, click below!

VIEW MORE SHAPES

https://www.first4magnets.com/circular-disc-rod-c34
https://www.first4magnets.com/square-c36
https://www.first4magnets.com/horseshoe-c42
https://www.first4magnets.com/rectangular-bar-c38
https://www.first4magnets.com/shop-by-shape-i166
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COMMON 
MAGNET SHAPES

Rod magnets have thickness which is equal to or larger than 
their diameter. This enables the magnets to generate very 
high levels of magnetism from a small surface pole area. 

Ring Magnets Rod Magnets

Ring magnets can be used in many everyday appliances such 
as vacuum cleaners, motors, generators, rotor shafts and 
more. They can be magnetised on the opposite circular faces. 

VIEW RING MAGNETS VIEW ROD MAGNETS
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If you need advice then our team of expert technicians 
are always on hand to offer assistance. And, of course we 
will always operate confidentially. We can manufacture 
permanent magnets to your exact specifications in just a few 
weeks in prototype or production quantities. Made-to-order 
magnets that have been manufactured by first4magnets are 
used by blue chip companies and industry leaders in some of 
the most demanding applications. Whatever the application, 
a dedicated member of our technical team will discuss your 
requirements with you in full with a view to understanding your 
application inside and out before we proceed to manufacture 
the product to your desired specifications.

Custom Manufacturing

VIEW MORE

https://www.first4magnets.com/circular-ring-c37
https://www.first4magnets.com/cylindrical-rod-c39
https://www.first4magnets.com/about-us-i1/custom-manufacturing-i66


®

0845 519 4701 www.first4magnets.com

MAGNETIC 
COATINGS

R U B B E R P T F E G O L D

Magnets such as Neodymium are very hard but very brittle and prone to corrosion if they aren’t coated.  We supply all our magnets already triple 

coated (unless specifically requested otherwise). The typical coating for a Neodymium is a layer of nickel followed by copper and then nickel again, 

however, there are many different coatings used with neodymium and other magnets such as gold, rubber and chrome.

VIEW RUBBER VIEW PTFE VIEW GOLD

N I C K E L-  C O P P E R- N I C K E L

VIEW MORE

Rubber coated magnets have superior 
slide resistance over regular magnets due 
to the increase in friction.

PTFE coating protects magnets from water 
and chipping or breaking as they are com-
pletely sealed. 

Gold is often used to coat magnets that are 
in often in contact with the skin, protecting 
those with nickel allergies.

We have a wide range of magnetic coatings available. The following are our most popular coatings, if you would like to find out more about our range 

of coatings please follow the link. 

VIEW MORE COATINGS
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https://www.first4magnets.com/rubber-coated-magnets-t169
https://www.first4magnets.com/search/ptfe
https://www.first4magnets.com/search/gold-plated
https://www.first4magnets.com/tech-centre-i61/information-and-articles-i70/neodymium-magnet-information-i82/neodymium-magnets-coatings-and-adhesives-i87
https://www.first4magnets.com/tech-centre-i61/information-and-articles-i70/neodymium-magnet-information-i82/neodymium-magnets-coatings-and-adhesives-i87
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FACTORS WHICH REDUCE 
MAGNETIC PERFORMANCE

STEEL THICKNESS
When a magnet is attracting to a sheet of steel, the thickness of 
this steel will have an impact on the strength of magnet and its 
performance. If the steel sheet is too thin, some of the magnet's 
strength will extend beyond the steel, and the magnet will not be 
using its full pull strength. If a thicker steel sheet is used, then all 
of the magnetism can be absorbed, and as such, the magnet will 
perform at 100% of its pull strength. It is therefore advised that the 
magnet used is attracting to steel that is thicker in size.

It is therefore important to ensure that a magnet is 
attracting to the surface with its full performance.

All magnets have a ‘pull’ rating measured in kilograms and this relates to how much force acting perpendicular to the magnet is required to pull 
the magnet from a steel plate or equal thickness when in direct, flush contact. In real-world applications, perfect conditions are unlikely, and the 

below factors will affect the magnet and reduce the performance and given pull of the magnet.

LEARN MORE
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CorrosionAir GapsTemperatureSteel Thickness

http://www.first4magnets.com/7-factors-that-affect-a-magnets-performance-i983
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FACTORS WHICH REDUCE 
MAGNETIC PERFORMANCE

TEMPERATURE
Subjecting a magnet to temperatures that are above its maximum 
operating temperature will cause a loss in performance, which 
won’t be recovered on cooling. Repeatedly heating a magnet 
beyond its maximum operating temperature will result in a 
significant loss of performance. This is due to the magnetic 
domains within the magnet becoming miss-aligned, which will in 
turn cause the magnet to lose its magnetism. In contrast to this, if a 
magnet is continuously exposed to low temperatures, the strength 
of it will increase due to an enhancement in its magnetic properties.

