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'I'his invention relates to a method of and ap 
paratus for producing high vacua, and more par 
ticularly to diffusion pumps especially adapted 
for employing organic working fluids contain 
ing, or giving off under the conditions of opera 
tion, larger or smaller amounts of relatively vola 
tile substances. 
The diffusion method of obtaining high vacua 

has been known for many years. The pioneer 
Work of Gaede about 1914 was extended by Lang 
muir in the development of the vertical jet diffu 
sion pump covered by U. S. Patent 1,393,350, and 
the single inverted jet or mushroom pump cov 
ered by Patent 1,320,874. A multiple jet modi 
fication of the mushroom pump was subsequently 
developed by Crawford and is described in Patent 
1,367,865. For convenience of reference and 
comparison, these conventional pump structures 
are illustrated in the last four figures of the 
drawings and will be adverted to in connection 
with the detailed description of the present in 
vention appearing hereinafter. 
The use of mercury as the working fluid, 

although presenting certain disadvantages re 
ferred to in my prior Patent 1,857,506, is a com 
paratively simple operation and fairly consistent 
Vresults have been obtained with conventional 
pumps. However, with the introduction in re 
cent years oi new pumping fluids such as the 
phthalate esters described in my U. S. Patent 
1,857,508 and certain of the hydrocarbon oils sug 
gested by C. R. Burch (Nature, 1928, 122, 729) 
and sold under the trade names Apiezon oils, 
much of the original simplicity has disappeared 
and uniform results have been found to be prac 
tically unattainable. 

It has been assumed since Gaede’s work (An 
nalen der Physik 1915, 46, 357) that the lowest 
pressure obtainable by a vapor pump should cor 
respond with the vapor pressure of the working 
fluid in the coldest part of the high vacuum side 
of the system. With mercury, on a summer day 
and in the absence of a special cooling trap, this 
proves to be about 5x10"3 mm., agreeing well 
with theory. With various organic working 
fluids, however, such as the Apiezon voils and 
n-dibutyl phthalate having real vapor pressures 
at room temperature ranging from 10-s to 
10-8 mm. and 2><104 mm., respectively, corre 
sponding vacua have seldom, if ever, been at 
tained in actual practice, many of the reported 
results of workers in high vacuum technique be 
ing open to serious suspicion because of the use 
of obviously defective methods of measuring the 

(Cl. 230-101) 
pressuresV of mixed gases prevailing in such 
systems. 

It has been suggested by research workers 
using the Apiezon type of fluids, which are mix 
tures of substances of varying volatility, that the 
lack of uniformity in the results theretofore ob 
tained and the fact that vacua corresponding to 
their effective vapor pressures were unattainable, 
might be due to lack of homogeneity of these oils 
in comparison with mercury. I have examined 
this suggestion and found that, not only is it 
true for mixed oils, but that even the most care 
fully prepared individual organic ñuid is likely.. 
to contain traces of both lighter as well as heavier 
constituents. I have further found that under 
the conditions of operation organic ñuids are 
thermally decomposed to a certain extent giving 
off gases and volatile compounds. Experience 
with vapor pumps of conventional design has 
demonstrated that these small amounts of im 
purities in a so-called “pure" working fluid and 
the “light ends” in a fluid of the Apiezon type 
collect in the wrong places in the pump, the 
volatiles which spoil a vacuum diffusing into the 
high vacuum side, while the less volatile mate 
rials which could improve a vacuum-remain in 
actively in the boiler. 
The adverse effects of small amounts of vola 

tiles and other impurities can be conveniently 
illustrated with reference to n-dibutyl phthalate. 
although the higher phthalates and other or 
ganic iiuids suffer similar disadvantages. Nor 
mal butyl phthalate, even though prepared with 
extreme care, contains traces of isomeric butyl 
phthalates boiling about 20° C. lower than the 
main portion of iluid; of water boiling 250° lower; 
and of air boiling some 530° lower. Under the 

-conditions of operation, thermal decomposition 
may give rise to butyl alcohol, butylene and car 
bon dioxide, all boiling some hundreds of degrees 
lower than the original phthalate. After pro 
longed use in a pump, less volatile polymers and 
tarry residues are formed and collect at the 
evaporating surface, raising both the real and 
apparent boiling points of the iluids (by repress 
ing evaporation). rI'he temperature rises and 
decomposition proceeds in a vicious circle. As 
indicated, pump oils other than butyl phthalate 
are not immune to these defects, the foreign 
bodies resulting from the use of such liquids 
differing merely in kind, but not in effect. 

This condition may be conventionalized by as 
suming that a pump fluid consists of a number 
of components designated alphabetically from A 
to Z. The distribution of quantities in a “pure" 
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homogeneous liquid such as a phthalate ester is 
roughly A+B+ (Q_-Y) |Z and in an oil of the 
Apiezon type: A+B+(C+D, etc.,` to W+X§4Y) 
+Z, where A comprises the permanent gases and 
water vapor, B the alcohols, phthalic anhydride 
or other “light ends,” and Z the phlegmatic resi 
dues. In the first example (butyl phthalate), the 
portion C-Y is homogeneous and has a boiling 
point of 104° C. at 0.1 mm. lof mercury. In the 
second examp1e,_ the various constituents boil 
between 130° C. and 170° C. The harmful com 
ponents are A, B, and Z, in each case, though Z 
is of secondary importance and matters only if 
it contributes materials to A or B. 
Consider what happens when an oil is boiled 

in a pump such as one of the conventional types 
shown diagrammatically in Figures 8 to 11. In a 
short time the constituents A and B, which spoil 
a high vacuum, are emitted from the jet and have 
an opportunity of diiïusing to the point of high 
est vacuum indicated inFigures 8 to 11 by the 
word High (the region of low vacuum being in 
dicated by the word Low). Not all the volatiles 
will diffuse from the main stream of vapor at 
each opportunity; and some of the volatiles that 
have already accumulated in the high vacuum 
leads will rediifuse back into the jet. There will 
be a dynamic equilibrium between the concentra 
tion of volatiles in the vapor issuing from the 
jet and those remaining in the high vacuum 
leads. It is manifest that when an opportunity 
is given for elimination of the volatiles at a point 
other than on the high vacuum side, the equilib 
rium will be disturbed and volatiles Will partition 
themselves between the high vacuum leads, the 
boiler and the other reservoir for volatiles. In 
the inverted types of pump of Figs. 9, 10 and 11 
there is no low vacuum reservoir and any volatiles 
liberated under high vacuum from the hot jet 
will redissolve more or less completely in the cold 
condensate at the low vacuum part of the pump. 
They will be returned to the boiler to be started 
on their cycle again, together with any additional 
volatiles which have accumulated during the boil 
ing operation. On the other hand, the vertical 
type of pump, shown in Fig. 8, has a natural 
alternative reservoir for the volatiles. 
Often criticized, because the warm condensate, 

falling backwards, 'limits the pumping speed, this 
type of pump continually causes the volatiles to 
be thrust away from the boiler, the chimney 
forming a miniature fractionating column at the 
top of which the unwanted constituents collect. 
In considering the plausibility of this statement, 

