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Physical properties
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Atomic number 31
Atomic weight 69.72
Density (at 20°C), kg/m? 5900
Melting point, °C 29.78
Boiling point, °C 2300
Latent heat of melting, J/kg 8.03 x 10*
Linear expansion coetficient (at 20°C), °C! 1.8 x 10°
Specific heat (at 0-16°C), J/kg K 0.373 x 10
Thermal conductivity coefficient, W/m K 29.308-37.681
Electrical resistivity, Ohm m 45% 1077
Temperature coefficient of electric resistance (at 0—-16°C), °C~! 3.96 x 10°
Brinell hardness, kg/m? 2.5%x10°
Compressibility coefficient (at 20°C), m’/kg 2x 10719
Tensile strength, kg/m? (2.0-3.8) x 10°
Elongation per unit length, % 2—40

Liquid Gallium: Potential Uses as a Héainsfer Agent
V. Ya. Prokhorenket al, High Temperature,
38(6) 954968 (2000)
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TABLE I. Physical properties of liquid gallium at 30 °C.

Property Source Value

Dynamic viscosity, 7 Ref. 30 2.13X107*Nsm™?
Density, p Ref 30 6.11X10° kgm™>
Heat capacity, ,, Ref. 30 0.36X10° Tkg 'K™!
Thermal conductivity, A Ref 30 2833 Wm ! K™!
Thermal expansion coefficient, 3 Ref 30 1.17X104K!
Kinematic viscosity, v =nip 3.5%1077 m¥s
Thermal diffusivity, « =Ncyp 1.29X107 % m¥/s
Prandtl mumber, Fr =K 0.027
Temperature coefficient of Ref. 16 (440 °C) 0.0068 Nm 'K}

surface tension y=do/dT Ref. 17 (200+600 °C) 0.00606 Nm ' K™
Agpect ratio, 4 =R/H 10
Relative thickness of the bottom, / =h/H 0.25
Relative thickness of the wall, d =d/H 0.25

Experimental and numerical study of anomalous thermocapillary convection in liquic
Gallium

Janis Priede, Andreas Cramer, Andris Bojarevics, Alexander Yu. Gelfgat, Pinhas Z.
Yoseph, Alexander L.Yarin, and Gunter Gerbeth

Physics of Fluidkl, 3331 (1999)

doi: 10.1063/1.870192



TABLE I. Physical constants of gallium,

Kd
Temperature p* b c° (erg/cm-sec+°C) 8e Cp!
(°C) (g/cm?) (cP) (m/sec) (X107 (X104 (cal/g+°C})
30 6.0947 2.06 2873 0.304 1.2613 0.092264
40 6.0839 1.97 2870 0.314 1.2537 0.092259
50 6.0796 1.90 2867 0.320 1.2460 0.092253
60 6.0715 1.84 2864 0.328 1.2386 0.092248
70 6.0639 1.77 2861 0.3306 1.2310 0.092243
80 6.0573 1.71 2858 0.340 1.2235 0.092237

2 W. H. Hoather, Proc. Phys. Soc. (London) 48, 706 (1936).

b F, Gutman and L. M. Simmons, J, Appl. Phys, 23, 977-978 (1952).

¢ Technical Report No. 5, Office of Naval Research, Contract Nonr 2577 {01))

4 L. J. Briggs, J. Chem. Phys. 26, 786 (1957).
¢ W. H. Hoather, Proc. Phys. Soc. (London) 48, 705-756 (1936).
I N, M, Kochetkova and T. N. Rezukhina, Voprosy Met, i Poluprovod., Akad. Nauk SSSR 34, 7 (1961).

Ultrasonic Absorption in Liquid Gallium

J. L. HUNTER AND K. S. HOVAN

John Carroll University, Cleveland, Ohio

(1964)



D. Brito et al. /Physics of the Earth and Planetarv Inferiors 129 (2002) 325-346 327
Table 1
Physical properties of liquid and seolid gallium
Physical property Symbol Units Value
Liquid gallium
Density P kg/m? 6.095 x 103aP
Dynamic viscosity 7 kg/{ms) 196 x 10732, 1.8 x 1073b
Kinematic viscosity v=pulp m>/s 322 x 10772,2.95 x 10°7°
Melting temperature T¢ °C 29.771P, 29.78¢. 29.769
Boiling temperature T °C 2203¢, 22049
Thermal expansion coefficient o K1 1.26 x 107*
Thermal conductivity k W/(mK) 30.6% (at 30°C). 28.68" (at 77°C)
Specific heat c (JkgK) 381.5%. 397.6f
Thermal diffusivity Kk =kipC m?/s 1.18 x 107° <k < 1.36 x 10~°
Prandtl number Pr viK 0.022 < Pr < 0.027
Electrical conductivity o (me) ! 3.87 x 10°®, 3.85 x 10°¢
Magnetic diffusivity i =lpgo m’/s 0.21
Magnetic Prandtl number P v/ A 14 x 1008 < Py, < 1.53 x 1076
Compressional wave velocity Vp m/s 2873% (at 30°C). 2860" (at 30°C)
Crystal axis
a b c
Solid gallium, Ga,
Length (nm) 0.45186° 0.45258P 0.76602P
Thermal conductivity £ (W/(mK)) 88.4P 40.8° 16.0°
Electrical conductivity & ((m$2)~1) 12.3 x 10® 5.7 x 10°° 1.8 x 106b
Latent heat of fusion L (kl/kg) 79.8%, 80.16°

