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High gradient magnetic separation

Continuous HGMS
Metso (as Sala Maskinfabrik AB, later Sala 
International AB) has a long tradition in magnetic 
separation. Already in the end of the 19th century 
“SALA” built its first electromagnetic separator. The 
High Gradient Magnetic Separation, HGMS, dates 

back to early 1970’s when “SALA” acquired MEA, 
Magnetics Engineering Associates, in Cambridge, 
Massachusetts USA and founded Sala Magnetics 
Inc.
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Applications

The HGMS is often indiscreetly referred to as WHIMS (wet high 
intensity magnetic separator). However there are a lot of differences, 
which places the Metso HGMS in a separate category:

•	 Unlike	to	the	WHIMS,	HGMS	is	capable	of	handling		 	
 and recovering particles down to extremely fine sizes due to  
 the possibility to choose a suitable matrix grade with large  
 collection area and to control the slurry velocity during the  
 separation process. 

•	 The	flushing	sequence	takes	place	outside	the	 
magnetic zone and this makes the Metso HGMS less sensitive to 
the content of ferromagnetic material such as magnetite.

•	 Due	to	the	magnetization	direction,	the	HGMS	is	also	less	vulner-
able for blocking of the matrix due to bridging over. 

•	 The	capacity	increases	with	approximately	the	square	of	the	
diameter of the equipment while the capacity of the WHIMS 
normally is proportional to the diameter of its rotor. 

•	 The	stray	magnetic	field	is	a	considerably	lower	around	the		
 Metso HGMS compared with the WHIMS for similar duty.

•	 The	wear	of	the	HGMS	matrix	is	extremely	low	and	replacement	is		
 normally due after eight to ten years in operation and sometimes  
 even longer.

As a lot of minerals are magnetic to some degree and others are 
associated with minerals that are ferro magnetic or paramagnetic, 
High Gradient Magnetic Separation can often be used in separation 
processes where normally difficulties are experienced with other 
processes. The paramagnetic minerals at the higher end of the list 
are normally easy to recover. Many low susceptibility minerals are 
associated with other minerals or have extra Fe in the crystals, and are 
hence often possible to separate. 
As examples of HGMS applications can be mentioned:

•	 Hematite	recovery

•	 Pyrrhotite	extraction

•	 Chromite	fines	recovery	and	/	or	upgrading

•	 Ilmenite	fines	recovery

•	 Wollastonite	upgrading

•	 Kyanite	recovery

•	 Apatite	upgrading

•	 Sulphide	ore	recovery	and	separation

The success of any magnetic separation process is governed by 
the property of the material to be collected and the structure 
of the separator to carry out the process. This can be expressed 
in the relationship between on one side the competing forces 
and the magnetic force on the other.  The magnetic force itself 
can be expressed as 

F
m

       d3 • c • B •   dB

                        
dx

Principle of separation

�
dB
dx

The above relationship indicates that the magnetizing field, B, and 
the magnetic field gradient,                                                              ,  are equally important in the 

process. The mineral parameters, like the particle “diameter” d, and 
the apparent suscepti  bility, c , are as important.  The balancing forces 
in the HGMS process are mainly the hydraulic drag and, to a lesser 
degree, the gravity force.

The magnetic system of the Metso HGMS produces a uniform mag-
netic field in the process area.  To generate the necessary magnetic 
field gradient, a matrix of magnetic material with a structure such as 
expanded metal or steel wool is inserted. A high magnetic field gra-
dient is hereby created around the filament of the matrix.   The sharp 
edges of the matrix material enhance the gradient magnitude.  

�
�

�

�
�

�

�

�

��������������������������������������������

���������������
��	���
����������	���

����������������	���
����
�����������	�������

	����
�������

�

�

�

�

�

�

�

�

	����

A magnetic particle in a magnetic field

Magnet system
The HGMS comprises a solenoid surrounding a non-magnetic process 
vessel. An iron return frame surrounds the coil itself. The solenoid 
design overcomes many of the limitations of working within the air 
gap of a conventional horseshoe shaped magnet. 

The most important advantage of the design is that the return frame 
cross section can be increased to cope with higher field strengths 
without magnetic saturation. 

A second advantage is that the direction of the magnetization be-
comes	parallel	with	the	pulp	flow	and	a	third	is	the	reduction	of	stray	
field around the machine when in operation.
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Auxiliary equipment
The HGMS requires auxiliary equipment for efficient operation.

A passive matrix is normally furnished to ensure that the feed to the 
HGMS	is	not	containing	oversized	material	and	/	or	any	debris.	

A vacuum system	is	provided	to	assist	the	upward	flush	of	the	
magnetic product. 

A power supply unit with PLC is included to supply proper current 
and monitor the process. 

A cooling station is provided for cooling the magnet coils and the 
power supply container.

