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1Abstract – In this work, the effects of ball milling with 
different catalysts (including NbF5 and Nb2O5) on the 
hydrogen storage properties of 2LiBH4-MgH2 system were 
investigated. The increase of ball-milling time (from 5 min to 
24 h) can reduce the crystallites size of MgH2 from 74 nm to 14 
nm and decrease the dehydrogenation temperature of MgH2 
from 390°C to 345°C. Among Nb-based catalysts, sample with 
NbF5 shows slightly better sorption kinetics than the one with 
Nb2O5, it can store reversibly about 9 wt.% of H2 in 24 h at 
350°C, whereas more than 60 h are needed with Nb2O5 . This 
indicates that NbF5 is superior to Nb2O5 for improving the 
sorption kinetics of 2LiBH4-MgH2 system. 
 
Index Terms – Ball milling, Catalysts, Hydrogen storage, 
Magnesium hydride. 

INTRODUCTION 

One of the most promising metal hydrides as hydrogen 
storage material is magnesium hydride (MgH2). MgH2 has 
very good properties for hydrogen storage, such as high 
gravimetric (7.6 wt.%) and volumetric hydrogen capacity 
(110 g/l) [1]. However, MgH2 requires a high temperature 
of 350-400°C for dehydrogenation with slow kinetics and 
high desorption enthalpy (∆H=78 kJ.mol-1 H2). Therefore, 
several strategies have been proposed for solving these 
issues, one of them is the use of reactant destabilization, 
such as LiBH4 to form Reactive Hydride Composites 
(RHCs), LiBH4-MgH2, which has been proven to be 
effective to reduce the reaction enthalpy by 32 kJ mol-1 H2 
in comparison with pure MgH2 [2]. 
 Although the reaction enthalpy is lowered, 
dehydrogenation and rehydrogenation processes still 
occur at high temperatures with slow kinetics. In this 
present work, we investigated the effect of mechanical 
milling and addition of transition-metal-based catalysts  
(such as NbF5 and Nb2O5) on the kinetics rate of 
hydrogenation-dehydrogenation of 2LiBH4-MgH2 system.  
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MATERIALS AND METHODS 

 The starting materials of MgH2 (98%), NbF5 (99%), 
and Nb2O5 (99.9985%), were purchased from Alfa-Aesar. 
LiBH4 (95%) was purchased from Acros-Organic. The 
handlings of all materials were performed in a glove box 
under a purified argon atmosphere. 
 One gram of 2LiBH4-MgH2 composite material was 
mechanically milled with a ball-to-powder weight ratio of 
48:1 using a planetary ball-miller Retsch PM 100 with a 
rotation speed rate of 600 rpm. Different ball milling 
times were used in this research: 5 min, 1 h, 3 h, 24 h, 36 
h, and 72 h. After milling, all the samples were 
characterized by XRD and DSC. X-ray Powder 
Diffraction (XRD) experiments were performed using a 
Bruker D8 Advance diffractometer with Co Kα radiation 
(λ1 = 1.788970 Å, λ2 = 1.792850 Å) equipped with a 
PSD-VANTEC-1 detector. DSC was performed using a 
Netzch 204 F1 calorimeter with a heating rate of 10 
K/min from 25°C to 500°C under a constant flow of 
argon in sealed aluminum crucibles. 
 We have also examined the effects of catalysts 
addition. NbF5 and Nb2O5 were added to one gram of the 
2LiBH4-MgH2 material by 72 h ball-milling with different 
loadings: 5 wt.% and 10 wt.% for NbF5; and 10 wt.% for 
Nb2O5. To be able to conclude about the most efficient 
catalyst (i.e. the one leading to the best kinetic rates), we 
have recorded the absorption-desorption kinetics curves 
for all samples at different temperatures: 250°C, 300°C, 
and 350°C. Typically, absorption was performed under a 
pressure of about 50 bars, whereas desorption was 
conducted with pressure always kept below 0.5 bar using 
a Hy-Energy PCT-Pro 2000 volumetric apparatus.  

RESULTS AND DISCUSSION 

  The effect of ball-milling time on the hydrogen 
storage properties of 2LiBH4-MgH2 system can be seen in 
Figure 1. The crystallite size of MgH2 and desorption 
temperature of MgH2 were collected respectively from 
XRD data using the Scherrer equation and from DSC 
curves. We can clearly see that the increase of ball milling 
time (5 min to 24 h) leads to a strong decrease of MgH2 
crystallites size from 74.4 nm to 14 nm and reduces the 
desorption temperature of MgH2 from 390°C to 345°C. 
The reduction of crystallites size allows a shortening of 

                                                           



 B209-60                       The 1st International Seminar on Science and Technology 
August 5th 2015, Postgraduate Program Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia 

the hydrogen diffusion distance into the solids, therefore 
leads to a faster hydrogen release. However, with a ball-
milling time of 72 h, the desorption temperature of MgH2 
is higher with a peak at 367°C. This could be related to a 
strong agglomeration of the crystallites as proposed by 
Yuan et al [3].  

 
Figure 1. Correlation between ball-milling time, MgH2 crystallites sizes 
and desorption temperature of MgH2. 
 

The addition of Nb-based catalysts into the 2LiBH4-
MgH2 system has been done in order to improve its 
hydrogen sorption properties. In Figure 2, the absorption 
kinetics for both 5 wt.% and 10 wt.% NbF5 loadings are 
very similar highlighting the fact that a large amount of 
NbF5 is not needed to get fast kinetics. Obviously, the 
sorption kinetics are faster at 350°C than those at 300°C 
with about 9 wt.% of hydrogen reversibly stored within 
24 h.  

 

 
Figure 2. Kinetic curves of absorption of 72 h ball-milled LiBH4-MgH2 
+5wt.% or 10 wt.% NbF5. 
 

Under the conditions used, the sample doped with 
NbF5 shows slightly better adsorption kinetics than Nb2O5 
(cf. Figure 3). The NbF5-catalyzed mixture absorbs about 
9 wt.% of H2 in 24 h, whereas the Nb2O5-catalyzed 
mixture takes more than 60 h. This indicates that NbF5 is 
a little bit superior to Nb2O5 for improving the kinetics of 
2LiBH4-MgH2 system.  