Compressional wave velocities FVp (m/s)

4080f, 41518

3860f, 39482

4760¢, 48238

3 Spells (1936).

P Sabot and Lauvray (1995).
€ Cubbery (1979).

dLide (1995).

€ Okada and Ozoe (1992).

f Roughton and Nash (1962).
€ Lyall and Cochran (1971).

b Bever and Ring (1972).

1 Brito et al. (2001).



Reactivity/corrosion of liquid Ga

No reaction

Alloy-Nb5Mo1Zr Luebbers (1995)
Cd (?) Yvon (1979)

Hg (?) Yvon (1979)
KCI Leabetter (1969)
Mo Bove (2005)
polymers Narh (1998)
refractory metals Hampel (1961)
Si {brevet}

Re Yvon (1979)
Steelc Inconel625 Luebbers (1995)
Ta Fujinaga (2003)
Teflon Tsuji (1989)

Ti (up to 456C)
Ti (up to 570C)
W (?)

Jackson (1966)
Lobova
Yvon (1979)

back to the table
of contents

Reaction

Al

Au {Brevet}

Cr Barbier (1998)
Fe Barbier (1998)
Fe (0.4um/h@3%C)Luebbers (1995)
Ni Barbier (1998)

Ni (2um/h@400C)Luebbers (1995)
Pd
Zn Barbier (1998)

- An overview is given by Prokhoren&bal (2000)
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F16. 5. Equilibrium phase diagram of gallium. The inset shows the nonequilibrium points from
the present work (cf. text) relative to the equilibrium phase boundaries; the dotted line represents
the metastable extrapolation of the Ga I1I melting curve.

Fusion curves and polymorphic transitions of the group Ill elements

aluminum, gallium, indium and thalliumat high pressures

A.Jayaraman, W. Klement, R. C. NEWTON and G. C. Kennedy

J. Phys. Chem. Solids

247-18 (1963) 9



Melting line

Fusion curves and polymorphic transitions of the group |

elements aluminum, gallium, indium and thalliumat
high pressures

A.Jayaraman, W. Klement, R. C. NEWTON and G. C.
Kennedy

J. Phys. Chem. Solids

247-18 (1963)

P(GPa) TCC)
-0,00927 29,361
0,48054 17,503
0,6394 14,24
0,74381 12,142
0,88014 10,033
1,0163 7,2358
1,1982 5,112
1,3309 7,1327
1,4137 10,087
1,5836 15,077
1,707 16,413
1,803 17,528
1,8672 19,113
2,0049 22,738
f:1378 25,905
2,2939 30,441
2,4359 33,147
2,5735 36,542
2,6969 37,878
2,8251 39,9
2,9579 42,609
3,0913 47,611
3,2287 50,318
3,3711 54,629
3,5087 58,254
3,642 62,798
3,7657 65,28
3,8899 69,826
4,0411 73,217
4,1832 76,382
4,4122 80,435
4,6874 87,455
4,9759 92,865
5,0495 95,593
5,2416 98,283
5,3151 100,32
5,5076 104,62

P(GPa) T(C)

5,723 109,59
5,9245 113,2

5,9889 1157

6,0436 115,45
6,1991 117,46
6,2181 120,9

6,4287 124,27
6,5571 127,67
6,7037 130,37
6,8359 130,1

7,1056 132,99
7,1744 135,03
7,2753 137,52
7,3852 139,32
3,2367 45,04

3,3603 47,523
3,5062 47,016
3,6295 48,123
3,7621 49,685
3,8854 50,103
4,0313 50,055
4,1728 50,926
4,4055 51,079
4,684 52,594
5,0356 54,772
5,3277 55,823
5,716 58,907
5,9899 59,964
6,0495 61,55

6,2276 62,409
6,4058 63,956
6,5336 64,373
6,5977 65,728
6,7985 66,35

7,0995 66,481
17,1772 67,144
7,2594 67,805
7,3645 68,459
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Gal (solid phase)

[001]

cell (twice as large as the primitive cell) are functions of u

T The positions of the eight atoms in the orthorhombic unit
and v in the form®

3,

O,u,v)  (Hu,3+v) (3,3+u,—v) (0,1+u,1—v)
0,—u,—v) (3, —u,3—v) (§,4—uv) (0,4—u,l+v)

O—

with the experimental values u«=0.0785 and
v =0.1525 (x,y,z, are intended to be multiplied by a, b, c,

-[—Oi- Ab initio calculations of structural and
7 electronic properties of gallium solstate
& ¥ O ¥ phases | | |
pd M. Bernasconi, G.L. Chiaroffi, Tosatti
FIG. 1. Face-centered orthorhombic cell of ¢-Ga. Each site PhyS ReV. 2; 14 (1995)

is occupied by a Ga, dimer. Filled circles represent atoms lying
on the (100) plane at x =a, while open circle atoms lie on the
next lower plane at x =a /2. Atoms in the x =0 plane are in the
same positions of those at x =a and are not shown.