Magnets that exceed maximum operating
 temperature will then loose magnetic properties

CORROSION 
Magnets and magnetic assemblies are commonly used within 
many outdoor applications, where harsh weather conditions can 
often exist. Exposure to water can affect the performance and 
pull of a magnet. If the plating on a magnet becomes damaged 
for any reason, the magnet exposed when in contact with water. 
This exposure to water can cause the magnet to rust, resulting 
in a deterioration in the magnetic performance. As such, there 
are many magnets that are designed to maintain performance 
under these harsh conditions with high corrosion resistance.

A side effect of specific uncoated 
magnets is being exposed to water

AIR GAPS
Another factor that will reduce the performance and pull of a 
magnet is if there is presence of any air gaps. An air gap refers 
to any non-magnetic material that prevents magnetism from 
attracting to another magnet or ferrous object. Air gaps can 
occur if the contact steel is rusty, dirty, painted or uneven for any 
reason, which will cause a loss in magnetism. As a magnet 
produces a magnetic circuit, any air gap will cause a break in this 
and this subsequently means that magnetism has to ‘jump’ from 
the magnet to the other magnet or ferrous object to continue 
the circuit.

Air gaps will effect the magnetic circuit

13
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CHILDREN
We always advise that children under 16 should NOT be left 
unsupervised with a magnet.  If more than one magnet is 
swallowed, they can attract each other through the walls of 
the intestines, get stuck and pinch the digestive tract causing 
major swelling and even life-threatening injuries requiring surgery. 
Always keep all neodymium magnets out of the reach of children.

Children should NEVER be allowed 
to play with Neodymium magnets.

Magnets are incredibly useful and fun, but they aren’t without their hazards.  All of our magnets are tested and each product is clearly labelled 
with its pull-strength on our website and warning brochures are included with strong magnets. Many of the magnets we supply are made from 
neodymium; this means they are among the strongest magnets in the world and the force at which they attract to steel and each other can cause 
serious injury if necessary safety precautions are not followed. 

BREAKING AND CHIPPING
Magnets slamming together is the most common cause 
of broken magnets and it is possible that one or both 
magnets could chip or shatter. Due to the force exerted by the 
magnets, it is possible that chips may fly off at high speed into 
someone’s eye, we therefore advise that when handling more 
than one neodymium magnet that you wear eye protection. 
Chips and  broken magnets can also be quite sharp,
 so treat them as carefully as you would broken glass.

Always wear safety goggles
when handling large magnets

ELECTRONICS
Always keep a safe distance (at least 10cm) between 
magnets and all objects that can be damaged by magnetism, 
and remember, neodymium magnets are ten times 
stronger than ‘ordinary’ magnets! Items such as mechanical 
watches, heart pacemakers, CRT monitors and televisions, 
credit cards, diskettes and other magnetically stored media 
such as video tapes are all affected by powerful magnets.

Keep magnets at least 20cm away from 
sensitive electronic and storage devices. 

14
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HOW TO HANDLE 
MAGNETS

PACKAGING
Magnets, particularly strong neodymium magnets, need to 
be packaged so that they do not stick to steel objects. This 
means that magnets should be packed in sturdy cardboard 
boxes and kept as far away from the sides of the box as possible 
using soft packing. The magnetic field outside of the 
packaging should be so weak that it doesn’t interfere with sorting 
equipment. Some of our magnets are supplied with 
‘keepers’, which are pieces of ferrous metal that are used to close a 
magnetic circuit, for example, between two poles of a 

horseshoe magnet.

Correct safety protocol MUST 
be followed when sending magnets.

HEALTH
Raw materials within magnets are not detrimental to an 
individuals' health. However, it is important to recognise that some 
magnets can potentially have a dangerous effect on some medical 
implants such as heart pacemakers. It is also common for people 
to suffer from nickel allergies, which can usually be triggered by 
wearing jewellery. As a precaution, we advise to avoid long-term 
contact with nickel plated magnets, and completely avoid contact 
with nickel plated materials if you already have a nickel allergy. 

Individuals with medical implants 
such as pacemakers must avoid strong 
magnets without medical supervision. 

