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Excerpts from * ’New Prospects in Isotope Separation* * 

by 

Professor Hugh S. Taylor*, F. R. S. 

Aston and Harkins hare shown that the ratios of isotopes could 

be changed by diffusion processes, in the cases of neon and chlorine. 

Hertz has developed a series of diffusion pumps whereby large 

displacements may be produced in isotope ratios, especially in the 

cases of hydrogen, neon and carbon. The separation was complete in the 

first two cases, and fifty per cent C*3 has been obtained, using methane. 

The principal objection to the method is the small yield, since the 

system is operated at a pressure of a few millimeters of mercury. 

Chemically, the isotopic exchange reactions afford a method 

developed by Urey, Pegram and Huffman. By this method N*5 has been 

made available in large amounts of moderate concentrations, and smaller 

amounts of highly concentrated isotope. In this method, ammonia gas is 

exchanged counter-current with ammonium ions; a column similar to a 

bubble tower is used, the heavy nitrogen collecting at the bottom. The 

method was being extended (published July 1, 1939) to heavy carbon by 

the exchange between hydrogen cyanide and sodium cyanide solution. 

Sulfur may be similarly treated, with greater separations than with 

carbon. Exchanges with zeolitic materials may be employed in the case 

of the alkali elements. 

Mass spectrographic methods may be employed for the separation 

of charged ions, and this has been put to use in the preparation of the 

small amounts of the lithium isotopes needed for nuclear reactions. 

1 H. S. Taylor, Nature Vol. 144, No. 3635,p. 8 (1939) 
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High speed, air driven centrifuges developed, notably, by Beams 

have given fair displacements in the isotope ratio of chlorine in 

carbon tetrachloride. They are good for large quantities of material, 

with not too large separations. An advantage of the method is that it 

depends only on the mass difference, and not on the mass ratio. However, 

the apparatus is expensive and the technique difficult. 

Separation of isotopes by thermal diffusion was first suggested 

by Chapman. Clusius and Dickel2 3greatly magnify the separations obtained 

by carrying out the diffusion in a vertical tube, with a horizontal 

temperature gradient. The original form consisted of a heated wire 

concentric with a vertical tube. In tubes of one meter length, with 

temperatures of 300°-600°K., bromine in helium and hydrogen in carbon 

dioxide were completely separated. With a three meter tube, a four-fold 

concentration of oxygen in air and a three fold concentration of the 

heavy neon isotope were secured. More recently, Clusius and Dickel® 

announced the production, In a tube of 36 meters total length, 8 cc. 

daily of hydrochloric acid of 99 per cent Cl37. G. G. Joris has obtained, 

In a 12 meter tube, 2 cm internal diameter, heated axially by a chromel 

wire, No. 16 guage, a separation factor of 3 in 48 hours with a heating 

current of 6 amperes, and a separation factor of 20 in 48 hours with a 

heating current of 9 amperes. 

2 Clusius and Dickel, Naturwiss. 26, 546, (1938) 

3 Clusius and Nickel, Naturwiss. 27, 148,(1939) 
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Theoretical Calculations 

The theory of the thexmal diffusion - thermal syphon process is 

complex. Three theoretical papers are available. One by Waldman4 5 6, one 

by Furry, Jones and OnsagerS, with which this paper will be concerned, 

and one on the rate of approach to equilibrium, by Bardeen^. 

If we denote the separation factor, the ratio of the Isotope 

ratios at the top and bottom of the tube, by S, Furry, Jones and Onsager* 

have shown that 

S <= CI/C2/CI°/C2° m exp(2A<jL) (1) 

where L is the length of the column in centimeters, and Aa is given by 

Aa = A/(1+Ka/K) (2) 

A - (63/4)(anD/pgw4)f(6T/T) (3) 

Ka/E ® 1690 (T^+TiTg+Tg2 ) (nD/pgw38T ) 2 ( 4 ) 

where: a is a constant depending on the gas, given for rigid spheres 

by a m ( 105/118) (m^-mg ) /(mi+m^ ) (5) 

where m^ is the mass of the heavier species and mg is the mass of the 

lighter species; n is the viscosity of the gas; D is the coefficient 

of ordinary diffusion; p is the density; g is the acceleration of 

gravity; w is half the separation of the. walls; Ti and T2 are the 

Kelvin temperatures of the cool and hot walls, respectively, ST is 

the difference and T is the mean temperature, and f (ST/T) has the 

value 1.016 for the case Tg « 2Ti (changing very slowly with T). 

