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UNITED STATES PATENT OFFICE,

GEORGE M. SAYBOLT, OF JERSEY CITY, NEW JERSEY, ASSIGNOR TO STANDARD OIL
- . COMPANY, OF BAYONNE, NEW JERSEY, A CORPORATION OF NEW JERSEY. ‘

o all whom it may concern: ,

OBTAINING NAPHTHA FROM NATURAL GAS.

989,927,

Be it known that I,-Georer M. Saysorr,
a citizen of the United States, residing at
Jersey City, in the county of Hudson and
State of New Jersey, have invented new and

 useful Improvements in Obtaining Naphtha

from Natural Gas, of which the following is

- a specification.
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- This invention relates to the obtainment

of naphtha from combustible gas of natural |

origin and underground seurce, which gas
is obtainable by means of ‘wells sunk into
e proper horizon and is ca-
pable of use as fuel. " Natural gas wells

sometimes do and: sometimes do not yield

~oil also. In-oil-yielding gas wells (or to

state the matter conversely, in gas-yielding
oil wells) the natural gas may. rise with the
oil; or a separation between them may take

place underground. From the wells the gas

1s piped to the places of consumption, which
may be longer or shorter distances away.
This natiiral gas is and long has been ob-
tained and used in enormous - quantities.

" One single well for example has been known

to yield thirty-six millions of cubic feet of
gas in twenty-four consecutive houts.
While therefore the naphtha exists in the
gas in the form of vapors under small ten-
sion and consequently in an attenuated: con-

* dition and while it compdses only a small
. proportion of the gas, at least ordinarily,

40

the amount varying in the gas from dif-
ferent wells, yet in the aggregate a large
quantity of naphtha is daily burned as fuel,
along with those combustible constituents of
natural gas (hereinafter referred to as the

-lighter combustible .constituents of the gas)
" which are gaseous at atmospheric pressure
-and temperature. Naphtha is volatile; but

. it isliquid at atmospheric pressure and tem-

45

5¢

55°

‘perature, say fifteen pounds to the square’
~ inch, and 60° Fahrenheit, or thereabout. Tt |
may be defined generally as including all -

hydrocarbons, and each of them, which are

- liquid at atmospheric pressure and tempera-

ture, and which have lower boiling” points
than the normal hydrocarbons of %urning
oil (kerosene). It exists in. vapor form in
natural gas'by reason of its association with
the other constituents thereof. .

There exists, and for some years back has
existed, a great demand for naphtha. It is
mainly obfained from petroleum; and the
crude oils- from fields developed in recent

Specification of Letters Patent.

"|‘years contain it in less

from each other of the
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proportion than does
Pennsylvania oil.
some years has been highly impartant to en-
large the available supply of naphtha. The

- present invention has this object in vidw. .

It is therefore, and for

60

In accordance with this invention, natural

gas, as defined above, is subjected to an ab-

sorbent menstruum; by the aid of this men-
struum a separation is effected of the naph-
tha from the lighter combustible constituents
of the natural gas; and the absorbed naphtha
is afterward separated from the menstruum
and is recovered apart therefrom in the
form of a liquid product; or, if the product
of the naphtha absorbing operation without
separation of the absorbed naphtha and the

| absorbent menstruum from each other

should be desired, then in such case the said
product, or so much of it as should be de-
sired, would be collected and the separation
naphtha and the
menstruum would be dispensed with..

The naphtha obtained from natural gas in
accordance with the invention can be utilized
for the ordinary purposes of naphtha of

65
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similar gravity, with or without being fur- -

ther operated upon, in any appropriate way,,
according to the case. en necessary or’

desired if can, for example, be subjected to .55 ‘

treatment with sulfuric acid and alkali; and:

it can be fractionated into liquids of dif{_

ferent gravities, for various purposes,

In the accompanying drawings, Figure 1
is a diagram in plan view of apparatus in
accordance with the invention having a still
to separate the naphtha from the menstruum ;
Fig. 2 is a diagram in vertical section and -
elevation of the main portion of the same
apparatus; Fig. 8 is a
section and elevation, illustrating another
form of means for separating naphtha and
menstruum from each other; Fig. 4 is a

s
90

diagram in vertical . -

95

diagram in vertical section and elevation, -

exhibiting another form of still; Fig. 5 is

a diagram in vertical section and elevation,
and Figs. 6-and 7 are diagrams in plan and

100

in vertical section and elevation, respec- -
tively, illustrating other forms of means for -

absorbing the naphtha of natural gas; and
Fig. 8 is a diagram in vertical section and
eleyation of another form of naphtha ab-

sorbing ‘and naphtha distilling means. -

Referring to Figs. 1 and 2, gas conveying

105

pipes lead from wells ¢ to the main gas -
line b, which extends beyond the drawing to