11



Gall (solid phase)

Structural Complexity in Gallium under
High Pressure: Relation to Alkali Elements
O. Degtyareva, M. I. McMahon, D. R.
Allan, and R. J. Nelmes

Phys. Rev. Lett.

93205502(2004)
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Metastable phases (supercooling)
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grfswszm;gﬁ;f:g%fi:?&i?}i Zifiligxi d;f::i Tinee Pressure (GPa)
L. Bosio, C. R. Acad. 270, 1453 (1970) Japanese Journal of Applied
L. Bosio, J. Chem. Phg8, 1221 (1978) Physicgl8 03A065 (2009)

« One remarkable property of gallium, which can conveniently be mentioned

here and which was very noticeable during this work, is the great tendency of the

metal to supercool. Two of the dilatometers were left at rooemperature for

several months after the measurements had been taken, and the gallium still shaw&dns

13
of solidifying» W.H.Hoather (1936)



Crystal structures of Ga(ll) and Ga(lll)
Louis Bosio

J. Chem. Phy&8, 1221 (1978)

doi: 10.1063/1.435841

P(GPa) T(C)
0,00318 29,77
0,18759 25,47
0,39365 20,9
0,58894 16,06
0,78962 11,36
0,99034 6,38
1,1422 3,02
1,3898 10,31
1,589 15,7
1,7882 21,23
1,9928 26,89
2,1866 32,15
2,3913 37,55
2,5905 43,08
2,7143 46,18
2,795 49,01
2,9887 55,22
3,1878 61,42
3,3815 67,49
2,7899 46,59
2,995 49,29
3,1892 51,59
3,3943 54,16
3,6101 56,86
1,197 -2,49
1,2953 -9,49
1,3938 -17,57
1,4977 -25,64
1,5961 -33,31
1,6726 -39,23

14



Triple point in liquid Ga

T,K

Triple point
P=1.24° 0.4GPs
T=277° 2K

1.5
p, GPa

Elastic Properties of Crystalline and Liquid GalliabHigh Pressures
' ® D® [@FLAYI 9 [® DNRYYAGA|IlI&FIZT hod Co
JOURNAL OF EXPERIMENTAL AND THEORETICAVdPHYSIRS. 5 2008 15



Critical point in liquid Ga

Tc=5000 K

Pc=0.076 GPa

r .c = 0.01474 at.fA(critical numerical density)
rc=r ¢ (L¢4N,) mol/cm?=0.02448 mol/crh
V,,c=40.85 crffimol (molar volume)

rc=M/V,.c = 1706 kg/rd(critical density)
Zc=PcVc/RTc=0.075

Russian Journal of Physical Chemistry
80(4) 509522 (2006)

The embedded atom model for liquid metals:

Liquid gallium and bismuth
D. K. Belashchenko, O. I. Ostrovskii

16



T (K)

Highpressure and high
temperature xray absorption
study of liquid and solid gallium
Lucia Comez, Andrea Di Cicco,

Jean Paul Itié and Alain Polian
200 Phys.Rev.&5, 014114 (2001)
(shaded area)
450 P(Gpa) TCC)
1.976 26.77
3.4431 60.95
4.6707 90.14
400 5.4192 107.03
5.7186 117.79
6.7665 148.89
7.8144 181.15
8.503 202.27
350 9.0419 218.79
10.03 249.12
11.228 249.51
10.689 235.3
9.1617 196.51
300 8.2635 172.7
7.6048 156.19
6.8263 136.6
6.3174 122.78
250 6.018 115.1
| 5.6287 105.88
4.7605 87.07
0 5 10 15 20 3.8922 67.48
2.9641 43.67
2.2754 28.69
P (GP a) 1.8862 19.86
1.976 26.77

17



temperature (K)

Effect of pressure on the atomic volume of Ga and Tl up to 68 GPa
Olaf Schulte and Wilfried B. Holzapfel

PREGS (13) 8122 (1997)
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S.Ayrinhaet al (2015)

T~

SimonGlatzel equation

a= 24 GPa
c=0.51
P.=3 GPa
T,=316 K

S Ayrinhaet al,J. Phys.: Condens. Matter
27275103 (2015) 20

























































































































