, it is well to remember that continuous rejection 
is possible because the condensed volume of im 
purity is often less than one drop. 'I'he favorite 
double-stage mushroom pump (Figure 11) is a 
particularly gross offender with mixed oil iillings. 
The long, circular tube separates the C-X portion 
of ñuid, using C (the lower boiling, higher vapor 
pressure component) at the high vacuum jet and 
X (the higher boiling, lower vapor pressure com 
ponent) at the low vacuum side of the system 
in the wrong sequence but, since these pumps are 
designed to work against a higher backing pres 
sure than the single stage variety, the A-B con 
stituents are more thoroughly redissolved on the 
return journey of the fluid to the boiler. 
A suggested method of eliminating the harm 

ful effects of diffusion of the lower boiling com 
ponents of the pump iluid into the high vacuum 
side is to cool the condensing tube slightly below 
room temperature and to arrange the location of 
the fore (low) vacuum pipe and the heat con 

9,030,491 
ductance of the various parts of the pump so that 
the fore vacuum pipe runs slightly warm. 
This method cannot be considered desirable, 

for extra cooling applied to the high vacuum side 
will attract in greater quantity the very volatiles 
it is hoped to reject. „'The application of cold 
at this point is equivalent to an admission that 
the vapor pressure of the'working fluid is too 
high for its intended purpose. Similarly, allow 
ing the fore vacuum side of the pump to run 
warm confronts the operator with the question 
How warm? If not warm enough, the class B 
volatiles are not eliminated. If too warm, the 
contents of the pump may be distilled away, leav 
ing it empty. 

It might be supposed that mixed pumping 
fluids should be abandoned in favor of substances 
which have been extremely carefully pm‘ined. 
Such a supposition is erroneous, however, for 
even the purest liquids alter during use, acquir 
ing impurities, either spontaneously or from in 
teraction with the gases or vapors passing through 
the pump. It is more reasonable to conclude 
that means should be provided whereby organic 
liquids such as the phthalate esters and the 
Apiezon oils and other mixed fluids may be used 
in spite of their inherent defects. 
The present invention, accordingly, has as its 

object to overcome the above-mentioned dim 
culties. A further object is to provide a mecha 
nism for continuously purging and purifying 
pumping ñuids during use. A still further object 
is to provide a pumping mechanism wherein the 
volatile portions of the working ñuids are con 
tinuously thrust towards the low vacuum or high` 
pressure region where they can exert no harin 
ful effect on the ultimate vacuum.  A further ob 
ject is to provide a pumping mechanism which 
shall create a vacuum equal to the vapor pressure 
of the pure working fluid at the temperature ob 
taining in the high vacuum side of the pump. 
A further object is to provide an improved type 
of diffusion pump which is adapted to employ 
mixed organic and other types of multiple-com 
ponent working ñuids with a high degree of efll 
ciency and by means of which hitherto unattain 
able vacua can be produced. Other objects will 
appear hereinafter. _ 

Contrary to what would be expected from the 
results hitherto attained, and at variance with 
the suggestions of workers in high vacuum 
technique, I have found that the above objects 
can be accomplished by providing a technique 
whereby the various components of the Working 
ñuid will be separated and caused to perform 
their respective pumping functions in proper 
order, that is, a technique in which provision is 
made for the above-mentioned continuous frac 
tionation of' volatiles and purging of the pump 
ing ñuid of tarry residues and .other relatively 
non-volatile materials which, either have an un 
desirable effect on, or contribute nothing to, the 
pumping eil‘lciency. In order to -carry out such 
a method, I have developed an improved type 
of diffusion pump, the various moditlcations of 
which are shown in the accompanying drawings 
in which: 
Figure 1 is an elevation in section of an ex 

perimental multiple vertical jet type of diffusion 
pump designed to illustrate the improvement 
obtained by operating a vacuum pump in ac 
cordance with the present invention. A 
.Figure 2 is an elevation in section of a pump 

suitable for routine use in the laboratory, modeled 
after the experimental design of Figure 1. 
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Figure 3 is a sectional elevational view oi’ a 

simple inverted jet vacuum pump modified in 
accordance with my invention. 
Figure 4 is a sectional elevation of a pumping 

apparatus in accordance with my invention em 
ploying both inverted and vertical jet pumping 
units. ' 

Figure 5 is a sectional elevational view of a 
modified multiple inverted jet pump. 

Figure 6 is a sectional elevational view of a 
multi-jet cascade pump in which the jets are 
arranged horizontally. y 

Figure ’l is a perspective view of a pump struc 
ture similar to that illustrated in Figure 6. 

Figures 8, 9, 10 and 11 are diagrammatic ele 
vations in section of conventional diffusion 
pumps of the vertical jet, inverted jet, mush 
room and multiple mushroom types respectively. 
In the following examples and description I 

have set forth several of the preferred embodi 
ments of my invention but they are included 
merely for purposes of illustration and not as a 
limitation thereof. 
My invention may first be conveniently de 

scribed by reference to a pumping experiment 
in which butyl phthalate is employed as the 

loperating fluid. Accepting the description of 
this material as a liquid containing three com 
ponents namely, (A--B) (C--Y). (Z), as de 
scribed above, it is seen that a pump having at 
least three compartments is required which shall 
afford small storage space for the (AB) and 
the (Z) constituents and a larger space for the 
main bulk of the fluid. This may be provided 
in accordance with my invention by mounting 
two simple glass pumps in tandem as illustrated 
by the experimental device of Figure 1, the most 
consistent results being obtained with a double 
vertical jet pump. A is the fore pump with a 
short receiving jet I (which need not be water 
jacketed) terminating in a series of small re 
entrant bulbs 2 designed to retain a few cubic 
centimeters~ of fluid. The fine pump B on the 
high vacuum side is larger and is equipped with 
a water jacket 3 supplied with inlet -4 and out 
let 5 for the cooling water. When the system 
is operating, the condensates from A and B 
travel by conduits 6 and 1, respectively, to a 
junction 8 containing a steel ball 9 (in the equip 
ment shown a 1%" diameter ball bearing is 
suitable) which can be moved by an external 
magnet either into pocket I0, comprising a con 
tinuation of conduit 6, or into pocket II, a con 
tinuation of conduit 1, or allowed to remain 
inactive inthe center depression I2 of junc 
tion 8. 
A conduit I3 connects the two boilers I4 and 