110
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_pldces of consumption. Gas holders in the |

main gas line, or in the tributary lines lead-
ing from the wells.a can be used or not
as may be preferred, and if used they can be
placed wherever .desired. Sometimes the
well pressure may suffice to effect the con-

veyance of the natural gas through the line-

b in sufficient quantities to meet the wants
of consumers; but in order that extra pres-
sure may be applied to the gas when de-
sired so as to force it through the line a
pump ¢ is shown. It has appropriate pipe
connections with the line ; and valves are
indicated in said connections and in the line
for controlling the flow of gas through the
same. The branch d leads from the gas line
b.to the means for subjecting the natural
gas to the naphtha absorbing menstruum

- and for enabling a separation'of naphtha

20

from lighter combustible constituents of the

gas to be effected by the aid of said men--

struum.  Said -branch d thus serves to con-

. nect said means with the underground

25
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sources-of the gas, which sources are tapped
by the wells a. :

The separation of the naphtha by the aid
of the absorbent menstruum from at least
the main body of the lighter combustible
constitutents of the gas 1s best effected in
the absorbing operation; but it is believed
that it might possibly be effected by the aid

~-of the absorbent menstruum afterward; say

85
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for example, by absorbing the main body of
-said lighter combustible constituents along
with the naphtha and then allowing the for-
‘mer to escape while the naphtha is held by
the absorbent menstruum. S
Heretofore appliances of many kinds have

* been devised for. bringing gas into contact
-with other material with a view of separat-
‘g one or miore of its constituents from the-

kest of the gas. The means of the present

_irivention  for subjecting natural gas to

45

naphtha absorbing menstruum may include.

generally such appliances of any desired
kind ; but by way of example in Figs. 1 and

" 9, the means shown contain appliances for

50

showering & liquid naphtha absorbing men-
struum through the natural gas. The ab-
sorbers ¢ consist each of a tower filled with
pieces of solid material, as broken stone for
example, or pieces of coke, or the like.

. Natural gas from branch d enters at the bot-

55

. 60
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tom of each tower and rising therein meets
the descending menstruum, which is intro-
duced near the top of the tower through a
rose or sprinkler 7, the rising gas and the
descending menstruum being subdivided and
brought into more thorough contact with
-each other by the pieces of solid material.
As shown, menstruum from the bottom of
each absorber is returned to the top thereof
by means of pump ¢ and circulating pipe %,
each pump returning the menstruum to the
top of more than one absorber. Above the

989,927

menstruum inlet (rbse 7). of each absorber '

is shown a short column which contains
pieces of solid material and through which

“the outflowing gas passes. It serves to pre-

vent menstruum being carried over mechani-
cally by the flow of gas. '

Naphtha, with or without lighter com-

_bustible constituents of the gas, is absorbed

by the menstruum in each of the absorbers ¢;
and by arranging the appliances whereby
the pressure and temperature of the gas are
controlled in such manner that the pressure
in ‘the absorbers.at the therein existing tem-
perature is insufficient to effect the absorp-
tion of the main body of the lighter com-

-bustible constituents of the gas, the main

body of the gas will return by branch ¢ to
the line . e

“The absorbers ¢ are arranged to receive a
previously produced menstruum. The lat-
ter, supplied from any suitable source, can
be delivered through the pipes A connected

with the roses f of the absorbers. As shown,

the tank j is for receiving the menstruum
from say either or both the pipes %, 7; and
it can be withdrawn from tank j by pipe m
for delivery to the absorbers; or the men-
struum can also be supplied direct from pipe
n, without entering the tank j.

The ratio in which the menstruum and the
natural gas are respectively supplied to the
absorbers is governed by the valves in the
gas supply branch d and the menstruum
supply pipes m, n, through whichever
the menstruum’ supply may be - taken.
The volume of the natural gas supply
should be many times that of the men-
struum, in order that the menstruum may
absorb a considerable content of naphtha;
but the extent of the absorption can be
regulated ‘according to the wishes of the
operator, within the absorbing capacity of
the menstruum employed under the condi-

“tions of its employment. . By circulating the

menstruum by pumps g through the ab-
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sorbers ¢, the same particles of menstruum -

can be brought as much as desired into con-
tact with natural gas. The circulation of
the menstruum and its continuous renewal
through pipes 7, n, or one of them, and the
arrangement generally of the absorbers e
allow an uninterrupted flow of the natural
gas from line b.by way of the branch d,
absorbers ¢, and branch i, back to line &.
When the natural gas is delivered from
the wells ¢ under a satisfactory condition
of pressure and temperature, such condition

being oftentimes more favorable to naph--

tha absorption than is the condition of atmos-
pheric pressure and temperature, it is pre-
ferred to subject the natural gas at its natu-
ral condition of pressure and temperature to
the absorbent menstruum. Thus the ex-
pense of compression and cooling (or of

cooling, if the pressure should not be in-

115
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“creased) is avoided. The branches d, %, are

gas' at such natural condition

shown arranged to receive and to return the
(barring
changes due to friction and the like), they
being shown connected with gas line  be-
tween the wells o and the line connections

- of pump ¢. For producing artificially a

10

condition more favorable to absorption than
that available naturally, a pump p is shown
for increasing the pressure, and a cooler q
for reducing the temperature of the com-
pressed gas, or (if compression should not

‘ be desired) of the uncompressed gas.

