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Abstract

The yttrium partial enthalpies of mixing (4 Hy) and the integral enthalpies of mixing (AH) of liquid Ga—Ge-Y alloys have been
determined by high-temperature mixing calorimetry for five sections with constant ratios of Ga and Ge at 1760 K. Plots of concentration
dependence ok i Hy /(1 — xy)? show sharp inflections, which correspond to transition of the liquid alloys into heterogeneous state and can
be used for determination of liquidus surface. FurthermoreAthgH has been estimated in the ternary system using seven geometric models
and the Bonnier model has been chosen as the most adequate one. The differences between the experimental and model integral enthalpie
of mixing have been described by polynomial concentration dependence. The possible contribution of binary and ternary intermetallide
compounds into the thermodynamics of the liquid Ga—Ge-Y alloys has been considered.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Ga-Ge-Y-TR ones (TR is rare-earth or transition metal).
No systematic examinations on the thermodynamic prop-
Multicomponent alloys of gallium and germanium with erties of the Ga—Ge-Y system have been reported in the
rare-earths are of high actuality due to possible application in literature.
production of novel magnetic materials. Molten gallium has  Crystal structures of intermetallide compounds, which are
been used as a solvent for the synthesis of rare-earth (RE¥ormed in the Ga—Ge-Y system, have been examined by
intermetallides containing germanium and transition metals, X-ray powder diffraction using Rietveld refinemej,7].
e.g. R eNi2Gas+,—Ge, [1], REsGayGe[2], REMGaGe The isothermal sections have been studied at two tempera-
(M=Co, Ni) [3], RE3sNi3GaGe; [3], REGaGe[4], and tures: firstly at 1073 K in the region from 33.3 to 100 at.%
RE4FeGa,_,Ge, [5]. Substitution of magneticelements (i.e. Y [6] and later at 873K in the region up to 37at.% Y
rare-earth or transition metals) by non-magnetic dilutor such [7]. Four rare-earth intermetallide compounds have been
as yttrium, results in a change of magnetic properties of found in the system at 1073 6], namely YGg Gay 4 (I),
the compounds. Consequently, the Ga—Ge-Y is of consider-Y(Ge,Ga; —,)1.5 (0.2222 <x<0.3889) (II), Y(GeGay_,)1.7
able interest as a boundary ternary system of the quaternary(0.5882 <x<0.7647) (III) and ¥(Ge.Ga _,)3 (0.5667 <
x<0.7667) (IV). Besides, continuous series of solid solution
YGa,Ge—_, (0<x<1) (V) form on the YGa-YGe section
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done along five sections of the Ga—Ge-Y system with
Ga—Ge basis. The molar ratios ofzxce are 0.15:0.85,
0.4:0.6, 0.5:0.5, 0.7:0.3 and 0.85:0.15 for 0.68/<0.65.
The calorimetric measurements routine has been previously
reported in[9]. The initial calorimetric data are listed in
Tables 1-5.

The heat-exchange coefficient of the calorimeter is calcu-
lated by the formula

075 ki = AHgogni/Si, (1)
whereAHzT98 is the enthalpy of 1 mol of reference compo-
nent (Ge or W) heating frorif=298 K up to experimental
temperaturg10], i is the dropped sample numbaey,is the
mole quantity of the dropped sample, afids the area of
heat-exchange peak. Tlhevalues are treated by the least

Fig. 1. Plot of intermetallides compositions in the Ga-Ge-Y sys- square regression (l.s.r.) for the linear model
tem. (I) YGeeGas (M) Y(GeGa_)ig (0.2222<¢<0.3889),

1,00
4
Ga 000

(I Y(GeGa—)17 (0.5882<c<0.7647), (IV) %(GeGa s k= a + bmaloy, )
(0.5667 <x<0.7667), (V) YGaGei_y (0<x<1), (VD Y2Ges66G0.34
Eg’g%l:(GeBG%Z%s.szzl )g)-7Y4é5 <’é < 0-87()15)'“(_;"1“36 \Q(G%Gjlagz) wheremgjioy is the alloy mass, andandb are the |.s.r. coeffi-

. <x<0. ) 6.56& 5, €1.785&.92 an ; ; i P
YGey gGays. Compounds (I)-(V) have been found at 1073%, com- CIents_. The partial enthalpy of mixing is calculated from the
pounds (I), (I) and (VI)—(XI) have been determined at 8T3]KDotted experimental heat-exchange curve by the formula
line bounds the region of liquid alloys examined by calorimetry in the
present study. Triangles denote the concentrations corresponding to theAm|xHY = —AH298+ kiSi/n;, (3)
transition into a two-phase region. Lines connecting the Y-corner of the
Gibbs triangle and the Ga—-Ge boundary denote the studied sections. whereA I-!zngis the standard enthalpy of[¥0]. The values of

the Anmix Hy are assigned to the middle point of the composi-
tion range before and after sample addition. The experimental
Gai_,)7 (0.5714<¢<0.7143) (VIII), YGgsGa s (IX), partial enthalpy of mixing is expressed via an alpha function
YGey.76Gan.92 (X) and YGe gGay 5 (XI) [7]. Fig. 1demon- = 2
strates concentration regions of the intermetallide compounds®Y = AmixHy /(1 = xy)". (4)
existence reported i6,7].
However, for assessment of the phase equilibria it is nec-
essary to know the thermodynamic properties of the system
in particular in the liquid state. Therefore, the present work

The alpha function is smoothed using l.s.r. for the polyno-
mial model. Respectively, concentration dependence of the
AnixHy is represented via the equation

is directed on calorimetric measurements of the enthalpies of _ ! A
mixing in the liquid Ga—Ge-Y alloys. AmixHy = (1 — xY)ZZij{(, (5)
Jj=0
2. Experimental whereQ; are the polynomial coefficients ani the polyno-
mial degree determined by the Fisher’s exact f&%}. The
2.1. Materials Darken'’s integration of E(5) leads to

Gallium (Alfa, 99.9999%), germanium (Alfa, 99.9999%), !

yttrium distillate (Dahuachem, 99.97%) and tungsten (Alfa, AmixH = (1 = 2xy) | AmixH° + Z(J +171 0|
99.96%) were used for the calorimetric experiments. High- J=0 ©)
purity argon (99.997 vol.%) was utilized for filling of the

calorimeter’s internal volume to prevent the alloys chemical \ynerea i H° is the integral enthalpy of mixing in the binary
reactions with air constituents. Ga—Ge alloy. The deviations of integral enthalpies of mixing

have been determined as proposefin
2.2. Calorimetric procedure and data treatment

o(AmixH) = (1 — xy)