SEPARATING
It is five times easier to slide a magnet from a ferrous 
surface than to pull it off vertically. Small magnets can usually be 
separated by hand, sliding one from the other using a sideways 
motion. If you are unable to do this with your hands alone then 
a good tactic is to place the two magnets overhanging the edge 
of a desk or table and slide one vertically downwards. Once  
separated, keep the free magnet moving away until it is a safe 
distance from the other(s) to avoid them snapping back together.

For really large magnets you will need
a device known as a magnet splitter.

For more detailed health and safety guidelines please view our health and safety page. 

VIEW HEALTH AND SAFETY

15

https://www.first4magnets.com/tech-centre-i61/health-and-safety-information-i73
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MAGNETIC 
GLOSSARY

AIR GAP
The non magnetic material, which is present between a magnet 
and an attracted object or between two magnets. 

ANISOTROPIC
The description of a magnet if all the magnetic domains are 
aligned in the same direction. 

AXIALLY MAGNETISED
This term describes a magnet that is magnetised between two 
flat parallel surfaces. 

BAR MAGNET
A permanent magnet which has a magnetic length greater than 
its diameter. The magnet has both a north and south pole. 

B-H CURVE (MAGNETIC FLUX 
DENSITY-MAGNETIC FIELD CURVE)
The B-H curve is a graphical representation showing the rela-
tionship between ‘magnetic flux density’(B) and the ‘magnetic 
field strength’(H) required to demagnetise a specific magnet.

CLOSED CIRCUIT
The arrangement of magnetic and ferrous material which direct-
ly connects the north pole of a magnet to the south.

COERCIVITY
The intensity of a magnetic field, or energy needed to reduce the 
magnetisation of a magnetised object to zero. 

CURIE TEMPERATURE
Also known as the Curie point, is the temperature where the 
structure of a magnet changes and becomes demagnetised.

DEMAGNETISATION
Demagnetisation is when a magnet loses its external magnetic 
field when in a open circuit.

DENSITY
The measurement of a materials mass per unit of volume. A 
magnets density can allow you to calculate its weight. 

DIAMAGNETIC
A type of magnetism that aligns itself at right-angles to the 
direction of an objects magnetic field resulting in a repellent 
force. 

DIAMETER
A measurement used for round magnets. It is calculated from 
one side of a flat round surface to the other. 

DIAMETRICALLY MAGNETISED MAGNETS
Magnets are described in this term when their direction of mag-
netism is parallel to the diameter of magnet. 

DIMENSIONAL TOLERANCE 
Magnets are produced in batches and during the machining op-
erations, the tolerance is dictated by the size. 

DIMENSIONS
The finished size of a magnet including all coatings. 

DIRECTION OF MAGNETISATION 
Magnets can be ordered to be magnetised across any axis. This 
needs to be specified before manufacturing. 

DOMAINS
These are the microscopic individual area which has a uniform 
direction of magnetisation. The domain structure is responsible 
for a materials magnetic characteristics. 

ELECTROMAGNET
This is a type of magnet that creates a magnetic field when 
electrical currents are passed through it. The magnetic field 
disappears when there is no electrical current present.

FERROMAGNETISM
The strongest form of magnetism that creates a magnetic force 
that can be noticed by hands. 

FLUX
This is the number of lines of magnetism travelling from a mag-
netic pole. 

FLUX DENSITY
The measurement which calculates the amount of lines per 
square centimetre of the pole area. 

AA

EE

FF

BB

CC

DD

This handbook glossary only contains key terms on magnets. To view a more in depth glossary please see the link below. 

LEARN MORE
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https://www.first4magnets.com/tech-centre-i61/magnet-glossary-i71
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MAGNETIC 
GLOSSARY

GAUSS METER
A Gauss meter is used to measure the flux density (Gauss) of 
a magnet. 

GRADE
This term defines the chemical characteristics of a material and 
its magnetic properties. 

GILBERT
The Gilbert is a unit used to measure magnetomotive force. 
Named after British scientist and physician William Gilbert. 

HOMOGENEOUS FIELD
Is the term used to describe a uniform magnetic lines, this 
creates a equal force/ current across the magnetic field. 

HORSESHOE MAGNET
One of the most recognisable forms of a magnet.  The north 
and South Pole are often located on the tips of the magnet. 

INDUCTION
Also known as flux density is the number of lines of 
magnetism in each square centimetre of pole area. 

INTRINSIC COERCIVITY
The force required to permanently demagnetise a magnet.

KEEPER
This is a term used for steel bars or discs are used to make 
a magnet appear completely non magnetic until the keeper is 
removed. 

MAGNETIC AXIS
The line joining the two poles of a magnet. 

