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Heat capacities of Alg, sCuysFeq, 5 quasicrystals and B2 related crystals1
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Abstract

The heat capacities of two Alg, sCuysFej, s samples containing icosahedral quasicrystals and B2 related crystals
respectively were measured with a high-precision automatic adiabatic calorimeter over the temperature range of 75-385 K.
The heat capacities of both samples increase with temperature. At the low temperature range, the heat capacity of the
quasicrystalline sample is higher than that of the B2 approximate. However, the heat capacity of the B2 sample becomes

higher above 254.987 K. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Quasicrystals are special intermetallic compounds
which possess long-range quasiperiodic orientational
order and non-crystallographic symmetries [1]. Since
its discovery, extensive researches have been carried
out to characterize the properties of this new kind of
materials [2,3]. However, little has been done on their
specific heat properties which provide important infor-
mation about critical and supercritical phenomena.
Quasicrystals often coexist or can be transformed to
some related crystalline phases. Among these related
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structures, the B2 type (CsCl type) is the simplest one
which forms the basic structure units for all related
crystals [4-6]. In the present communication, we
report an investigation on high-precision specific heat
measurements of Al-Cu-Fe samples containing
respectively icosahedral quasicrystals and a related
B2 crystalline phase with the same composition. Both
are stable phases over the temperature range of our
experiments.

2. Experimental
2.1. Adiabatic calorimetry
The heat capacity measurements were carried out

by means of a high-precision automatic adiabatic
calorimeter over the temperature range of 75—
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385 K. The masses of the samples used in our experi-
ments amounted to 52.4021 and 59.3764 g for crystals
and quasicrystals, respectively, which are equivalent
to 1.3189 and 1.4945 mol based on their molar mass of
39.731 g mol'. The construction of the calorimeter
has been described previously in detail [7]. Briefly, the
calorimeter included a sample cell, a thermometer, a
calorimeter heater, two adiabatic shields, two sets of
eight-junction chromel-copel thermocouples and a
high vacuum system. The calorimeter cell is made
of gold-plated copper with a wall of 0.3 mm thickness.
The size of the cell is 33 mm in diameter and 60 mm
high. The mass of the empty cell is about 50 g and the
internal capacity is 50 cm’. A platinum resistance
thermometer which was made by the Instrument
Manufactory of Yunnan, China, and calibrated on
the basis of the ITS-90 by the Station of Low Tem-
perature Metrology, Academia Sinica, with an uncer-
tainty of about 1 mK, and a heater assembly were
inserted in the central entrant well of the cell. After
loading the sample into the cell, the up-cover and body
was sealed with soldering tin. The cell was evacuated,
and then a small amount of helium gas was introduced
through a copper capillary tubing on the up-cover to
promote the heat transfer. Finally, the container was
sealed by pinching off the tubing. Two adiabatic
shields surrounded the cell and controlled its tempera-
ture. The whole calorimetric system was kept in a
vacuum, and its residual pressure was 1073 Pa.

In order to verify the reliability of the calorimeter,
the molar heat capacities of a.-Al,O3 were measured in
the range of 80—400 K. Deviation of the experimental
results from the smoothed curve lies within +0.1%,
while the inaccuracy is within +0.2%, as compared
with those of the National Bureau of Standards [8] in
the whole temperature range.

2.2. Sample preparation and characterization

This  investigation = was  performed  on
Algr sCuysFe, 5 samples of nominal composition.
The Al-Cu-Fe system contains a stable icosahedral
quasicrystalline phase [9], as well as a variety of
crystalline phases including a B2-type phase.

The Alg, sCuysFeq; 5 alloy was prepared from pure
constituents in an inductive furnace under argon atmo-
sphere. The ingots, solidified under cooling rates of
10'-10> K sfl, are referred to as ‘“‘as-cast’ materials.

To obtain the complete quasicrystalline phase, the as-
cast ingots were annealed at 1033 K for 10 h and then
cooled in air with a rate of 50 K/min. The ingots were
ground into fine powders by ball milling, with a ball-
to-powder weight ratio of 2:1. The sample 1 powder
contains largely icosahedral phase ranging from 30 to
55 pm in size. The sample 2 powder is of B2 structure
obtained from sample 1 after annealing at 1133 K for
10h and then cooled in air with a rate of about
60 K min ™",

Structural investigations were carried out with a
KRISTALLOFLEX X-ray diffractometer using Co K,,
radiation (A=0.178897 nm). The X-ray diffraction
patterns of sample 1 and sample 2 are shown in Figs. 1
and 2, respectively, which indicate that sample 1 has a
large range field contain icosahedral quasicrystalline
and B2 phases, while sample 2 only possesses the B2
structure.

3. Result and discussion

The experimental data of molar heat capacities of
Algy sCupsFeq; 5 quasicrystalline and B2 samples are
shown in Fig. 3. The molar heat capacities in quasi-
crystalline and crystalline states for 75-385 K can be
illustrated (see Tables 1 and 2) respectively by the
following equations:

For Alg, sCuysFe, 5 quasicrystals:

Cpm (JK 'mol™") = 21.294493 + 5.543514x
—3.761955x* + 2.576019x
— 1.320895x* (JK 'mol™1).

For Alg, sCuysFe, s B2 crystals:

Cpm (JK 'mol™") = 20.967921 + 7.5553088x
— 4.005433x% + 1.621542x°
—0.88143x* (JK 'mol™").

In the two equations, T represents the measurement
temperature and x is equal to (7-230)/155.

The heat capacity curves of the two samples
rise with increasing temperature in a smooth and
continuous manner. No phase transition and thermal
anomaly were observed, indicating that both the qua-
sicrystalline and the B2 crystalline Alg, sCuysFes s
phases are stable over the temperature range of
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Fig. 1. XRD pattern of quasicrystal sample.