 
Figure 3. Kinetic curves of absorption of 72 h ball milled 2LiBH4-MgH2 
+10 wt.% NbF5 or 10 wt.% Nb2O5 at 350°C. 
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10 wt.% 
NbF5, 

11.87078, 
8.09862

10 wt.% 
NbF5, 

11.93744, 
8.10358

10 wt.% 
NbF5, 

12.0041, 
8.10818

10 wt.% 
NbF5, 

12.07076, 
8.11186

10 wt.% 
NbF5, 

12.13744, 
8.11538

10 wt.% 
NbF5, 

12.2041, 
8.11884

10 wt.% 
NbF5, 

12.27076, 
8.12182

10 wt.% 
NbF5, 

12.33744, 
8.1232

10 wt.% 
NbF5, 

12.4041, 
8.12474

10 wt.% 
NbF5, 

12.47076, 
8.1271

10 wt.% 
NbF5, 

12.53744, 
8.12912

10 wt.% 
NbF5, 

12.6041, 
8.1312

10 wt.% 
NbF5, 

12.67078, 
8.1326

10 wt.% 
NbF5, 

12.73744, 
8.13396

10 wt.% 
NbF5, 

12.8041, 
8.13696

10 wt.% 
NbF5, 

12.87078, 
8.13916

10 wt.% 
NbF5, 

12.93744, 
8.14232

10 wt.% 
NbF5, 

13.0041, 
8.14384

10 wt.% 
NbF5, 

13.07078, 
8.14602

10 wt.% 
NbF5, 

13.13744, 
8.14888

10 wt.% 
NbF5, 

13.20412, 
8.15182

10 wt.% 
NbF5, 

13.27078, 
8.15392

10 wt.% 
NbF5, 

13.33746, 
8.15528

10 wt.% 
NbF5, 

13.40412, 
8.15622

10 wt.% 
NbF5, 

13.47078, 
8.15738

10 wt.% 
NbF5, 

13.53746, 
8.15804

10 wt.% 
NbF5, 

13.60412, 
8.15874

10 wt.% 
NbF5, 

13.6708, 
8.16

10 wt.% 
NbF5, 

13.73746, 
8.16126

10 wt.% 
NbF5, 

13.80414, 
8.16182

10 wt.% 
NbF5, 

13.8708, 
8.16312

10 wt.% 
NbF5, 

13.93746, 
8.16458

10 wt.% 
NbF5, 

14.00414, 
8.16602

10 wt.% 
NbF5, 

14.0708, 
8.16894

10 wt.% 
NbF5, 

14.13748, 
8.17178

10 wt.% 
NbF5, 

14.20414, 
8.17402

10 wt.% 
NbF5, 

14.27082, 
8.17842

10 wt.% 
NbF5, 

14.33748, 
8.18196

10 wt.% 
NbF5, 

14.40414, 
8.18654

10 wt.% 
NbF5, 

14.47082, 
8.19112

10 wt.% 
NbF5, 

14.5375, 
8.19632

10 wt.% 
NbF5, 

14.60416, 
8.20064

10 wt.% 
NbF5, 

14.67082, 
8.2048

10 wt.% 
NbF5, 

14.7375, 
8.2083

10 wt.% 
NbF5, 

14.80416, 
8.21262

10 wt.% 
NbF5, 

14.87084, 
8.21608

10 wt.% 
NbF5, 

14.9375, 
8.21932

10 wt.% 
NbF5, 

15.00418, 
8.22204

10 wt.% 
NbF5, 

15.07084, 
8.22506

10 wt.% 
NbF5, 

15.1375, 
8.22808

10 wt.% 
NbF5, 

15.20418, 
8.23244

10 wt.% 
NbF5, 

15.27086, 
8.23672

10 wt.% 
NbF5, 

15.33752, 
8.24172

10 wt.% 
NbF5, 

15.4042, 
8.24684

10 wt.% 
NbF5, 

15.47086, 
8.25266

10 wt.% 
NbF5, 

15.53754, 
8.2586

10 wt.% 
NbF5, 

15.6042, 
8.26578

10 wt.% 
NbF5, 

15.67086, 
8.27174

10 wt.% 
NbF5, 

15.73754, 
8.27914

10 wt.% 
NbF5, 

15.8042, 
8.2872

10 wt.% 
NbF5, 

15.87088, 
8.29512

10 wt.% 
NbF5, 

15.93756, 
8.30154

10 wt.% 
NbF5, 

16.00422, 
8.30718

10 wt.% 
NbF5, 

16.0709, 
8.3129

10 wt.% 
NbF5, 

16.13756, 
8.31804

10 wt.% 
NbF5, 

16.20422, 
8.3223

10 wt.% 
NbF5, 

16.2709, 
8.32666

10 wt.% 
NbF5, 

16.33756, 
8.3311

10 wt.% 
NbF5, 

16.40424, 
8.33412

10 wt.% 
NbF5, 

16.47092, 
8.33696

10 wt.% 
NbF5, 

16.53758, 
8.34152

10 wt.% 
NbF5, 

16.60426, 
8.34544

10 wt.% 
NbF5, 

16.67092, 
8.35008

10 wt.% 
NbF5, 

16.7376, 
8.35542

10 wt.% 
NbF5, 

16.80426, 
8.36134

10 wt.% 
NbF5, 

16.87094, 
8.36822

10 wt.% 
NbF5, 

16.9376, 
8.37664

10 wt.% 
NbF5, 

17.00428, 
8.38348

10 wt.% 
NbF5, 

17.07094, 
8.39142

10 wt.% 
NbF5, 

17.13762, 
8.3993

10 wt.% 
NbF5, 

17.20428, 
8.40578

10 wt.% 
NbF5, 

17.27094, 
8.41148

10 wt.% 
NbF5, 

17.33762, 
8.41786

10 wt.% 
NbF5, 

17.40428, 
8.4229

10 wt.% 
NbF5, 

17.47096, 