Upon substitution of (3) and (4) into (2) it is immediately evident 

that a maximum will exist. Inserting the rather good approximation 

4 Waldman, Naturwiss. 27 , 230 (1939) 

5 Furry, Jones and Onsager, Phys. Rev. 55, 1033 (1939) 

6 Bardeen, Phys. Rev. 57 , 35 (1940) 
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D ■ 1.4 n/p (6) 

and maximizing the function with respect to p (or as we shall see in 

respect to the pressure, p) it is found that is a maximum when 

n/p « (g2w6ST2/!890(1.4)2(Tg^TjTg+Tj2))1/4. (7) 

On changing to Nier’s7 more convenient notation (2w=d, the wall 

separation) and inserting the temperatures Ti»300°K, Tg«600°K, the ratio 

n/p is determined as a function of the separation. Since n is independent 

of the pressure, and p is directly proportional to it, we have 

n/p « n/pp0 (8) 

where p is the pressure in atmospheres and pQ is the density at a 

pressure of one atmosphere, taken at the mean temperature of the tube 

(450°K). The pressure at which the maximum is to be expected is then 

given by p =( 1.16/d3/2 ) (n/p0) (9) 

Bardeen^ has calculated the way in which the concentration varies 

with time. For the mathematical derivation, the reader must be referred 

to the original paper, but we shall attempt to give the major results 

here, ^Aumber of different cases were treated, which include the operation 

with both ends closed, hence diffusion on only the gas contained in the 

column, and operation with the bottom end closed and a reservoir attached 

to the upper end. 

For operation with the ends closed, his equation for the concentra¬ 

tion of the heavy molecule is 

c1 « KS +2bn(cos(nn)+(AdL/nnr)sin(nrr))exp(AciL“t/tn) (10) 

where bn » 4c (n^rrS/A^L3 ) (1- {-l)ne“A^*) / ( (11) 

and tn « 2(pP/AdH)(l+n
2rr2/A42L2)"^ (12) 

The series converges veiy rapidly, so that only the first tern is 

required. In these equations, n is the root number, K is the fraction 

7
A. 0. Nier, Phys. Rev. 57, 3o(4) 



arising from the depletion of the heavy molecules in the upper end of 

the column, t is the time, is the concentration of the heavy iso¬ 

tope before separation, is the area of the diffusion space, and H is 

the transport of gas, given by 

H «* (d3p2ctgB/720n)(8T/ï)2f(8T/T) (13) 

where d, p, a, g and n are defined as before, B is the circumference 

of the diffusion space, and T is the mean temperature of the tube. The 

solution will be discussed later in regard to results. 

The solution of the case where the lower end is closed and a re¬ 

servoir attached to the upper end contains a term, R, arising from a 

concentration gradient in the tube connecting the reservoir and the 

top of the column. We simplify his equation by dropping this term, as 

the apparatus was so designed as to eliminate this gradient. Then 

Gi/0l• « K3+S 2 (H/lilPsc) ( e^-VfcS lnh -cosh v^D^cosh v^l) (14) 
k (l-Afjc

2)(Vjc“
1sinh VjjAflL +vjc“

2cosh v^A^L -AaLV]c~
1csch VyA$L) 

where pjj. is a root of the equation F(p) » 0 and may be found from 

Tanh V^L » Vk/(l-(pp/teAa) (35) 

and Pfc - -(A^H/Sp^d-Vk2) (16) 

which is always real and negative, though there are an infinite number 

of pure imaginary roots to (15). M is the mass of gas in the upper 

reservoir. The series rapidly terminates, especially for longer values 

of t, hence only the first two terns are needed. The factor K arises from 

the depletion of the heavy isotope in the upper reservoir, as before. 

