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Abstract: The magnetic properties of Ho2Fe17−xMnx compounds (x = 0-2) of 

ferromagnetic ordering temperatures up to TC ~344 K have been investigated by 

DC magnetization and Mössbauer effect measurements. The nature of the 

magnetic phase transitions and the critical behaviour around TC has been 

investigated by analysis of the magnetisation data and the critical exponents β, γ 

and δ determined. The critical exponents are found to be similar to the theoretical 

values of the mean-field model for which β=0.5 and γ=1.0, indicating the 

existence of a long-range ferromagnetic interactions. The isothermal entropy 

changes S around TC have been determined as a function of temperature in 

different magnetic fields.  
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1. Introduction 

Magnetic refrigeration based on the magnetocaloric effect (MCE) has attracted 

increasing attention in recent years due to advantages such as high efficiency and 

environmental safety compared with compressor-based refrigeration [e.g. 1, 2].  

Considering scientific aspects and industrial applicability, the large gJ value in 

iron and the low cost of iron means that Fe-rich materials offer a potential choice 

as MCE materials for refrigerators [3, 4] and as a result, materials such as R2Fe17-

based compounds have continued to attracted interest [5].  

 

Recently we reported [6, 7] that the substitution of Mn for Fe in Ho2Fe17-xMnx 

compounds leads to a minimum of Ms at 10 K and a maximum of TC in the 

composition dependence of Ms (at T=10 K) and TC as well as the presence of 

strong magnetovolume effects below TC. In order to better understand the nature 

of the magnetic phase transition around TC in these systems, we have carried out a 

detailed investigation of the critical behaviour by DC magnetization 

measurements and Mössbauer spectroscopy with the main findings reported here.  

2. Experimental 

The Ho2Fe17-xMnx compounds (x = 0, 0.5, 1, 2) were prepared by standard argon 

arc-melting (see [5-7] for details). The magnetic measurements were carried out in 

magnetic fields up to 6 T over the temperature range 5-350 K using a Physical 

Property Measurement System [6, 7]. 
57

Fe Mössbauer spectra were obtained using 

a standard constant-acceleration spectrometer and a 
57

CoRh source and the 

spectrometer calibrated at room temperature with an α-iron foil. 

3. Results and Discussion 

3.1 Mössbauer Spectroscopy: Fig. 1 (a) shows the 
57

Fe Mössbauer spectra at 300 

K for Ho2Fe17-xMnx (x=0, 0.5 and 1.0). Given that the Curie temperatures for the 

x=0, 0.5 and 1.0 samples are above room temperature - TC=336 K, TC=344 K and 

TC=338 K respectively [7] - the 300 K spectra are found to exhibit spectral 

features characteristic of magnetic hyperfine splitting as expected. We have fitted 

the Ho2Fe17-xMnx spectra using the same approach applied to our analysis of 
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Dy2Fe17-xMnx [5; see also 6]. As shown by Fig 1(a), satisfactory fits to the 

Mössbauer spectra were obtained using seven sub-spectra to represent the four 

inequivalent sites of the Th2Ni17-type structure (or the Th2Zn17 structure in 

brackets) - one sub-spectrum for the 4f (6c) site, two for 6g (9d), two for 12 j 

(18f) and two for 12k (18h). The sub-spectra were assigned to the various sites by 

taking into account the nearest-neighbour environment of each respective site and 

the Fe-Fe distances [5]. 

 

The main hyperfine parameters at 300 K are listed in Table 1. It can be seen that 

the isomer shifts follow the trends 
4f(6c)

 >
12j(18f)

> 
12k(18h)

> 
6g(9d)

 for all 

compounds. The calculated Wigner-Seitz cell (WSC) volumes Vws for the 4f (6c), 

6g (9d), 12j (18f) and 12k (18h) sites in R2Fe17 compounds have been shown to 

behave as follows: Vws
4f(6c)

 >Vws
12j(18f)

> Vws
12k(18h)

> Vws
6g(9d)

 [5, 8]. The present 

findings agree well with the previously observed relationship between isomer shift 

and WSC volumes, namely that the larger the WSC volume, the larger the isomer 

shift  [5, 6].  

 

Table 1 Mössbauer spectral hyperfine parameters for Ho2Fe17-xMnx at 300 K. The errors for Bhf and  

derived from the data fits are ± 0.1 T and ± 0.015 mm/s respectively. 