8.42722

10 wt.% 
NbF5, 

17.53764, 
8.43072

10 wt.% 
NbF5, 

17.6043, 
8.43376

10 wt.% 
NbF5, 

17.67098, 
8.43536

10 wt.% 
NbF5, 

17.73764, 
8.43702

10 wt.% 
NbF5, 

17.80432, 
8.44088

10 wt.% 
NbF5, 

17.87098, 
8.44534

10 wt.% 
NbF5, 

17.93766, 
8.44982

10 wt.% 
NbF5, 

18.00432, 
8.45512

10 wt.% 
NbF5, 

18.07098, 
8.4612

10 wt.% 
NbF5, 

18.13766, 
8.46804

10 wt.% 
NbF5, 

18.20434, 
8.47488

10 wt.% 
NbF5, 

18.271, 
8.48162

10 wt.% 
NbF5, 

18.33768, 
8.4889

10 wt.% 
NbF5, 

18.40434, 
8.49684

10 wt.% 
NbF5, 

18.47102, 
8.50412

10 wt.% 
NbF5, 

18.53768, 
8.51004

10 wt.% 
NbF5, 

18.60436, 
8.51488

10 wt.% 
NbF5, 

18.67102, 
8.51904

10 wt.% 
NbF5, 

18.7377, 
8.52102

10 wt.% 
NbF5, 

18.80436, 
8.52288

10 wt.% 
NbF5, 

18.87104, 
8.52424

10 wt.% 
NbF5, 

18.9377, 
8.52588

10 wt.% 
NbF5, 

19.00438, 
8.52752

10 wt.% 
NbF5, 

19.07104, 
8.53062

10 wt.% 
NbF5, 

19.1377, 
8.53438

10 wt.% 
NbF5, 

19.20438, 
8.53808

10 wt.% 
NbF5, 

19.27106, 
8.54264

10 wt.% 
NbF5, 

19.33772, 
8.54802

10 wt.% 
NbF5, 

19.4044, 
8.55494

10 wt.% 
NbF5, 

19.47106, 
8.56254

10 wt.% 
NbF5, 

19.53772, 
8.57016

10 wt.% 
NbF5, 

19.6044, 
8.57992

10 wt.% 
NbF5, 

19.67106, 
8.58886

10 wt.% 
NbF5, 

19.73774, 
8.59606

10 wt.% 
NbF5, 

19.8044, 
8.60262

10 wt.% 
NbF5, 

19.87108, 
8.60766

10 wt.% 
NbF5, 

19.9378, 
8.61196

10 wt.% 
NbF5, 

20.0044, 
8.61554

10 wt.% 
NbF5, 

20.071, 
8.61778

10 wt.% 
NbF5, 

20.1378, 
8.6194

10 wt.% 
NbF5, 

20.2044, 
8.62188

10 wt.% 
NbF5, 

20.271, 
8.62438

10 wt.% 
NbF5, 

20.3378, 
8.62876

10 wt.% 
NbF5, 

20.4044, 
8.63392

10 wt.% 
NbF5, 

20.4712, 
8.64006

10 wt.% 
NbF5, 

20.5378, 
8.6471

10 wt.% 
NbF5, 

20.6044, 
8.65622

10 wt.% 
NbF5, 

20.6712, 
8.66636

10 wt.% 
NbF5, 

20.7378, 
8.67762

10 wt.% 
NbF5, 

20.8044, 
8.68874

10 wt.% 
NbF5, 

20.8712, 
8.69996

10 wt.% 
NbF5, 

20.9378, 
8.71098

10 wt.% 
NbF5, 

21.0044, 
8.72122

10 wt.% 
NbF5, 

21.0712, 
8.72926

10 wt.% 
NbF5, 

21.1378, 
8.73586

10 wt.% 
NbF5, 

21.2044, 
8.74028

10 wt.% 
NbF5, 

21.2712, 
8.74268

10 wt.% 
NbF5, 

21.3378, 
8.74494

10 wt.% 
NbF5, 

21.4044, 
8.74664

10 wt.% 
NbF5, 

21.4712, 
8.7513

10 wt.% 
NbF5, 

21.5378, 
8.75626

10 wt.% 
NbF5, 

21.6044, 
8.76192

10 wt.% 
NbF5, 

21.6712, 
8.77048

10 wt.% 
NbF5, 

21.7378, 
8.77908

10 wt.% 
NbF5, 

21.8044, 
8.78932

10 wt.% 
NbF5, 

21.8712, 
8.80066

10 wt.% 
NbF5, 

21.9378, 
8.8135

10 wt.% 
NbF5, 

22.0046, 
8.8271

10 wt.% 
NbF5, 

22.0712, 
8.84042

10 wt.% 
NbF5, 

22.1378, 
8.85224

10 wt.% 
NbF5, 

22.2046, 
8.86252

10 wt.% 
NbF5, 

22.2712, 
8.87118

10 wt.% 
NbF5, 

22.3378, 
8.87688

10 wt.% 
NbF5, 

22.4046, 
8.87828

10 wt.% 
NbF5, 

22.4712, 
8.87966

10 wt.% 
NbF5, 

22.5378, 
8.87984

10 wt.% 
NbF5, 

22.6046, 
8.87998

10 wt.% 
NbF5, 

22.6712, 
8.8817

10 wt.% 
NbF5, 

22.7378, 
8.8835

10 wt.% 
NbF5, 

22.8046, 
8.88758

10 wt.% 
NbF5, 

22.8712, 
8.891

10 wt.% 
NbF5, 

22.9378, 
8.89702

10 wt.% 
NbF5, 

23.0046, 
8.9033

10 wt.% 
NbF5, 

23.0712, 
8.90956

10 wt.% 
NbF5, 

23.1378, 
8.91662

10 wt.% 
NbF5, 

23.2046, 
8.92406

10 wt.% 
NbF5, 

23.2712, 
8.93224

10 wt.% 
NbF5, 

23.338, 
8.93962

10 wt.% 
NbF5, 

23.4046, 
8.94246

10 wt.% 
NbF5, 

23.4712, 
8.94304

10 wt.% 