The heats of mixing have been measured using a high- oy 1/2
temperature mixing calorimetdB] at 1760 K. The mix- X{D(AmixH°)+XY/ D(aY)de} ,
ing experiments have been performed under the argon 0
at atmospheric pressure. The measurements have been (")
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Table 1
Results of calorimetric study ataxge=0.15:0.85 section of the Ga—Ge-Y system
Added Run 1:mp=1.0923g4=10.27400)=0.C% Run 2:mp=0.4761gr=10.94372)=0.0
substance
A) Added Area,S; Mole Partial enthalpy, Added Area,S; Mole Partial enthalpy,
amountn; (a.u.) fraction, AmixHa amountn; (a.u.) fraction, AmixHa
() XA (kI mol 1) (9) XA (kImol 1)
Ge 0.0886 0.00858 0.0453 0.00468
0.0753 0.00746 0.0547 0.00473
0.0832 0.00851 0.0872 0.00768
0.0841 0.00794 0.0891 0.00809
0.1564 0.01799 0.0498 0.00562
0.0893 0.00830 0.0628 0.00619
0.0754 0.00848 0.0636 0.00675
0.0878 0.00921 0.1826 0.01550
Ga 0.0693 0.00475 0.0193 4.78 0.0514 0.00227 0.0235 -10.64
0.1073 0.00524 0.0653 -9.36 0.0549 0.00331 0.0688 1.64
0.1340 0.00615 0.1216 —11.44 0.0820 0.00423 0.1213 —4.98
Y 0.0063 —0.00117 0.0012 —231.86 0.0087 —0.00184 0.0027 —267.84
0.0106 —0.00248 0.0044 —276.47 0.0111 —0.00218 0.0088 —253.51
0.0097 —0.00204 0.0082 —254.99 0.0135 —0.00240 0.0163 —235.26
0.0113 —0.00250 0.0121 —264.92 0.0138 —0.00226 0.0245 —-221.71
0.0104 —0.00207 0.0161 —244.67 0.0143 —0.00297 0.0328 —264.52
0.0132 —0.00252 0.0204 —237.10 0.0154 —0.00254 0.0414 —222.73
0.0117 —0.00216 0.0249 —231.02 0.0195 —0.00377 0.0513 —250.44
0.0134 —0.00281 0.0294 —253.78 0.0201 —0.00428 0.0623 —269.59
0.0131 —0.00252 0.0341 —238.43 0.0246 —0.00388 0.0744 —215.85
0.0148 —0.00268 0.0390 —227.91 0.0240 —0.00460 0.0872 —248.87
0.0162 —0.00346 0.0444 —257.77 0.0247 —0.00380 0.0997 —212.31
0.0181 —0.00394 0.0503 —261.19 0.0237 —0.00405 0.1118 —228.65
0.0196 —0.00430 0.0567 —262.81 0.0311 —0.00532 0.1251 —229.01
0.0204 —0.00429 0.0634 —254.64 0.0297 —0.00515 0.1394 —231.39
0.0245 —0.00551 0.0708 —268.01 0.0327 —0.00552 0.1536 —226.82
0.0280 —0.00531 0.0793 —235.77 0.0314 —0.00536 0.1677 —228.53
0.0286 —0.00631 0.0883 —264.07 0.0387 —0.00698 0.1826 —238.00
0.0310 —0.00608 0.0976 —241.69 0.0355 —0.00597 0.1978 —226.16
0.0312 —0.00650 0.1070 —252.75 0.0411 —0.00735 0.2129 —236.58
0.0392 —0.00764 0.1176 —240.46 0.0390 —0.00707 0.2281 —238.87
0.0427 —0.00898 0.1295 —254.54 0.0443 —0.00795 0.2433 —237.05
0.0551 —0.01107 0.1433 —246.02 0.0442 —0.00778 0.2588 —233.81
0.0570 —0.01233 0.1586 —260.10 0.0511 —0.00917 0.2748 —237.17
0.0608 —0.01163 0.1741 —237.23 0.0510 —0.00969 0.2912 —247.39
0.0495 -0.01112 0.1881 —267.72 0.0573 —0.00941 0.3078 —222.24
0.0613 —0.01459 0.2017 —279.94 0.0557 - 0.3243 -
0.0662 —0.01557 0.2168 —277.29 0.0563 —0.01042 0.3399 —242.53
0.0762 —0.01597 0.2330 —253.88 0.0603 —0.00923 0.3554 —211.36
0.0724 —0.01515 0.2492 —253.60 0.0605 —0.00994 0.3707 —222.43
0.0798 —0.01643 0.2651 —250.54 0.0612 —0.01053 0.3854 —229.87
0.0781 —0.01630 0.2809 —253.14 0.0602 —0.00554 0.3994 —152.05
0.0869 —0.01822 0.2967 —253.97 0.0661 —0.00696 0.4133 —164.88
0.0834 —0.02070 0.3123 —289.27 0.0644 —0.01314 0.4270 —261.03
0.0878 —0.01672 0.3273 —236.40 0.0684 —0.01322 0.4403 —250.50
0.0644 —0.01193 0.4530 —242.72
0.0680 —0.0179 0.4651 —318.57
0.0670 —0.01697 0.4769 —309.00
0.0706 —0.02358 0.4884 —387.50
0.0708 —0.02223 0.4997 —367.98
0.0771 —0.00860 0.5110 —-171.10
0.0877 —0.00208 0.5230 —85.60
0.0945 —0.01689 0.5356 —236.39
0.0915 0.01075 0.5478 51.78
0.0949 0.00849 0.5594 24.53

