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Abstract  In this paper efforts have been made to explain the manufacturing method of Manganese-Zinc (Mn-Zn) soft 
ferrites in detail along with its uses and applications. The same method is applicable to Nickel-Zinc (Ni-Zn) and Lithium 
Titanium (Li-Ti or Microwave) ferrites also. A process flow chart is shown. The manufacturing steps like-mixing of powders, 
calcination of powder, grinding of powder, granules making, pressing of components, sintering in tunnel kiln or box furnace 
and machining on rotary table grinding machine, have been explained. Effect of atmosphere (oxygen), when the components 
are sintered at high temperature, is discussed. The temperature profiles of muffle furnace and tunnel kilns have also been 
discussed. The variation in temperature within the muffle furnace (900×900×800 mm) has been studied with the help of a 
sliding thermocouple. Temperature gradient within the furnace volume has been plotted on graph. A mathematical relation 
has been found using curve fitting equation. Actual and mathematical results have been compared. 
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1. Introduction 
Ferrites are dense homogeneous ceramic materials used, 

as a core, in the transformers, for electronics devices. Ferrite 
cores are also used as inductors and electromagnets in elec-
tro-mechanical and electronic industries. The operating 
frequency range of these transformers may vary from 100 Hz 
to 2.5 Giga Hz, or even more. These are rigid and brittle in 
nature. These are expressed by the molecular formula 
MFe2O4 (where M is an Oxide of Divalent Metal). When 
Ferrite contains two or more metal ions in M Positing, then 
it is called mixed ferrite. Such as Manganese Zinc (Mn-Zn) 
& Nickel Zinc (NI-Zn). 

Ferrites have a paramount advantage of bearing better 
properties such as high electrical resistivity resulting in low 
eddy current losses, over a wide frequency range in com-
parison with other types of magnetic materials. Other char-
acteristics are high permeability and temperature stability, 
low cost, low volume (occupies less space), high stability 
w.r.t. temperature, humidity & pressure. The intricate geo-
metrical shapes are possible to for larger production. 

The color of Ferrites may be silver gray or black. The 
mechanical and electromagnetic properties of ferrites can be 
affected by operating process conditions such as raw mate-
rial composition, temperature, sintering atmosphere, 
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compacting pressure, type of grinding and machining etc. 
There are two types of ferrites- (i) Soft Ferrites and (ii) Hard 
Ferrites (permanent magnets). 

A few soft ferrite components are shown below: 

    

 
Figure 1.  Ferrite Components 

The importance of soft ferrite is obvious as it appears in 
the wide range of applications, such as -TV transformer 
cores, mobile phone cores, land line phones, railways axle 
counters, loud speakers/music systems, high db loss materi-
als for microwave ovens, electronic transformers, as a core, 
being used for high frequency applications ranging from100 
Hz to 2.4 giga Hz, adjustable inductors, magnetic circuits for 
low & high power applications, energy meters, wave-guide 
and antenna of radar, strategic defence application like mi-
crowave ferrites used in phase shifters (for missiles) and 
radar antenna. 

As per Hitoshi Saita[1] the Mn-Zn based magnetic ferrite 
material has heretofore been used mainly as a transformer 
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material for a communication apparatus and a power supply. 
Different from other magnetic ferrite materials, the Mn-Zn 
based magnetic ferrite material is characterized in that it has 
a high saturation magnetic flux density, permeability is also 
high, and power loss is small during the use as the trans-
former, and the addition of SiO2, CaO can lower the power 
loss. Moreover, various additives are studied for a purpose of 
further reduction of the power loss. 

However, the power loss is largely influenced by a slight 
amount of impurities contaminated during the manufacture 
process of the magnetic ferrite material, or a slight amount of 
impurities contained in a raw material. 

2. Experiments 
The following are the main steps involved in manufac-

turing of soft ferrite components: 
Powder mixing  
Pre sintering 
Wet grinding of powders 
Spray drying  
Pressing of homogenous mixture to obtain desired shape 
Sintering in tunnel type furnaces (temp 1400℃) 
Machining of sintered product to obtain end product. 
A typical flow chart of soft ferrite manufacturing is shown 

below: 

 
Figure 2.  Process steps of soft ferrite manufacturing 

It was found that weight wise loss of material from raw 
material mixing to the recovery of sintered components, was 
of the order of 50%. Of course overall process loss up to 20% 
is inevitable[2]. 