NbF5, 

23.538, 
8.94216

10 wt.% 
NbF5, 

23.6046, 
8.93976

10 wt.% 
NbF5, 

23.6712, 
8.9346

10 wt.% 
NbF5, 

23.738, 
8.9274

10 wt.% 
NbF5, 

23.8046, 
8.92156

10 wt.% 
NbF5, 

23.8712, 
8.91662

10 wt.% 
NbF5, 

23.938, 
8.91388

10 wt.% 
NbF5, 

24.0046, 
8.91352

10 wt.% 
NbF5, 

24.0712, 
8.91378

10 wt.% 
NbF5, 

24.138, 
8.91556

10 wt.% 
NbF5, 

24.2046, 
8.91806

10 wt.% 
NbF5, 

24.2712, 
8.9205

10 wt.% 
NbF5, 

24.338, 
8.9244

10 wt.% 
NbF5, 

24.4046, 
8.93032

10 wt.% 
NbF5, 

24.4714, 
8.93482

10 wt.% 
NbF5, 

24.538, 
8.93888

10 wt.% 
NbF5, 

24.6046, 
8.94008

10 wt.% 
NbF5, 

24.6714, 
8.939

10 wt.% 
NbF5, 

24.738, 
8.93482

10 wt.% 
NbF5, 

24.8046, 
8.92998

10 wt.% 
NbF5, 

24.8714, 
8.9245

10 wt.% 
NbF5, 

24.938, 
8.91634

10 wt.% 
NbF5, 

25.0046, 
8.909

10 wt.% 
NbF5, 

25.0714, 
8.9038

10 wt.% 
NbF5, 

25.138, 
8.90178

10 wt.% 
NbF5, 

25.2046, 
8.90134

10 wt.% 
NbF5, 

25.2714, 
8.90138

10 wt.% 
NbF5, 

25.338, 
8.9023

10 wt.% 
NbF5, 

25.4046, 
8.9031

10 wt.% 
NbF5, 

25.4714, 
8.90616

10 wt.% 
NbF5, 

25.538, 
8.91062

10 wt.% 
NbF5, 

25.6046, 
8.9158

10 wt.% 
NbF5, 

25.6714, 
8.92166

10 wt.% 
NbF5, 

25.738, 
8.92506

10 wt.% 
NbF5, 

25.8048, 
8.92696

10 wt.% 
NbF5, 

25.8714, 
8.92712

10 wt.% 
NbF5, 

25.938, 
8.92532

10 wt.% 
NbF5, 

26.0048, 
8.9213

10 wt.% 
NbF5, 

26.0714, 
8.9159

10 wt.% 
NbF5, 

26.138, 
8.9102

10 wt.% 
NbF5, 

26.2048, 
8.90454

10 wt.% 
NbF5, 

26.2714, 
8.89958

10 wt.% 
NbF5, 

26.338, 
8.89818

10 wt.% 
NbF5, 

26.4048, 
8.89752

10 wt.% 
NbF5, 

26.4714, 
8.89764

10 wt.% 
NbF5, 

26.538, 
8.89898

10 wt.% 
NbF5, 

26.6048, 
8.9004

10 wt.% 
NbF5, 

26.6714, 
8.90428

10 wt.% 
NbF5, 

26.738, 
8.9089

10 wt.% 
NbF5, 

26.8048, 
8.9155

10 wt.% 
NbF5, 

26.8714, 
8.9212

10 wt.% 
NbF5, 

26.938, 
8.92536

10 wt.% 
NbF5, 

27.0048, 
8.92718

10 wt.% 
NbF5, 

27.0714, 
8.92808

10 wt.% 
NbF5, 

27.138, 
8.92698

10 wt.% 
NbF5, 

27.2048, 
8.92376

10 wt.% 
NbF5, 

27.2714, 
8.91926

10 wt.% 
NbF5, 

27.3382, 
8.91278

10 wt.% 
NbF5, 

27.4048, 
8.90702

10 wt.% 
NbF5, 

27.4714, 
8.90216

10 wt.% 
NbF5, 

27.5382, 
8.89922

10 wt.% 
NbF5, 

27.6048, 
8.8978

10 wt.% 
NbF5, 

27.6714, 
8.89782

10 wt.% 
NbF5, 

27.7382, 
8.89874

10 wt.% 
NbF5, 

27.8048, 
8.90028

10 wt.% 
NbF5, 

27.8714, 
8.90334

10 wt.% 
NbF5, 

27.9382, 
8.90794

10 wt.% 
NbF5, 

28.0048, 
8.91324

10 wt.% 
NbF5, 

28.0714, 
8.9184

10 wt.% 
NbF5, 

28.1382, 
8.9226

10 wt.% 
NbF5, 

28.2048, 
8.9246

10 wt.% 
NbF5, 

28.2714, 
8.92512

10 wt.% 
NbF5, 

28.3382, 
8.92406

10 wt.% 
NbF5, 

28.4048, 
8.92172

10 wt.% 
NbF5, 

28.4714, 
8.91594

10 wt.% 
NbF5, 

28.5382, 
8.90794

10 wt.% 
NbF5, 

28.6048, 
8.90054

10 wt.% 
NbF5, 

28.6716, 
8.89544

10 wt.% 
NbF5, 

28.7382, 
8.89246

10 wt.% 
NbF5, 

28.8048, 
8.89184

10 wt.% 
NbF5, 

28.8716, 
8.89184

10 wt.% 
NbF5, 

28.9382, 
8.89332

10 wt.% 
NbF5, 

29.0048, 
8.89574

10 wt.% 
NbF5, 

29.0716, 
8.89964

10 wt.% 
NbF5, 

29.1382, 
8.90418

10 wt.% 
NbF5, 

29.2048, 
8.911

10 wt.% 
NbF5, 

29.2716, 
8.91756

10 wt.% 
NbF5, 

29.3382, 
8.92338

10 wt.% 
NbF5, 

29.4048, 
8.92748

10 wt.% 
NbF5, 

29.4716, 
8.92854

10 wt.% 
NbF5, 

29.5382, 
8.92878

10 wt.% 
NbF5, 

29.6048, 
8.9265

10 wt.% 
