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ABSTRACT

Results for liquid viscosity as function of temperature are presented for a wide range of organic
and inorganic chemicals. The major chemicals include many compound types. The results are provided in
easy-to-use tables that are especially applicable for rapid engineering usage with the personal computer
or hand calculator. The agreement of correlation and data is quite good.

INTRODUCTION

Liquid viscosity data are important in many engineering applications in the chemical processing and
petroleum refining industries. The objective of this article is to provide the engineer with such viscosity data.
The compilation of data is presented for a wide temperature range to enable the engineer to determine
values at temperatures of interest.

LIQUID VISCOSITY CORRELATION
The correlation for liquid viscosity as a function of temperature is given by the equation shown below:
logio Nig=A+BIT+CT+DT’ (22-1)

where Njiq = viscosity of liquid, centipoise
A, B, C and D = regression coefficients for chemical compound
T = temperature, K

The results for liquid viscosity are given in Tables 22-1 and 22-2. The tabulations are arranged by
chemical formula to provides ease of use in quickly locating data. Many of the values for the liquid cover the
full range from melting to critical point.

In preparing the compilation, a literature search was conducted to identify data source publications
for organics (1-40) and inorganics (1-126). Both experimental values for the property under consideration and
parameter values for estimation of the property are included in the source publications. The publications were
screened for appropriate data. The compilation resulting from the screening is based on both experimental
data and estimated values.

For organic compounds, liquid viscosities at low temperatures were primarily estimated using the
Van Velzen method (29, group and structural contributions). The Przezdziecki and Sridhar equation (29,
corresponding states) and boiling point method (empirical) were also used for selected compounds. For
liquid viscosities at high temperatures, both experimental data and estimates were extended using a modified
Letsou and Stiel equation (29, corresponding states) for saturated liquids. Experimental data and estimates
were then regressed to provide the same equation for all compounds.

For inorganic compounds, liquid viscosities for metals were primarily estimated using the Grosse
method (64, melting point, liquid volume). For inorganics that are solids at ambient conditions, a modified
Letsou and Stiel method (29, corresponding states, melting point, boiling point) was used. For inorganics that
are gases and liquids at ambient conditions, a modified Letsou and Stiel method was also used.
Experimental data and estimates were then regressed to provide the same equation for all compounds.

For gas and liquid viscosities, the experimental data for inorganics is very limited or scarce when
compared to that available for organics. The estimation methods for inorganics are also very limited or
scarce in comparison to organics. Thus, in the absence of experimental data and the scarcity of estimation
methods, the estimates for inorganics should be considered as very rough approximations.

Very limited experimental data for liquid viscosities are available at temperatures in the region of the
melting and critical point temperatures. Thus, the values in the regions of melting and critical point
temperatures should be considered rough approximations. The values in the intermediate region (above
melting and below critical point) are more accurate.

A comparison of correlation and experimental data for liquid viscosity is shown in Figure 22-1 for a
representative chemical. The graph discloses good agreement of correlation and data.

EXAMPLES

The correlation results maybe used for prediction and calculation of liquid viscosity. Examples are
given below.
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Example 1 Calculate the liquid viscosity of cyclohexane (C6H12) at a temperature of 353.85 K (80.7 C).

Substitution of the coefficients from the table and temperature into the correlation equation yields:

logio Niiq = + 4.7423 - 2.5322E+02/353.85 - 1.6927E-02*353.85 + 1.2472E-05%353.85° = -.4012

Nig = 10-.4012

nig = 0.397 centipoise
The calculated and data values compare favorably (0.397 Vs 0.413, deviation = 3.87%).
Example 2 Calculate the liquid viscosity of benzene (C6H6) at a temperature of 343.35 K (70.2 C).

Substitution of the coefficients from the table and temperature into the correlation equation yields:

l0g10 Niq = - 7.4005 + 1.1815E+03/343.85 + 1.4888E-02*343.85 - 1.3713E-05*343.85° = -.4647

Nig = 10-.4647

nig = 0.343 centipoise

The calculated and data values compare favorably (0.343 Vs 0.3507, deviation = 2.2%).

Portions of this material appeared in Chem. Eng., 101 (4), 119 (April, 1994) and is reprinted by
special permission.

REFERENCES - ORGANIC COMPOUNDS

1-34. See REFERENCES - ORGANIC COMPOUNDS in Chapter 1 CRITICAL PROPERTIES AND ACENTRIC FACTOR

35. Golubev, 1. F., VISCOSITY OF GASES AND GAS MIXTURES, translated from Russian, US Dept. of Commerce, Springfield, VA
(1970).

36. Stephan, K. and K. Lucas, VISCOSITY OF DENSE FLUIDS, Plenum Press, New York, NY (1979).

37. Viswanath, D. S. and G. Natarajan, DATA BOOK ON THE VISCOSITY OF LIQUIDS, Hemisphere Publishing Corporation, New
York, NY (1989).