----------------------------------------------------------------------------------------------------------------------------- -- 

Compounds  4f  6g  12j  12k   Weighted Average 

----------------------------------------------------------------------------------------------------------------------------- -- 

Ho2Fe17  Bhf, T 21.9   16.4   18.4  13.6   16.8 

, mm/s 0.002  - 0.219  - 0.111  - 0.183   - 0.142 

Ho2Fe16.5Mn0.5 Bhf, T   22.8   17.1  17.3  12.6   16.2 

, mm/s - 0.054  - 0.211  - 0.131  - 0.173  - 0.152 

Ho2Fe16Mn Bhf, T 18.5  15.0  14.4  9.3   13.9 

, mm/s - 0.111  - 0.23  - 0.139   - 0.173  - 0.147 

------------------------------------------------------------------------------------------------------------------------------- 

 

The temperature dependences of the 
57

Fe hyperfine interaction parameters for 

Ho2Fe16.5Mn0.5 are shown in Fig. 1(b) as a typical example of the behaviour of 

these compounds (see e.g., the similar behaviour of Ho2Fe17Mn [6]). The isomer 

shifts are found to behave as 
4f

>
12j

>
12k

>
6g

 at all temperatures with the 
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decrease in isomer shift with increasing temperature following behaviour typical 

of the second-order Doppler shift. The dashed line through the average isomer 

shift values in Fig. 1(b) represents the calculated result based on a Debye model 

[e.g. 9] using Debye temperature D=450 K. 
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Figure 1 (a) 300 K Mössbauer spectra of Ho2Fe17-xMnx with x=0, 0.5 and 1.0. The fits and 

sub-spectra are described in the text.  

(b) The temperature dependences of the magnetic hyperfine field and isomer shift values 

for the various sites of Ho2Fe16.5Mn0.5 with the average values of hyperfine field and isomer 

shift also shown. The full line acts as a guide to the eye for the average hyperfine field 

values. The dashed line represents the second-order Doppler shift calculated with Debye 

temperature D=450 K as discussed in the text.  

 

3.2 Critical Magnetic Transition: As below, we have carried out a detailed 

analysis of the magnetisation data around TC to investigate further the nature of 

magnetic phase transition in these compounds. The magnetisation data have been 

presented elsewhere [6, 7] with the analytical approach following that described in 

the critical magnetic study of TbNi2Mn [9].  

 

According to the conventional static scaling law, the critical properties of a 

second-order magnetic transition can be described by the critical exponents ,  
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and  derived from magnetization measurements around the transition temperature 

[e.g. 10].  The exponents can be expressed by the following equations:  

 

 ,  for T<TC (1) 

, for T>TC (2) 

 ,    for T=TC  (3)  

where M0, h0/M0 and D are the critical amplitudes [10] and Ms and 0
-1

 are 

derived by linear extrapolation from the high-field regions to the intercepts. Using 

the Kouvel-Fisher method - in which the quantities Ms(dMs/dT)
-1

 and χ0(dχ0/dT)
-1

 

are plotted against temperature with straight lines of slopes 1/β and -1/γ expected 

[e.g. 11] - the values of β = 0.45, γ =0.95 and TC = 337 K have been derived for 

Ho2Fe16Mn as shown in Fig. 2(b). It is clear that the value of TC derived in this 

way for Ho2Fe16Mn is very close to the value TC =338 K determined from the M-

T curves [6, 7]. Indeed this agreement between the TC values - determined directly 

from the magnetisation data and derived here from the critical exponent analysis - 

confirms the applicability of the power laws to these Ho2Fe17-xMnx systems.  
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Fig. 2 (a) The critical isotherm analysis at TC=337 K for Ho2Fe16Mn. The inset shows the 

data plotted on a double logarithmic scale with the fitted line through the data leading to the 

exponent =3.07 as described in the text.  

(b) Kouvel-Fisher plots of Ms(T)(dMs/dT)
-1

 (left) and 0
-1

(T)(d0/dT)
-1

 (right) versus 

temperature. The lines are fits to the data as described in the text.  

(c) Modified Arrott plots using =0.45 and =0.95 as described in the text.  

