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Abstract. bonded magnet is composite magnet material made by mixing magnetic powder 

with non-magnetic binder. The process in manufacturing bonded magnet NdFeB made by 

mixing powder of neodymium iron boron (NdFeB) commercial type MQP-B with a 

polyvinyl butyral powder using a glass beaker. The comparisons of variation in composing 

NdFeB magnets powders with a binder of PVB (% weight) are 98:2, 96:4, 94:6 and 93:7 of 

8 grams from total mass of the sample. After mixing the powder, it is molded by using a 

compression molding method with 8 tons pressure for 20 minutes at curing temperature 

160
0
C. The molded samples are conducted by characterizing the physical properties which 

include measurement of density, microstructure analysis using SEM-EDX and magnetic 

properties which include measurement of the magnetic field strength using a Gaussmeter 

and hysteresis curve using VSM. The result of the study shows that the addition of and 

binder PVB in bonded magnet NdFeB causes a decrease in the density and magnetic field 

strength. The best result of density and magnetic field in the manufacture of bonded 

magnets is obtained by the addition of 2 % binder of 5.66 g/cm
3
 and strong magnetic field 

of 1862.4 G. the score of Mr = 72.86 emu/g, Ms = 103 emu/gram, Hc = 8.490 KOe and 

BHmax = 5.1 MGOe was obtained on the addition of PVB 2 %. 

Keyword: bonded magnets NdFeB, polyvinyl butyral binder, physical properties and 

magnetic. 
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1 Introduction 

The need for magnetic materials has increased rapidly in recent decades. This dramatic 

development in the magnetic field has occurred since the discovery of rare earth permanent 

magnets such as NdFeB, RECo, and REFeB. Currently permanent magnet materials are widely 

used in various applications to convert electrical energy into mechanical energy or vice versa. 

Three important properties that describe the performance of permanent magnets are magnetic 
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induction of remanence (Br), coercivity (Hc), and maximum energy product (BHmax) [1]. Until 

now, in Indonesia, magnet products, especially permanent magnets, on the market are still 100% 

import based. The need for permanent magnets in Indonesia is very high and puts Indonesia into 

the world's number 2 market [2]. 

In general, Neodymium Iron Boron (NdFeB) magnets are known as rare earth magnets. Manget 

Neodymium Iron Boron (NdFeB) is an alloy that comes from the Lanthanide group in the 

periodic system of elements. Neodymium Iron Boron (NdFeB) magnets are earth magnets made 

of an alloy of neodymium, iron and boron to form a tetragonal Nd2Fe14B crystal structure. 

Developed in 1982 by General Motors and Sumitomo Special Metals, NdFeB magnets are the 

most powerful permanent magnets created [3]. NdFeB magnets are third generation permanent 

magnet materials made from rare earths which have a large product energy, and have become an 

important part of everyday human life. NdFeB magnets are widely applied to various equipment 

such as electric motors, speakers, CD players, microwave ovens. Other applications of magnetic 

components are also found in instrumentation equipment, production equipment and in research 

laboratories. However, the magnetic contribution is often ignored because this component is 

already embedded in a device and cannot be seen. In fact, the need for these components varies 

depending on the use and function of a device [4]. 

The application of various techniques in the bonded magnet production process, provides the 

possibility for the use of various magnetic powders in combination with different polymeric 

materials as binding agents. The development of bonded technology, exploring the possible 

applications of various types of magnetic powders and polymer matrices, examining the effect 

of these polymers, for example the effect on process parameters, to achieve optimal mechanical 

and magnetic capacities is the focus of research on bonded magnets in recent years [5]. 

Polyvinyl Butyral (PVB) is a resin that is widely used as a binder and has the chemical formula 

C8H14O2. Polyvinyl Butyral resin is used in various applications including in ceramic 

engineering (temporary) as an adhesive [6]. 

2 Materials and Methods  

The process of making a bonded magnet is carried out using NdFeB type MQP-B magnetic 

powder and a polyvinyl butyral binder. NdFeB magnetic powder and PVB binder were weighed 

with each composition variation from a total mass of 8 grams, then the two powders were mixed 

and compacted using a hydraulic press. The samples from the compaction were carried out by 

characterizing the physical properties and characterizing the magnetic properties. The flow of 

work carried out in the manufacture of NdFeB bonded magnets is shown in Figure 1. 
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Figure 1. Flow of the bonded manufacturing process NdFeB magnets 

3 Result and Discussion 

3.1 Physical Characterization 

A. Density Analysis 

The density measurement is determined by the volume dimension measurement method. From 

the test results and the calculation of the magnitude of the density on the NdFeB bonded magnet 

of a sample with various variations in the composition of the binder material (wt%) are shown 

as in Figure 2. 