38. Yaws, C. L., Xiaoyan Lin and Li Bu, Chem. Eng., 101 (4), 119 (April, 1994).

39. Yaws, C. L., HANDBOOK OF TRANSPORT PROPERTY DATA, Gulf Publishing Co., Houston, TX (1995).

40. Yaws, C. L., HANDBOOK OF VISCOSITY, Vols. 1, 2, 3 and 4, Gulf Publishing Company, Houston, TX (1995, 1995, 1995, 1997).

REFERENCES — INORGANIC COMPOUNDS

1-56. See REFERENCES - INORGANIC COMPOUNDS in Chapter 1 CRITICAL PROPERTIES AND ACENTRIC FACTOR

57. Golubev, I. F., VISCOSITY OF GASES AND GAS MIXTURES, translated from Russian, US Dept. of Commerce, Springfield, VA
(1970).

58. Viswanath, D. S. and G. Natarajan, DATA BOOK ON THE VISCOSITY OF LIQUIDS, Hemisphere Publishing Corporation, New
York, NY (1989).

59. Lyon, R. N, ed., LIQUID-METALS HANDBOOK, Atomic Energy Commission and Dept. of Navy, Washington, DC (1954).

60. Emsley, J., THE ELEMENTS, 2nd ed., Clarendon Press, Oxford University Press, New York, NY (1991).

61. Perry, D. L. and S. L. Phillips, HANDBOOK OF INORGANIC COMPOUNDS, CRC Press, New York, NY (1995).

62. Stephan, K. and K. Lucas, VISCOSITY OF DENSE FLUIDS, Plenum Press, New York, NY (1979).

63. Van Horn, K. R., ed., ALUMINUM, Vol. 1, American Society for Metals, Metals Park, Ohio (1967).

64. Grosse, A. V., J. Inorg. Nucl. Chem., 23, 333 (1961).

65. Chapman, T. W., AIChE J., 12, No. 2, 395 (1966).

66. Bacon, R. F. and R. Fanelli, J. Amer. Chem. Soc., 15, 639 (1943).

67. Bacon, J. F. and A. A. Hasapis, J. Appl. Phys., 30 (9), 1470 (1959).

68. Niselson, L. A. and T. D. Sokolova, Russ. J. Inorg. Chem., 10, 827 (1965).

69. Saji, Y. and S. Kobayashi, Cryogenics, 136 (1964).

70. Maitland, G. C. and E. B. Smith, J. Chem. Eng. Data, 17 (2), 150 (1972).

71. Kestin, J. and E. A., Knierrim, J. Phys. Chem. Ref. Data, 13 (1), 229 (1984).

72. Runovskaya, . V., A. D. Zorin and G. G. Devyatykh, Russ. J. Inorg. Chem., 15, 1338 (1970).

73. Reichenburg, D., AICHE J., 21, 181 (1975).

74. Stiel, L.T. and G. Thodos, AICHE J., 10, 266 (1964).

75. Boon, J. P. and J. C. Thomas, J. Physica, 33, 547 (1967).

76. Rao, R. V. G. and K. N. Swamy, Z. Phys. Chem. (Leipzig), 2, 250 (1974).

77. Rudenko, N. S. and L. W. Schubrukow, Phys Zeit. der Sowjetunion, 6, 470 (1934).

78. Hetteman, W., W. Grevendork and A. DeBock, J. Chem. Phys., 53(1), 185 (1970).

79. Kulifeev, V.K., V. I. Panchishnyi and G. P. Standevich, Isv. Vyssh. Ucheb. Zaved. Tsvet. Met., 11(2), 116 (1968).

80. Simkin, J. and R. L. Jarry, J. Phys. Chem., 61, 503 (1957).

81. Usanovich, M., T. Sumarokova and V. Udovenko, Acta Physicochim. USSR, 11, 505 (1939).

82. Kestin, J., J. V. Sengers, B. Kamgar-Parsi and J.M. H. Levelt Sengers, J. Phys. Chem. Ref. Data, 13 (2), 601 (1984).

83. Matsunaga, N. and A. Nagashima, J. Phys. Chem. Ref. Data, 12 (4), 933 (1983).

84. Hanley, H.J.M. and R. Prydz, J. Phys. Chem. Ref. Data, 1 (4), 1101 (1972).

85. Moore, G. A. and T. R. Shives, IRON, Metals Handbook, 8th ed., 1206 (1961).

479




86.
87.

88.
89.
90.
91.
92.
93.

94.
95.

96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.

114

115.
116.
117.
118.

119

120.
121.
122.
123.
124,
125.
126.

Greenwood, N.N. and K. Wade, J. Inorg. Nucl. Chem., 3, 349 (1957).

Janz, G. J., A. T. Ward and R. D. Reeves, MOLTEN SALT DATA, Technical Bulletin Series, Rensselaer Polytechnic Institue, Troy,
NY (1964).