2.1. Mixing of Powders 

In mixing operation, salts of metals (in the form of oxides 
or carbonates) are checked for purity (in ppm) by the 
chemical analysis. High purity raw materials are needed to 
manufacture ferrite cores, so that these yield good me-
chanical and magnetic properties. 

Wet mixing (Water used as a media) for 2 kg batch is done 
with following details: 

(i) Weight of dry powders (iron oxide, manganese 
di-oxide and zinc oxide)  

=2.0 kg. 
(ii) Weight of de-ionized water 
= 5 kg 
(iii) Mixing time 

= 8 Hrs 
After 8 hrs. of mixing, the slurry is dried into oven at   

150℃ for overnight which gives dry & mixed powder. Fig-
ure 3 shows the mixing method. g    

Motor

Ferric oxide+
MnO2+
ZnO2

 
Figure 3.  Ball mill for wet (de-ionised water based) mixing of powders 
and grinding 

2.2. Calcination of Powders 

After mixing, the powder is calcined (pre-heated) at a 
temperature around 75% of final sintering temperature. Few 
manufacturers are converting powder into small pallets to 
save process loss during calcination. Calcination is a pre 
firing process in which the powder temperature is raised to 
approximately 940℃ (for a typical Mn-Zn ferrite composi-
tion) in air atmosphere. During calcination the carbonates are 
converted into oxides, the impurities get evaporated and the 
shrinkage at final product is reduced to 17 to 18% instead of 
20 to 21%, this reduces the possibility of cracks formation 
during cooling of sintered product.  

A schematic diagrame of calcination is shown in Figure. 4, 
where a ratary kiln is being used. Powder is fed from one end 
through hopper and is being collected after passing through 
the kiln. 
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Figure 4.  Calcination (Pre-sintering) in rotary kiln 

2.3. Grinding 

Wet grinding is performed in the ball mill as shown in 
Figure. 3. This operation is similar to wet mixing with the 
only difference that the ball-mill running time is 20 to 24 
hours, instead of 8 hrs, to ensure the particle size reduction to 
2 to 16 µm. After wet grinding, the slurry is dried-up in the 
oven. 

Calcined (prefired) and sintered M-Zn ferrites could 
achieve the maximum density (4.95 g/cm3), and the average 
grain size was 8-10 μm. with pure ferrite phase. Flavin E.[3] 
stated that high frequency permeability is dependent on the 
particle size. 
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2.4. Granules Making 

From this fine, mixed and dried ferrite powder, granules 
are prepared by hand or by spray drier. For 200 kg batch 
granules are made using spray drier and for smaller batches 
granules are made manually. 
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Figure 5.  Spray drying for preparing granules 

While using spray drier, ferrite slurry is passed through a 
two fluid nozzle as shown in Figure. 5. 

Poly vinyl alcohol (PVA) is used as a binder. The glycerin 
is used for lubrication and water is used to provide some 
moisture. All these ingredients are homogeneously mixed 
separately. For a batch size of 200 kg. amount of additives 
are as below: 

Poly Vinyl Alcohol =1.50 Kg. 
Water / Spirit =8.0 Kg. 
Glycerin  =1.0 Kg. 
Mesh size of granules = 40 to +150 (British Standard Grit 

Size). 
The above combination is added slowly and in two or 

three steps into the ferrite powder. The powder is rigorously 
mixed in Attritors to form the slurry. Then the material is 
passed through the mesh -40 and +150 grit size. Thus, 
powder particles are converted into granules. 
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Figure 6.  Press for compacting powders 

2.5. Pressing 

The next step is forming of the component. Forming or 
pressing is done on mechanical, hydraulic or isostatic press. 
The capacity of press ranges from 2 tons to 100 tons de-
pending upon cross section area of the component. The 
pressure is kept from 1 ton to 1.5 ton per cm square. During 
pressing the desired shape of component is obtained. The 
rods may be pressed by extrusion method also. 

Pressing in a closed die is done using simultaneous action 
of top and bottom punches in die cavity such that uniform 
density is obtained. With the help of press tool assemblies, 
very complex core shapes can be pressed. The height of 
green component can be adjusted by changing the die-fill. As 
per Dietmar Holz.[4] the homogeneity of the density profile 
along the compact, is related to the chance of crack devel-
opment and product deformation during sintering this ob-
viously means deterioration in its density and permeability. 