15

~ 20

Instead of subjecting the natural gas in
a single stream to the action of the absorbent
menstruum, the gas supply is advantageously

divided into a number of parallel streams;.
and the absorbing. vessels e, which each of

them confine and convey such a stream, are

of comparatively small diameter. They are
thus better able to withstand internal super-

- atmospheric pressure, than would be an ab-

- 25

sorher of sufficient diameter to carry singly
the whole supply of gas. As shown, two
absorbers e are represented in parallel’; but
In practice as many of them would be em-
ployed in parallel as should be thought
necessary or expedient. : ‘

. ° .In order more thoroughly to extraét the
30

naphtha from the gas and at the same time

. to obtain a larger content of naphtha for

35
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the menstruum, the natural gas first meets
menstruum containing more naphtha and

- afterward that containing not so much. To
accomplish this, the absorbers ¢ are connect--

ed in series, the gas from the top of the first

absorber ¢ of a series passing by pipe » to-
the bottom .of the absorber next in series, -

and the menstruum which has been circu-
lated in one .absorber being delivered by
pipe s to the preceding absorber of the series.
Absorbers arranged in two parallel series of
two in each series are shown; but the num-
ber in series can in practice be as large as
may be considered necessary or expedient ;
and there may be as many series in parallel
as may be desired ; or a single series arrange-
ment can be used, if that. should be pre-
ferred. As shown, the fresh menstruum

Arom’ pipes m, n, or one of thém, enters the

the pump ¢ appropriate to the Iast absorbers
of both series; and in_connection with men-

- struum which flows from the bottoms of said

55
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* naphtha content which is returning to the

65

‘roses f at the ends ¢

absorbers it is delivered into those absorbers

near their tops through the corresponding
biranches of the cir?i‘:iting pipe % and the.
f said branches.” Some

of the naphtha containing menstruum: from
the last mentioned circulating pipe 4 is de-

livered by pipe s to the circulatihg systems.

of the preceding absorbers in both’ series
and is mingled with the menstruum 62 larger

upper paits of thesé absorbers.. By opening

pipe z, the fresh menstrutim can be supplied

without distinction to all the absorbers. In

that case also the natural gas would first
meet menstruum containing more and after-
ward that containing less naphtha; for the
menstruum would begin to absorb naphtha
immediately on its entrance into each ab-
sorber and would continue to do so during
its ‘descent therein; and in the absorber
which should first receive the natural gas it
would absorb the most naphtha -before
reaching the bottom' (where the gas enters)
so that the body of menstruum in this ab-
sorber would hold more naphtha in absorp-
tion therein than would the body of men-
struum - in a succeeding absorber i the
series; although there might be no differ-
ence between them in naphtha content when
discharged by the respective roses 7. . With
pipe @ open one pump ¢ would suffice to
circulate the menstruum of all the absorb-
ers; for the open pipe @ would put the bot-
toms of all the absorbers in communication
with each other; while the open pipe s es-
tablishes communication between the upper
parts of all. . L

The menstruum, containing as much naph-

~tha as it can absorb under the conditions of

the case, is carried away by the pipe #; from
which it can pass by pipe » into tank «, to
be thence delivered by pump z to one or
other or to both of the pipes 8, w; or it can
pass from pipe ¢ direct to one or other or to

70
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both of said pipes 8, w, without entering

the tank ».  The valves iri pipes 1, m, , ¢, «,

‘can be adjusted. to maintain a sufficiently-

uniform quantity of liquid in the absorh-
ers e. '

100

Whether the haphtha containing men-

struum from the absorbers ¢ sheuld be al- -

lowed to enter the tank #, or should be sent

| direct to one or other or to both of pipes 3,

w, 1t ‘can be held under the pressure existing
in the absorbers; or the pressure can be re-

105

duced .in passing an appropriate valve or °

valves. Without reduction of pressure, the
tank v would serve for a temporary storage;

110

with reduced . pressure therein, it would

serve, as shown, -either or both the purposes
of . temporary storage and of scparating.
from the naphtha -enriched menstruum such
lighter combustible constituents of the gas
as might be absorbed with the naphtha in
the absorbers and be liberated on the reduc-
tion of pressure. For this latter purpose,

it is shown provided with a gas pump y for

withdrawing the gasdous constituents from
the tank v and delivering the same either
into the gas return branch ¢ or into the gas

-supply ‘branch d. The latter connection

would be opened in case it should be found
that the gas should contain enough naphtha
to render-its return -to the absorbers worth
while. , L o »

If desired, the naphtha containing men-

-struum from tank v-can be returned to the

115

120
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186
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~ absorbers ¢ by means of pump 2 and-pipe 2.