I have determined its value in the following way. We have 

C1 + e3 + C3 « 1 (17) 

where species 1 refers to C^H^, species 2 refers to C*%4, and C3 the 

concentration of impurities. Further, since there must be conservation 

(5) 



of species, S7 • CJJ® 7 (IS) 

inhere the subscript represents the species, and runs from one to three 

in the present case, and the superscript® indicates the value to be taken 

as that before diffusion* If the conditions in the upper reservoir are 

denoted by primes and in the lower reservoir by double primes, then (IS) 

can be written ffSc^XT » c^V» ♦ cn* «V» * ♦ p/cndz . (19) 

To evaluate the integral, we use 

eg » I-C3 (20) 

a, - (a) 

°l/cz - (ci'/ejjMe
24*2 (32) 

In equation (20) C]_ is assumed negligible with respect to c3 and in 

equation 21 Ad for the impurities in methane is taken to be 1, as data 

from Nier’s? paper indicate that should have approximately this 

value. The value is not critical as c3 becomes negligible a short dist¬ 

ance up the tube. Substituting (21) in (20) and the resulting equation 

for eg in (22), we have upon cross multiplying 

\ « (tufas' He2^2 - c3
,,e2z*Ad+1*“2L) (23) 

which, when integrated as indicated in (19), gives 

pAidz » (O}*/cs» ) $S) ( ( 1.1/S)/2Aa -c3*»/a(Aa+l)) (24) 

From (IS), (19) and (24) 

CxT - c1»»V*»+(c1*»Cg»y»/c2
,,S)+(c;L**/Cg

,,)P((l?:l/S)/2Aa -ctf*/2[Aa+l)) (25) 

Collecting terms, 

CiWV - S(V/tT*?S+C2*V/Cg.. +P((S-l)/2Ad -c3*»S/2Aa+2
v)) (26) 

- KS (27) 

In view of the method of analysis we must consider the effect of 

the impurity of ethane. We have, in a number of molecules, N, in the 
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lower reservoir, N(c^** + c5Ç
,,c^0) atome of and Nfeg**+c3

,,c2
#) atoms 

of C*2# Similarly, at the top, Nfc^+c^’c^0) atoms of C*3 and H^c^+c^eg0)» 

The ratio of these ratios is the separation factor as determined from 

the bombardment. We find that, upon neglecting c3*, 

S » Sa (1*C3**C2
0
/C2**)/(1+C3»»C1%1»M (28) 

where Sa is the apparent separation factor as determined from the 

bombardment yield. In the above equations, c^° and c2° are the natural 

abundances of the isotopes, and not the concentration before diffusion. 
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Apparatus 

Since it is convenient to operate the column at approximately 

1 atmosphere, a separation should he selected which will give the 

maximum separation at this pressure* Substitution of the values 

n « 1.60 x 3XT4, p «* 0.433 x 10“^, p « 1 

obtained by extrapolating the values given in the International Critical 

tables to the mean temperature of the tube (450*2), m equation (9) gi ves 

d * 0.567 cm. 

Since the theory was derived for a thin, flat slab of gas, it was thought 

necessary to use a fairly large radius of curvature for the segment. 

However, consideration of the effect of asymmetric temperatures around 

the tube leads to an expression involving (R/ff)2, which naturally puts 

a limit to the ratio. Further, the tubes were limited to standard sizes 

of copper pipe, chosen for high conductivity and accurate dimensions. 

A compromise was struck with the sizes 1 in., 1.5 in., and 2 In.. This 

selection gives d » 0.465 cm. when hot, L ** 3.488 m., and B « 9i4 cm.. 

Then the maximum separation factor (S^) is predicted to be 3.40 and to 

be attained when p «■ p^ o 1.33 atm.. The radius of curvature of the slab 

is 3.1 times the separation, hence it seems that a fair approximation to 

a flat slab was made. The other limit, set by the (B/w)2 terra will be 

discussed in regard to the possible temperature variation. 

A simple calculation of the worst possible cases gives confidence 

in the use of a three-phase nichrome resistance heater. Assume that 

heat is supplied to the tube at only the points A, B and C. Consider 

the heat flowing away from point A/ Using c as the coordinate of 

distance from A along the circumference, we have as the heat flowing 
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through a section of the copper, where z is the length of the cylinder 

and t is the thioloxess of the copper, and E the conductivity of copper, 

qc - K z t (dT/dc)e . (29) 

This heat is removed uniformly from the tube by conduction through the 

methane, and from an area z(L-c), where L is thelimit of conduction 

through the copper' from point A, or e where dT/dc - 0* Then, 

» \ z (Ir-oMT^iJ/d (30) 

where X is the conductivity of the gas, and the other symbols are 

defined as before. Simple integration of the equation obtained by 

combining (23) and (29) between the limits c«0,L gives the difference 

in temperature between these points. Denoting this by dT, and (Tg-T^)*ST, 

dT/5T « X/2Ktd L2, - 7.85 x 10^L2 (31) 

or dT - 0.235 1?, (32) 

upon substitution of the values of the constants, and 300°C. for ST. 

