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The Velocities of Ultrasound in Molten Iron, Cobalt and Nickel. By Yasuhide Tsu,
Katsutoshi TAkaNO and Yutaka SHIRAISHI.

The velocities of ultrasound at 10, 30 and 50MHz were measured in molten iron, cobalt and nickel
at temperatures from their melting points to about 1,900K by using a pulse-transmitting method. The
relation between velocities and experimental tempeatures in these molten metals could be represented
by straight lines having negative temperature coefficients.

The adiabatic and isothermal compressibilities were calculated at the melting points from the
experimental results combining with other thermodynamic data. The isothermal compressibilities of
these molten metals were compared with those of other molten metals and discussed by simple models.
In comparisons of the isothermal compressibilities calculated by simple models with experimental values,
it was found that the results obtained by Ascarelli’s model agreed well with the experimental ones except
for Ag and Cu, while the hard sphere model did not yield satisfactory results. From this fact, it
may be concluded that the contribution of free electron gas cannot be neglected in the explanation of
the compressibility of molten metals. (Received June 4, 1985)

Keywords: molten iron, molten cobalt, molten nickel, ultrasonic velocity, compressibility,
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Fig.1 Circuit diagram used for the measurement of
ultrasonic velocity in molten metals.
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Fig.3 A plot of the transit distance of sound
versus the delay time in molten Co.
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Fig.4 Velocity of sound versus temperature
in molten Fe.
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Fig.5 Velocity of sound versus temperature in molten Co.
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Fig.6 Velocity of sound versus temperature in molten Ni.
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Table 1 The velocities of sound in liquid
Ni, Co and Fe.

Metal C at Tm(mes™") —dC/dT(m+s "*K™)

Ni 4,036+ 5

0. 3501
Co 4,033120 0. 5325
1. 0021

Fe 3,983+27
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Table 2 The sound velocities and the compressibilities of
liquid Ni, Co and Fe at their melting points.

Metal Ten(K) C(mes™ Ba(m® NI x107'2) B1(m2N71x107'%)
Ni 1,726 4,036+ 5 7.76 9.81
Co 1,765 4,083+20 7.93 9.68
Fe 1,809 3,983:+27 8. 94 10. 39
4. # ®

RSB OEMFIIRARFS CEERRT 2 EEYRMETH L. #- T, EMRLYERTS
DT IREREE DRSS LEL IS, FRMEBOREREY AT 5D XET-BET, 1
FAV-BTBIOAA V- A+ VHEREER LICRT VY s VEMEDBEN DD, Lo Lign
b, HEDLIAHATA N VEBERE, ZOXET VY + LOBEHMIHKCc, TWHEREW
BT TR, XL TREIGHC X 5B S b lER T /RGO L MBS £ 7
ATHHAEREFAZACTCHE LB E 8T 5 ERBESA TR, ot Hl
HIRETFT VI L » TEH LAFREHREAELERLOEONIEXZHE L, MRS L2 EE
R L TRBZ EIERTHD EBbRD,

Percus-Yevick DA CHIGIKREF L E2H V5 L FREFRIRNTHEZL bh %,

A—n)*

B = sy o
CETT, oo REIIE, 7 RFRRTHH, R (4) BACTRAC B D EMROMEHH L
7efE R % Table 3\l ERLEE OE & iR L.,

FIAERE F AT A A VIROBBBERDOEL D LA+ vHOD 7 — v VHEEAL AT 25 D0
HeBHL, SDCRGBSBOMELXHE ST 5HEEBETV AOFEY L ER LI 71T
HH., L, FROEMEL O BPY)/Bexp) #FRTADE1~5 LREIIX B2,

14) Watanabe, S.: Trans. JIM, 12 (1971), 17.

15) Elliott, J.F.; Gleiser, M.: Themochemistry for Steelmaking, (1960), Eddison-Wesley Publishing
Co., Inc.

16) Shimoji, M. : Liquid Metals, (1977), Academic Press.

17) Takeuchi, S.: The properties of liquid metals, (1972), Toylor and Francis Ltd.

18) Beer, S.Z.: Liquid Metals, (1972), Marcel Dekker, Inc.

19) WA % WERROBE L i, 97D, SEFEA.

20) Waseda, Y.: Int. Conf. of Liquid Metals, Bristol, July (1976).




EF1 60 52 6 7 R Fe, Co B XU Ni hOBERZHEEE 7

Table 3 Comparison of model compressibility calculation with experiment
at the melting points.

7 Meta Atomic  Solid plexp) BRY) BA ﬁ(PY ) A
number structure (m N7!'x107") (mPN'x107'H) (m *N7'x10" ) ﬁ(exp) ﬁ(exp) 7m
Na 11 bee 18.6 20. 4 20. 8 1.1 1.1 0. 46
K 19 bee 38.2 43.1 48.3 1.1 1.3 0. 46
1 Rb 37 bee 49.3 56. 8 64. 6 1.2 1.3 0.43
Cs 55 bece 68.8 73.1 85.5 1.2 1.2 0.43
Cu* 29 fcc 1.10 1.50 1.93 1.5 1.7 0. 46
Ag* 47 fce 1. 46 2. 87 3.42 2.0 2.4 0. 45
Fe* 26 bec 1. 039 1. 47 1.11 1.4 1.1 0. 44
Co* 27 hep 0. 968 1.31 1. 08 1.4 1.2 0.45
2 Ni* 28 fce 0. 981 1.31 0.98 1.3 1.0 0. 45
Zn* 30 hep 1. 90 3.93 2.39 2.1 1.3 0. 46
Cd 48 hep 3.24 7. 20 4.50 2.2 1.4 0. 45
Hg* 80 rhomb 3. 75 19.2 6. 44 5.1 1.7 0. 45
Al* 13 fce 2. 44 3. 76 1.76 2.0 0.9 0.45
3 Ga 31 comp 2.19 11.5 2. 40 5.3 1.1 0.43
In 49 tetr 2. 96 11.6 3.92 3.9 1.3 0. 45
Tl 81 hep 3.83 9. 27 4 02 2.4 1.1 0. 45
Si 14 tetr 3.70 3.77 1. 84 1.0 0.5 0.38
4 Sn* 50 tetr 2. 40 12.3 2. 80 5.1 1.2 0.43
Pb* 82 fce 2 94 13 7 3. 11 4.7 1.1 0. 46
5 Sb 51 rhomb 4 90 6. 34 2.11 1.3 0.4 0. 40

Bi* 83 rhomb 4.02 18.4 2.89 5.0 0.8 0. 40

* QOur results.
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