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Abstract

Co80Nb14B6, Co80Nb12B8 and Co80Nb10B10 amorphous alloys were obtained through the melt-spinning

process. The ribbons structure was investigated by X-ray diffractometry and the crystallization pro-

cess and the thermal stability were studied by means of differential thermal analysis and

thermomechanical technique. It was observed that the crystallization temperature depends on the alloy

composition and occurs in a temperature range between 420 and 730°C. The coercive field of all al-

loys was determined by magnetic susceptibility measurements, the values of which range from 2.78

to 5.95 A m–1.
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Introduction

Amorphous metallic alloys have been extensively studied since the 60’s [1] due to

their promising application in various industrial areas. Singular properties arise from

the fact that these materials possess neither magneto-crystalline anisotropy nor grain

boundaries. The properties of these alloys can be modified by their chemical compo-

sition and thermomechanical processing [2]. Among various amorphous alloys the

CoNbB systems are very attractive in Brazil because of the large niobium reserves lo-

cated in the states of Minas Gerais and Goiás states [3]. The CoNbB system is easy to

produce and possesses low coercivity and high magnetization combined with good

thermal stability [4–6]. However, the use of these alloys is limited because at high

temperature these alloys crystallize from the amorphous state resulting in reduced

magnetic properties. Therefore, the study of thermal stability of these materials is of

major importance.
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In this work, the effect of the B addition on the CoNb amorphous metallic rib-

bons was studied. The structural characterization of the alloys was done based on dif-

ferential thermal analysis and thermomechanical experiments. The magnetic perme-

ability and coercivity were also measured.

Experimental procedures

Co80Nb14B6, Co80Nb12B8 and Co80Nb10B10 alloys were prepared and homogenized by

high frequency induction furnace several times over a water-cooled copper chill under an

argon atmosphere. High purity Co (99.9%), Nb (99.8) and Co2B boride were used. The

alloys were melt spun onto a rotating (about 1500 min–1) polished copper wheel

(about 3600 mm in diameter) after induction melting under argon atmosphere in a quartz

nozzle with an orifice of about 0.8 mm employing an ejection pressure of about 90 KPa.

The resulting ribbons were approximately 25 µm thick and 1.0 mm wide. The amor-

phous nature of the ribbons was investigated by X-ray diffractometry using a

Siemens D5000 diffractometer with a CuKα radiation of 0.15406 nm. The crystallization

process was investigated using a Shimadzu DTA-50 differential thermal apparatus. The

samples were submitted to the following heating cycle at a constant heating rate

of 30 K min–1: heating from room temperature up to 200°C with a soak step at 200°C

for 3 min with further heating from 200 to 800°C with a soak step at 800°C for 3 min.

Thermomechanical analyses were performed using a Shimadzu TMA-50 apparatus. Fif-

teen mm-long samples were subjected to a constant tensile load of 10 g. The ribbon sam-

ples were submitted to a heating cycle similar to the differential thermal analysis ones,

except that the final temperature was changed to 950°C. The measurements of the mag-

netic susceptibility were done at room temperature by self-designed equipment that con-

sists of a Princeton digital lock and power source. The ribbon samples were fixed on a

quartz tube and placed in the interior of a spire, 10.0 mm in diameter and 30.0 mm long.

The coercive field was calculated from the magnetic susceptibility data.

Results and discussion

The XRD patterns of the melt spun ribbons, shown in Fig. 1, clearly reveals the amor-

phous structures of all the Co80Nb20–xBx alloys.

The DTA curves of all three alloys are shown in Fig. 2. In all alloys, a reaction se-

quence is observed which makes it difficult to determine the onset temperature of each

reaction separately. Four successive transformations can be identified for the Co80Nb10B6

alloy, for instance. According to Betancourt [7] and Morret [8], these transformations

correspond to the precipitation of nanocrystallines phase which is prevailingly consti-

tuted of pure crystal of Co and some Co compound (Co3B, Co2B…). However, the exis-

tence of different reactions suggests that the crystallization process of CoNbB amor-

phous alloys appears more complex. It can be observed that the B addition strongly influ-

ences the crystallization temperature of CoNbB amorphous alloys. The onset tempera-

ture of the first reaction, T1, decreases with increasing the B content which indicates that
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this reaction is due to the formation of some Co–B compound. Additionally, the intensity

of the penultimate transformation reaction, T3, decreases with the B content to such an

extent that it is no longer observed in the Co80Nb10B10 alloy. The onset temperature of the

first crystallization reactions and the temperatures range of all crystallization process for

each alloy were determined by the tangent line method and are listed in Table 1. It can be

observed that, as the B content increases the onset and the endset temperature of crystal-

lization decreases, suggesting that the B addition accelerates the crystallization process

of the alloys. Further studies using transmission electron microscope are needed to fully

clarify the precipitation sequence during crystallization process.