NbF5, 

29.6716, 
8.92196

10 wt.% 
NbF5, 

29.7382, 
8.91608

10 wt.% 
NbF5, 

29.8048, 
8.91084

10 wt.% 
NbF5, 

29.8716, 
8.9064

10 wt.% 
NbF5, 

29.9382, 
8.90574

10 wt.% 
NbF5, 

30.0048, 
8.9052

10 wt.% 
NbF5, 

30.0716, 
8.90528

10 wt.% 
NbF5, 

30.1382, 
8.9061

10 wt.% 
NbF5, 

30.205, 
8.90768

10 wt.% 
NbF5, 

30.2716, 
8.91152

10 wt.% 
NbF5, 

30.3382, 
8.91622

10 wt.% 
NbF5, 

30.405, 
8.92288

10 wt.% 
NbF5, 

30.4716, 
8.92868

10 wt.% 
NbF5, 

30.5382, 
8.93364

10 wt.% 
NbF5, 

30.605, 
8.93622

10 wt.% 
NbF5, 

30.6716, 
8.9374

10 wt.% 
NbF5, 

30.7382, 
8.93646

10 wt.% 
NbF5, 

30.805, 
8.93462

10 wt.% 
NbF5, 

30.8716, 
8.93064

10 wt.% 
NbF5, 

30.9382, 
8.9253

10 wt.% 
NbF5, 

31.005, 
8.92044

10 wt.% 
NbF5, 

31.0716, 
8.91728

10 wt.% 
NbF5, 

31.1382, 
8.91492

10 wt.% 
NbF5, 

31.205, 
8.9129

10 wt.% 
NbF5, 

31.2716, 
8.91294

10 wt.% 
NbF5, 

31.3382, 
8.91294

10 wt.% 
NbF5, 

31.405, 
8.91604

10 wt.% 
NbF5, 

31.4716, 
8.9192

10 wt.% 
NbF5, 

31.5384, 
8.9246

10 wt.% 
NbF5, 

31.605, 
8.93134

10 wt.% 
NbF5, 

31.6716, 
8.93726

10 wt.% 
NbF5, 

31.7384, 
8.94224

10 wt.% 
NbF5, 

31.805, 
8.94638

10 wt.% 
NbF5, 

31.8716, 
8.94906

10 wt.% 
NbF5, 

31.9384, 
8.94882

10 wt.% 
NbF5, 

32.005, 
8.94712

10 wt.% 
NbF5, 

32.0716, 
8.94386

10 wt.% 
NbF5, 

32.1384, 
8.93924

10 wt.% 
NbF5, 

32.205, 
8.9334

10 wt.% 
NbF5, 

32.2716, 
8.92838

10 wt.% 
NbF5, 

32.3384, 
8.92498

10 wt.% 
NbF5, 

32.405, 
8.92246

10 wt.% 
NbF5, 

32.4716, 
8.9207

10 wt.% 
NbF5, 

32.5384, 
8.92106

10 wt.% 
NbF5, 

32.605, 
8.92332

10 wt.% 
NbF5, 

32.6716, 
8.92778

10 wt.% 
NbF5, 

32.7384, 
8.9331

10 wt.% 
NbF5, 

32.805, 
8.93824

10 wt.% 
NbF5, 

32.8716, 
8.9442

10 wt.% 
NbF5, 

32.9384, 
8.94926

10 wt.% 
NbF5, 

33.005, 
8.95336

10 wt.% 
NbF5, 

33.0718, 
8.95584

10 wt.% 
NbF5, 

33.1384, 
8.95544

10 wt.% 
NbF5, 

33.205, 
8.95286

10 wt.% 
NbF5, 

33.2718, 
8.94878

10 wt.% 
NbF5, 

33.3384, 
8.945

10 wt.% 
NbF5, 

33.405, 
8.93912

10 wt.% 
NbF5, 

33.4718, 
8.93412

10 wt.% 
NbF5, 

33.5384, 
8.92984

10 wt.% 
NbF5, 

33.605, 
8.92778

10 wt.% 
NbF5, 

33.6718, 
8.92802

10 wt.% 
NbF5, 

33.7384, 
8.92954

10 wt.% 
NbF5, 

33.805, 
8.93166

10 wt.% 
NbF5, 

33.8718, 
8.93446

10 wt.% 
NbF5, 

33.9384, 
8.93888

10 wt.% 
NbF5, 

34.005, 
8.94414

10 wt.% 
NbF5, 

34.0718, 
8.9481

10 wt.% 
NbF5, 

34.1384, 
8.9533

10 wt.% 
NbF5, 

34.205, 
8.9576

10 wt.% 
NbF5, 

34.2718, 
8.96094

10 wt.% 
NbF5, 

34.3384, 
8.96196

10 wt.% 
NbF5, 

34.405, 
8.9602

10 wt.% 
NbF5, 

34.4718, 
8.95728

10 wt.% 
NbF5, 

34.5384, 
8.95262

10 wt.% 
NbF5, 

34.605, 
8.94744

10 wt.% 
NbF5, 

34.6718, 
8.94242

10 wt.% 
NbF5, 

34.7384, 
8.93868

10 wt.% 
NbF5, 

34.8052, 
8.93642

10 wt.% 
NbF5, 

34.8718, 
8.93508

10 wt.% 
NbF5, 

34.9384, 
8.93508

10 wt.% 
NbF5, 

35.0052, 
8.93678

10 wt.% 
NbF5, 

35.0718, 
8.93914

10 wt.% 
NbF5, 

35.1384, 
8.94212

10 wt.% 
NbF5, 

35.2052, 
8.9461

10 wt.% 
NbF5, 

35.2718, 
8.95142

10 wt.% 
NbF5, 

35.3384, 
8.9559

10 wt.% 
NbF5, 

35.4052, 
8.96026

10 wt.% 
NbF5, 

35.4718, 
8.96356

10 wt.% 
NbF5, 

35.5384, 
8.96456

10 wt.% 
NbF5, 

35.6052, 
8.96294

10 wt.% 
NbF5, 

35.6718, 
8.95978

10 wt.% 
NbF5, 

35.7384, 
8.95586

10 wt.% 