 

 

Figure 2. Graph of the relationship between weight% Polyvinyl Butyral (PVB) to the density 

value of the NdFeB bonded magnet 
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Figure 2 shows that the variation in the composition of the Polyvinyl Butyral (PVB) binder 

greatly affects the density of the NdFeB bonded magnet. The value of the density will tend to 

decrease with increasing the amount of polymer composition in the NdFeB bonded magnet. 

This decrease in density indicates the occurrence of a density reduction process in the sample 

due to the effect of the polymer mixture on the NdFeB bonded magnet material. The result of 

high density values in bonded magnet materials is due to the even distribution of NdFeB 

magnetic powder in the polymer matrix and the small number of pores that occur [7]. 

B. Microstructural Analysis 

 

 

Figure 3.  Results of Secondary Electron analysis photos of NdFeB bonded magnet pellet 

sample with 2% binder 

 

Table 1. Element quantitative  of NdFeB powder after addition of 2% polyvinyl butyral (PVB) 

binder to spectrum 1 

Element  % Wt % At 

C 8.84 33.65 

O 2.03 5.81 

Fe 60.19 49.26 

Co 4.60 3.57 

Nd 24.33 7.71 

 

Table 2.  Element quantitative of NdFeB powder after addition of 2%  polyvinyl butyral (PVB) 

binder to spectrum 2 

Element % Wt % At 

C 6.76 29.21 

O 0.47 1.54 

Fe 59.26 55.06 

Co 4.11 3.62 

Nd 29.39 10.57 
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Table 3. Element quantitative of NdFeB powder after addition of 2% polyvinyl butyral (PVB) 

binder to spectrum 3 

Element % Wt % At 

C 22.42 60.64 

O 2.65 5.39 

Fe 44.62 25.96 

Co 3.64 2.01 

Nd 26.67 6.01 

 

 

Figure 4.  Secondary Electron analysis photos of samples of NdFeB bonded magnet pellets with 

4% PVB binder 

 

Table 4. Element quantitative of NdFeB powder after addition of 4% polyvinyl butyral (PVB) 

binder to spectrum 1 

Element % Wt % At 

C 7.43 29.51 

O 2.15 6.42 

Fe 60.83 51.95 

Co 4.90 3.96 

Zn 0.03 0.02 

Nd 24.72 8.17 
 

Table 5. Element quantitative of NdFeB powder after addition of 4% polyvinyl butyral (PVB) 

binder to spectrum 2 

Element % Wt % At 

C 65.92 81.26 

O 15.85 14.67 

Si 0.10 0.05 

Cl 0.23 0.09 

Fe 11.94 3.17 

Nd 4.99 0.51 
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Table 6. Element quantitative of NdFeB powder after addition of 4% polyvinyl butyral (PVB) 

binder to spectrum 3 

Element % Wt % At 

C 66.67 82.63 

O 14.20 13.22 

Fe 12.51 3.34 

Co 0.89 0.23 

Nd 5.73 0.59 

 

Based on the results of surface morphology using SEM, as in the picture above shows that the 

Polyvinyl Butyral (PVB) binder on the NdFeB magnet is partly spread or evenly distributed 

across the surface of the pellet sample. As in Figure 3, the PVB binder is 2%, where in the 

sample it can be seen that the dark polymer matrix is uneven throughout the surface of the dark 

gray Nd-Fe-B particles. Whereas in Figure 4 the 4% PVB binder shows that the polymer matrix 

is evenly distributed throughout the surface of the Nd-Fe-B particles. Although the Nd-Fe-B 

particles still have variations in size and shape, it is clear that the polymer that is between the 

Nd-Fe-B powder adheres well. Even particle distribution and good adhesion between the Nd-

Fe-B particles and the polymer matrix are important to show the quality and strength of a 

bonded magnet.  

The EDX test results show the presence of oxygen (O) in the sample, which indicates that the 

NdFeB element is well mixed. Element O is believed to originate from the polymer matrix 

overlying the initial NdFeB powder. In the addition of 4% PVB binder, the element Carbon (C) 

is more dominant than other elements. This indicates the presence of polymer in the NdFeB 

bonded magnet sample. The element of Boron (B) in the NdFeB compound is not visible 

because the amount is too small and the photon energy is low, making it difficult to detect by 

EDX detectors. 