Such return might sometimes be useful, in
case the menstruum should not be suffi-
ciently charged with naphtha. If the con-
dition in absorbers ¢ should be such that not
only the naphtha but also the main body of

 the lighter constituents should be absorbed,

10

which might be possible under extreme pres-

sure and low temperature in the absgrbers,
but which is not considered advantageous,
then in such case the separation of the naph-
tha enriched menstruum might take place in
the tank », by maintaining therein a condi-

" tion of pressure and temperature less favor-

15

20

25

30

35

able to absorption; so that the menstruum

on entering tank v would liberate the main.
“body of the lighter combustible constituents

of the gas, which would be withdrawn there-
from by pump ¢. The tank v could be at
any desired distance from the absorbers; but
in some cases at least it would best be in
proximity to the absorbers ¢; and it is so
shown, ' ' ,

The pipes 3, w, ave respectively provided,
the pipe 8 for allowing the menstruum hold-

ing in-absorption therein natural gas naph-
tha separated from at least the main body of.

combustible constituents of the gas to be

withdrawn without recovery of the naphtha.

from the menstruum, the pipe w for con-

'veyance of the said menstruum to means for’

recovering the naphtha therefrom. A
As shown in Figs. 1 and 2, the pipe w
leads to the coils or pipes of a'heat exchanger

4, in ‘which the temperature of the naphtha

. enriched menstruum is raised by exchange

40

50
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of heat with the séparated menstruum re-
turning by pipe 5 from the bottom of the
continuous steam still 6, which constitutes
the means shown in these figures for sepa-
rating the naphtha and the absorbent men-
struum from each other. The pipe 7 delivers

the heated product from the exchanger to’

the top of the still. This latter as shown
consists of a column filled with pieces of
solid material, as of broken stone or coke
or the like; and it is provided with a pipe 8
delivering steam from boiler 9 into the bot-
tom. of ‘the' still; and- with pipes 10, 11, for
drawing off respectively the separated men-
struum and the water which results from con-
densation of steam in the still. The evolved
naphtha vapors, accompanied by uncon-
densed. steam, pass through a small section

of the column located above the inlet of the.

naphtha enriched menstruum and containing
pieces of solid material; and then they pass
by pipe 12 to the condenser 13 wherein con-
densation takes place, the naphtha being re-
duced ordinarily to-a product liquid at at-
mospheric pressure: and temperature. A

trap ‘14 at the- outlet of the condenser is'
_shown for separating the naphtha and the
‘water from each other by settling and de-

cantation in the ~known manner. Uncon-

980,927 .

densed gas which may accompany the water
and naphtha escapes by the pipe 15 and is
disposed of as may be desired. It may, for

.example, be piped to a place of consumption
on the premises, say by pipe 16 to the fur--

nace of steam boiler 9; or it may be sent to

the gas line b, say by way of pump 17, pipe
18, 'and return gas main ¢, or it may be dis-

posed of otherwise. At 19 is shown a stor-

‘age tank for the naphtha, which is supplied
“thereto from trap 14 by way of pipe 20.

The menstruum from which the naphtha

70
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has been separated would best, in most cases,

it is believed, be utilized by subjecting a
fresh supply of natural gas thereto. As
shown it'is conducted from the still 6 to the
space around the coils or pipes of exchanger
4 by pump 5 and pipe 5; and thence it

"passes by pipe 21 to a cooler 22, in which
‘its temperature is further reduced before it

is delivered by pipe n to the circulating sys-
tems of the absorbers ¢.- But a menstruum
which it is desired to utilize either by work-
ing up into one or more products or by

“applying to some useful purpose without
being further operated upon, or which it

may be desired to dispose of without utiliza-
tion (should such-a case ever arise), can be
withdrawn by pipe 23. It could also be run
by pipe 7 into the tank 4 and then be with-
drawn therefrom. The means for separat-
ing the naphtha and the menstruum from

each other can be placed at any desired dis- -

tance from the naphtha absorbing means;
but in some cases at least they would best be

in proximity thereto and they are so shown.
. Instead of taking the supply of natural

gas from which naphtha is to be obtained

from the gas line & in advance of the pump

¢, it can be taken therefrom after it has been
compressed by the latter, the heat generated
by the compression in pump-¢ being removed
before the gas is subjected to the naphtha

"absorbing menstruum. By placing the gas

supply branch and the return gas branch at
a suitable distance, as indicated for pipes 24,
95, at the right of Fig. 1, the heat will be
removed without expense by conduction
from the walls of the gas line b to the sur-
rounding air or ground. ‘ )