MAGNETIC CIRCUIT
This is the term used to describe the flow of magnetism from 
the north pole to the south pole. 

MAGNETIC DOMAIN
This is the microscopic individual area which has a uniform 
direction of magnetisation. The domain structure is 
responsible for a materials magnetic characteristics. 

MAGNETIC LENGTH
This refers to the dimension of a magnet which follows the di-
rection of a magnetic axis. 

GAUSS
A unit of measurement used to calculate the magnetic flux 
density.

HIGH FIELD GRADIENT MAGNET
This type of magnet has the highest clamping force when in 
direct contact with ferrous material. 

IRREVERSIBLE LOSSES
Different variations can temporarily effect magnetism, when ex-
posed the magnet will regain any magnetism lost. In 
extreme conditions the magnetism can not be regained which 
leads to a irreversible loss.  

ISOTROPIC
Isotropic material has no preferred direction of magnetism has 
the same properties along either axis. 

ID (INNER DIAMETER)
This refers to the inner diameter of a magnet.  This 
measurement would be used with relevant magnets such as 
ring magnets. 

MAGNETIC FIELD STRENGTH 
(H-FIELD)
Magnetic field strength measures the power of the magnetic 
field.  This is measured in Oersteds. 

MAGNETIC INDUCTION 
(B-FIELD)
Also known as flux density is the number of lines of 
magnetism in each square centimetre of pole area. 

MAGNETISATION (M)
Refers to the an object producing a magnetic field. 

GG

HH

II

KK

MM

MAXIMUM ENERGY PRODUCT
(BHMAX)
This is the primary indicator of a magnets ‘strength’. In general 
the higher the maximum energy product value, the greater the 
magnetic field. 

MAGNETOMOTIVE FORCE (MMF)
This is the term of a magnetic field which is produced by a coil 
of wire when a current is passed through. 

MAGNETISED
A material which exerts a magnetic field. 

MAXIMUM OPERATING TEMPERATURE
The temperature a magnet is able to function at prior to 
becoming demagnetised. 
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MAGNETIC 
GLOSSARY

MAXWELL
A measurement unit used to calculate magnetic flux.

MEGA GAUSS OERSTEDS (MGOe)
A measurement unit used to calculate the maximum energy 
product of a magnet.

NORTH POLE
The north pole of a magnet attracts to the earth’s geographic 
north pole. The earth's North Pole is actually a south pole (or a 
north seeking pole).

OERSTED
A unit of measurement to calculate magnetic field strength. The 
OERSTED is closely related to the Gauss measurement for flux 
density. 

PERMEABILITY
Permeability is a term used to describe a materials ability to
acquire its own magnetism when placed within a magnetic field. 

PERMANENT MAGNET
The description of a solid material that produces its own 
consistent magnetic field. 

PLATING
The coating used on magnets.

POLARITY
This refers to a magnets magnetic orientation with regards to 
its poles. 

PULL STRENGTH
Measured in Kilograms, the pull strength is the highest possible 
pulling power of a magnet. 

ORIENTATION
The physical location of a magnets poles.

OPEN CIRCUIT
This is the description of a magnet which is not attracted to any 
other ferrous material. The lines of magnetic flux travel pole to 
pole through the air alone, as opposed to a ferrous object. 

POLE
The area of a magnet which has the greatest magnetic field 
strength. 

MM

NN

OO

PP

REMANENCE (Br)
This term is used to describe the magnetism that is left in a 
magnet after the magnetization force has been applied.  

REPELLING
This term is used when two magnets are placed closed 
together with the same poles facing each other.  

RARE-EARTH METALS
Elements that a common in the earths crust, however they are 
not typically found in exploitable deposits. 

RR

SINGLE DOMAIN PARTICLE
A particle that is so small there is no room for a magnetic
domain wall. 

STACKING
A term used to refer to the process of placing magnets 
together to increase the net pull strength.   

SURFACE FIELD/ SURFACE GAUSS
The surface field strength is measured in Gauss and is the 
magnet’s maximum field strength taken from the magnets  pole 
surface.  

SOUTH POLE
The South pole of a magnet seeks the earth’s geographic South 
pole.  

SS

THREAD
Some magnets are manufactured to include a thread for fixing 
in their applications.

WEIGHT
Weight refers to the weight of one single magnet made of 
magnetic material.

TESLA (T)
The Tesla is a unit of measurement for magnetic flux density.

TEMPERATURE COEFFICIENT (T)
Temperature coefficient is a factor that is used to calculate the 
decrease in magnetic flux corresponding to an increase in op-
erating temperature. 

TT

WW
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