NbF5, 

35.8052, 
8.95158

10 wt.% 
NbF5, 

35.8718, 
8.94712

10 wt.% 
NbF5, 

35.9384, 
8.94432

10 wt.% 
NbF5, 

36.0052, 
8.94238

10 wt.% 
NbF5, 

36.0718, 
8.94188

10 wt.% 
NbF5, 

36.1384, 
8.94226

10 wt.% 
NbF5, 

36.2052, 
8.9449

10 wt.% 
NbF5, 

36.2718, 
8.94886

10 wt.% 
NbF5, 

36.3386, 
8.95424

10 wt.% 
NbF5, 

36.4052, 
8.96032

10 wt.% 
NbF5, 

36.4718, 
8.9671

10 wt.% 
NbF5, 

36.5386, 
8.97398

10 wt.% 
NbF5, 

36.6052, 
8.98036

10 wt.% 
NbF5, 

36.6718, 
8.98536

10 wt.% 
NbF5, 

36.7386, 
8.9879

10 wt.% 
NbF5, 

36.8052, 
8.98754

10 wt.% 
NbF5, 

36.8718, 
8.98508

10 wt.% 
NbF5, 

36.9386, 
8.9813

10 wt.% 
NbF5, 

37.0052, 
8.97662

10 wt.% 
NbF5, 

37.0718, 
8.97222

10 wt.% 
NbF5, 

37.1386, 
8.96732

10 wt.% 
NbF5, 

37.2052, 
8.9642

10 wt.% 
NbF5, 

37.2718, 
8.96276

10 wt.% 
NbF5, 

37.3386, 
8.96292

10 wt.% 
NbF5, 

37.4052, 
8.9637

10 wt.% 
NbF5, 

37.4718, 
8.96666

10 wt.% 
NbF5, 

37.5386, 
8.9702

10 wt.% 
NbF5, 

37.6052, 
8.97518

10 wt.% 
NbF5, 

37.672, 
8.98026

10 wt.% 
NbF5, 

37.7386, 
8.98602

10 wt.% 
NbF5, 

37.8052, 
8.99014

10 wt.% 
NbF5, 

37.872, 
8.99348

10 wt.% 
NbF5, 

37.9386, 
8.99382

10 wt.% 
NbF5, 

38.0052, 
8.99276

10 wt.% 
NbF5, 

38.072, 
8.98948

10 wt.% 
NbF5, 

38.1386, 
8.9849

10 wt.% 
NbF5, 

38.2052, 
8.9804

10 wt.% 
NbF5, 

38.272, 
8.97626

10 wt.% 
NbF5, 

38.3386, 
8.97282

10 wt.% 
NbF5, 

38.4052, 
8.97016

10 wt.% 
NbF5, 

38.472, 
8.96818

10 wt.% 
NbF5, 

38.5386, 
8.9684

10 wt.% 
NbF5, 

38.6052, 
8.97088

10 wt.% 
NbF5, 

38.672, 
8.97392

10 wt.% 
NbF5, 

38.7386, 
8.9784

10 wt.% 
NbF5, 

38.8052, 
8.98446

10 wt.% 
NbF5, 

38.872, 
8.98918

10 wt.% 
NbF5, 

38.9386, 
8.99598

10 wt.% 
NbF5, 

39.0052, 
9.0011

10 wt.% 
NbF5, 

39.072, 
9.00546

10 wt.% 
NbF5, 

39.1386, 
9.00662

10 wt.% 
NbF5, 

39.2054, 
9.00626

10 wt.% 
NbF5, 

39.272, 
9.00312

10 wt.% 
NbF5, 

39.3386, 
8.99936

10 wt.% 
NbF5, 

39.4054, 
8.99502

10 wt.% 
NbF5, 

39.472, 
8.9898

10 wt.% 
NbF5, 

39.5386, 
8.9863

10 wt.% 
NbF5, 

39.6054, 
8.98206

10 wt.% 
NbF5, 

39.672, 
8.97966

10 wt.% 
NbF5, 

39.7386, 
8.97826

10 wt.% 
NbF5, 

39.8054, 
8.97968

10 wt.% 
NbF5, 

39.872, 
8.98196

10 wt.% 
NbF5, 

39.9386, 
8.9864

10 wt.% 
NbF5, 

40.0054, 
8.98882

10 wt.% 
NbF5, 

40.072, 
8.99286

10 wt.% 
NbF5, 

40.1386, 
8.99746

10 wt.% 
NbF5, 

40.2054, 
9.00176

10 wt.% 
NbF5, 

40.272, 
9.00498

10 wt.% 
NbF5, 

40.3386, 
9.00538

10 wt.% 
NbF5, 

40.4054, 
9.0044

10 wt.% 
NbF5, 

40.472, 
9.00174

10 wt.% 
NbF5, 

40.5386, 
8.99724

10 wt.% 
NbF5, 

40.6054, 
8.9921

10 wt.% 
NbF5, 

40.672, 
8.98766

10 wt.% 
NbF5, 

40.7388, 
8.984

10 wt.% 
NbF5, 

40.8054, 
8.98108

10 wt.% 
NbF5, 

40.872, 
8.98058

10 wt.% 
NbF5, 

40.9388, 
8.97926

10 wt.% 
NbF5, 

41.0054, 
8.98092

10 wt.% 
NbF5, 

41.072, 
8.98412

10 wt.% 
NbF5, 

41.1388, 
8.98864

10 wt.% 
NbF5, 

41.2054, 
8.99334

10 wt.% 
NbF5, 

41.272, 
8.9987

10 wt.% 
NbF5, 

41.3388, 
9.00326

10 wt.% 
NbF5, 

41.4054, 
9.00914

10 wt.% 
NbF5, 

41.472, 
9.01264

10 wt.% 
NbF5, 

41.5388, 
9.01446

10 wt.% 
NbF5, 

41.6054, 
9.01416

10 wt.% 
NbF5, 

41.672, 
9.01326

10 wt.% 
NbF5, 

41.7388, 
9.01002

10 wt.% 
NbF5, 

41.8054, 
9.00606

10 wt.% 
NbF5, 

41.8722, 
9.00038

10 wt.% 
