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Estimation of Viscosities of Liquid Alloys

Synopsis :

Masazumi HirAl

The effects of composition and temperature on viscosities of liquid metals have been studied by system-

atical analysis of data from the literatures in order to estimate the viscosities of liquid alloys.

The visco-

sities of liquid alloys are expressed by the following equations :

B
n=A exp(ﬁ) [mPa-s]
. X 1 —4 ,2/3 Tml/ZM—fl/G
A= 1.7 0~ B [mPa+s]
‘”‘"( RTm)
B=2.65T,** [J-mol 1]

where o is the density of alloy [kg'm ™

3], T, is the absolute temperature of liquidus [K], M is atomic
weight [kg-mol '], and R is gas constant [8.3144 Jomol '-K7'].

Calculated values from the above equa-

tions for the viscosities of various liquid binary alloys were in good agreement with their experimental data

from the literatures.
any temperature.

Using these equations, it will be possible to estimate viscosity for any liquid alloy at

Key words : viscosity ; liquid metal ; liquid alloy ; pure liquid metal ; estimation.
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Fig. 1. Effect of temperature and composition on

viscosities of Ag-Sn alloyV*?.
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Fig. 2. Viscosities of liquid Ag-Sn alloys as a

function of temperature.
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Table 1. Viscosities and A, B values of 7=A exp (B/RT) of each metal and alloys.
Measured? Calculated Measured>1929 Calculated
Metal T A B T A B Alloy A B A B
(mPa-s) (mPa's) (kJ/mol) | (mPa-s) (mPa's) (kJ/mol) (mPa*s) (kJ/mol) | (mPa's)  (kJ/mol)
Ag 4.27 0.5885 20.34 4.03 0.456 22.34 Cu-mol % Bi%?
Al 1.38 0.2565 13.08 1.83 0.244 15.67 1.1 0.384 25.06 0.456 24.9
Au 5.37 1.099 17.62 5.86 0.633 24.72 10 0.424 19.94 0.451 23.1
Bi 1.59 0.5035 5.192 2.36 0.411 7.899 40 0.314 17.67 0.434 19.8
Ca 1.10 0.0579 27.51 1.29 0.154 19.85 60 0.296 14.42 0.425 18.6
Cd 2.50 0.6438 6.698 2.51 0.420 8.831 | In-mol%Ag’®
Ce 3.25 0.6748 13.97 2.76 0.340 18.60 20 0.530 6.57 0.390 8.98
Cs 0.68 0.0981 4.856 0.63 0.143 3.735 60 0.673 11.34 0.428 14.0
Cu 4.38 0.5287 23.85 4.27 0.457 25.19 80 0.516 17.66 0.447 18.6
Fe 6.93 0.3147 46.48 4.63 0.414 36.30 Sn-mol % Ag?¥
Ga 1.95 0.6029 2.880 1.51 0.339 3.754 20 0.346 8.74 0.387 9.38
Hg 2.05 0.5353 2.614 2.00 0.498 2.709 60 0.458 14.43 0.427 12.9
In 1.79 0.4126 5.244 1.90 0.369 5.851 80 0.442 17.70 0.448 17.0
K 0.57 0.0858 5.289 0.49 0.105 4.295 | Sb-mol% Ag?®
La 2.66 0.2092 25.22 2.75 0.317 21.41 20 0.288 11.63 0.366 13.9
Li 0.60 0.1386 5.521 0.54 0.103 6.244 60 0.771 11.30 0.413 12.0
Na 0.68 0.0846 6.412 0.60 0.124 4.858 80 0.738 13.64 0.441 15.2
Pb 2.59 0.5078 8.142 2.73 0.455 8.954 | Mg-mass% Sn'® :
Pr 2.85 0.9359 11.18 2.93 0.336 21.75 10 0.379 9.11 0.213 13.8
Pu 5.95 1.089 12.88 4.76 0.638 15.23 90.5 0.477 5.32 0.356 6.43
Rb 0.59 0.0906 4.840 0.60 0.134 3.893 | In-mol%Bi®
Sb 1.44 0.3042 11.67 2.58 0.348 15.04 7.9 0.437 5.04 0.430 5.39
Sn 1.87 0,4670 5.833 2.05 0.370 7.185 43.1 0.380 5.60 0.375 4.92
Tl 2.59 0.5242 7.638 2.76 0.470 8.486 61.3 0.391 6.06 0.361 5.73
U 6.57 0.4849 30.45 5.77 0.605 26.36 | In-mol% Sn®
Yb 2.67 0.1974 23.77 2.75 0.333 19.25 12.4 0.354 6.07 0.368 5.65
Zn 3.50 0.5266 10.91 2.61 0.405 10.73 59.3 0.328 6.04 0.368 5.74
Zr 3.5 4.07 85.6 0.378 6.25 0.370 6.70
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Fig. 6. Comparison of calculated and measured A
values of 7= Aexp (B/RT,,) of various metals and

alloys.
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Fig. 7. Comparison of calculated and measured B
values of 7= Aexp (B/RT,,) of various metals and
alloys.
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Fig. 8. Comparison of calculated and measured
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Fig. 9. Comparison of calculated and measured
viscosities of In-Sn alloys at 573 K.
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Fig. 12. Viscosities of liquid iron-silicon alloys
at 1873 K?.

MICREHEBCES CAO)RBBEKE 1, TR
Anprape D (1) EIFE A CFIL & 42 5.

Anprape @ (11) X © Z H 12 > v Td K H,
GurREIC L WS s T, MEBOKE 1, &
(1) D4EHF 1.8 X 1074 12T H T ETEL—HT S
ELTw5h, ' .