An automatic lubrication system is installed for all support and 
guide rollers bearings. 

The process control instrumentation	such	as	density	and	flow	me-
ters to monitor and control feed and product slurries is normally not 
provided by Metso. The feed should also be controlled with regards 
to	flow	and	dilution	(%	solids	by	weight)	and	surges	in	flow.

Metso HGMS unit
The main unit consists of a heavy frame, one to three magnetic 
heads, and a matrix ring with matrix cassettes. The magnet head(s) 
are open on two sides to allow the matrix ring to travel continuously 
through the same during operation. On top of each magnet head are 
feed and rinse water boxes mounted for feeding and rinsing the  
matrix by gravity through slots in the magnetic return steel. Below 
the magnet head(s) discharge boxes collect the non-magnetic 
product. 

The	magnetic	product	is	flushed	away	from	the	matrix	at	the	flush	sta-
tion by means of low-pressure water and vacuum. Steel plates at top 
and bottom enclose the entire matrix ring. In the magnetic heads the 
plates are made from special magnetic steel and outside the heads 
stainless steel is used.

The matrix ring is divided into a number of compartments and each 
compartment is isolated by rubber lip seals on all sides on top and on 
bottom. 

The ring is driven at the periphery by a ring gear and two or three 
gear motors.

HGMS Process System
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Passive matrix

Passive matrix
To achieve an uninterrupted operation the feed to the separator must 
be controlled with respect to the feed particle top size, preferably 
by screening to make sure that the feed is suitable for the selected 
matrix grade. Any foreign debris such as wood sticks, metal fibres and 
plastic must be scree2as high-level sensors for triggering the alarm 
and switching the feed to the stand by compartment when required.

Vacuum system
The	magnetic	concentrate	is	flushed	out	of	the	matrix	with	water.	
To	increase	the	pressure	drop	over	matrix	at	the	time	of	flushing	the	
discharge is connected to a vacuum system consisting of a receiver 
tank and a vacuum pump. 

In case of multi magnetic head applications one receiver tank per 
head is normally required while one common vacuum pump is used.

The vacuum system is furnished with high and low level switches and 
alarms.

Cooling station
The magnet coils and the power supply with transformer and rectifi-
ers require continuous  cooling during operation. The cooling station 
provided with the system is selected with respect to the rated power 
consumption.

The cooling station has closed loop with distilled water being circu-
lated through the coils and the air conditioner in the power container. 
The hot return water is passed through the heat exchanger, cooled 
and pumped back through the coils. 

The	cooling	system	is	provided	with	temperature	and	flow	switches	
for monitoring of the operation.

Wear plate in magnet head

Web and ring seals around each matrix cassette notice able near the 
periphery of the ring.
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Power distribution unit and equipment super
visory control (PLC)
The	Metso	HGMS	requires	direct	current	(DC)	for	energizing	the	
magnet	coils	and	hence	a	power	transformer,	and	DC	converters	are	
provided.	The	DC	converter	also	controls	the	current	for	the	magnet	
coils. The power supply unit normally also provides for the power 
to	the	auxiliary	equipment	and	a	PLC	is	integrated	in	the	system	for	
control logics.

All components are installed in cabinets, which in turn are installed 
in a special totally enclosed container, which is prewired and tested 
together with the HGMS unit in shop. 

The shop prewiring and testing ensure a fast installation on site and a 
safe operation.

The container and the components are protected by a system of sen-
sors for overload, overheating etc.

The power supply can be designed for most low -tension three phase 
systems. In case of high voltage applications it is recommended that 
the power be brought down 400 to 500 volts for acceptance by the 
HGMS power supply unit.

Automatic lubrication
The support roller and guide roller bearings are greased by central-
ized	automatic	lubrication	system,	which	is	controlled	by	the	PLC	
system.

Establishing process  
parameters
Laboratory testing
The feasibility of applying the Metso HGMS process for a particular 
process must be tested in laboratory to establish dimensioning 
parameters as the properties of minerals vary considerably.

Many applications can be scaled up directly from laboratory tests; 
however it is often advisable to perform pilot plant tests in addition 
to the laboratory findings.
 
Establishing process parameters
The	Metso	HGMS	carousel	Pilot	Plant	Unit	can	process	1	to12	tons	
per hour at a maximum magnetic field strength of 1,5 T (15000 
Gauss). As a part of Metso’s processing services, the HGMS120 may 
be	incorporated	in	a	flowsheet	that	includes	other	equipment.	

A HGMS120-10  (one magnetic head, 1T rating) or HGMS120-15-15 
(two magnetic heads, 1,5T rating) may be rented for a period from 
the Metso laboratory for on site testing.

