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Ralph K_Iler

Personal and Professional Background

I. BIOGRAPHICAL

Dr. Ralph Kingsley ller was born near Kingsville, Ontario, Canada on
July 12, 1909. He graduated with a B.Sc. degree in chemical engineering from
the University of Toronto, Canada, in 1930, and a Ph.D. in the same field in
1833. During this period from 1930-1933, he served as an assistant in the
School of Engineering Research at Toronto. He then joined Canadian
Industries, Ltd., in Montreal, and from 1933-1936 was employed in development
work in industrial explosives and heavy chemicals.

Dr. ller emigrated to the U.S. in 1936, and became a naturalized citizen of
this country in 1943. From 1936 to 1937 he was engaged in development
studies in the Tire Division of U.S. Rubber Company at Detroit, Michigan.

In 1937, Dr. ller joined the research laboratories of the Grasselli Chemicals
Department of DuPont at Cleveland, Ohio, as a chemist doing research in the
field of inorganic chemistry. He was appointed a Chemical and Engineering
Research Supervisor in 1942, and became Manager of the Cleveland
Laboratory in 1949. In 1950, he moved to Wilmington, Delaware, as a
Research Section Manager when the Cleveland Laboratory was relocated
there at the newly expanded Experimental Station. In 1952, he became a
Research Manager and in this capacity he directed the exploratory industrial
chemicals research for the Industrial and Biochemicals Depariment at the
DuPont Experimental Station. In 1970, he was appointed Research Fellow in
the Industrial Chemicals Department, the highest professional level in DuPont.
He retired on July 31, 1974,

Dr. ller was a member of the American Chemical Society throughout his
career.

He was married in 1935 and had two children, a son Ralph and daughter
Helen, graduates of Cornell University. Mrs. ller (Mary), also a Canadian from
the same hometown, was a medical librarian for a number of years until her
retirement June 30, 1974.
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Gas-Solid Joule-Thomson Effect for Gas-Carbon Aerosols

T. R, Rybolt

Department of Chemistry

University of Tennessee at Chattanooga
Chattanocoga, Tennessee 37403 U, S, A,

From 1852 to 1862 James Prescott Joule and William Thomson (Lord Kelvin) carried out a series of ex-
periments which demonstrated that a flowing gas can cool upon expansion from a higher to lower pressure,
Rybolt and Pierotti [1] demonstrated that the presence of a high surface area powder dispersed in a gas
can significantly enhance the Joule-Thomson cooling associated with a pressure drop in a flowing gas,
Experimental measurements of aerosol cooling were compared to a theoretical model based on the zero
pressure limit in which it was necessary to consider terms only up to the second gas and gas - solid virial
coefficients, A more recent study extends the application of this model to include the effects of third order
virial coefficients, [2]

Pierotti and Rybolt showed that the Joule-Thomson effect associated with a gass-olid dispersion can be
expressed in terms of gas and gas-solid virial coefficients, the heat capacity of the gas-solid mixture, and
the concentration of the solid component, [3,4] Microporous carbon adsorption data for argon, krypton,
and xenon reported by Cole are used in this study to obtain second and third gas-solid virial coefficients
for carbon C, [5] Carbon C is a microporous carbon with a BET surface area of 1279m*./g formed from
dehydrochlorination and activation of Saran 746 fiber, Third gas virial coefficients are calculated using the
method of De Santis and Grande and second gas virial coefficients are obtained from the data of Getzen.
[6,7] These second and third gas and gas-solid virial coefficients and their temperature derivatives are
used in conjuction with a statistical thermddynamic model to predict the magnitude of the aerosol cooling
effect (gas-solid Joule-Thomson effect) as a function of tempereture, pressure, and powder concentration,
The gas-solid virial coefficients treat gas-solid interactions in a manner analogous to the way gas virial coefficients
treat gas-gas intermolecular interactions, For the Ar-carbon C aerosol system the gas-solid Joule-Thomson
coefficient, x .., was calculated over the range of temperature, T, from 300 to 400K, pressure, P, from ()
to 2 bar, and powder loading, w, from ( to 20 (g of powder /mol of gas),

The Figure shows the value of u.s at P=101 kPa as a function of T for w=0, 5, 10, and 20 g/ mol, As
the temperature is decreased, the value u .. increases, The cooling effect is enhanced as the powder concent-
ration is increased, Note that the pure gas-solid Joule-Thomson effect is significantly enhanced by the
addition of a high surface area carbon powder, At 300 K and w=20 g/ mol the cooling effect is increased by
about a factor of eight relative to the pure gas, However, as the pressure is increased there is an attenua-
tion of the effect,

For the pure gases the values of g, (K bar) at T=400 K and P=0 bar are x. (Ar) =0.21, go (Kr)
=0.49, and ux, (Ar) =1,10, As an example of the values obtained for these monatomic gas-carbon C sys-
tems, one many compare the following ggs (K “bar) values at T=400 K and w=10 g/ mol : for P=0 bar
tes (Ar) =0.77, ues (Kr) =3.55, and ues (Xe) =28.0; for P=2 bar g.s (Ar) =0,69 ; for P=0,5 bar
Mres (Kr) =2,88:and for P=(,2 bar u,s (Xe) =11,6, In the zero pressure limit there is a significant
predicted enhancement of the effect as one goes from Arto Kr to Xe, However, the linear term in pressure

causes an attentuation of the cooling effect in all cases and this attenuation occurs more rapidly as the gas-



-solid interaction energy is increased in going from Ar to Kr to Xe,

The results of this work make it clear that the extrapolation of the effect from the zero pressure limit to
higher pressures is not simply additive, As the pressure is increased, thereis an attenuation of the cooling
effect, However, even with this attenuation it appears that the addition of a high surface area powder can
significantly enhance the Joule-Thomson cooling effect, To determine the application of this effect in either
practical refrigeration devices as suggested by Pierotti and Rybolt [8] or as a novel method to examine
gas-solid interactions will require the determination of extensive experimental values of the gas-solid Joule-

Thomson effect for a variety of gas-solid aerosol systems,
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