a Here and hereafter they is the starting mass of Ge in the crucibleandb are the I.s.r. coefficients of E(R).
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Table 2
Results of calorimetric study ataxge=0.4:0.6 section of the Ga—Ge-Y system
Added Run 1:mp=1.0114ga=11.16332) = —0.18982 Run 2:mp =0.8521ga=10.652935=0.0
(S:)b stance Added Area,S; Mole Partial enthalpy, Added Area,S; Mole Partial enthalpy,
amountn; (a.u.) fraction, AmixHa amount,n; (a.u.) fraction, Amix Ha
(9) XA (kI mol 1) (9) XA (kdmol1)
Ge 0.0489 0.00421 0.0538 0.00545
0.0632 0.00550 0.0604 0.00572
0.1068 0.01186 0.1311 0.01154
0.0602 0.00536 0.0579 0.00531
0.0788 0.00717 0.0951 0.00971
0.0501 0.00536 0.0749 0.00744
0.0437 0.00467 0.0765 0.00770
0.0544 0.00528 0.1262 0.01393
Ga 0.2676 0.01335 0.0841 —6.68 0.0688 0.00357 0.0229 -5.76
0.2831 0.01658 0.2192 —0.36 0.1147 0.00648 0.0792 —2.40
0.2976 0.01749 0.3243 -0.43 0.1283 0.00687 0.1444 —4.55
0.1234 0.00672 0.3844 —-3.77 0.2075 0.01338 0.2207 3.55
0.2252 0.01160 0.3010 —-6.07
0.2339 0.01159 0.3699 -7.53
Y 0.0155 —0.00246 0.0025 —-213.13 0.0119 —0.00208 0.0019 —227.82
0.0164 —0.00279 0.0076 —224.35 0.0139 —0.00226 0.0060 —216.51
0.0203 —0.00304 0.0134 —204.62 0.0172 —0.00279 0.0109 —216.08
0.0233 —0.00408 0.0202 —228.89 0.0207 —0.00348 0.0168 —221.73
0.0222 —0.00393 0.0272 —230.65 0.0203 —0.00360 0.0231 —230.66
0.0319 —0.00535 0.0354 —221.49 0.0232 —0.00406 0.0297 —228.38
0.0367 —0.00641 0.0456 —228.03 0.0222 —0.00386 0.0365 —227.27
0.0348 —0.00644 0.0560 —237.88 0.0252 —0.00459 0.0436 —235.02
0.0426 —0.00816 0.0670 —243.72 0.0229 —0.00430 0.0506 —240.56
0.0527 —0.00976 0.0802 —237.67 0.0252 —0.00506 0.0575 —252.57
0.0574 —0.01092 0.0950 —242.15 0.0322 —0.00560 0.0656 —227.28
0.0579 —0.01030 0.1100 —230.37 0.0371 —0.00757 0.0752 —255.71
0.0566 —0.01109 0.1244 —247.14 0.0411 —0.00843 0.0858 —256.79
0.0710 —0.01427 0.1399 —251.73 0.0428 —0.00818 0.0969 —243.57
0.0638 —0.01322 0.1557 —257.42 0.0424 —0.00775 0.1079 —235.54
0.0743 —0.01490 0.1713 —250.88 0.0433 —0.00807 0.1187 —238.99
0.0701 —0.01385 0.1870 —247.79 0.0478 —0.00979 0.1299 —256.55
0.0868 —0.01661 0.2034 —241.68 0.0507 —0.00980 0.1417 —245.51
0.0777 —0.01431 0.2199 —234.69 0.0523 —0.01021 0.1537 —247.42
0.0939 —0.01757 0.2364 —237.17 0.0555 —0.01041 0.1659 —240.17
0.0886 —0.01578 0.2532 —228.45 0.0555 —0.01024 0.1781 —237.32
0.1023 —0.01769 0.2700 —223.39
0.0976 —0.01645 0.2868 —219.02
0.1107 —0.01960 0.3035 —226.63
0.1038 —0.01643 0.3199 —208.88
0.1129 —0.01985 0.3357 —224.83
0.1144 —0.01597 0.3515 —191.08
0.1196 —0.01069 0.3670 —144.66
0.1099 —0.00625 0.3815 —114.65
0.1221 —0.00488 0.3955 —99.06
0.1120 —0.00160 0.4090 —75.58
0.1293 0.01148 0.4223 18.37
0.1214 0.00640 0.4355 —14.58
0.1332 0.00554 0.4483 —24.78
0.1271 0.00961 0.4608 5.86
0.1433 0.01135 0.4732 8.94
0.1332 0.01136 0.4853 14.27
0.1517 0.01085 0.4972 1.70
0.1393 0.01200 0.5088 14.63
0.1577 0.01102 0.5201 -0.13
0.1479 0.01337 0.5312 17.92
0.1607 0.01420 0.5419 15.89

0.1503 0.01217 0.5522 9.12
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Table 2 (Continued)

Added substance (A) Run 1:mp=1.011494=11.16332)=—-0.18982

Added amounty; (g) Area,S; (a.u.) Mole fraction,xa Partial enthalpy,

AmixHa (kJmol?)

Y 0.1689 0.01623 0.5623 22.23

0.1722 0.01591 0.5726 18.71

0.1786 0.01502 0.5827 11.14

0.1784 0.01527 0.5925 12.23

0.1884 0.01752 0.6021 18.37

0.1965 0.01843 0.6117 18.77

0.2209 0.01875 0.6216 10.71

0.2053 0.01878 0.6312 16.09

0.2389 0.02285 0.6407 19.29

0.2294 0.02152 0.6502 17.35
W 0.5634 0.01083

0.4338 0.01116

0.2504 0.00637

0.2528 -

where D(AmixH°) and D(ay) are the dispersions of the The equations describing the integral enthalpy of mixing in
AmixH® anday -functions, respectively. Confidence intervals the boundary binary Ga—-Y and Ge-Y systems have been
have been calculated from deviations of appropriate functionstaken from[15,16], respectively (in kJ mok)

astDY2 wherer is the Student's coefficient for a 0.05 sig-

nificance level, which is equal to 2. The confidence intervals AmixHeay = xv(1 — xy)(—189.76— 200.79xy

in the initial Ga—Ge system have been assumed as 10%. This +338.894 — 5916.63% + 17768.71%
approach is acceptable because the enthalpies of mixing in 5
the Ga-Ge system are considerably less than those in the —13665.14y), (10)

Ga—-Ge-Y system.
The interpolation method discussed® have been used
for the presentation of ternary alloys thermodynamics. Corre- AmixGe-y = xy (1= xy)(—246.22— 561.17x

sp_o_nding to the method, the palculation ofintegral enthalpy Qf +5553.04% — 32290355 + 71715.51%
mixing inthe ternary systemis performed by one of geometric 5
models. The differences (AdxH) between the experimen- — 6664482y + 22223.06§). (11)

tal (AmixHexp) and model (AnixHmode) integral enthalpies

of mixing have been described by polynomial concentra-

tion dependence using l.s.r. analysis. The integral enthalpy

of mixing in the ternary system is represented as a sum of 3. Results and discussion