The effect of an asymmetry in temperature can be calculated from 

Furry, Jones and Onsager’s5equation 

Ep/fe « (315/IGIT2) (BdT/wST)2. (33) 

This texm is to be added to the denominator of equation (2). 

Since two wires are necessary to complete the circuit, the worst 

possible case is for one wire to be completely dead. If this wire were 

C it is obvious from symmetry that L would lie at C* For the 1 in. tube 

L then has the numerical value 2.5 cm., and dT becomes 1.5°C.• 

(9) 



Substitution of the slightly more general equation (31) into equation 

(33), and the subsequent substitution of the value L » 2«5 cm., gives 

Kp/E « 0.045, which would reduce the theoretical separation factor 

from 3*4 to 3.3, or less than 3 per cent. Since the currents in the 

three wires are to be balanced to perhaps one per cent, the case of 

equal heating at A, B and C is of interest. Obviously the point at 

which dT/dc = 0 is located is midway between the points at which heat 

is supplied, and therefore lie at the points marked a, b and c. L then 

has the value 1.3 cm., which gives dT » 0.4°C., and lowers the theoret¬ 

ical separation factor from 3.r4 to 3.48. The latter is a drop of only 

0.5 per cent, and is still much larger than would be encountered in 

practice, as the heat is supplied much more uniformly than was supposed 

in the above derivation. 

Construction 

The column was constructed by turning the 1 in. flanged brass 

fittings for the gas connections and the 4 in. plates for the ends, as 

shown in Figures 1 and 2. Eoles for the gas and 1/4 in. water connections 

were drilled and the parts silver soldered together. The 1.5 in. tube 

was centered in the 2 in. tube by the two brass rings shown in Figures 

1 and 2, and by 6 half rings similar to the one shown in section in 

Figure 3. The rings and half rings were soft soldered (the half rings 

staggered) to the 1.5 in. tube and the two tubes fitted together. Soft 

solder on the two end rings form a water-and-gas-tight joint. To center 

the 1 in tube in thell.5 in. tube, it was spaced at each end and at 

four points along its length. Each section is then about 70 cm. long. 

Such short sections were thought necessary in view of the low temperature 

at which copper loses its rigidity. 

(10) 



At the upper end, the steel fitting shorn in Figure 1 combines 

centering with thermal insulation, easily made joint and support. At 

the lower end centering was accomplished by means of a brass sleeve 

sliding in a brass ring filed so as to present a series of point con¬ 

tacta. A sylphon permitted the expansion of the 1 in. tube, a steel 

tube thermally Insulated the end of the 1 in. tube, a 43° cone seat 

fitted with an expanded spark plug gasket made the joint, and water 

cooling (not shown)at the soldered joint between the steel tube and the 

sylphon kept the heat from the solder. The cone seat was cut at 43* 

so as to remain at the same pressure when heated. The brass end fit¬ 

ting was silver soldered to the 1 in. tube. 

The internal spacers for the 1 in. tube in the 1.5 in. tube 

were first made of millimeter thick iron rings drilled so as to 

leave a series of bridges approximately 0.2 mm wide. Some of these 

bridges were then removed, to reduce the metallic conduction. A run on 

air was made with these spacers, which seemed to function properly. 

However, on dissembling the tubes preparatory to making a run with 

methane, it was found that they were badly oxidized, and in a few 

cases even deformed. Therefore the spacing for methane was done with 

short porcelain tubes (shown in figure 3),after Nier^• The steel pins 

were silver soldered to the tube, and the porcelain posts set over them. 

For purposes of assembly, a small amouht of Plcein held the posts on the 

pins. The posts were cut from the 2 in. lengths used for heater insula¬ 

tors, and ground to the proper length (4.65 mm.) and curvature. Because 

of the elliptical cross section of the 1 in. tube, and the inaccuracy 

of the post* s spacing (due to silver solder or inaccurate grinding) d 

is expected to be in error by at least 0.1 mm, and probably not more, 

than 0.2 mm. 
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Heating was accomplished by a three phase, T connected nichrome 

resistance. The three straight wires were brought into the 1 in. tube 

at the bottom, passed through the 5/16 in. porcelain tubes (Figure 3) 

to a common point at the top of the column. Here a loop of nichrome 

wire,brazed with the three wires to the common point, passed around a 

porcelain tube resting in the 1 in. pipe tee used to support the column. 