I5, while a third conduit I6 allows fluid to pass 
from B to a small evaporator C. C is provided 
with a re-entrant bulb I1 for collecting con 
densate and this bulb communicates with con 
duit I8 which passes gas or vapor from boiler 
C into conduit I9 connecting `pumps A and B. 
Re-entrant bulb I1 of boiler C communicates 
by means of conduit 20 with a conduit 2l con 
necting pocket II with boiler I5 of pump B. 
Boiler C is also provided with a drainage tube 22 
for periodically removing material which col 
lects in the bottom thereof. ` 
Pumps A and B are provided with re-entrant 

receiving bulbs 23 and 24, respectively, for col 
lecting fluid condensed from their respective jets. 
Pump B is connected to the space undergoing 
evacuation by means of conduit 25 which com 
municates with re-entrant bulb 2l, while pump 

3 
A is connected to a suitable backing pump (not 
shown) by means of conduit 26 communicating 
with Jet I. The boilers A, B, and C are warmed 
electrically (by means not shown) and the upper 
portions of their bulbs may be lagged, if desired, 
as shown in the device of Figure 5, to conserve 
heat. 
In operation, pump A is connected to the back 

ing pump, while pump B is connected to the space 
to be evacuated. The pumps are then filled to 
a depth.of one-half to one centimeter with the 
operating fluid, the backing pump is actuated and 
heat applied to the boilers. 
Assuming the device of Figure 1 to be oper 

ating as above outlined, with A serving as the 
fore pump for B, three ways of working are pos 
sible which, for simplicity, may be termed “worst 
tandem”, “normal tandem”, and “best tandem”. 

Ul 

10 

`In the “worst tandem” position, the steel ball . 
9 is shifted to the left into pocket IIJ and con 
densed fluid from the fore pump A passes through 
conduit 6, junction 8, pocket I l, and conduit 2| 
back into the ‘boiler I5 of fine pump B where it is 
again vaporized and passes back leftwards into 
pump A. The conditions in Worst tandem oper 
ation thus correspond to what takes place in the 
conventional types of pumps, particularly those 
illustrated in Figures 9, 10, and l1, since practi 
cally all of the volatiles are redissolved in the 
working fluid and fiow back into the boiler of 
pump B. That is, in this manner of operation 
the volatiles are not kept away from the high 
vacuum side of the system, but constantly return 
thereto. 
In the normal tandem the steel ball 9 remains 

in the centerv depression I2. In this case each 
pump re-uses its own condensate, that is, con 
densate from A passes through conduit 6, and 
pocket I0 back into boiler I4, while condensate 
from B passes through conduit 1, pocket II and 
conduit 2| back into boiler I5. 

In the best tandem the ball 9 is shifted to the 
right into pocket II and condensate then passes 
from the fine pump B to the boiler I4 of the fore 
pump A through conduit 1, junction 8, and 
pocket I 0. This fluid is boiled out in the fore 
pump A, the condensate returning to its own 
boiler I4 through re-entrant bulb 23, conduit 6, 
and pocket Il). It will be evident that boiler I5 
will constantly lose fluid, but this loss is made 
up from liquid which returns from the boiler I4 
of pump A through conduit I3. Under these 
conditions, the butyl phthalate filling should be 
operating under optimum conditions, phthalic 
anhydride and other “Class B” volatiles collect 
ing in the rings 2, the “Class A” volatiles (gaseous 
materials) being rejected in the boiler A and 
withdrawn from the system by the backing pump, 
the “Class Z” impurities such as the tarry residues 
and other non-volatile materials drifting from 
the boiler I5 of pump B through conduit I6 to 
the evaporator C, while substantially pure 
phthalate operates under low backing pressure in 
the fine pump B. It will thus be seen that in 
this manner of operation the volatiles cannot 
return to the high vacuum side of the system, 
but are constantly kept away from that region. 
Thus the primary object of the invention is ac 
complished. 
The effectiveness of the different methods of 

operation may be determined by measuring the 
ultimate vacua obtained. Any'satisfactory meas 
urement technique may be employed. For ex 
ample, the pressure may be measured with an 
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ionization gauge oi the type employing a com 
mercial Il'. P. 62 tube andn the numerical data 
which follow were obtained by this method. In 
asmuch as the use of an ionization gauge for this 
purpose is well known to those skilled in high 
_vacuum technique. no further details of its oper 
ation are included herein. , 
The readings obtained for the worst-tandem 

setting o! the pump vary with the sequence oi' 
testing. In order to secure the minimum diiIer 
ence between the three settings, the pump should 

Í be at best-tandem. then at normal-tandem, and 
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`ilnallyl tested at worst-tandem, thus` thoroughly 
de-gassing the oil in the accepted sense. The 
three tandem values for butyl phthalate are given 
in the following table: 

Table 1 

At 26° C. At 0° C. 

Gauge 
micro 
amps. 

Gauge 
micro 
amps. 

Oil sequence 

Pmm. Hg. Pmm. Hg. 

Best-tandem ........... ._ 

Normal-tandem ....... ._ 

Worst-tandem ......... __ 

.27 
45 

6 
l5 

280 

As illustrating the profound improvement ob 
tained by operating a vacuum pump in accord 
ance with my invention, it will be seen from the 
above table that the best tandemy sequence gives 
a vacuum approximately 40 times lower than that 
obtainable with the worst tandem sequence. 
In examining the quality of vacuum produced 

by “the best tandem setting @it was found that 
very small variations of temperature applied to 
the tube between the pump and the ionization 
gauge caused' alterations of pressure to _be re 
corded by the gauge. The pressures, and the va 
riations of pressure, were exactly reproducible for 
butyl phthalate and other homogeneous pump fill 
ings. This factmakes it evident that the optimum 
vacuum secured with the best tandem setting 
corresponds with the vapor pressure oi' the pure 
illlings at the temperature prevailing on the high 
vacuum side of the pump. 