Figure 3 shows the thermomechanical curves of all alloys. Unlike the curves ob-

tained DTA where a different reaction was detected, the crystallization reaction se-

quence is not well defined. Only two relevant changes are detected in the coefficient

of thermal expansion as listed in Table 2. The first interval is between 430 to 480°C,

and the second around 730°C. These values are consistent with those obtained by the
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Fig. 1 XRD patterns of the melt spun ribbons

Fig. 2 Differential thermal analysis scans of the alloys



DTA technique, and probably it can be attributed to the formation of nanocrystallines

phase from the amorphous structure.

Table 1 Temperatures of crystallization determined from the DTA curves (error ±3.0°C)

Sample
Onset temperature of each reaction/°C

Transformation interval
T1 T2 T3 T4

Co80Nb14B6 455 556 663 720 455–743

Co80Nb12B8 445 551 – 722 445–746

Co80Nb10B10 423 559 – 713 423–754

Temperature T1, corresponding to the inflexion point, decreases with increasing

B content that is consistent with the first reaction detected in the DTA analyses. Tem-

perature T2 corresponds to the point where the last reaction starts. It is also observed

that the coefficient of thermal expansion is much lower for the amorphous structures

i.e., at temperatures lower than T1, than for fully crystallized alloys.

Table 2 Crystallization temperatures (error ±3.0°C) obtained by TMA and coefficient of thermal
expansion (CTE) before and after crystallization

Alloy
Transformation temperature/°C CTE/10–6 K–1

T1 T2 Temp<T1 Temp>T2

Co80Nb14B6 475 735 7.5 40.2

Co80Nb12B8 458 733 10.9 21.6

Co80Nb10B10 433 739 15.0 32.8
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Fig. 3 TMA curves of the alloys



In Figs 4 and 5 are the magnetic susceptibility curves obtained for the

Co80Nb14B6 and Co80Nb12B8 alloys, as a function of the DC field applied. The coer-

cive field (Hc), obtained by subtracting the values of H corresponding to the maxi-

mum of each curve are, respectively, 2.78 and 5.95 A m–1, when the B content de-

creases from 8 to 6%. These values that obtained agree with those found by other re-

searches for Co-based soft magnetic alloys [9–11].

Table 3 Magnetic permeability and coercive field of the ribbons

Alloy µmax/emu Hc/Oe

Co80Nb14B6 3598 0.075

Co80Nb12B8 4143 0.035
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Fig. 4 Magnetic susceptibility curves obtained for the Co80Nb14B6 alloy

Fig. 5 Magnetic susceptibility curves obtained for the Co80Nb12B8 alloy



Conclusions

Co80Nb14B6, Co80Nb12B8 and Co80Nb10B10 alloys with amorphous structure were ob-

tained by the melt-spinning method and their crystallization behavior was investigated

by DTA and TMA. The crystallization process of the Co80Nb20–xBx alloys is character-

ized by a sequence of reactions, which occur at a temperature interval of 420 to 750°C.

The substitution of niobium by boron decreases the onset temperature of crystallization

and elevates the endset temperature. The crystallization reactions are more accurately

determined by DTA than by TMA. The latter identifies only the onset and endset tem-

peratures of crystallization but does not show the intermediate reactions.

The Co80Nb14B6 and Co80Nb12B8 alloys possess a relative maximum magnetic

permeability of 3598 and 4143 emu, respectively, and display low coercivity val-

ues: 0.075 Oe for the Co80Nb14B6 alloy and 0.035 Oe for the Co80Nb12B8 alloy.

Therefore, the increase in boron content causes an improvement in magnetic perme-

ability and at the same time, decreases the coercivity values.

* * *
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