Operation and  
maintenance
Despite	the	complex	appearance	the	operation	of	the	Metso	HGMS	
is	simple	as	every	function	is	controlled	and/or	monitored	by	the	in-
tegrated control system. Examples of functions, which are manually 
set	and	automatically	monitored	and/or	controlled	by	the	supplied	
control system, are:

•	 Pulp	level	in	the	feed	boxes

•	 Pulp	level	in	passive	matrix

•	 Pulp	level	in	vacuum	receiver

•	 Speed	of	matrix	ring

•	 Magnetic	field	adjustment

•	 Flow	of	raw	and	closed	loop	water	in	the	cooling	system

•	 Bearing	lubrication	system

•	 Temperature	in	magnet	coils

•	 Water	to	vacuum	system	

Power distribution and control unit
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     Max. no. Field Power/ Basic Add. weight Nom. cap./
  L W H magnetic rating head weight per head head*
 Model (mm) (mm) (mm) Heads (kGauss) (kW) (ton) (ton) (ton/h)

 120 2600 2200 2800 2 10 75 4 4 6

 120 2600 2200 2800 2 15 175 4 6 6

 185 4100 3700 4100 2 7 65 9 13 36

 185 4100 3700 4100 2 10 85 9 19 36

 185 4100 3700 4100 2 15 200 9 33 36

 250 6300 5100 4600 2 5 40 20 22 107

 250 6300 5100 4600 2 7 75 20 32 107

 250 6300 5100 4600 2 10 120 20 54 107

 250 6300 5100 5600 2 15 260 20 95 107

 350 7000 7200 4600 3 5 78 40 26 150

 350 7000 7200 4600 3 7 136 40 37 150

 350 7000 7500 4600 3 10 165 40 66 150

Dimensions

On request many functions, which are not standard, may optionally 
be included in the Metso HGMS control system. One such added 
function	might	be	control	of	the	feed	density	and	flow;	another	
could	be	automatic	control	of	the	rinse	water	flow	and	the	matrix	
condition. 

The maintenance of the Metso HGMS is normally limited to changing 
of the seals around the matrix ring. The life of the seals vary consider-
ably from application to application. 

W

L

Notes
1.  Model 120, 185 and 250 are available with one or two heads; 

Model 350 is available with one to three heads. Heads in the same 
unit can work in parallel or in series and can be built for the same 
or different magnetic field intensities.

2.  Metso reserves the right to change these specifications.

3.  Machine weight is basic weight + additional weight of  magnetic 
heads.

4.  For lower field ratings or between ratings  nearest larger size is 
used.

*Based on hematite-separation



Subject	to	alteration	without	prior	notice																																																																						Brochure	No.	2578-12-10-ESBL/Sala-English																																									©	2015	Metso	 																																											Printed	in	Sweden

Metso Corporation, Fabianinkatu	9	A,	P.O.	Box	1220,	FI-00101	Helsinki,	Finland,	tel.	+358	20	484	100,	fax	+358	20	484	101,	www.metso.com

www.metso.com
E-mail: minerals.info@metso.com

• Metso Sweden AB 
	 Norrängsgatan	2,	SE-733	38	Sala,	Sweden,	Phone:	+46	224	570	00,	Fax:	+46	224	169	50

• Metso Minerals Industries, Inc.
	 2715	Pleasent	Valley	Road,	York,	PA	17402,	USA,	Phone:	+1	717	843	8671

•  Metso Minerals (South Africa) (Pty) Ltd.
	 Private	Bag	X2006,	Isando,	Johannesburg,1600,	South	Africa,	Phone:	+27	11	961	4000,	Fax:	+27	11	397	2050 

• Metso Minerals (Australia) Ltd.
	 Level	2,	1110	Hay	Street,	West	Perth,	WA	6005,	Australia,	Phone:	+61	8	9420	5555,	Fax:	+61	8	9320	2500 

• Metso Minerals (India) Pvt Ltd
	 1th	floor,	DLF	Building	No.	10,	Tower	A,	DLF	Cyber	City,	Phase	-	III,	Gurgaon	-	122	002,	India,	Phone:	+91	124	235	1541,	Fax:	+91	124	235	1601

• Metso Perú S.A.
	 Calle	5	Nro.	144,	Urb.	Industrial	Vulcano,	Ate,	Lima	03,	Peru,	Phone:	+51	1	313	4366,	Fax:	+51	1	349	0913

• Metso Minerals (Chile) S.A.
	 Av.	Los	Conquistadores	2758,	Piso	3,	Providencia,	Santiago,	Chile,	Phone:	+56	2	370	2000,	Fax:	+56	2	370	2039

• Metso Brasil Indústria e Comércio Ltda. 
	 Av.	Independência,	2500	Éden,	18087-101	Sorocaba-SP	-	Brazil,	Phone:	+55	15	2102	1300