In Fig. 3, in'place of a still for separating
the naphtha and the absorbent menstruum
from each other, the means consist of a
mixer 26 and a.settling and decanting vessel
27. The naphtha enriched menstruum en-
ters the mixer 26 from pipe w (which ma
be taken to be a continuation of the simi-
larly lettered pipe of Figs. 1:and 2); while
a medium capable of parting the naphtha
and the menstruum enters the pipe 28. The

mixed products flow by pipe 29 into the ves-

sel 27. Here separation takes: place by
gravity; the heavier liquid flowing off by
pipe 80; and the lighter escaping by pipe

' 31. Assuming that the naphtha composesthe

80
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lighter liquid, while a solution of the ab-

- sorbent menstruum and the separating me-

dium compose the heavier, the said pipes
30, 31 are noted as leading the latter to a

tank and the former to a still, which may be-

of any suitable description, for recovering
the absorbent menstruum. If a steam still

should be unsuitable therefor, a dry heat

still would be used; and it may be used in
any event. In Fig. 4 a form of such still
is represented ; although other forms can be
used.  Such a dry heat still could be used in

place of the steam still of Figs. 1 and 2, as’

well as in connection with the means of ¥ ig.
3 for separating the naphtha and the men.

struum from each other; and therefore the

pipe which delivers thereto the liquid, to be
distilled is marked w or 30, the former being
the still feed of Figs. 1 and 2, and the latter
the still féed of Fig. 8. The still itself is in
the form of a column filled with pieces of
solid material in its upper portion and pro-
vided with a close steam coil 32 in the bot-

-tom part to supply the heat required to

25

- 30

effect the distillation. The: pump 33 and
pipe 34 are for discharging the residual
liquid. TIf naphtha enriched menstruum
should be fed to the still, the menstruum’
would naturally be less volatile, and would

cconstitute the residual liquid; and the pump

33 -and pipe 34 would then correspond with

35

40

. 45

50

. struum.  The pipes d, 4, represent the simi- -
~ larly lettered gas supply- and ‘gas return-

-85

those marked 3, 5%, in Figs. 1 and 2. If a
solution of menstruum and the medium for
separating naphtha therefrom should be fed

to the still, the absorbing menstruum (if the
~more volatile) " would pass off to the con-
denser and be recovered as condensate for |

reuse in absorbing naphtha from natural gas.
If it should not be sufficiently freed from
the naphtha separating medium by one dis-
tillation, repeated distillations can be re-
sorted to. And so also they can be re-
sorted to if necessary or desired for sepa-
rating the naphtha and the absorbent men-
struum; only if the menstruum should be
returned for reuse in the.absorbers the pres-
ence of naphtha below saturation would only
limit and not destroy its absorbent capacity.

In Fig. 5 a form of naphtha absorbing
means is shown in which the natural gas
bubbles up through pools of absorbent, men-

branches of Fig. 1. The vessels 35 of com-
paratively small diameter, are each * pro-
vided with a gas inlet pipe 36, connected

~with the branch & and terminating néar the

60
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bottom of its vessel in a perforated section
or rose. Kach vessel also has a gas escape
pipe 37 at the top leading to the return
branch ¢ and also having a valved pipe con-
nection 38 with the gas inlet pipe of the ab-
sorbing vessel 35 next adjacent to it on one
side. This arrangement of pipes allows the

vessels 35 to be connected in parallel or in .

series or in parallel series with reference to -

the flow of gas from the supply branch & to
the return branch 7. The vessels have each
a valved pipe connection at the.top with the
absorbent supply pipe n, which represents
the similarly lettered pipe of Fig. 1, and at
the bottom with the pipe # which serves for
drawing off the naphtha enriched menstru-
um and represents the similarly lettered pipe
of Fig, 1. Each vessel also has a valved
pipe 39 connecting the upper part of its
menstruum holding space with the lower
part of the menstruum holding space of the
vessel next adjacent thereto and provided
also with a valved branch leading to the
draw off pipe. # . By this arrangement of

 liquid conveying pipes, the fresh menstruum

can be supplied to, and the enriched men-

70

75

80

struum be drawn off . from, each vessel indi-- .

vidually ; or the vessels can receive the men-
struum in series, the first of the series re-
ceiving the fresh menstruum from pipe n
and the last delivering the enriched menstri-
um to the draw-off z. The vessels can be

“disposed in parallel series; since each vessel

has the same pipe connections; and any
vessel not an intermediate member of a se-

85

90 .

ries can be cut out. Five vessels are repre-

sented ; but as many as may be thought nec-
essary or expedient may be employed. As-
suming that all five were to constitute one .
series, in that case the menstraum might be
admitted in a continuous manner to the ves-
sel at the right and the natural gas in an
uninterrupted stream into the vessel at the
left. Or the pipes 39 between the vessels
could be closed, and each vessel in turn could
be cut out of the gas current, be filled with
menstruum from pipe 7, and be discharged
of its liquid: contents into- pipe ¢ without