3.2 Characterization of Magnetic Properties  

A. Analysis of Magnetic Field Strength 

The value of the magnetic field strength of a sample can be obtained using a gaussmeter after 

being magnetized. The results of the magnetic field strength measurement on the NdFeB bonded 

magnet are shown in Figure 5, showing that the more addition of the polyvinyl butyral (PVB) 

binder composition to the NdFeB magnetic powder causes a decrease in the magnetic field 

strength. The highest magnetic field strength was obtained in the addition of 2% wt PVB binder 

of 1862.4 G. In the addition of 4% wt and 6% wt PVB binder, the magnetic field strength was 

almost the same at 1776.3 G and 1771.7 G but in the PVB binder 7% wt experienced a very 

drastic decrease in the magnetic field strength of 1546.4 G. The increase in the composition of 

the non-magnetic material (polymer matrix) certainly caused a reduction in the composition of 

the NdFeB magnetic powder, this resulted in a decrease in the value of the magnetic field 

strength in the NdFeB bonded magnet sample [8-10]. 
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Figure 5. Graph of the relationship between the weight% of Polyvinyl Butyral (PVB) to the 

value of the magnetic field strength in the NdFeB bonded magnet 

B. VSM (Vibrating Sample Magnetometer) Analysis 

VSM (Vibrating Sample Magnetometer) is a type of equipment used to study the magnetic 

properties of materials. VSM testing is carried out to obtain information about the magnitude of 

magnetic properties as a result of changes in the external magnetic field which is depicted in the 

hysteresis curve equipped with the value of remanent induction (Br) and coercive force (Hc). 

 

Figure 6.  Hysteresis curve for NdFeB bonded magnet with 2% PVB and 4% PVB composition 

Figure 6 shows the results of the magnetic properties test by VSM on the NdFeB bonded 

magnet sample. To find out the value of magnetic properties from the results of the hysteresis 

curve in Figure 6 is shown in Table 7. 
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Table 7. Data on the results of magnetic properties testing on NdFeB bonded magnets for 2% 

PVB and 4% PVB 

% berat 

Binder 

Mr 

(emu/g) 

Ms 

(emu/g) 

Hc  

(KOe) 

BHmax  

(MGOe) 

PVB 2% 72.86 103 8.490 5.1 

PVB 4% 73.84 102 8.647 5.2 

 

From the hysteresis curve and Table 7 shows that the bonded magnet NdFeB to the polymer 

matrix (PVB) is a hard magnetic material (permanent magnet). Hard magnetic materials 

(permanent magnets) are characterized by large hysteresis curves and high coercivity (Hc) 

values above 200 Oe. Coercivity (Hc) is the amount of magnetic field required to negate the 

magnetism of a material. The strength of the magnet (magnetic field) is determined by the 

amount of remanence (Mr) of a material. Remaining (Mr) is the residual magnet present in the 

material after the influence of the external magnetic field is eliminated.  

The results of the hysteresis curve above show that the coercivity (Hc) and remanence (Br) 

values were greater in the addition of 4% polyvinyl butyral binder of 8.67 KOe and 73.84 

emu.g
-1

. The maximum product energy value (BHmax) was also higher in the addition of 4% 

polyvinyl butyral binder than the 2% which was 5.2 MGOe. The value of the maximum energy 

product is generated from the maximum value of the multiplication between B and H in the 

second quadrant of the hysteresis curve. Based on the results of the hysteresis curve above, the 

higher the remanence value, the greater the coercive force and hysteresis curve (fat) and the 

greater the product energy. 

4 Conclusion 

1. The NdFeB Bonded Magnet has been successfully made using a Polyvinyl Butyral (PVB) 

binder with the Hydrolic Press method, where the addition of a variety of polymer 

compositions to the NdFeB magnetic powder greatly affects the density and strength of the 

magnetic field. 

2. In the bonded magnet NdFeB with Polyvinyl butyral (PVB) binder, the characteristic 

density value is 5.66 g.cm
-3

 and the magnetic field strength is 1862.4 G with the addition of 

2% PVB. 

3. Testing of magnetic properties by VSM which produces a hysteresis curve, obtained high 

coercivity (Hc), remanence (Br) and maximum product energy (BHmax) values in the 

addition of 2% polyvinyl butyral binder of 8.490 KOe, 72.86 emu.g
-1

 and 5.1 MGOe. The 

higher the remanence value, the greater the coercive force and hysteresis curve (fat) and the 

greater the energy value of the product. 
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