Thus the heater is hung from the top, and is free to expand. The sets 

of three porcelains lying together were bound together and centered by 

a single wrap of asbestos string. The centering allows the violent air 

currents set up in the chamber formed by the porcelains and the copper 

pipe to equalize the heat supply to the pipe. 

Analysis 

The approach to equilibrium was watched by the change of the mo¬ 

lecular weight of the gas, as determined by a quartz bouyancy balance. 

Views of this balance are shown in Photographs 1 and 2. The balance 

must be scrupulously protected from convection currents in the gas, 

hence it was enclosed in the heavy brass casting shown in photographs 

3,4 and 5. Observation was by means of the microscope shown clamped to 

the 1 inch brass plate in Photograph 5, illuminated through the 1/2 

inch hole shown in Photographs 3 and 4. Of course, the holes were co¬ 

vered with selected glass windows, through which no distortion of the 

image could be observed. A Beckmann thermometer in a hole in the cast¬ 

ing gave the temperature of the gas, and a mercury monameter, 2cm. pools, 

read with a cathetometer gave the pressure. Sliding knife edges sharply 

defined the surface of the mercury, when illuminated from behind. The 

(12) 



The cathetometer was set on a lime and the difference between the mercury 

level and the line read with a micrometer eyepiece. It was found that 

readings could be reproduced to 0.02 mm. by this method, although the 

vernier read to only 0.05 mm. From the ideal gas law, we have the relation 

8M - ST/*P0 - Sp/p0 + kS3) (34) 

where ÏÏ is the molecular weight, T the temperature and p the pressure 

of the gas, k is the sensitivity of the balance and s is the scale re¬ 

ading of the balance. The subscript 0 refers to the values at the start 

of a run, or when 8M « 0. In practice, 8s was always made 0 by altering 

the pressure by the sylphon piston shown in Photographs 6 and 7. This 

eliminates any errors due to non-uniformity of the micrometer eyepiece 

or the windows, or deviations from a linear deflection with pressure 

on the part of the balance. Tests on these effects failed to reveal them, 

therefore the limit of accuracy is taken to be the pressure reading of 

the manometer. The value of k was calculated from the dimensions of the 

balance and its period, and determined experimentally. The two values 

agreed within the experimental error, and was for air 2.5 x 10"“® div“l. 

For methane, k was 4.2 x HT6 div**l. The balance thus has a sensitivity 

of 3 x 3J0"9 grams per division. The method of density determination is 

very subject to impurities, particularly when they have a large mass 

difference with methane. When this is the case, the Impurities are not 

only concentrated much more that the methane but change the 

molecular weight by many times the increase expected for a comparable 

increase in the concentration of the heavy methane. However, it gives 

a fair method to watch the approach to equilibrium and to wstimate the 

impurities present. 

The method of analysis for C*2 and C^, respectively, consisted 

of bombarding a target deposited on a silver disk (carbon free) by 

means of an electrical discharge in the desired gas. Here acetylene is 

(13) 



formed from the methane, which polymerizes to products having a low 

vapor pressure. These then deposit on nearby surfaces in reasonably 

uniform layers. The thickness can be controlled between the limits of 

a red film to a brown film. The majority of the targets deposited were 

carried to the brown deposit. 

(14) 



'ppar 

C rosô'Sec tion 
of 

End 

Lejand 
§3 C oppe. tr 

Br*ss 

im stod 
WM Si her S older 

Ru bher 

Full vSca/e 



owe r 

C tOSS Section 
of 

End 

Centering Ring' 

LB gen d 
M^iCoppe r 

® Btzss 

l^IvS tee! 

i//fk vS ilver Solde r 

MRuUzt 

Full vSca/e 



Section 

Legend 
Copper 
Br&ss 

e e / 

"ce/a 

WkW chrome 
1~ —1 ^ 5 b e 3 i 0\s 

ôection 

Sect/onThrough Middle 
FvJlôca.h 





2 1.3 times full scale 





P
h
o
to

 



p
h
o
t
o
 
7 





Results 

A preliminary run on air was made for the purpose of checking the 

operation of the tubes on a known gas readily analyzed by means other 

than those required for the distinction of isotopes. 