95

100

105

interrupting the continuity. of flow of the

natural .gas through the series of vessels; .
Or the pipes 39 being closed, the menstruum
could be supplied in a continuous manner to .
each of the vessels directly from the pipe n,
the gas continuing to flow in series. Also
the gas might be admitted to each vessel di-
rect from the supply branch .4, (the vessels.
being in parallel between the branches d, ¢,) ;
and the menstruum could bé supplied direct
to.each vessel in a continiious manner or at

. intervalg,’ each vesse] being cut out in turn to
be emptied and refilled to the proper height,

say about half full. o

"In Fig. 6 the naphtha of the natural gas.
from line 4 is absorbed by a menstrium as
it flows in a pipe line, the gas being forced
by pump 40 into the line 41, through which
the absorbent, menstruum is forced by pump
42. The condition of pressure and tempera-
ture in the line 41 beyond the junction there-
with of the branch connection from line &
would best be such that the naphtha vapors
would be absorbed as completely as prac-
ticable by the menstruum, while the main
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‘body at least of the lightér combustible con-
stituents of the gas would be unabsorbed. -

A separation of the naphtha and such con-

stituents would thus take place in the pipe

line itself. When the separator 43 is

reached, the lighter combustible constituents |

of the gas can be withdrawn by pipe 44,

* while pump 45 and pipe 46 deliver the en-

10
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riched menstruum to a storage tank or to
means for separating the naphtha and the

menstruum from each other. -The pipe line.
~Eressure can be retained in the separator 43;
“but it can be reduced by proper setting of a
valve in the pipe line 41, and the pressure

on the naphtha enriched menstruum would:
best- be reduced previous-to-the separation
of the naphtha and the menstruum -from
each other, unless it should be desired to ob-
tain the naphtha as a product requiring at
least the pipe line pressure to retain it in

. & liquid condition. The pressure in the pipe
-line can be obtained by adjustment of the

- 25

speed and power of the pumps 40, 42, and

by - proper throttling of the pipe line fluids

at the end of the line, say by the valve on

* the pipe line 41 near the separator 43. The

30

respective volumes of the natural gas and

‘the menstruum can be regulated as-desired ;

but unless the volume 'of the former many
times exceeds that of the latter, the enrich-

_ ment of the menstruum will be only meager.

35

. naﬁ)htha in the natur
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The adjustment of the relative speeds of
pumps 40, 42, will regulate the ratio of the

-gas to the menstruum.

Fig. 7 illustrates a Iilan for absorbing the
al gas as it rises in the
1 a. The menstruum is delivered through

_ the pipe 47 into the rising gas. If the gas

49

current is strong enough to carry along the

showered menstruum in suspension in the
‘gas, the pipe 47 would best deliver the men-

- struum into- the lower part of the well: if

45
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" “irated division
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- posits the menstruum carried thereby ;

the menstruum should fall through the gas,
notwithstanding the current, the pipe 47
might advantageously be arranged to dis-

_charge the menstruum nearer the top of the

well. Its outlet can be set at any desired
level. - As shown, there is a line of tubing 48
for returning the menstruum from the bot-

tom of the well; and the gas outlet 49 dis-

charges into a separator 50 in which it de-
while
the gas then passes on by pipe 51. The

menstruum from the bottom of the - well and-

that from the separator are delivered to an
appropriate tank or tanks or to means for
separating the naphtha and the menstruum
from each other. In the separator 50, perfo-
lates 52 are shown to aid in
separating liquid in suspension from the gas.

Tnstead of effecting the absorption of the

"naphtha in the menstruum and the separa-
‘tion of the absorbed naphtha and the men-
struum from each other in separate vessels,

the two operations can be performed in the

680,097

same vessels. - Fig. 8 illustrates an arrange-
ment for the purpose. Many of its parts
are like corresponding parts in Fig. 5; and
as they are similarly marked for reference
they need not be further described. In ad-

“dition a steam inlet pipe 53 is shown with.

which the pipe 86 of each vessel .54 has a
valved pipe connection for injecting steam

into the enriched menstruum when 1t is-de-

sired to separate the absorbed haphtha there-
from ; there is also shown a vapor pipe 53,
with which each vessel has a valved pipe
connection, for conveying the - vapors of

-naphtha and water which' pass out of the

vessels during the steaming operation; and
lastly there is shown on each vessel 54 a
trough 56 to which the pipe 57 can deliver
a cooling liquid when desired, each trough