Oils of the Apiezon type beneñt by the best 
tandem sequence more than the phthalate, be 
cause the (CY) portion is a graded mixture 
and the lower boiling members tend towards the 
fore pump, while the more desirable relatively 
non-volatile material operates in the ñne pump. 
The results obtained with various types oi' Apiezon 
oils at best and worst tandem settings of the 
experimental pump ot Fig. 1 are given in the 

2,080,481 
vacuum side of the pumping system makes pos 
sible the attainment of extremely high vacua 
with a high degree of facility and without .the 
use of cooling traps involving the use of refrig 
erants such as carbon dioxide and liquid air and 
without the use of chemical substances such as 
charcoal and phosphorous pentoxide. It may be 
noted in passing that-the use oi' phosphorous 
pentoxide as suggested in the prior art in con 
nection with certain pumping liquids should 
never be used with the phthalate esters because 
the ester molecules are dehydrated by this re 
agent with liberation of ethylenic bodies and 
phthalic anhydride. 
Having now demonstrated the necessity for 

providing such fractionating features as will con 
tinuously drive the volatile constituents of a iill 
ing away from the high vacuum side of a con 
densation pump, I will now described pumps of 
simpler design in which this eil'ect is accom 
plished with varying degrees of completeness. 

Figure 2 is a simpler counterpart oi Figure 1. 
In this modification D and E are the fore pump 
and fine pump respectively, but the compart 
ment C oi' Figure l has been omitted. Where a 
pump is not to be put to the most exacting or 
prolonged use it is found that the accumulation 
0f tarry residues is relatively unimportant and a 
reservoir for these residues may be omitted for 
the sake of simplicity. In Figure 2 the iine pump 
is shown with a water Jacket 30, a high vacuum 
lead 3| and an annulus 32 in which the con 
densate collects and from which it runs by pipe 
33 into the boiler 34 of the fore pump D. This 
fore pump is iltted with a receiving Jet 35 which 
need not be water cooled, a series of re-entrant 
fractionating bulbs 36, an annulus 31 and an in 
termediate vacuum conduit 33. Condensate col 
lects in the annulus 31 and passes by tube 39 to 
the boiler 3l. During operation boiler 40 of the 
tlne pump E tends to become empty and is re 
plenished with ñuid from boiler 34 of pump D by 
way of tube 4i. It is evident that vapor leaving 
the iine pump Jet is derived from liquid that 
has been boiled out in pump D, the boiling process 
having driven substantially all the harmful vola 
tiles into the rings 36 or out of the fore pump 
delivery tube Il. 'I'he pumping fluid is thus 
able to operate at its best and in its purest con 
dition in the high vacuum ilne pump B. 

Fig. 3 illustrates a further modiiication of my 
invention in which a vertical jet pump F is con 
nected in tandem with, and acts as the backing 
pump for, an inverted J'et pump G. The fore 
pump F comprises a boiler 50 terminating in a 
vertical jet tube 5i. The numeral 52 designates 
a re-entrant bulb for collecting the vapors'con 

following table: densed in the condensing tube 53. Tube 53 is 
` Table 2 

Best-tandem Worst-tandem 25° C. 

Kind of oil Micro amps.+ mm. Hg. 

i Micro Pressure 
amps. mm. Hg. 

25° C. Ice 25° C. Ice ' 

Apiezon A (1964 sample) ................ _- 3. 0 . 36 7. 5x10-I 9. 0x10¢ 126. 0 3. 2x10-l 
Apiezon A <1932 sample) ....... -_ - .2 .0i 5. o><1o° 1. o><1o¢ 16. o 4. o><1o`4 
Apieaon B (1934 Sample) ........................ _- . 02 . (XB 5. 0x10'1 2. GX10-7 3. 6 9. 0x10“ 

l 

It win be evident from the above that the 
. simple expedient oi.' operating under such condi 
tions that the volatile constituents of the pump 
ing iluid are constantly kept away from the high 

provided at its upper portion with a series of re 
entrant bulbs or rings 54 comprising a miniature 
fractionating column and also with conduit 55 
adapted for connection to a mechanical backing 
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pump (not shown). Re-entrant collecting bulb 
52 is connected to the lower part oi.' boiler 50 by 
means of drain conduit 58. l 
Pump G comprises boiler 51 which terminates 

in jet tube 58. Positioned over, but not closing, 
the outlet end of tube 58 is the shield or mush 
room member 59 providing a means for revers 
ing the direction of the vapors issuing from 58. 
Tube 58 and member 59 are centrally disposed 
within a conduit 60 leading from the space under 
going evacuation. Conduit 60 is also provided 
abozve the jet with a series of baiiles 6| and 62 
tending to eliminate diffusion of vapors back into 
the high vacuum side of the system, the lower 
portion of conduit 60v forming a condenser for 
vapors emitted from the jet. Pump G is con 
nected to pump F by means of conduit 64 com 
municating with the'lower end of the conduit 
60 and with the re-entrant collecting bulb 52 of 
pump F. 
Pump G is optionally provided with a small 

evaporator H, comprising a boiler 65 terminating 
in a re-entrant bulb 66 which in turn is connected 
by means of conduit 61 to the lower part of con 
duit 60. Evaporator H is further connected to 
pump G by means of conduits 68 and 69 com 
municating, respectively, with boiler 51 and re- l 
entrant bulb 66 and boiler 65. A drainage duct 
10 is provided for withdrawing residues which col 
lect in evaporator H from time to time. Boiler 
51 of pump G is connected to boiler 50 of pump 
F by means of return conduit 1|. Pumps F- and 
G are supplied with heat, preferably by electrical 
means (not shown) and the respective boilers 
may be lagged, if desired, to economize heat. 
The operation of the device of Fig. 3 is as fol 