AmixHmodeland the polynomial dependence®h ixH. The

choice of the geometric model is performed using certain ~ The partial enthalpies of mixing of gallium, which have
parameters: the minimal average value of th&nxH, the been estimated at GasGeygs, Gay4Ges GaysGas,
minimal scattering of theA AmixH and the minimal devia- Ga 7Gey 3 and Ga gsGey 15 initial binary alloys prepara-
tion of the AmixHmodel With respect toA mixHexp, Which is tion, are represented iRig. 2. Fig. 2 shows a satisfactory

the x-parameter agreement between obtained partial enthalpies of mixing and
literature datfl 2]. It should be noticed, that partial enthalpies
X (%) = (|(AmixHmodel — AmixHexp)/ Amix Hexpl) x 100 of mixing are calculated precisely by E&) only in the case,

®) when added componentamountis not more than 1 mol% from

the alloy quantity. But the amounts of the Ga samples added
to prepare the binary G&e, _, alloys have been significantly
more than 1 mol%. This leads to considerable scattering of
the data plotted ifrig. 2, which is not peculiar for the ternary
alloys.

The ay-functions are shown irrig. 3(a)—(e). Thexy-
functions for the mixtures withkgaixge=0.15:0.85 and
0.5:0.5 sharply decreasexat=0.42 and 0.36, correspond-
Amix Hoa-Ge = xGe(1 — xGe)(—2.805+ 3.69xce ingly (Fig. 3(a) and (c)). As yttrium mole fraction increases

— 14252, 4 20.23:3, — 9.9%). 9) further, sharp increasing of they-functions up to zero is

The AmixH data for the boundary basis Ga—Ge systems,
which is necessary for calculation afyixH by Eq.(6) and
for the interpolation ofAnixH in the ternary system, have
been taken fronfil2]. The equation reported [A2] is result
of common treatment of dafa3,14] (in kJ mot1)
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Table 3
Results of calorimetric study ataxge=0.5:0.5 section of the Ga—Ge-Y system
Added Run 1:mp=0.4704ga=12.825795=0.00 Run 2mp=0.46989g4=11.2278)=0.0
substance
") Added Area,S; Mole Partial enthalpy, Added Area,S; Mole Partial enthalpy,
amountn; (a.u.) fraction, AmixHa amount,n; (a.u.) fraction, Amix Ha
(9) XA (kImol 1) (9) XA (kdmol1)
Ge 0.0387 0.00342 0.0325 0.00323
0.0514 0.00395 0.0433 0.00370
0.0741 0.00571 0.0610 0.00575
0.0422 0.00308 0.0692 0.00678
0.0558 0.00484 0.0441 0.00388
0.0339 0.00268 0.0292 0.00286
0.0896 0.00772 0.0658 0.00551
0.0493 0.00432 0.0630 0.00639
Ga 0.1739 0.00812 0.0909 —2.60 0.1435 0.00664 0.0784 —-8.12
0.2093 0.00989 0.2426 —-2.07 0.2331 0.01265 0.2357 —1.86
0.2043 0.00864 0.3582 —6.50 0.2526 0.01297 0.3736 —-4.14
0.2821 0.01356 0.4559 —-1.34 0.2140 0.01209 0.4661 -0.11
Y 0.0151 —0.00189 0.0034 —205.16 0.0082 —0.00109 0.0019 —195.36
0.0154 —0.00185 0.0102 —199.49 0.0131 —0.00219 0.0068 —229.51
0.0156 —0.00221 0.0170 —224.27 0.0137 —0.00206 0.0129 —212.56
0.0168 —0.00237 0.0240 —223.17 0.0156 —0.00247 0.0195 —220.88
0.0170 —0.00212 0.0312 —204.64 0.0186 —0.00268 0.0271 —206.48
0.0178 —0.00271 0.0385 —236.24 0.0222 —0.00352 0.0360 —220.84
0.0190 —0.00272 0.0461 —225.69 0.0213 —0.00379 0.0453 —240.10
0.0204 —0.00279 0.0541 —218.63 0.0244 —0.00404 0.0549 —227.60
0.0252 —0.00361 0.0632 —225.86 0.0243 —0.00418 0.0649 —234.26
0.0280 —0.00417 0.0736 —232.29 0.0315 —0.00528 0.0761 —229.93
0.0317 —0.00520 0.0851 —249.63 0.0302 —0.00522 0.0882 —235.06
0.0382 —0.00581 0.0981 —236.09 0.0370 —0.00633 0.1010 —233.24
0.0377 —0.00596 0.1118 —242.90 0.0398 —0.00701 0.1152 —238.21
0.0406 —0.00590 0.1255 —228.10 0.0429 —0.00774 0.1300 —242.52
0.0384 —0.00592 0.1389 —238.27 0.0421 —0.00725 0.1447 —234.44
0.0468 —0.00738 0.1529 —242.30 0.0439 —0.00760 0.1591 —235.32
0.0451 —0.00704 0.1675 —240.61 0.0458 —0.00735 0.1736 —222.62
0.0966 —0.01559 0.1956 —223.59
0.0502 —0.00844 0.2171 —230.44
0.0527 —0.00887 0.2315 —230.51
0.0580 —0.00965 0.2464 —228.61
0.0587 —0.00945 0.2615 —223.23
0.0596 —0.00889 0.2762 —211.48
0.0628 —0.00844 0.2908 —196.63
0.0593 —0.00739 0.3048 —186.95
0.0642 —0.00925 0.3184 —206.27
0.0614 —0.00769 0.3317 —187.57
0.0663 —0.00897 0.3447 —197.60
0.0645 —0.00742 0.3575 —-177.31
0.0736 -0.01279 0.3705 —235.92
0.0705 —0.00391 0.3835 —117.89
0.0775 0.00151 0.3963 —43.08
0.0707 0.00262 0.4086 —25.49
0.0837 0.00584 0.4209 7.11

observed. The functions behavior can be explained as follows.dissolution due to kinetic difficulties and in increasing of the
Attransition into heterogeneous area, the weighed samples ofxy -function up to zero. They -functions of the mixtures with