'56 being perforated below so that the cool-
ing liquid will flow over the outer surfaces

of vessels 54. The vessels 54 can be sup-
plied with menstruum at the start, and do
not need to be supplied further unless to
replenish whatever may be -garried away
incidentally. In other wqrds, the men-
struum after absorption of naphtha therein
and after separation of the absorbed naphtha
therefrom is utilized in the same vessel for
absorbing more naphtha. and so on.
the vessels 54 should be connected in series
for absorbing the naphtha in the menstruum,
they would be cut out: in reverse order- for

separating the naphtha) from the menstruum,

that is the vessel which - first receives the
natural gas would have itg gas supply shut

“off (the next vessel now becoming the first

to receive the natural gas) and would also
have its connections with the adjacent ves-
sels 54 and with the return gas branch ¢
closed. Said vessel would then have its con-
nections with the steam pipe 53 and vapor
‘pipe 55 opened; and its contents would be
steamed until .the naphtha should be ex-
pelled to the desired extent. Then these
last mentioned connections would be closed;
and the contents of the vessel would be al-
lowed to stand for the water of condensa-
tion from the steam to settle, cooling liquid

from trough 56 being at the same time al-

lowed to flow down over the outside of the

70

75

80

85

90

1f

85

100

105

110

115

vessel. When settled, the water would be

drawn off through pipe 58; and the flow of

the cooling fluid would be continued until

the temperature should be suitably. reduced.

Thereupon, the vessel' would. be connected

again in the gas receiving series, at the end

at which the gas leaves the “absorbing ves- .

sels. More than one vessel can be cub out
at the same time, say in order to give a
longer time to each for the distilling (or

naphtha separating) and cooling operations.

If the vessels of Fig. 8 should be connected
in parallel, then one or more of them could
have their gas connections closed and be
utilized as steam stills for separating the
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naphtha from the eririched menstruum- and
have their gas connections restored, all with-
out practical interruption of the flow of the

natural gas between the branches d and <. f

5 The menstruum to be used in carrying on
- the above described operations may be. any
substance or composition having an appro-
priate affinity for the naphtha vapors and
otherwise adapted to the conditions of use.
If the absorbed naphtha is to be separated
by distillation from the menstruum enriched
thereby, it must usually be less volatile than
the natural gas naphtha to be obtained, in
‘order to enable the separation to be effected ;
for unless in exceptional cases liquids of the
same boiling point cannot be separated by
* distillation. Substances, other than hydro-

15

carbons can be used, for example, the fatty

-~ oils and their constituent acids, also amyl

- 20 alcohol, and others; but hydrocarbons are
considered most suitable, and especially some
form of petroleum, on account of its cheap-

ness and abundance. As suitable non-petro- .

- leum hydrocarbons may be mentioned coal
25 tar of gas works, oils derived therefrom,
crude oils from distilling coal, shale or schist,
‘and other non-petroleum bituminous sub-
stances for oils, products derived from such
“crude oils, and turpentine oil. . Petroleum
30 in almost any of its forms less volatile than
the natural gas naphtha to be obtained can
be used, as maltha and more fluid crude pe-
troleum, reduced oils, tars, vaseline, distilled
oils and so on; but I have discovered that
petroleum hydrocarbons with boiling points
separated by a considerable temperature in-
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terval, say 100 degrees F. or more, from

those of mnaphtha hydrocarbons have a
greater affinity for naphtha than those whose
boiling points are closer thereto. I believe,
however, that petroleum in a form but little
less volatile than natural gas naphtha will
have some absorbent capacity for the latter.
If the absorbed naphtha is to be separated
otherwise than by distillation from the men-
struum enriched thereby, the menstruum
. -should be adapted to such separation. Ethyl
alcohol sufficiently anbydrous, acetone, mix-
‘tures of acetone and methyl alcohol, absorb
50 naphtha and on dilution with water part
with it. They are suitable therefore for use
where such mode of separation is preferred;
If the absorbed naphtha is not to be sepa-
- rated from the menstruum, the latter should
55 be adapted to serve :

- 40
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in connection with the
naphtha for the use to which the naphtha is
to'be put. A petroleum naphtha less volatile
than the natural gas naphtha to be absorbed
thereby, enriched by such natural gas naph-

60 tha might prove a useful product for some
' purposes. My experience tends to show that
considerable pressure or a low temperature

. or both would be needed to effect the absorp-
tion of natural gas naphtha in naphtha

65 which should be less volatile, and it may be

"o

that the product would have to be held under
pressure in order to retain a suitable pro-
portion of that which should be absorbed.