lows: Boilers 50 and 51 are filled to a depth of 
a centimeter or two with the pumping fluid 
which may be butyl phthalate, or other suitable 
phthalate ester, or with an oil of the Apiezon 
type. Conduit 60 of pump G is connected to the 
vessel or space to be evacuated, conduit 66 is 
connected to the backing pump, and the latter is 
actuated. Heat is then applied to the boilers and 
vapor commences to rise in tube 58 of pump G, 
passing under member 59 and flowing down along 
the, constricted portion of conduit 60 in the re 
verse direction, thence through conduit 64 into 
pump F which operates substantially as described 
in connection with the corresponding unit of 
Fig. 1. As pumping progresses the class B vola 
tiles contained in the pumping iiuid eventually 
find their way into the small fractionating col 
umn 54 of pump F, the main portion of the fluid 
being condensed and collecting in re-entrant bulb ' 
52 of pump F from whence it passes by way of 
conduit 56, boiler 50 and return conduit 1| back 
to the boiler 51 of pump G. The device is thus 
operating in accordance with the best tandem 
sequence of the experimental pump discussed 
above, the volatiles being withdrawn and kept 
away from the high vacuum side of the system. 
The class Z materials, or relatively non-vola 

tile materials which do not contribute to the 
pumping effectiveness of the fluid gradually iind 
their way into evaporator H. As heat is applied 
to this portion of the device, useful pumping con 
stituents are evaporated from the liquid con 
densed and passed back into boiler 51 by way 
of conduit 68. 
The pumps described in the foregoing descrip 

tion have each consisted of two units working in 
tandem. Useful and desirable purification of the 
working fluid can, however, be secured in a single 
stage. Thus, the fore pump of Fig. 2 performs 
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mostof the work of fractionation in tandem as 
sembly. Under appropriate circumstances, the. 
fore pump alone will give efficient service; Thus, 
when condensible vapors are being handled in 
stead of the permanent gases, the vapors tend to 
combine with the pump ñuid. A simple vertical 
pump (which may be partly water-jacketed, as 
shown by the dotted lines- of Fig. 2), fitted with 
a wide fractionating chimney, conveys the vapors 
from the entrance 58 to the exit 64 (Fig. 2) with 
greater rapidity and completeness than is 
achieved by a pump of conventional design. 
The device shown in Fig. 4 illustrates another 

way in which fractionating features, albeit of in 
ierior efficiency, can be incorporated in a single 
stage pump. The drawing depicts a pump J, of 
the original Langmuir inverted type shown in 
Fig. 11, to which has been added a tube 8| con 
veying vapor to a separate fractionating column 
82 the top of which comprises connection 84 com 
municating with the high pressure pump and 
with _conduit 83 connecting bulb 86 with the back 
ing pump. In operation vapor from the jet 85 
condenses and collects in the bulb 86 and passes 
through the vapor trap 81 to the tube 8| where 
it passes to the boiler 88 against the stream of hot 
vapor issuing therefrom. The vapor stream part 
ly purges the condensate of volatiles, and these 
volatiles, together with other vapors emanating 
from the boiler itself, pass to the column 82 where 
the most volatile and harmful constituents are 
thrust to the top rings of the column 82 and are 

. thus continuously held at the farthest distance 
from the boiler 88 and thus prevented from inter 
fering with the operation of the pump. 

Fig. 5 illustrates a double inverted jet type of 
single boiler diffusion pump modified to operate 
in accordance with the present invention. This 
pump comprises boiler 9| terminating in con 
densing tube 92 which is directly connected at 
its upper end to the space to be evacuated. The 
condensing tube is provided with a centrally dis 
posed jet tube 93 having positioned thereover at a 
short distance from its open end a mushroom 
member 94. Tube 93 is also formed at its lower 
portion so as to provide a second mushroom 
member 95 cooperating with a similar but some 
what larger centrally disposed tube 96 located 
underneath. The numeral 91 designates a con 
duit supplying manifold 98 and perforated tube 
ring members 99 and |00 with cooling air just 
above each of the jets. 

'I'he high pressure side of the pump comprises 
the L-shaped conduit |0| provided with a series 
of re-entrant bulbs |02 constituting a miniature 
fractionating column. The boiler 9| is lagged 
with a layer of asbestos wool |03, while the lower 
part of the tube 92 and the lower part of conduit 
|0| is lagged with absorbent cotton |04 as shown, 
the lagging being enclosed within an outer felt 
jacket |05. 
Assuming the pump to be filled to proper depth 

with the actuating fluid, and connected to the 
space to be evacuated and to the backing pump, 
the operation is as follows: Heat is applied to the 
boiler 9| by the electric winding |06, the mechan 
ical backing pump attached to lead |0| is‘started, 
and a blast of cooling air is caused to issue from 
the rings 99 and |00. Presently vapor begins~ to 
issue from the mushroom caps 94 and 95 and 
when a backing pressure of less than .l mm. is 
reached the pumping action comes into full op 
eration. Contrary to usual practice in which a 
water jacket is employed, care is taken to cool the 
condensing walls 92' only partially. Similarly, in 
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ordinary pumps of this inverted type, precautions 
are taken to prevent condensate from touching 
the hot vapor pipe at its base |01. In the present 
pump. the survival of uncondensed vapor, or the 
regeneration of vapor from contact of the con 
densate with the hot parts, is encouraged; and 
«the rate of heating and the degree of cooling as 
well as the quantity of lagging is adjusted to se 
cure a gentle stream of vapor towards the frac 
tionating rings |02 in the lead | 0|. This stream 
of vapor is adjusted to be of such a density that 
it adds inappreciably to _the resistance of gases 
passing through the pump, yet is amply sumcient 
to convey any unwanted volatiles to the fraction 
ating rings. The size and number of these rings 
is so adjusted that none of the true pumping fluid 
escapes from the pump. More volatile materials, 
such as are frequently entrained or extracted 
from gases entering the high vacuum lead 02 are 
continually thrust away from the boiler and tend 
to accumulate in the upper rings of the frac 
tionating lead. It is sometimes convenient to 
attach a reservoir to the overñow tube |08 to 
accumulate the excess of condensate. 
While a three compartment pump such as 

shown in Figure 2 segregates the A, B, and Z 
impurities fairly well, it cannot arrange in order 
the CY constituents of a mixed pump filling. 
In view ofthe above discussion of the experi 
mental three compartment pump ofv Fig. 1, it is 
evident that a mixed pump illling Acould be put 
to great advantage ii' the pumping fluid could 
be utilized in such manner that the lower boiling, 
high vapor pressure fractions did most of the 
pumping at the high pressure end of the system, 
while the higher boiling, low vapor pressure frac 
tions would be utilized at the low pressure end 
and thus reduce the residual gas pressure to an 
extremely low value. I have found that this de 
sirable result can be attained by the devices illus 
trated by way of example in Figures 6 and 7, 
which may be referred to as multi-stage cascade 
pumps. 
In the device illustrated in Figure 6, the nu 

meral |'|I designates a metal box, rectangular 
a in plan, wedge-shaped in elevation. Around the 
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edge of the open top is brazed a stout steel flange 
||2, the upper surface of which is lapped to re 
ceive a lid, conveniently a sheet of plate glass | I3. 
The plate ||3 forms the lower element of a trans 
parent water-cooled cell I Il, the upper element 
being another sheet of plate glass H5. 'I'he cell 
is supplied with cooling water by means of inlet 
conduit ||6 and emptied by means of outlet con 
duit '||1. ' 