Y are dissolved in the melt with simultaneous crystallization xgazxge=0.4:0.6, 0.7:0.3 and 0.85:0.15 (Fig. 3(b), (d) and
of rare-earth intermetallide compound. The crystallization is (e)) do not decrease at transition into the heterogeneous area
accompanied by a significantheat evolution and leads to sharpdue to the crystallization, but increase sharplyyat 0.36,
decrease of they -function. Subsequent increasing of tiye 0.345 and 0.395, respectively, because of the cessation in the
results in essential slowing down of the Y weighed samples Y dissolution.
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Table 4
Results of calorimetric study ataxge=0.7:0.3 section of the Ga—Ge-Y system
Added Run 1:mp=0.4898 g4 =9.86342)=0.00 Run 2mp=0.3314ga=10.64834p)=—0.12505
substance
) Added Area,S; Mole Partial enthalpy, Added Area,S; Mole Partial enthalpy,
amount,n; (a.u.) fraction, Amix Ha amount,n; (a.u.) fraction, Amix Ha
(9) XA (kImol 1) (9) XA (kdmol1)
Ge 0.0351 0.00341 0.0253 0.00257
0.039 0.00400 0.0835 0.00748
0.0954 0.01090 0.0639 0.00551
0.0495 0.00478 0.0262 0.00274
0.0982 0.01129 0.0762 0.00704
0.0816 0.01046 0.0459 0.00499
0.0902 0.00881 0.0920 0.00799
0.1104 0.01146 0.0890 0.01240
Ga 0.2452 0.00972 0.1049 -17.07 0.2684 0.01512 0.1436 -3.06
0.3469 0.01672 0.2858 -11.19 0.2517 0.01763 0.3300 6.84
0.3434 0.02189 0.4220 —0.50 0.3007 0.02055 0.4558 5.42
0.4461 0.02528 0.5255 —-5.36 0.3135 0.02640 0.5498 16.74
0.5342 0.03330 0.6118 —1.47 0.3379 0.01764 0.6195 —6.62
0.5252 0.03572 0.6756 2.44 0.3955 0.02755 0.6760 5.75
Y 0.0268 —0.00458 0.0030 -212.35 0.0150 —0.00206 0.0022 —188.16
0.0282 —0.00502 0.0091 —218.51 0.0180 —0.00263 0.0070 —-196.14
0.0311 —0.00559 0.0156 —220.14 0.0384 —0.00634 0.0151 -213.79
0.0289 —0.00518 0.0221 —219.56 0.0210 —0.00354 0.0235 —216.86
0.0329 —0.00569 0.0287 —214.29 0.0307 —0.00481 0.0307 —205.89
0.0307 —0.00551 0.0354 —219.98 0.0299 —0.00483 0.0390 —210.31
0.0347 —0.00597 0.0422 -213.38 0.0348 —0.00600 0.0477 —220.22
0.0435 —0.00784 0.0502 —220.49 0.0326 —0.00528 0.0566 —210.58
0.0471 —0.00897 0.0593 —229.52 0.0384 —0.00651 0.0658 -217.41
0.0483 —0.00896 0.0687 —225.18 0.0388 —0.00647 0.0756 —214.86
0.0441 —0.00744 0.0859 —216.54
0.0407 —0.00691 0.0962 —-217.31
0.0461 —0.00730 0.1065 —206.81
0.0427 —0.00747 0.1168 —222.04
0.0500 —0.00897 0.1273 —225.96
0.0459 —0.00789 0.1379 —219.00
0.0524 —0.00926 0.1485 —223.28
0.0599 —0.01005 0.1603 —215.09
0.0645 —0.01060 0.1730 -211.77
0.0659 —0.01142 0.1859 —219.76
0.0719 —0.01222 0.1991 —216.61
0.0738 —0.01165 0.2126 —205.59
0.0792 —0.01359 0.2263 -217.81
0.1506 —0.02087 0.2460 —187.72
0.0827 —0.01217 0.2650 —195.32
0.0787 —0.01240 0.2776 —204.52
0.0871 —0.00955 0.2901 —161.24
0.0819 —0.00944 0.3024 —166.25
0.0917 —0.01379 0.3146 —197.67
0.0897 —0.01228 0.3269 —185.46
0.1016 —0.01129 0.3394 -162.19
0.0922 0.00519 0.3516 —-12.11
0.1175 0.00479 0.3643 —26.08
0.1148 0.00846 0.3778 3.30
0.1296 0.00713 0.3914 —13.43
0.1221 0.00883 0.4048 1.86
0.1251 0.00915 0.4174 2.52
0.1226 0.00875 0.4295 0.82
0.1381 0.00885 0.4417 —5.75
0.1320 0.01191 0.4538 17.28
0.1455 0.01151 0.4657 7.34
0.1371 0.01417 0.4773 28.56
0.1583 0.01570 0.4889 24.74

0.1508 0.01421 0.5005 20.19
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Table 4 (Continued)
Added substance (A) Run 2:mp=0.3314 g4 =10.64834p =—0.12505
Added amounti; (g) Area,S; (a.u.) Mole fraction,xa Partial enthalpy,
AmixHa (kJ-mol1)
Y 0.1759 0.01841 0.5122 29.18
0.1880 0.01613 0.5246 12.48
0.1954 0.02173 0.5370 34.42
0.1990 0.01916 0.5491 21.22
0.2066 0.02073 0.5609 24.52
0.2438 0.02550 0.5733 27.89
0.3052 0.03075 0.5875 24.26
0.3087 0.03596 0.6023 37.40
W 0.4257 -
0.4755 0.01186
0.2664 0.00561
0.4531 -