Baker, C. E., J. Chem. Phys., 46, 2846 (1967).

Stern, S. A., J. L. Mullhauupt and W. B. Kay, Chem. Rev., 60, 185 (1960).

Mason, D. M., I. Petker and S. P. Vango, J. Phys. Chem., 59, 511 (1955).

Naumova, A. S., Zh, Obshch. Khim., 19, 1228 (1949).

Taylor, E. G., L. M. Lynne and A. G. Follous, Can. J. Chem., 29, 439 (1951).

Haar, L., J. S. Gallagher and G. S. Kell, NBS/NRC STEAM TABLES. THERMODYNAMIC AND TRANSPORT PROPERTIES AND
COMPUTER PROGRAMS FOR VAPOR AND LIQUID STATES OF WATER IN SI UNITS, Hemisphere Publish Corporation,
Washington, DC (1984).

Misra, S. C. and K. N. Parida, Ind. J. Pure Appl. Phys., 7, 772 (1969).

Janz, G. L., C. B. Bansal, N. P. Bansal, R. M. Murphy and R. P. T. Tompkins, PHYSICAL PROPERTIES DATA COMPILATIONS
RELEVANT TOR ENERGY STORAGE. |l. MOLTEN SALTS: DATA ON SINGLE AND MULTICOMPONENT SALT SYSTEMS,
Nat. Bur. Stand., Molten Salts Data Center, Troy, NY (April, 1979).

Morozov, I. R., J. Appl. Chem. (USSR), 24, 975 (1951).

Davison, H. W., NASA Tech. Note D-4650 (1968).

Andrade, E. N., C. Da and E. R. Dobbs, Proc. Roy. Soc. London, 211A, 12 (1952).

Leu, A. L., S. M, Ma and H. Eyring, Proc. Nat. Acad. Sci. USA, 72 (3), 1026 (1975).

Krynicki, K. and J. W. Hennel, Acta Physica Polonica, 24 (8), 269 (1963).

Hanley, H. J. M. and J. F. Ely, J. Phys. Chem. Ref. Data, 2 (4), 735 (1973).

Mason, D. M., O. W. Wilcox and B. H. Sage, J. Phys. Chem., 56, 1008 (1952).

Janz, G. J., J. Phys. Chem. Ref. Data, 9 (4), 791 (1980).

Janz, G. J., G. L. Gardner, U. Krebs and R. P. T. Tomkins, J. Phys. Chem. Ref. Data, 3 (1), 1 (1974).

Morozov, I. R., J. Appl. Chem. (USSR), 24, 975 (1951).

Gossink, R. G. and J. M. Stevels, Inorg. Chem., 11 (9), 2180 (1982).

Forster, S., (translation), Cryogenics, 3, 176 (1963).

McCarty, R. D. and L. A. Weber, National Bureau of Standards Technical Note 384, Washington, DC (1971).

Hersh, C. K., A. W. Berger and J. R. C. Brown, Adv. Chem. Ser. No. 21, Am. Chem. Soc., Washington, DC (1959).

Streng A. G., J. Chem. Eng. Data, 6 (3), 43 (1961).

Jenkins, A. C. and F. S. Dipaolo, J. Chem. Phys., 29 (4), 905 (1958).

Mole, M. F., W. S. Holmes and J. C. McCoubrey, J. Chem. Soc., 81, 5082 (1959).

Gutmann, V., Monatshofte Fur Chemie, 83, 164 (1952).

. Yoon, P. and G. Thodos, AICHE J., 16, 300 (1970).

Murgulescu, I.G. and M. Serban , Rev. Roum. Chim. 19, 1417 (1974).

Veda, K. and K. Kigoshi, J. Inorg. Nucl. Chem., 36, 989 (1974).

Hyne, R. A. and P. F. Tiley, J. Chem. Soc., 2348 (1961).

Niselson, L. A., P. P. Pugachevich, T. D. Sokolova and R. A. Bederdinov, Russ. J. Inorg. Chem., 10 (6), 705 (1965).

. Ellis, C. P. and J. G. Raw, J. Chem. Soc., 3765 (1956).

Runovskaya, I. V., A. D. Zorin and G. G. Devyatykh, Russ. J. Inorg. Chem., 15 (9), (1970).

Waseda, Y. and K., Suzuki, Phys. Status Solidi B: Basic Research, 57, 351 (1973).

Rudenko, N. S and V. G. Konareva, Zh. Fiz. Khim., 38, 270 (1964).

Culpin, M. F., Proc. Phys. Soc., 70, 1079 (1957).

Spells, K. E, Proc. Phys. Soc., 48, 299 (1936).

Yaws, C. L., HANDBOOK OF TRANSPORT PROPERTY DATA, Gulf Publishing Co., Houston, TX (1995).

Yaws, C. L., HANDBOOK OF VISCOSITY, Vol. 4, Gulf Publishing Co., Houston, TX (1997).

480