'Ihe inside of the box | is provided with a 
number of bent partitions H8, H9, |20, l2|, |22,V 
|23, |20 and |25, optionally soldered or welded 
to the sides thereof, the lower ends of these par 
titions terminating about one millimetre from the 
floor |26. The horizontal portion of the parti 
tion '| I8 lforms with the corresponding horizon 
tal partition H0, etc., a series of jets, each a lit 
tle narrower than the one preceding it from left 
to right. 
The low pressure end of the device communi 

cates with the space to be evacuated by means 
of conduit |21, while the high pressure end of the 
device is provided with a conduit |28 communi-4 

_ cating with the jet chamber, the vertical portion 
of this conduit being optionally provided with 
a series of re-entrant bulbs or rings |29 and with 
a conduit |30 adapted for connecting to a me 
chanical backing pump (not shown), 
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'I‘he pump ||| is mounted on a conventional 

type of electrical heater |3|, heat being supplied 
by means of a current passing through resistance 
coil |32 conveniently tapped in three places so 
that extra heat can be applied to the incoming 
oil. 
zv’lìich can be tilted by means of a leveling screw 

Fig. 7 is a perspective view of a device sub 
stantially identical with that of Fig. 8, except 
that an additional cooling jacket |30 is provided 
at the high vacuum intake. 
Although I have found it convenient to illus 

trate this type of pump as one provided with seven 
graduated compartments and iets the number 
has no particular significance, as it is obvious 
that some types of pumping fluids will> require 
more and some a less number of compartments, 
depending upon how widely separated are the 
boiling points of the constituents of the selected 
ñuid. 

'I'he operation of the multiple-stage cascade 
pump is as follows: Assuming by way of example, 
that the pump is ñlled with a mixture of equal 
parts of normal amyl phthalate (approximate 
boiling point 164° C. at 1 mm.) and p-phenyl 
ethyl phthalate (boiling point 237° C. at 1 mm.) 
representing an extreme case, the heat input is 
adjusted to maintain a uniform-temperature of 
about 170° C. along the bottom of the pump dur 
ing operation. Conduit |21 is connected to the 
space to be evacuated and conduit |30 is con 

The whole assembly rests on a table |33l 
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nected to the mechanical backing pump and the ' 
latter is actuated. Under vacuum the amyl ester 
will begin to evaporate from the mixture and 
issue from the jets, condensing on the sloping 
glass ceiling I I3 down which it runs into the high 
pressure end of the pump and thence under the 
lower end of partition |25 into compartment K. 
'I'he contents of K are now richer in amyl phthal 
ate and vigorous distillation ensues, giving a 
strong pumping action at the iet k. Distillation 
is going on though to a lesser extent in compart 
ment L, so that the level of liquid falls, its place 
being taken by mixture .from compartment K 
which has lost some of its amyl phthalate. In 
the same way, compartment M draws liquid from 
compartment L, N from M, and so on. until P 
and Q receive liquid which is substantially free 
from amyl phthalate, and is seven times purified 
from air and other volatile constituents. 

'I‘he _mixed vapors from or around the region 
of jet n should have reduced the pressure to 
below 10-5 mm, so that the ß-phenyl ethyl ester; 
which fails to boil without decomposition in the 
three compartment pump of Fig. 2, can evaporate 
in the latter compartments of the pump illus 
trated in Fig. 6 at a safe, -low temperature and 
provide a gentle stream of low pressure vapor 
through a short wide jet system to secure the final 
improvement of the vacuum. 
One of the outstanding features of my inven-l 

tion as embodied in the cascade pump just de 
scribed is that unpuriiied pump fillings can be 
used. -During the preparation of complex esters 
such as butyl benzyl phthalate, for example, a 
mixture containing this substance with both the 
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di-butyl and di-benzyl esters is- produced from ` 
which it is diillcult to separate the individual com 
ponents. This mixture can be used without puri 
ñcation in the cascade pump of Figures 6 and 7, 
since the various constituents of the ‘fluid soon 
take up their appropriate working positions in 
the system. 'I‘he same general principle holds 
true for many mixtures of the phthalate esters, 
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the Apiezon oils and many other multiple-com 
ponent operating fluids. 

It will, of course, be evident that many modifi 
cations may be made in the method of, and the 
apparatus for, carrying out the above described 
technique within the scope of my invention. 

" While I have illustrated the principles underlying 
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the invention by reference to pumps comprising 
a definite number of units, their number may be 
multiplied as desired. It will also be evident 
that the device herein described may be con 
structed of any suitable material, such as glass, 
metal, and the like in accordance with the de 
mands of any particular uses to which they are 
applied. Likewise the matter of size is not critical 
and the pumps may be designed to meet the re 
quirements of any given commercial operation. 
The pumping technique and apparatus herein 

described may be applied to a wide variety of 
uses. It will be found particularly valuable in 
obtaining the high vacua required in various 
vacuum or molecular distillation operations. The 
invention finds an especially important applica 
tion in the manufacture of X-ray and other typesr 
of vacuum tubes and in the electric lamp industry 
in general, since it provides a simple and >reliable 
method for exhausting such receptacles to almost 
any desired degree of vacuum. The invention is 
likewise of a special importance to research work 
ers in the high vacuum field. ' 
What I claim is: _ 
1. A vacuum pump of the diffusion type adapted 

to employ a mixed organic liquid -as a Working 
fiuid, comprising in combination, means for pro 
ducing a stream of vapor, a condensing element, 
at least one jet through which the stream of vapor 
flows to the condensing element, means for re 
turning condensate from the condensing element 
to the vapor producing means, a conduit com 
municating with the jet and ultimately with the 
space being exhausted, a conduit communicating 
with the condensing element and a source of 
suction, and means located on the low vacuum 
side of the pump for separating and segregating 
the more volatile components, condensed in the 
condensing zone, from the pumping fluid and pre 
venting return of said volatiles to the high 
vacuum side of the pump. 