The inflection points of they-functions can refer to the  Table 5
liquidus surface at the appropriate temperature (Fig. 1). The Results of calorimetric study agzxce=0.85:0.15 section of the Ga-Ge-Y
inflection points are in a well agreement with compositions SY>'™

of the ternary intermetallides reported [6]. The inflec- Added mo=0.3019 94 =12.43074p=0.00729
tion point on the sectioggixge=0.15:0.85 can correspond ?:)bStance Added  Areas;  Mole Partial enthalpy,
to transition into the two-phase region in which the liquid amount,  (a.u.) fraction,  AmixHa
alloy and solid intermetallide coexist. The solid intermetal- m; (9) XA (kJmof )
lide, which is in the equilibria with the liquid, can be (IV) Ge 0.0213 0.00161
or (V) compound with the close probability. The inflection 0.0237 0.00206
0.0208 0.00192

point found on the sectiangzxcge=0.4:0.6 most likely cor-

responds to transition into the two-phase region of liquid 8'8?21 8'8822&
with (IV) or with less probability into that of liquid with 0.0592 0.00477
(IID). In the second case the temperature of melting) (T 0.0447 0.00398
of (IIT) should be close to the temperature of our experi- 0.0509 0.00433
ment (1760 K), because the concentration corresponding toca 0.2495 0.01499  0.1619 7.78
the inflection point is close to the intermetallide stoichiom- 0.3790 0.02016  0.4047 181
0.4273 0.02489  0.5660 6.21
0.4099 0.02072  0.6613 —0.47
0.3276 0.01710  0.7162 0.98
207 0.4651 002711  0.7583 6.28
164 v 0.4367 0.02088  0.7932 —2.81
T 121 0.5211 0.02869  0.8207 3.49
£ gl . 0.4429 002523  0.8419 5.16
= 4] o v v * v ¢ o Y 0.0231 —0.00259  0.0021 —186.96
% ol ® . . Ve 0.0245  —0.00320  0.0064 —207.32
£ ] - = v . 0.0280  —0.00319  0.0111 -188.90
£ 41, a0 o ‘f’ v 0.0330  —0.00422  0.0165 —204.37
< 8- _5 ° v 0.0379  —0.00394  0.0227 —177.64
4219 . v 0.0397  —0.00475  0.0294 —195.15
: 0.0401  —0.00536  0.0362 —210.55
167 v 0.0456  —0.00589  0.0434  —205.55
20 —— —— . — . ) 0.0536  —0.00676  0.0516  —202.32
Geo-o 01 02 03 04 05 06 07 08 09 0.0536  —0.00714  0.0603 —210.09
XGa 0.0645  —0.00823  0.0697 —203.86
0.0663  —0.00903  0.0799 —213.49
Fig. 2. Partial enthalpy of mixing of gaIIiumA(miXI-_IGa) in the liquid 0.0701 —0.00870 0.0903 —200.00
Ga-Ge alloys against mole fraction of gallium. Solid and open symbols 0.0831 —0.01077 0.1017 —206.12
are experimental data of runs 1 and 2, respectively, measured at the ini- 0.0378 —0.00500 0.1105  —209.27
tial Ge,Ga —, alloys preparation for the section®,(0) Gay 15Gey g5-Y; 0.0897 —0.01185 0.1196 —208.95
(@, O) GaysGens-Y; (4, A) GaysGeys-Y; (¥, V) Gap7Gens-Y; (4) 0.0913  —0.01073  0.1322  —-192.82
Gap g5Gep.15-Y. Solid line is data 0f12] (common treatment of data of 0.0936 —0.01228 0.1447 —207.90

[13,14]). 0.0984 —0.01263 0.1573 —204.78
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Table 5 (Continued)

Added mp=0.301994=12.43074)=0.00729

substance

A) Added Area,S; Mole Partial enthalpy,
amount, (a.u.) fraction, AmixHa
m; (g) XA (kI mot1)
0.1026 —0.01461 0.1701 —220.43
0.1129 —0.01458 0.1834  —205.68
0.1285 —0.01543 0.1978 —195.67
0.1270 —0.01528 0.2125 —195.90
0.1345 —0.01621 0.2270  —196.18
0.1389 —0.01547 0.2416 —186.01
0.1591 —0.01616 0.2569 —175.19
0.1660 -0.01773 0.2729 —-181.01
0.1716 —0.01932 0.2888 —187.43
0.1723 —0.01706 0.3043 —172.40
0.1731 —0.01341 0.3192 —148.46
0.1779 —0.01338 0.3337 —145.97
0.1809 —0.01243 0.3479 —138.77
0.1885 —0.01290 0.3619 —138.47
0.1834 —0.00871 0.3754  —115.22
0.1931 —0.00857 0.3885 —111.79
0.1876 0.00787 0.4012 —15.92
0.2065 0.00690 0.4138 —25.40
0.1949 0.00613 0.4261 —27.58
0.2171 0.01011 0.4382 -10.78
0.2022 0.01112 0.4500 —-1.42
0.2241 0.00856 0.4615 —20.08
0.2011 0.01443 0.4725 17.21
0.2381 0.00863 0.4834 —-22.21
0.2114 0.01421 0.4941 12.22
0.2486 0.01451 0.5046 2.37
0.2267 0.01755 0.5150 23.57
0.2597 0.01926 0.5252 19.96
0.2429 0.01806 0.5353 20.17
0.3086 0.02089 0.5459 12.80
0.2972 0.02321 0.5570 24.39
0.3692 0.02664 0.5686 17.77

w 0.3784 0.00648
0.2315 0.00434
0.2286 0.00378
0.4492

etry. The transition into the two-phase region, where the
liquid with (II) or (IV), or less probably with (III) coexist,

is observed on the sectiagz.xge=0.5:0.5 atty =0.36. The
inflection point registered on the sectioga:xge=0.7:0.3 is
close to stoichiometry of (II). This observation can be evi-
dence that th&y, of (IT) is near 1760 K. The inflection point
on the sectiongaxge=0.85:0.15 more likely corresponds
to transition into the two-phase region of liquid with (V)
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sured after the inflections were omitted from subsequent
calculations.

The Q; coefficients, which approximate the enthalpies
(AmixHy and AmixH) for the sections studied, are listed in
Table 6. The enthalpies of mixing ¢{x Hy andAmixH) cal-
culated by Eqs(5) and (6)with confidence intervals are
listed in Table 7. As it can be seen frofdig. 4, the inte-
gral enthalpies of mixing measured for the sections of the
Ga—Ge-Y system agree well with the data for the bound-
ary Ga-Y and Ge-Y systems. The,xH function becomes
more negative as at, increasing as well as ataxge ratio
decreasing.