75-385 K. Below a critical temperature of 254.987 K, crystals. On the contrary, above 254.987 K, the heat

the heat capacity of the Alg, sCu,sFeq, 5 quasicrystal capacity of the Alg, sCu,ysFeq, s B2 crystals are higher,
is higher than that of the B2 crystals. This reveals that so the quasicrystals are more stable. The heat capa-
the quasicrystals are in a higher energy state. There- cities of the two substances are all equal to
fore, the quasicrystals are less stable than the B2 22.100J K 'mol ™! at the critical temperature. At
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Fig. 2. XRD pattern of B2 related crystal sample.
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Fig. 3. C, m=AT) curves of Als,5CuysFei, 5 B2 crystal and quasicrystal samples.

Table 1

Table 1 (Continued)

The experimental molar heat capacities of Alg, sCussFeqss
quasicrystals (M=39.731 g mol™")

T (K) Cpm T (K) Cpm
(K 'mol™ K 'mol™
78.773 8.596 220.128 20.77
80.494 8.897 222.640 20.85
82.178 9.152 225.141 20.98
83.973 9.520 227.623 21.12
85.875 9.808 230.758 21.45
87.913 10.15 232.500 21.67
90.083 10.45 234.963 21.89
92.208 10.73 237.413 21.61
96.990 11.47 239.426 21.74
99.423 11.77 246.328 21.36
101.804 12.11 248.954 21.74
104.139 12.40 251.783 21.88
106.431 12.77 254.605 21.88
108.686 12.97 257.416 21.93
110.908 13.24 260.216 22.11
118.669 14.16 263.195 22.15
121.272 14.37 266.355 22.39
123.838 14.72 269.506 22.46
126.364 15.06 272.614 22.48
136.107 15.87 275.772 22.56
138.497 16.06 278.892 22.64
140.872 16.28 282.002 22.69
143.574 16.51 285.101 22.79
145.574 16.70 288.188 22.82
147.895 16.86 291.260 22.92
150.196 17.01 294.317 23.08

T (K) Com T (K) Com

(K 'mol™ @K 'mol™
152.478 17.16 297.372 23.13
154.743 17.29 300.628 23.10
156.991 17.45 304.078 23.29
159.550 17.22 307.520 23.36
161.435 17.84 310.956 23.28
163.635 17.96 314.380 23.35
165.821 18.07 317.796 23.50
167.994 18.20 321.206 23.56
170.155 18.41 321.206 23.60
172.303 18.25 324.607 23.75
174.438 18.53 328.001 23.77
176.564 18.59 331.389 23.84
181.084 18.88 334.774 23.82
183.784 19.04 338.159 23.87
186.465 19.13 341.546 23.98
189.129 19.34 344.937 23.96
191.783 19.42 348.336 23.87
194.420 19.45 351.739 24.05
197.041 19.68 355.147 24.06
199.651 19.82 357.898 24.04
202.250 20.03 361.994 24.13
204.839 20.11 365.368 24.17
207.414 20.21 368.731 24.28
209.979 20.29 372.089 24.26
212.533 20.30 377.162 24 37
215.074 20.52 383.904 24.48
217.605 20.75
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Table 2
The experimental molar heat capacities of Alg, sCuysFeq; 5 crystals
(M=39.731 g mol ")

T (K) Cpm T (K) Cpm
(K 'mol™ (K 'mol™
79.659 7.573 223.414 20.65
82.368 7.957 227.023 21.07
84.991 8.388 230.548 2271
87.543 8.731 234.072 21.42
90.307 9.117 237.621 21.69
93.273 9.550 241.074 22.88
96.156 9.936 244514 21.70
99.300 10.45 248.000 21.74
102.697 10.87 251.477 21.82
106.010 11.22 254.936 22.01
109.237 11.62 258.375 22.17
112.490 11.96 261.798 22.28
115.478 12.30 265.203 22.40
118.506 12.64 268.824 22.62
121.479 12.97 272.660 2275
124.401 13.22 276.478 22.88
127.688 13.64 280.279 23.05
131.330 14.02 284.062 23.19
134.909 14.32 287.824 23.39
138.426 14.70 291.565 23.54
141.884 14.99 295.289 23.62
145.292 15.28 299.006 23.64
148.650 15.66 302.715 23.76
151.962 15.88 306.413 23.84
155.236 16.15 313.763 24.06
158.471 16.43 317.420 24.18
161.667 16.65 321.065 2421
164.829 16.92 324.701 24.30
167.958 17.15 328.325 24.39
171.057 17.37 331.838 24.44
174.126 17.64 335.542 24.56
177.169 17.82 339.136 24.63
180.183 18.04 342.722 2471
183.173 18.24 346.301 2477
186.139 18.45 349.872 24.86
189.567 18.68 353.433 24.95
193.452 18.91 356.981 25.06
197.301 19.18 360.518 25.11
201.116 19.40 364.048 25.23
204.900 19.58 367.576 25.17
208.654 19.769 371.102 25.26
212.384 19.961 374.634 25.19
216.089 20.18 378.172 25.19

219.767 20.39 381.682 25.61

this temperature, they have the same energy state
and identical stability. The absolute heat capacity
difference between the quasicrystals and the B2 crys-
tals, AC, m=Cpm (quasicrysta)—Cp.m (crystan), decreases
from 1.251 JK 'mol™' at 75K to 0 at the critical
temperature. At the ending temperature of the
experiment, 385 K, this difference is —1.1757J K!
mol~!. The relative difference, AC, m/Cpm (crystan)»
changes first from 18.29% (75 K) to 0 (259.987 K),
then to —4.61% (385 K). The interpretation of such
changes with temperature will be the subject of
further studies.
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