2. A vacuum pump of the diffusion type 
adapted to employ a mixed organic liquid as a 
working fluid, comprising in combination, means 
for producing a stream of vapor, a condensing 
element, a jet through which the stream of vapor 
flows to the condensing element, means for re 
turning condensate from the condensing element 
to the vapor producing means, a conduit com 
municating with the jet and ultimately with the 
space being exhausted, a conduit communicating 
with the condensing element and a source of suc 
tion, and means on the low vacuum side of the 
pump for separating and segregating the more 
volatile components, condensed in the condensing 
zone, from the pumping fluid and preventing re 
turn of said volatiles to the high vacuum side of 

' the pump, said last named means comprising a 
fractionating element forming a part of the con 
duit connecting the condensing element with said 
source of suction. 

3. A vacuum pump of the diffusion type adapted , 
to employ a mixed organic liquid as a .working 
fluid, comprising in combination, a boiler for pro 
ducing a stream of vapor, a condensing tube, a 
jet through which the stream of vapor flows to 
the condensing tube, a conduit for returning con 
densate from the condensing tube to the boiler, a. 

conduit communicating with the jet and ulti 
mately with the space being exhausted, a conduit 
communicating with the condensing tube and a 
source of suction, and a miniature fractionating 
column forming a part of the last named conduit 
for separating and segregating the more volatile 
components, condensed in the condensing zone, 
from the pumping fluidand preventing return 
of said volatiles to the high vacuum side of the 
pump. - 

4. A vacuum pump of the diffusion type adapted 
to employ a mixed organic liquid as a working 
iiuid, comprising in combination, a boiler for pro 
ducing a stream of vapor, a condensing tube, a 
jet through which the stream of vapor flows to 
the condensing tube, a conduit for returning con 
densate from the condensing tube to the boiler, a 
conduit communicating with the jet and ultimate 
ly with the space being exhausted, a conduit com 
municating with the condensing tube ’and a source 
of suction, and a miniature fractionating column 
forming a part of the last named conduit for 
,separating and segregating the more volatile com 
ponents, condensed in the condensing zone, from 
the pumping fluid and preventing return of said 
volatiles to the high vacuum side of the pump, 
and means connected to the boiler for separating 
and segregating phlegmatic residues from the 
pumping fluid whereby said residues may be re 
moved from the boiler and useful components re~ 
turned in vapor form to the vapor stream. „ 

5. A vacuum pumping unit of the diffusion type 
adapted to employ a mixed organic liquid as a 
working fluid comprising a series of jet pumps l 
connected in tandem, separate means for pro 
ducing a stream of vapor through each jet, a 
condensing tube in proximity to each jet for con 
densing the vapors passing therethrough, means 
communicating with the condensing tubes for 
returning condensate to the vapor producing ~\ 
means, a conduit connecting the ñrst pump of the 
series to the space to be evacuated, a conduit 
connecting the last pump of the series with a 
source of suction, said last named conduit being 
provided with a fractionating element for sepa 
rating and segregating the more volatile com 
ponents, condensed in the condensing zone, from 
the pumping ñuid and preventing return of said 
volatiles to the high vacuum side of the pump. 

6. A vacuum pump of the diffusion type ' 
adapted to employ a mixed organic liquid as a 
Working fluid, comprising in combination, a series 
of jet pumps connected in tandem, each pump 
acting as a fore pump for the pump preceding it 
and comprising a boiler for producing a stream 
of vapor, a condensing tube, a jet through which 
said stream of vapor ñows to said condensing 
tube, a receptacle for collecting condensate from 
the condensing tube, a conduit for returning 
condensate from the condensing tube to the boil 
er, a conduit connecting each condensing tube 
with the collecting receptacle of the succeeding 
pump; a conduit for connecting the last pump 
of the series with a source of suction; a con 
duit connecting the first pump with the space to 
be evacuated, conduits communicating with and 
connecting the boilers ofA the respective pumps; 
a fractionating element communicating'with the 
collecting receptacle and boiler of the first pump 
for separating and segregating phlegmatic resi» 
dues from the working fluid whereby said resi 
dues are withdrawn from the pump, and a frac 
tionating element located on the conduit con 
necting the last pump with a source of suction 
for separating and segregating volatiles from the 
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8 
pumping iiuid whereby the more volatile com 
ponents are withdrawn i'ro'm the pump. 

'1. A vacuum pump ci the diilusion type 
adapted to employ a mixed organic liquid as 'a 
working fluid. comprising in combination, a series 
of Jet pumps connected in tandem, each pump 
acting as a fore pump i'or the pump preceding it 

' and comprising a boiler for producing a stream 
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oi vapor, a condensing tube, a jet through which 
said stream oi' vapor iiows to said condensing 
tube, _a receptacle for collecting condensate from 
the condensing tube, a conduit for returning 
condensate to the boiler, a conduit connecting 
each condensing tube with the collecting recep 
tacle of the succeeding pump; a conduit for con 
necting the last pump of the series with a source 
of suction; a conduit connecting the ilrst pump 
with the space to be evacuated, conduits com 
municating with and connecting the boilers of 
the respective pumps, a i'ractionating element 
communicating with the collecting receptacle 
and boiler of the nrst pump for separating and 
segregating phlegmatic residues from the work 
ing iiuid whereby such residues are prevented 
from returning to the pump; a i’ractionating ele 
ment located on the conduit connecting the last 
pump with a source of suction for separating and 
segregating the more volatile components, con 
densed in the condensing zone, from the pump 
ing iiuid and preventing return of said volatiles 
to the high vacuum side of the pump and valved 
tubular means' connected to the collecting re 
ceptacles and boilers oi said pumps and to the 
separating device for thepurpose oi' controlling 
vapor and condensed materials in the pumps. 

8. A multi-stage i‘ractionating vacuum pump 
of the diifusion type adapted to employ a. _mixed 
organic liquid and in operation to arrange the 
components thereof so that the low vapor pressure 
components exert their -pumping action toward 
the high vacuum side and the high» vapor pres 
sure components toward the low vacuum side of 
the pump, comprising in combination, a vessel 
forming a horizontal Jet chamber, a series of jets 

. of progressively decreasing cross-sectional area 
located within said chamber, a` common condens 
er for all o! the Jets, a reservoir supplying iiuid 
to all o! the jets, means for conveying con 
densate from the condenser to said reservoir, a 
conduit for connecting the space to be evacuated 
with the larger jet‘and a conduit located at the 
smallest jet for connecting to a source of suction. 