The differences betweefimixHexp and AmixHmodel €Sti-
mated by seven geometric modéglis’—22] are shown in
Table 8. TheAixH values estimated by the Bonnier model
[17] are the best when compared with the experimental data.
The modelis characterized by the least scatteringfnixH
term and the least-parameter among the entire models used.
Consequently, the Bonnier model has been chosenapd!
has been interpolated by the equation

AmixH = xGa/(1 — x v) Amix Hca- (xy)
+ xGe/ (1 — xv) Amix Hge-y (xY)
+ (1 — xv)Amix Hea—Gelxge/(1 — xv)}
+ AAmixH, (12)

where AmixHga—y(xy) and AmixHce-v(xy) functions
are taken from Egs.(10) and (11), respectively,
AmixHca—cdxce/(1—xy)} term is determined by the
following equation (in kJ mot?):
Amix Hea—Ge{xce/(1 — xv)}
= xge/(1 — xv)[1 — {xce/(1 — xv)}]
x[—2.805+ 3.69{xze/(1 — xv)}
— 14.25{xge/(1 — xv)}* + 20.23{xge/(1 — xv)}®
—9.90xge/(1 — xv)}]

The contribution ofA A mixH term in Eq.(12), which may be
partially attributed to the ternary interactions, is derived by
the formula (in kJ mot?t)

(13)

AAmixH = xyxga(l — xga— xv)(53.23— 1944y
+34.15x6, + 3257 — 111.314,

than into that of liquid with (IT). The enthalpy data mea- + 1412vy xGa)- (14
Table 6 _

Evaluated); coefficients for Eqs(5) and (6)in kJ mol-1, which approximate the iy Hy and AmixH for sections of the Ga—Ge-Y system

Section xga:xge Qo 01 02 03
0.15:0.85 —247.92 —428.15 —1307.00

0.4:.0.6 —216.36 —897.44 419.66

0.5:0.5 —206.89 —928.62 779.37

0.7:.0.3 —205.83 —728.06 559.84

0.85:0.15 —195.81 —449.79 —2035.07 6436.27
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Fig. 3. Plot of alpha function of yttrium vs. mole fraction of yttrium for sections (a—e) of the ternary Ga—Ge-Y system at IBp@Kd (A) data of runs 1
and 2, respectively; (—) smoothed data of runs 1 and 2.
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Table 7
The partial and the integral enthalpies of mixing in liquid Ga—Ge-Y alloy
Xy XGa-XGe

0.15:0.85 0.4:0.6 0.5:0.5 0.7:0.3 0.85:0.15

AmixHy (kJmol1)
0.0 —247.92+ 14.25 —216.36+ 7.08 —206.89+ 7.73 —205.83+ 7.97 —195.81+ 12.10
0.05 —246.02+ 7.68 —234.82+ 3.66 —226.86+ 3.97 —217.35+ 5.67 —200.88+ 5.66
0.10 —246.08+ 6.86 —244.55+ 3.51 —236.49+ 3.77 —221.16+ 4.27 —206.31+ 5.86
0.15 —246.77+ 7.19 —246.76+ 3.75 —237.45+ 4.08 —218.51+ 3.85 —207.60+ 4.94
0.20 —246.93+ 6.59 —242.60+ 3.45 —231.32+ 3.76 —210.59+ 4.10 —202.03+ 4.35
0.25 —245.61+ 5.56 —233.15+ 3.15 —219.56+ 3.23 —198.48+ 4.57 —188.37+ 4.50
0.30 —242.06+ 5.63 —219.43+ 3.75 —203.51+ 3.46 —183.19+ 4.98 —166.66+ 4.03
0.35 —235.71+ 7.56 —202.40+ 5.23 —184.39+ 4.76 —165.65+ 5.22 —137.98+ 3.65
0.40 —226.19+ 10.36 —104.19+ 7.04

AmixH (kJmol1)
0.0 —0.3454 0.035 —0.6324 0.063 —0.6534 0.065 —0.5284 0.053 —0.3204+ 0.032
0.05 —12.66+ 0.56 —11.93+ 0.28 —-11.524+ 0.31 —11.124+ 0.34 —10.21+ 0.46
0.10 —24.944 0.97 —23.95+ 0.48 —23.154+ 0.52 —22.114+ 0.60 —20.404+ 0.80
0.15 —37.25+ 1.35 —36.30+ 0.68 —-35.07+ 0.74 —33.124+ 0.81 —30.79+ 1.08
0.20 —49.584+ 1.68 —48.594 0.85 —46.824+ 0.93 —43.814+1.01 —41.06+ 1.30
0.25 —61.88+ 1.95 —60.44+ 1.01 —58.00+ 1.08 —-53.87+ 1.25 —50.73+ 1.52
0.30 —74.03+ 2.22 —71.50+ 1.21 —68.25+ 1.26 —63.00+ 1.53 —-59.21+ 1.71
0.35 —85.81+ 2.67 —81.46+ 1.58 —77.22+ 1.56 —70.95+ 1.84 —65.87+ 1.86
0.40 —96.99+ 3.51 —70.114+ 2.43
Table 8
Comparison ofA mixH estimated by geometric models with experimental data for the liquid Ga—Ge-Y alloys under study
Geometric model AAmixH (kI Mol ) = AmixHexp — AmixHmodel x (%)

A AmixHrmin A AmixHmax (AAmixH)? (1A AmixH|)®

Bonnief —4.4320 1.6678 —1.6627 1.8115 3.6524
Toof —4.5505 1.5910 —1.7373 1.8747 3.7864
Hillert 1°¢ —4.5520 1.5968 —-1.7377 1.8748 3.7863
Hillert 2¢ —4.5510 1.5910 —1.7391 1.8755 3.7882
Kohler —2.7043 6.4768 1.7614 2.2307 5.2735
Right-hand Colinet —5.4180 8.2970 1.9959 3.4199 9.3752
Muggianu —0.6060 8.3061 3.8344 3.8701 11.8273

2 (AAmixH) is the arithmetic mean of ApixH.
b (|AAmixH]) is the arithmetic mean of absolute valuefoh yixH.
¢ Boundary Ga—Ge system was used as a basis for calculation by the models.

04

.20

Amix H ! kJ-mol’!

&
o
1

-100 4

Fig. 4. Integral enthalpy of mixing in the liquid Ga—Ge-Y alloys
against mole fraction of yttrium for sectiondd) Gay15Geg5-Y; (O)
Ga 4G e-Y; (8) GasGeas-Y; (V) Ga7Geaps-Y; (0) GaasGep.is-Y;
and literature data on the binary boundary syster@: Ga—Y [15]; (H)

Ge-Y[16].
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Fig. 5(a) demonstrates that the,ixH values calculated from

the Bonnier model are in well agreement with experimental
data. As one can see froig. 5(a), the extremeé mixH val-

ues are observed near the YGa—YGe section. This evidences
that the YGa and YGe intermetallide compounds have large
effect on the liquid phase thermodynamics with possible for-
mation of corresponding binary clusters in the melt. The other
intermetallide compounds, which can pay the essential con-
tribution into the thermodynamics of liquid ternary alloys,
are Gay, (II), (III) and (IV).