 

Applying Equation (3) to analysis of the critical isotherm at TC leads to the 

exponent δ=3.07 (inset to Fig. 2(a)). According to statistical theory [10], these 

critical exponents fulfill the Widom scaling relation: δ = 1 + γ/β.  Using the 

exponents β=0.45 and γ =0.95 determined above, the value of δ for Ho2Fe16Mn is 

calculated to be δ=3.11 which is close to the value of δ=3.07 determined from the 

critical isotherm analysis at TC. In a similar manner, the values of β, γ, δ for 

Ho2Fe17 (of TC = 336 K) and Ho2Fe15Mn2 (of TC = 302 K) have been determined 

as β=0.53, γ=0.91, δ=2.72 and β=0.42, γ=0.87 and δ=3.07, respectively. It is well 

established that the order parameter of a phase transition around the magnetic 

transition temperature fluctuates over all available length scales and that these 

fluctuations smear out the microscopic details of the interactions in a system 

exhibiting a continuous phase transition [10]. The mean field interaction model 

for long range ordering has theoretical critical exponents of β = 0.5, γ = 1.0 and δ 

= 3.0,
 
while theoretical values based on the three dimensional Heisenberg model 

corresponding to short range interactions are β = 0.365, γ = 1.386 and δ = 4.80. 

The β, γ and δ values that we have derived experimentally are generally similar to 

the mean-field model values, indicating that the ferromagnetic coupling for 

Ho2Fe17-xMnx compounds is a long-range interaction. 

 

As a further test and cross-check of our critical exponent analyses, Fig. 2(c) shows 

the modified Arrot-plots, M
1/

 as a function of (H/M)
1/

 for Ho2Fe16Mn using the 

values of  and  obtained above. Fig. 2(c) demonstrates clearly that for higher 

values of the DC fields (0H > 2 T) these modified Arrot-plots exhibit isothermal 

curves which are parallel to a high degree (parallel dashed lines are shown as a 

guide to the eye in Fig. 2(c)) indicating the self consistency of these exponents in 

describing the critical behaviour of Ho2Fe16Mn.  
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3.3 Magnetocaloric Effect: The isothermal entropy change -SM corresponding 

to a magnetic field change B from B = 0 to value B, has been derived from the 

magnetization data using the Maxwell relation [e.g. 7]. The changes in magnetic 

entropy -SM for Ho2Fe16Mn as functions of temperature and external field are 

shown in Fig. 3(a). The curves of -SM exhibit a broad peak around TC (typical  

 
Fig. 3 (a) Temperature dependence of the isothermal magnetic entropy change −ΔSM(T, B) 

as measured in magnetic fields up to 5 T for Ho2Fe16Mn.  

(b) Dependence of the entropy change -SM
max

 on the parameter (B/TC)
2/3

 for Ho2Fe17-xMnx 

with x=0, 1 and 2. The dashed lines represent linear fits to the data.  

 

behaviour of a second order phase transition) with maximum values of -SM ~ 1.3 

J/kg K and -SM ~ 2.6 J/kg K for magnetic field changes of B = 2 T and B = 5 

T respectively. Mean field theory [12] predicts that -SM
max

 is proportional to 

(B/TC)
2/3

 at second order phase transitions. Figure 3(b) shows a graph of 

maximum entropy change -SM
max

 plotted as a function of (B/TC)
2/3

 for Ho2Fe17-

xMnx with x=0, 1 and 2. The linear fits to the data in Fig. 3(b) (fitted curves shown 

as dashed lines) demonstrate that the relationship -SM
max

  (B/TC)
2/3

 is valid for 

the Ho2Fe17−xMnx system. 

4. Conclusions 

The critical behaviour of Ho2Fe17−xMnx compounds (x= 0-2) has been investigated 

by combining a Mössbauer spectroscopy study and a detailed analysis of DC 

magnetization data around their ferromagnetic ordering temperatures of TC ~340 

K. The four isomer shifts for the four inequivalent sites of their Th2Ni17-type or 
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Th2Zn17 structures [5] are found to correlate well with the Wigner-Seitz cell 

volumes as observed previously [6].  The critical exponents determined for 

Ho2Fe17−xMnx are consistent with the theoretical predictions of the mean-field 

model, indicating that long range interactions dominate the critical behavior 

around TC. The Ho2Fe17−xMnx compounds exhibit reasonable magnetocaloric 

behaviour as indicated by their isothermal magnetic entropy changes around the 

Curie temperatures (TC=336 K, TC=344 K and TC=338 K for x=0, 0.5 and 1.0 

respectively), suggesting that these iron-rich alloys allow scope for use as 

magnetic refrigeration materials close to room temperature. 
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