—h, BREEOWHEEERORBEEL %L, MR
DA L FRICHET I FEER S 0B ATHA SR
W10 H B 0%, EF VL 20E T hEHE LM
Thsb.
5X1Xo(01— 02)°

X100°+ Xz00"

+2{@4—f;%%?§;;62?;>yz~1]
1w M 2¢/ M2
_M‘]
kT

72, fH, ZHASWICLVESHRRERFRE R L
DEHNFRIFES OB S N2(12) R H 545, EHA
Bhro 2@ B —nRiEMA S0 ERIBE, 55
WIFENICEWEBRRAREBRESEIRES DB D
T, —HRICHHTEAEEATELZWEZIAONE.

ANpRADE DR D EERZ~OBFHIC OV TOXHERIE &
V), AnprapE DI TCIREAEBRIRE COTRE 0, 2H 5V
EhdBH. LhL, AEHEICE > TRAHRERE 1L
THLD, SEEMKICBITHIRE L FEOBRIVE
LA, TOBRRITXTOEERTHHEA TS
IV &,

CITROLHEREATRIEROBE 0 2 H /2

7= (Xaim + Xoma) [1—




BRGSO 405

A, Fig. 3IRT LI ICHEE T 0, ICXBETREL
DEFIFEAELRL, LA Fe ZX0EBIT L0 HIE

IR 2D, FHEEERBEO N TEMELR VW EE R
Bha, 7L, BE0OEBEL LT, oo CikEiBibL

MG IR OO B MEFIYTRD 05, SEHEILE
MR SN LRERTREBEILEY OB L FH L
LHBRXDMEBEP VL bDLEZLND,

—F, WAROHEIXRED ER L & HIIRTL, A
HEOREICLBZEEERTb VA VAR PSR T
B, EROXIIE, T CHEBEREORE L REOR
BIZOWTEEREDOUERT — &7 # AT L7224 E, v
NLRSEDHDOBBEND D EL 2VERT, —i&Y
7% n=Aexp(B/RT) OE{E CEM T x /.

ZOR D Bz Arrhenius O TR D 5 1 5 ¥hMHL
BT HADTOER LT ANF L) 2 EHTE

20 SEOMMEBETFORE - BENCE > TER
ShaPfEcd ), HMHRSOEHILZ TV F—55%
DER/OBABIRE L HBY H D L) 2 L RBEREE
DHELREFORE-BRENCL o TELASNTVAS S
EEBRLTWAEWVWZ S,

BlL gy T, & ORI WTIE, MEBIConT
Grosse!®, fFH, Gumarie'V & BT % 1TV, Kl 7
LR H B LERLTVAEH, TITH

BATRE R DS, BBV THHEE L2 DORHE
MhbHIEDRbLhr 7.
I, ARG SoEEICL->TEDLY, FUHAA

BWREOHRMEBETY 0,2°3T, *M ™V iR LN
ISR DR B Z L o 7.
DEDEIIZ, oo tHELNEREBOKEN(L),
7), (8)RUC K BEHEMEE, e (CUakE) &
DENKEVDDDH RS NH, SCHMEIXFEL DEERS
B L% DRIEZEDETHS L LI, WEICHY
5 N7 48 R0 A& DHRE o P RE R TE R 70 Kb ) 5 A5 PR e
LEBLEINTVLHEBIUFEHMEARL S 01T L DL
NS & DOEGIC K B BB OB BRALE % &I
LEE SOHIFHEIHERLAZAESOEE o, WH
WIRE T, OE*ZE+TNIE, B BLAEIEDS
NTWBEWVED.

% B, @ Sn-Pb 5&0dFMKkIcB VT, HE%
BOXE DRSS X OHERBOEHIL T &V F—
BEICEB/NEDSELETHAORBEREEFTD I T A Y —

(BEFodAEEMOEN) OBBEOEE L VI
EIDY B 5 A%, Fig. 13 12RT LI cEido s X %5

HETL RGN CRIBOBZFRAON TS, ZOBHE

RS CTCOBRMBREOBMOFIHETHHTE 5.

4.0 T T T T T T T T
o Fisher et al.
3.5} v Thresh et al. ~
e Adachi et al.
N E— This work (cal.)
s SO .
G
< 95k
¢
hyart
0
8 20
2
o
15
]‘0 ! | ! ! ! | | |

0 20 40 60 80 100
Sn (mol%)

Fig. 13. Viscosities of liquid Sn-Pb alloys at 573
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n: BRMERE T IEMAEOHE [mPa-s])

T : WARRRIEE COE [mPa-s]

v: BT OB FIREIE

M:EBE-3ELDEE [kg-mol ']

T: BREE T 2 3EMAs£0RE (K]

T, : BGRESEORMSE £ 72 3BEMAEOBHERE [K]

a: FHETHES =(V/Ny)'?

V:BEFE [m® mol 1]

V,, : WARKERE TOBRETA [m3-mol 1]

N: EF¥

N, : Avogadro %

k : Boltzmann €%k

R:ZkEH [=8.3144 J-mol " 1-K 1]

p: BBEIEEDOFRIIBIDLEE [kg'm 3]

O : BB T 723 HEEOWARMRIREE (2B 1T HWEE

[kg-m™?]

e I AN F—

Au: BRI FNVF— [= AH/ (X1 XoN4)]

X, Xo B 1, 20EMGER[X, + X,=1]

AH:RE#

o: HRER D EE

r: R O

0, GG 1, 2OMEEKRDERE (Pauling DA+ ¥
F1%)

M, MW7 1, 2 DK

Ml, Mg:ﬁ‘zﬁl, ngi
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