The difference between experimental and calculated
AmixH possesses values froa#.5 to 3kJ mot?® in the con-
centration region studied (Fig. 5(b)). The significant area of
negativeA AmixH values can be an evidence of ternary clus-
ters presence in the liquid. As ternary intermetallides (X) and
(XT) exist at concentrations close to extreme of e H
function, so the most reliable composition of the ternary clus-
ters in the melts are YGegGay 92 or YGe, sGay 5. If such
clusters really exist in the liquid, in that case the intermetal-
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metallides into the thermodynamics of the ternary liquid
alloys. The minimal contribution into the thermodynamics
of the liquid is paid by the boundary Ga—Ge system, which
does not form intermetallide compounds and is characterized

1,00, ) ) ) }0,00
(b) 0,00 0,25 0,50 0,75 1,00
Ga XGe Ge

Fig. 5. (a) Projection of the integral enthalpy of mixing isolines on the Gibbs
triangle for Ga—Ge-Y system at 1760K (in kJ mbl: (—) experimental
data; (---) data calculated by the Bonnier moflef]. (b) The contribu-

tion of the termA ApixH in Eq. (12) (in kJmol1). Solid lines numbered
(I-XI) are denoted to the intermetallide compounds &$gnl. Dotted line
bounds the region of liquid alloys examined by calorimetry in the present
study. The extrapolation of thémixH and A AmixH functions is performed

by the method reported ii®] (see Eqs(12) and (14)). The area of extrap-
olation is situated above the dot line. Triangles denote the concentrations
corresponding to the transition into a two-phase region.

lide compounds (X) and/or (XI) can melt congruently. The
other possible compositions of the ternary clusters are isos-
toichiometric to (III), (IV), (VII) or VIII).

4. Conclusions

The yttrium is mixed with the Ga—Ge-Y alloys with
a significant heat evolution. The enthalpies of mixing
(AmixHy and AmixH) become more negative from section
With xgaxge=0.85:0.15to one withgaxge=0.15:0.85. The
extreme ofAmixH is observed in the boundary binary Ge-Y
system (—107kJmott). The maximal inter-component
interaction lies near the YGa—YGe section, which testifies
about significant contribution of binary YGa and YGe inter-

by the phase diagram of simple eutectic type. The differ-
ence between experimental and calculated by the Bonnier
model integral enthalpies of mixing possesses values from
—4.5 to 3kJmot?! in the concentration region studied. The
location of negative extreme of thieA mixH function can be
indirect evidence of existence of ternary Y{3eGay g2 Or
YGe, gGap 5 clusters in the melt.

Acknowledgment

The authors are gratefully acknowledged to National Min-
istry of Science and Education of Ukraine for financial sup-
port under the proje@hermodynamic properties and struc-
ture of metallic and slag melts (No. 0101U002168).

References

[1] M.A. Zhuravleva, X.Z. Chen, X. Wang, A.J. Schultz, J. Ireland, C.K.
Kannewurf, M.G. Kanatzidis, Chem. Mater. 14 (2002) 3066—3308.

[2] M.A. Zhuravleva, M.G. Kanatzidis, J. Solid State Chem. 173 (2003)
280-292.

[3] M.A. Zhuravleva, R.J. Pcionek, X. Wang, A.J. Schultz, M.G.
Kanatzidis, Inorg. Chem. 42 (2003) 6412-6424.

[4] J.R. Salvador, F. Guo, T. Hogan, M.G. Kanatzidis, Nature 425 (2003)
702-705.

[5] M.A. Zhuravleva, X. Wang, A.J. Schultz, T. Bakas, M.G. Kanatzidis,
Inorg. Chem. 41 (2002) 6051-6056.

[6] V.Ya. Markiv, N.M. Belyavina, M.V. Speka, J. Alloys Compd. 285
(1999) 167-171.

[7] M.V. Speka, M.l. Zakharenko, V.Ya. Markiv, N.M. Belyavina, J.
Alloys Compd. 367 (2004) 41-46.

[8] D.S. Kanibolotsky, O.A. Bieloborodova, N.V. Kotova, V.V. Lisnyak,
J. Therm. Anal. Cal. 71 (2003) 583-591.

[9] D.S. Kanibolotsky, O.A. Bieloborodova, N.V. Kotova, V.V. Lisnyak,
Thermochim. Acta 408 (2003) 1-7.

[10] A.T. Dinsdale, Calphad 15 (1991) 317-425.

[11] D.J. Hudson, Statistics, in: Lectures on Elementary Statistics and
Probability, Conseil Euragen pour la Recherche Neéclire (CERN),
Geneva, Suiss, 1964.

[12] D.S. Kanibolotsky, N.V. Golovataya, O.A. Bieloborodova, V.V. Lis-
nyak, J. Chem. Thermodyn. 37 (2005) 117-129.

[13] H. Eslami, Y.M. Muggianu, M. Gambino, J.P. Bros, P. Leydet, J.
Less-Common Met. 64 (1979) 31-44.

[14] B. Predel, D.W. Stein, Z. Metallkd. 62 (1971) 499-504.

[15] D.S. Kanibolotsky, O.A. Bieloborodova, V.V. Lisnyak, Thermochim.
Acta 437 (2005) 61-66.

[16] D.S. Kanibolotsky, O.A. Bieloborodova, V.V. Lisnyak, Thermochim.
Acta 433 (2005) 13-18.

[17] E. Bonnier, R. Caboz, C. R. Acad. Sci. Fr. (Paris) 250 (1960)
527-529.

[18] G.W. Toop, Trans. Metall. Soc. AIME 233 (1965) 850-855.

[19] M. Hillert, CALPHAD 4 (1980) 1-12.

[20] F. Kohler, Monatsch. Chem. 91 (1960) 738-742.

[21] C. Colinet, Ph.D. Dissertation, Eng. Sci., Fac. Sci., Univ. Grenoble,
France, 1967.

[22] Y.N. Muggianu, M. Gambino, J.P. Bros, J. Chim. Phys. 72 (1975)
83-88.



	Calorimetric study of enthalpies of mixing in liquid gallium-germanium-yttrium alloys
	Introduction
	Experimental
	Materials
	Calorimetric procedure and data treatment

	Results and discussion
	Conclusions
	Acknowledgment
	References