NbF5, 

41.9388, 
8.99696

10 wt.% 
NbF5, 

42.0054, 
8.99514

10 wt.% 
NbF5, 

42.0722, 
8.99396

10 wt.% 
NbF5, 

42.1388, 
8.99354

10 wt.% 
NbF5, 

42.2054, 
8.9945

10 wt.% 
NbF5, 

42.2722, 
8.99604

10 wt.% 
NbF5, 

42.3388, 
9.00054

10 wt.% 
NbF5, 

42.4054, 
9.00434

10 wt.% 
NbF5, 

42.4722, 
9.00888

10 wt.% 
NbF5, 

42.5388, 
9.01332

10 wt.% 
NbF5, 

42.6054, 
9.01688

10 wt.% 
NbF5, 

42.6722, 
9.01978

10 wt.% 
NbF5, 

42.7388, 
9.02024

10 wt.% 
NbF5, 

42.8054, 
9.01904

10 wt.% 
NbF5, 

42.8722, 
9.01486

10 wt.% 
NbF5, 

42.9388, 
9.00884

10 wt.% 
NbF5, 

43.0054, 
9.00142

10 wt.% 
NbF5, 

43.0722, 
8.99332

10 wt.% 
NbF5, 

43.1388, 
8.98618

10 wt.% 
NbF5, 

43.2054, 
8.97972

10 wt.% 
NbF5, 

43.2722, 
8.97462

10 wt.% 
NbF5, 

43.3388, 
8.97018

10 wt.% 
NbF5, 

43.4056, 
8.96582

10 wt.% 
NbF5, 

43.4722, 
8.96362

10 wt.% 
NbF5, 

43.5388, 
8.96214

10 wt.% 
NbF5, 

43.6056, 
8.96148

10 wt.% 
NbF5, 

43.6722, 
8.9616

10 wt.% 
NbF5, 

43.7388, 
8.96248

10 wt.% 
NbF5, 

43.8056, 
8.96304

10 wt.% 
NbF5, 

43.8722, 
8.96232

10 wt.% 
NbF5, 

43.9388, 
8.95986

10 wt.% 
NbF5, 

44.0056, 
8.9559

10 wt.% 
NbF5, 

44.0722, 
8.9501

10 wt.% 
NbF5, 

44.1388, 
8.94312

10 wt.% 
NbF5, 

44.2056, 
8.93496

10 wt.% 
NbF5, 

44.2722, 
8.92776

10 wt.% 
NbF5, 

44.3388, 
8.92052

10 wt.% 
NbF5, 

44.4056, 
8.91484

10 wt.% 
NbF5, 

44.4722, 
8.90982

10 wt.% 
NbF5, 

44.5388, 
8.90622

10 wt.% 
NbF5, 

44.6056, 
8.90376

10 wt.% 
NbF5, 

44.6722, 
8.90318

10 wt.% 
NbF5, 

44.7388, 
8.90332

10 wt.% 
NbF5, 

44.8056, 
8.90472

10 wt.% 
NbF5, 

44.8722, 
8.90696

10 wt.% 
NbF5, 

44.939, 
8.90998

10 wt.% 
NbF5, 

45.0056, 
8.91306

10 wt.% 
NbF5, 

45.0722, 
8.91594

10 wt.% 
NbF5, 

45.139, 
8.91636

10 wt.% 
NbF5, 

45.2056, 
8.91608

10 wt.% 
NbF5, 

45.2722, 
8.91468

10 wt.% 
NbF5, 

45.339, 
8.91192

10 wt.% 
NbF5, 

45.4056, 
8.9073

10 wt.% 
NbF5, 

45.4722, 
8.90208

10 wt.% 
NbF5, 

45.539, 
8.89676

10 wt.% 
NbF5, 

45.6056, 
8.89224

10 wt.% 
NbF5, 

45.6722, 
8.88904

10 wt.% 
NbF5, 

45.739, 
8.88608

10 wt.% 
NbF5, 

45.8056, 
8.88446

10 wt.% 
NbF5, 

45.8722, 
8.88364

10 wt.% 
NbF5, 

45.939, 
8.883

10 wt.% 
NbF5, 

46.0056, 
8.88282

10 wt.% 
NbF5, 

46.0722, 
8.88284

10 wt.% 
NbF5, 

46.139, 
8.88418

10 wt.% 
NbF5, 

46.2056, 
8.88492

10 wt.% 
NbF5, 

46.2722, 
8.88544

10 wt.% 
NbF5, 

46.339, 
8.88512

10 wt.% 
NbF5, 

46.4056, 
8.88308

10 wt.% 
NbF5, 

46.4724, 
8.87892

10 wt.% 
NbF5, 

46.539, 
8.87408

10 wt.% 
NbF5, 

46.6056, 
8.86732

10 wt.% 
NbF5, 

46.6724, 
8.85846

10 wt.% 
NbF5, 

46.739, 
8.84992

10 wt.% 
NbF5, 

46.8056, 
8.8432

10 wt.% 
NbF5, 

46.8724, 
8.83656

10 wt.% 
NbF5, 

46.939, 
8.83146

10 wt.% 
NbF5, 

47.0056, 
8.82788

10 wt.% 
NbF5, 

47.0724, 
8.82436

10 wt.% 
NbF5, 

47.139, 
8.82284

10 wt.% 
NbF5, 

47.2056, 
8.8207

10 wt.% 
NbF5, 

47.2724, 
8.82022

10 wt.% 
NbF5, 

47.339, 
8.82106

10 wt.% 
NbF5, 

47.4056, 
8.82208

10 wt.% 
NbF5, 

47.4724, 
8.82434

10 wt.% 
NbF5, 

47.539, 
8.82502

10 wt.% 
NbF5, 

47.6056, 
8.82616

10 wt.% 
NbF5, 

47.6724, 
8.82518

10 wt.% 
NbF5, 

47.739, 
8.82342

10 wt.% 
Nb2O5, 
0.00045, 

0

10 wt.% 
Nb2O5, 

0.105918, 
1.029655

2

10 wt.% 
Nb2O5, 

0.222582, 
1.411330

2

10 wt.% 
Nb2O5, 