Air from the mains was allowed to pass first into calcium chloride 

for drying, then through potassium hydroxide for further drying and 

removal of the carbon dioxide, bubbled through sulfuric acid as a drier 

and flowmeter (approximate), and through phosphorous pent oxide as a 

final drier. The cleaned air was then passed through the top of the 

column and allowed to escape. 

The current v/as adjusted so that the inner tube ran 300°C hotter 

than the water cooled jacket, and was 9.2 amperes per wire, or 1.46 kw. 

for the entire heater. Full flow of water was maintained, with a temp¬ 

erature rise of approximately 5°C. 

Analysis was by means of the quartz balance, with qualitative 

observations by a spectroscope. The density method also determines the 

operating pressure of the column, as the pressure required for balance 

and the pressure in the column were kept approximately the same. This 

was done as an aid to the observation of the density, as the pressure 

changed much more than was expected for methane, or even for nitrogen 

and oxygen. 

Because of the complexity introduced by three gases (nitrogen, 

oxygen and argon) particularly where the actual separation appears to 

be between the oxygen and argon, and the nitrogen being eliminated 

completely, theoretical predictions are of little direct value. 

However, they are interesting and will be given. 

By equation (9), and the extrapolated values n » 2,54xlD“4 poise, 

and p « 7.77x10~^gms./cc. we see that the maximum separation should 
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t>e obtained with a pressure of 1.2 atmospheres. We shall see that 

equation (5) is not applicable, even to atoms having the same electronic 

configuration, hence it can not be used directly for the deteimination 

of a. However, it seems not too unreasonable to take the same fraction 

of the value of a for argon-oxygen interaction as is found for methane. 

If this is done we find that the maximum concentration of argon from 

a mixture of argon and oxygen in the proportions found in air is 58 per 

cent. When the pressure drops to 0.83atm., as was the case in the 

present run,the theoretical cone entrât iondrops to 47 per cant argon. 

On the assumption that the nitrogen is completely removed, a molecular 

weight increase of 6.6 mass units would be expected. For the reasons 

mentioned above the time variation of concentration is not calculable, 

but some comparison can be made by fitting a theoretical curve to the 

experimental data. This is done in Figure S'. The agreement between the 

calculated and experimental increase is better than might be expected, 

in view of the sensitivity of the molecular weight change to changes in 

a. No comparison of the maximum is possible, as only one point was taken. 

The run was stopped short of equilibrium because of power troubles and 

the long time required for equilibrium. 

The observed molecular weight change iras 5.72 mass units. A 

qualitative analysis was made by spectroscope. The lines of nitrogen 

were not observed, while those of argon and oxygen were of approximately 

equal intensity. This result can be explained on the assumption of 10 

per cunt nitrogen, 39 per cent argon and 51 per cent oxygen. It is un¬ 

likely that more than 10 per cent nitrogen was present, because the lines 

were not observed, and because of the increased separation factor for 

nitrogen in a mixture heavier than oxygen. 

(16) 
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Methane 

Because of the large volume of pure gas needed for continuous 

flow operation, runs on methane were restricted to a run with 4 1. 

reservoir at the top, and the volume of the quartz balance chamber and 

connected tubing at the bottom, and three runs with both ends closed, 

with the exception of the small volumes of the headers at each end. 

The gas source for these runs was methane passed through the 

agents mentioned in the run on air, with the added precaution of con¬ 

densing and distilling in liquid air. 

We have seen that the maximum separation should occur at 1.33 atm. 

Because the pressure required to balance the quartz balance was 0.87 atm. 

in later stages of the run, this pressure was used. Reference to Figure 

4 shows that the separation factor should be 2*35. Experimental data 

are lacking because of the large impurity present, which prevents the 

molecular weight change from giving this information, and the targets 

prepared have not yet been bombarded. The molecular weight change for 

w 
this run is shown if Figure 6. No theoretical comparison was made 

because of the unknown value of a or the mass of the impurity, which 

most probably consisted of several components. The expected change in 

the molecular weight, assuming no impurities, is 0.01 mass units, so 

there is no hope of estimating S from the data obtained. 

Operation with both ends closed has given only targets prepared 

from Samples taken at each end after concentration. For these runs the 

same gas source as described above was used. The current was adjusted 

so as to give a temperature of 300°C higher than the jacket, and held 

so for approximately 48 hours. Since the relaxation time for such 

operation is calculated to be 4 hours for a pressure of 1 atm., equili¬ 

brium should have been established. Points were taken at p « 1.79, 1.33 

and l.Ol.atm 

(17) 
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