2.6. Sintering 

This is very critical step in the manufacturing of ferrites. 
At this stage the product achieves its final magnetic and 
mechanical properties. Sintering of manganese-zinc ferrites 
needs control of time, temperature and atmosphere at the 
each phase of the sintering cycle. Sintering starts with a 
gradual heating from room temperature to approximately 
800℃ as impurities, residual moisture, binders, and lubri-
cants are burnt out of the product at this stage. The atmos-
phere at this stage of the sintering cycle is air. 

The temperature is further increased to the final sinter 
temperature of 1325 to 1375℃, depending upon the compo-
sition of material. While the temperature is increasing, a non 
oxidizing gas, nitrogen, is introduced into the kiln to reduce 
the oxygen content of the kiln atmosphere. During the 
cool-down cycle a reduction of oxygen pressure is very 
critical in obtaining high quality Mn-Zn ferrites. The sin-
tering of nickel-zinc and lithium titanium, ferrites occurs at 
lower temperatures, in the range of 950-1250℃. This mate-
rial can be sintered in an air atmosphere. During sintering the 
ferrite parts shrink (15 to 17%) to the final dimensions. The 
variation in mechanical dimensions is of the order of ±2% of 
the basic sizes of the part. Topfer J[5] mentioned that the 
properties of Mn Zn ferrites and the loss depend on the purity 
of raw materials, influence of the dopant and sintering 
process. 

The effect of Zn and Ti additions has a drastic change of 
the curie temperature with about 10–12℃ for each atomic 
percent of Zn and Ti introduced into the spinal lattice while 
the cooling speed changed the behavior of magnetic per-
meability with temperature around the curie point as dis-
cussed by Miclea C[6]. 

Tunnel Kiln Temp 13500 c

      
 p

 
Figure 7.  Tunnel kiln for sintering ferrite components 
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The schematic diagram of sintering process in tunnel kiln 
and the corresponding temperature profile is shown in Figure. 
7 and 8 respectively. 

Insertion/return loss of phase shifter rods can be rectified 
by annealing the finished components at 800℃ temperature 
with 2 Hrs. soaking time. This is the case when the values are 
deteriorated due to long term non usage of the finished 
components or development of mechanical/ magnetic in-
ternal stresses due to any reason[7]. 
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Figure 8.  Temperature and atmosphere profile 

Mauczok R[8] also investigated the binder burnout proc-
ess step for MnZn-ferrite materials, in order to explain the 
origin of the binder burnout cracks that occur during the 
sintering of Mn-Zn ferrites. The binder burnout reaction 
extended to temperature regions where oxidation of the 
ferrite material occured simultaneously. Under such condi-
tions, the oxidation of the binder was favoured relative to 
that of the ferrite until the binder burn out oxidation had been 
completed. As a consequence, the ferrite oxidation occurred 
at higher temperatures and at higher reaction rates. The as-
sociated material shrinkage rates were, therefore, also in-
creased, enhancing defect formation and eventual crack 
development within the products. When ferrite products of 
large dimensions were considered, the developed tempera-
ture gradients across the body provided a position depend-
ency of these reactions, which resulted in the development of 
high stresses and ultimately in product cracking. 

2.7. Machining and Lapping 

Machining is done to obtain the specified dimensions by 
grinding these cores with a diamond wheel. This operation is 
optional. The ferrite cores are ground with, the help of dia-
mond grinding wheels which are usually cup shaped. The 
machines used are vertical spindle rotary table grinding 
machines as shown in Figure. 9. Although the major mag-
netic properties are achieved during sintering and cannot be 
changed, the better surface finish at the mating surfaces 
yields better magnetic performance of ferrite cores. Thus 
lapping of mating surfaces is essential for proper control of 
flatness and degree of finish of the mating surface.  