0.350718, 
1.782295

2

10 wt.% 
Nb2O5, 

0.490818, 
2.193244

2

10 wt.% 
Nb2O5, 

0.643416, 
2.546968

2

10 wt.% 
Nb2O5, 

0.809298, 
3.004738

8

10 wt.% 
Nb2O5, 

0.988464, 
3.408069

10 wt.% 
Nb2O5, 

1.181448, 
3.809954

4

10 wt.% 
Nb2O5, 

1.388736, 
4.159495

2

10 wt.% 
Nb2O5, 

1.610616, 
4.66935

10 wt.% 
Nb2O5, 
1.84782, 
5.02068

10 wt.% 
Nb2O5, 
2.10048, 
5.37684

10 wt.% 
Nb2O5, 
2.36898, 
5.694612

10 wt.% 
Nb2O5, 
2.65386, 
5.995584

10 wt.% 
Nb2O5, 
2.95542, 
6.205962

10 wt.% 
Nb2O5, 
3.2739, 
6.44322

10 wt.% 
Nb2O5, 
3.60984, 
6.575058

10 wt.% 
Nb2O5, 
3.96324, 
6.697152

10 wt.% 
Nb2O5, 
4.33482, 
6.768426

10 wt.% 
Nb2O5, 
4.7244, 

6.794424

10 wt.% 
Nb2O5, 
5.13246, 
6.957258

10 wt.% 
Nb2O5, 
5.5593, 

7.000518

10 wt.% 
Nb2O5, 
6.00486, 
7.106022

10 wt.% 
Nb2O5, 
6.46998, 
7.193634

10 wt.% 
Nb2O5, 
6.9546, 

7.148148

10 wt.% 
Nb2O5, 
7.45878, 
7.21161

10 wt.% 
Nb2O5, 
7.98276, 
7.286454

10 wt.% 
Nb2O5, 
8.52702, 
7.41993

10 wt.% 
Nb2O5, 
9.09108, 
7.40943

10 wt.% 
Nb2O5, 
9.67572, 
7.403214

10 wt.% 
Nb2O5, 

10.28064, 
7.3647

10 wt.% 
Nb2O5, 
10.9062, 
7.476924

10 wt.% 
Nb2O5, 

11.55228, 
7.547862

10 wt.% 
Nb2O5, 

12.21918, 
7.540008

10 wt.% 
Nb2O5, 

12.90696, 
7.483014

10 wt.% 
Nb2O5, 

13.61556, 
7.60347

10 wt.% 
Nb2O5, 

14.34528, 
7.702086

10 wt.% 
Nb2O5, 

15.09606, 
7.642782

10 wt.% 
Nb2O5, 

15.86766, 
7.637742

10 wt.% 
Nb2O5, 

16.66008, 
7.734468

10 wt.% 
Nb2O5, 

17.47386, 
7.724598

10 wt.% 
Nb2O5, 

18.30852, 
7.703346

10 wt.% 
Nb2O5, 
19.164, 

7.758828

10 wt.% 
Nb2O5, 

20.04054, 
7.840938

10 wt.% 
Nb2O5, 

20.93772, 
7.814436

10 wt.% 
Nb2O5, 
21.8559, 
7.829262

10 wt.% 
Nb2O5, 

22.79472, 
7.898016

10 wt.% 
Nb2O5, 

23.75412, 
7.810824

10 wt.% 
Nb2O5, 

24.73428, 
7.846902

10 wt.% 
Nb2O5, 

25.73484, 
7.951314

10 wt.% 
Nb2O5, 

26.75568, 
7.90083

10 wt.% 
Nb2O5, 
27.7968, 
8.081556

10 wt.% 
Nb2O5, 

28.85802, 
7.981722

10 wt.% 
Nb2O5, 

29.93898, 
8.024184

10 wt.% 
Nb2O5, 

31.04004, 
8.097012

10 wt.% 
Nb2O5, 

32.16036, 
8.001756

10 wt.% 
Nb2O5, 

33.30018, 
8.153502

10 wt.% 
Nb2O5, 

34.45932, 
8.093442

10 wt.% 
Nb2O5, 

35.63772, 
8.085924

10 wt.% 
Nb2O5, 

36.83484, 
8.134224

10 wt.% 
Nb2O5, 

38.05044, 
8.10411

10 wt.% 
Nb2O5, 

39.28482, 
8.209236

10 wt.% 
Nb2O5, 

40.53744, 
8.106672

10 wt.% 
Nb2O5, 
41.808, 

8.229228

10 wt.% 
Nb2O5, 

43.09656, 
8.234478

10 wt.% 
Nb2O5, 

44.40282, 
8.300922

10 wt.% 
Nb2O5, 

45.72624, 
8.24208

10 wt.% 
Nb2O5, 

47.06658, 
8.279964

10 wt.% 
Nb2O5, 

48.42414, 
8.307138

10 wt.% 
Nb2O5, 

49.79838, 
8.31075

10 wt.% 
Nb2O5, 

51.18876, 
8.303232

10 wt.% 
Nb2O5, 

52.59552, 
8.320662

10 wt.% 
Nb2O5, 

54.01788, 
8.350356

10 wt.% 
Nb2O5, 
55.4562, 
8.442924

10 wt.% 
Nb2O5, 
56.91, 

8.39643

10 wt.% 
Nb2O5, 
58.3788, 
8.545824

10 wt.% 
Nb2O5, 
59.862, 

8.485848

10 wt.% 
Nb2O5, 
61.3602, 
8.67363

10 wt.% 
Nb2O5, 
62.8728, 
8.634318

10 wt.% 
Nb2O5, 
64.3992, 
8.733312

10 wt.% 
Nb2O5, 
65.94, 

8.67846

10 wt.% 
Nb2O5, 
67.4934, 
8.785938

10 wt.% 
Nb2O5, 
69.0606, 
8.660736

10 wt.% 
Nb2O5, 
70.641, 

8.803578

10 wt.% 
Nb2O5, 
72.2334, 
8.711094

10 wt.% 
Nb2O5, 
73.839, 

8.771868

10 wt.% 
Nb2O5, 
75.456, 

8.650614
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