9. A multi-stage fractionating vacuum pump of 
the ditl'usion type adapted to employ a mixed or 
ganic liquid'as a pumping iiuid and in operation 
to arrange the components thereof so that the 
low vapor pressure components exert their pump 
ing action toward the high vacuum side and the 
high vapor components toward the low vacuumv 
side of the pump, comprising in combination, a 
vessel forming a horizontal jet chamber, a plu 
rality of partitions within said chamber arranged 
to form a series of separate vaporizing compart 
ments and jets of progressively decreasing cross 
sectional area, a common condenser positioned in 
said chamber in proximity to said jets and func 
tioning to condense vapors emitted therefrom, a ' 
reservoir within the chamber supplying iluid to 
all oi' the vaporizing compartments, means for 
conveying condensate from the condenser to said 
reservoir, and inlet and outlet ports at the largest 
and smallest jets respectively. 

10. A multi-stage diffusion pump adapted to 
employ a mixed organic pumping ñuid and in 
operation to arrange the components thereof so 

that .the low vapor pressure components exert 
their pumping action toward the high vacuum 
side and the high vapor pressure components to 
ward the low vacuum side oi the pump. compris 
ing in combination, a hollow vessel having inte 
gral bottom, side and end walls forming a .iet 
chamber, the top wall comprising an. inclined 
common condenser for a plurality oi Jets, a series 
of right-angle partitions suiliciently spaced from 
the bottom of said chamber to permit the pas 
sage of a liquid thereunder, said partitions being 
arranged with respect to the top wall and in sub 
stantial parallel relation one to another to form 
a series of vaporizing compartments and l.iets of 
progressively decreasing cross sectional area 
from the high vacuum to the low vacuum side 
of the pump, a common sump ior pumping iiuid 
communicating with each oi said compartments 
and located opposite the condenser, a conduit 
i'or conveying condensate i'orm the condenser to` 
the sump, and niiet and outlet ports at the largest 
and smallest iets respectively. 

1l. A horizontal, multi-stage diffusion pump 
adapted to automatically segregate the compo 
nents of a mixed organic pumping fluid, compris 
ing a hollow vessel having integral bottom, side 
and end walls forming a Jet chamber, the top wall 
comprising two substantially parallel inclined 
plates ‘spaced apart to provide a passage for a 
cooling iiuid there-between and acting as a con 
denser for a plurality of jets, a series of right 
angle partitions supported within and spaced 
sumciently from the bottom of the chamber to 
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permit the passage oi a liquid under their lower- . 
most edges. said partitions being arranged in 
substantially parallel relations one to another to 
form a series of vaporizing compartments andl 
jets of progressively decreasing cross-sectional 
area from the high vacuum to the low vacuum 
side of the pump. .a common sump for pumping 
iiuid communicating with each of said compart 
ments and located opposite the condenser, a 
conduit for conveying condensate from the con 
denser to the sump, and inlet and outlet ports 
at the largest and smallest jets respectively. 

12. .In‘the process of evacuating a chamber by 
means of a diffusion or condensation pump em 
ploying an organic pumping fluid containing or 
tending to form volatiles the steps which com- 
prise, constantly fractionating the vaporized 
pumping duid and separating volatile compo 
nents therefrom which would otherwise return 
to the boiler of the pump and returning the fluid, 
stripped o! the more volatile fractions, to the 
pump for re-use. ` 

13. In the process of evacuating a chamber by 
means of a diiiîusion or ‘condensation pump em 
ploying an organic pumping iluid containing or 
tending to form volatiles the steps which com-  
prise constantly iractionating the pumping fluid 
at thé low vacuum _zone of the pump and sepa 
rating volatile components therefrom which 
would otherwise return to the boiler of the pump 
and returning the pumping fluid stripped of the 
more volatile constituents to the'pump boiler 
for re-use. 
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14. The method of producing a high vacuum ’ 
which comprises heating and vaporizing an or 
ganic pumping iluid containing or tending to 
form volatiles, projecting a stream of the vapors 
through a jet, admitting gas from the space to 
be _exhausted into the jet of vapors, condensing 
and fractionating the jet vapors at a. remote 
point and separating volatile components there 
from which would otherwise return to the boiler 75 
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of the pump and returning the condensed pump 
ing fluid stripped of its more volatile fractions to 
the heating zone for re-use. 

15. In the process of evacuating a chamber by 
5 means of a series of diffusion or condensation 
pumps employing a mixed organic pumping fluid 
and having individual boilers the steps which 
comprise constantly fractionating the pumping 
fluid and circulating the segregated fractions to 
individual pumps, the lowest vapor pressure frac 
tions being circulated to the boiler of the lowest 
pressure condensation pump and the most volatile 
to the highest pressure condensation pump. 

16. A condensation pump comprising in com 
bination, means for producing a stream of vapor 
of an organic evacuating liquid, a condensing 
element, a jet forming means through which the 
vapor stream flows into the condenser, a conduit 
communicating with the jet of vapors and ulti 

¿o mately with the chamber to be evacuated, means 
for returning condensed evacuating liquid to the 
vapor generating means, and means for sepa 
rating and segregating, from the evacuating 
liquid, volatile constituents which would other 

im wise be repeatedly returned to the vapor produc 
ing means. 

9 
17. A vacuum pump of , the diffusion type 

adapted to employ an organic liquid as a working 
fluid, comprising in combination, Ameans for pro 
ducing a stream of vapor, a condensing element. 
at least one jet through which the stream of vapor 
flows to the condensing element, means for re 
turning condensate from the condensing element 
to the vapor producing means, a conduit com 
municating with the jet and ultimately with the 
space being exhausted, a conduit communicating 
with the condensing element and a source of suc 
tion, and means for separating and segregating 
the more volatile components, condensed in the 
condensing zone, from the pumping fluid and 
preventing said volatiles from diiîusing into the 
high vacuum side of the pump. 

18. In the process of evacuating a chamber by 
means of a diffusion or condensation pump em 
ploying an organic pumping fluid containing or 
tending to form volatiles the steps which com 
prise, consta?tlyseparating volatile components 
therefrom which would otherwise return to the 
boiler of the pump and returning the ñuid 
stripped of the more volatile fractions, to the 
pump for re-use. 

KENNETH C. D. HICKMAN. 
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