The following types of grinding wheels are used for ma-
chining the ferrite cores: 

Silicon carbide grinding wheel 
Diamond-impregnated metal-bonded grinding wheel 

Diamond-impregnated resin-bonded grinding wheel 
Resin and metal (resmet) bonded diamond-impregnated 

grinding wheel 
Galvanic bonded diamond grinding wheel 
Cubic boron nitride (CBN) grinding wheel 
Mostly water is used as a coolant. Cracks are avoided in 

the cores, with the application of coolants. 
Feed

   

Rotary Table

Components 
Being 
machined

Rotary Grinding 
Diamond Wheel

 
Figure 9.  Machining on rotary table grinding machine 

2.8. Quality Checks 

Physical inspection is done to ensure crack-free compo-
nents. At the same time this is ensured that the components 
do not have buckling, which may appear during sintering or 
during machining. Then dimensions are checked as per 
drawing with the help of dial caliper, micrometer, height 
gauge or depth gauge etc. Electrical properties such as re-
sistivity, permeability, AL value, B-H loop (hysteresis curve) 
parameters, saturation magnetization, curie temperature are 
checked. 

3. Results and Discussion 
Hard and soft ferrites play a dominant role in magnetic 

materials, and are produced in significant quantities. Al-
though both material classes, Manganese Zinc and Nickel 
Zink are used in a variety of applications, the parameters for 
using the currently available material qualities do not cor-
respond to those desired by system designers. As a result, 
research and development in both industry and institutes 
have undertaken great efforts to develop new classes of 
ferrite materials. After a short introduction into the proper-
ties of Mn-Zn ferrites and the loss determining contribu-
tions, the complex topics such as, the purity of the raw ma-
terials, influence of the dopant, and the sintering process are 
presented with respect to their effects on the soft ferrite 
properties.[8] 

Out of many process parameters the effect of temperature 
variation within muffle furnace has been studied and found 
that the maximum permissible variation in the temperature 
within the muffle furnace having volume 900×900×800 mm 
has been studied with the help of sliding thermocouple and 
the shrink ring as shown in Table 1. This was coming up to 
20℃. This variation is responsible for rejection of the com-
ponents in mechanical & magnetic properties. 
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Figure 10.  Temperature gradient in muffle type (box) furnace 

Table 1.  Values of Furnace Depth, Furnace Height and Corresponding 
Temperature 

Sr. No. Furnace Depth 
(mm) X1axis 

Furnace Height 
(mm) X2 axis 

Temperature ℃ 
Y axis 

1 0 900 982 
2 0 720 982 
3 0 540 983 
4 0 360 982 
5 0 180 984 
6 0 0 982 (985.9*) 
7 400 900 1001 
8 400 720 1002 
9 400 540 997 

10 400 360 1000 
11 400 180 996 
12 400 0 993 
13 800 900 995 
14 800 720 996(995.8*) 
15 800 540 997 
16 800 360 990 
17 800 180 986 
18 800 0 990(991.65 *) 

*These are the values obtained using curve fitting equation 

A graph has been plotted as shown in Figure. 10 between 
furnace depth, furnace height and the corresponding tem-
perature at that particular point. An equation has been fitted 
to obtain specific temperature at specific location inside the 
furnace muffle using LAB Fit software. The equation is as 
below: 

Y=A*EXP(B*X2+C*X1**2) 
Where, A=985.9, B=0.5987×10-5 and C=0.9071×10-8 
This is established from the Table 1 that the values cal-

culated from the above curve fitting equation are closer to the 

actual measured values of the temperature. 

4. Conclusions 
In modern electronics the ferrites are in huge demand. 

This is very essential for an electronic circuit design engineer 
to be familiar with the manufacturing techniques of these 
ferrites. The application fields are applied electronics, power 
conversion, communications, computers, instrumentation 
and high energy physics. The composition of raw materials, 
their originating source and process steps greatly affect the 
magnetic properties of these ferrites and its shapes. In order 
to select the correct material and shape, By understanding the 
above mentioned process and manufacturing details, a de-
sign engineer will keep in mind the limitations faced by a 
manufactures and the correct shape and size of the core will 
be chosen. These manufacturing details also useful for new 
entrepreneur to establish a soft ferrite manufacturing unit. 
Besides this is of immense use for the research scholars in 
field of applied electronics and exploring the new possible 
areas of research. This will improve the quality of existing 
ferrite manufactures also. 

The variation in the mechanical and magnetic properties 
of ferrite or similar ceramic components which have been 
sintered in kiln has ever been remained a problem. The actual 
temperature varies because the position of thermocouple 
(which reads the temperature) and the component position is 
different. To find a solution of this, the temperature gradient 
within the furnace volume, has been studied. This is of im-
mense use because a mathematical equation has been fitted 
to predict and find the exact temperature at the particular 
point, within the furnace volume for precision sintering. 
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