I have not tried all the substances nor all
the modes of working herein mentioned ; but
I have absorbed naphtha from natural gas
and in so doing separated it from the lighter
combustible constituents of such gas by caus-
ing the natural gas from a well which did
not yield oil to bubble up through a body of
petroleum distillate of about 30° B. gravity
and about 800° F'. fire test in a vessel of abont
12 inches in diameter under an internal pres-
sure of about 30 pounds to the square inch
above atmosplieric’ pressure and at atmos-
pheric temperature; and I have recovered
the natural gas naphtha from the men-
struum by distillation and condensation. I
believe that all the substances and modes of
working herein mentioned will operate, and
that a pressure of about 300 pounds to the
square inch would be preferable to one of
30 pounds. ‘ s
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If a sufficient supply of crude petroleum

should be available, it would be best in my
opinion to use it for the absorbent men-
struum. After the absorbing operation, car-
ried on, say at a pressure of about 300
pounds to the square inch ‘above atmospheric
pressure and at about atmospheric tempera-
ture, in absorbers of the form shown in Figs.
1 and 2 or in Fig. 5 or in Fig. 8, and with
return of the unabsorbed lighter constituents
of the gas to the gas line & (as described
with reference to Fig. 1), the crude petro-
leum enriched with the absorbed naphtha
could advantageously bedelivered into say

 tank v of Fig. 1 under approximately atmos-
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pheric pressure; or the pressure could be re- -

lieved in vessels 54 of Fig. 8, any lighter
combustible constituents liberated at this
time being withdrawn. One effect of the
absorption of the naphtha is to lower the’
gravity of the absorbent menstrulim, and
by observation of the gravity of test speci-
mens withdrawn in the absorbing operation,
or from tank », the conduct of this operation
can be regulated. After reduction of the
pressure, the enriched erude petroleum can
be distilled in order to separate the absorbed
naphtha and the menstruum from each.other,
in steam still 6 of Figs. 1 and 2 or in the dry
heat still of Fig. 4, or in the absorbing ves-
sels 54 of Fig. 8, or in any other still., By
this distillation the naphtha of the crude
oil, as well as that of the natural gas will be
obtained, they being separated together from
the residual liquid. This liquid, being the
residue of the crude petroleum, would then
be utilized by being worked up into burning
oil (kerosene) and other products as may be
desired. ‘The crude petroleum before or
after the separation of naphtha therefrom
could be piped any desired distance to the

‘refinery. ~ If the refinery could advanta-
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geously utilize natural gas which should be
piped to it with the crude petroleum, as in-
dicated hereinabove with reference to Fig.
6, it might well be so pipéd, absorption of
naphtha from the natural gas taking place
in transit. . - : S '

If a sufficient supply of crude petroleum
should not be available, it would be best in
my opinion to employ a heavy petroleum oil
(say the tar of crude petroleum. after re-
moval of.the burning oil, or else a heavy
distillate of 30° B. or heavier) as the ab-
sorbent menstruum; and after the absorbing
operation and the separation of the naphtha
and the menstruum from each other by dis-
tillation to utilize the separated menstruum,
by subjecting natural gas’ thereto in order
that it may absorb naphtha from the same.

"The expression “petreleum or hydrocar-
bon oil as specified ¥ means primarily a lig-
uid or semi-liquid form of petroleum, which
is composed at least largely of hydrocar-
bons with boiling points a long temperature

interval (say an interval of about 100 de-.

grees F. or more) higher than those of the
principal hydrocarbons of natural gas naph-

tha and which may consist of petroleum (or.

_ in other words of any natural liquid or semi-
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liquid bitumen) in the crude state or of a
product prepared therefrom by reduction,
distillation or otherwise; but by extension
it includes ‘a liquid or semiliquid which is
not a form of petroleum but which never-
theless is composed at least largely of hy-
drocarbons with comparatively high boiling

points as just mentioned; and by extension.

it also includes in general a liquid or semi-
liquid which is less volatile than the naph-
tha of natural gas and is composed at least
largely of hydrocarbons. . '
-Meéntion herein of materials and of modi-

fications in procedure and in apparatus is
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by way of example and is not exclusive of-

other modifications within the spirit of the
invention.

I claim as my invention or discovery:— ’

1. The process of obtaining naphtha from
combustible gas of natural origin and under-
ground source of the kind supplied by means
of wells and pipe lines to cities for con-
sumption therein, which process consists in
subjecting such gas in the requisite large
amount on the way from its undérground
sources to its places of consumption and un-
der a high pressure, not less than about

thirty pounds to the square inch above at-
mospheric pressure, to a naphtha absorbing ' -

‘menstruum, and by the aid of the same un-

e
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-

der said high pressure effecting the separa-
tion in industrial quantity from said gas of

60

a natural gas naphtha liquid at atmospherice’ -

pressure and temperature and applicable to
the uses of petroleurs naphtha of similar
volatility, substantially as described. .
9. The process of obtaining naphtha
from combustible gas of natural origin and
under ground source of the kind supplied
by means of wells and pi

sists in subjecting such gas in the requisite

large amount on the way from its under- -

ground sources to its places of consumption

and under a high pressure, not.less. than
about thirty pounds to the square inch above”

atmospheric pressure; to g naphtha absorb-
ing menstruum, especially petroleum or hy-
drocarbon oil as specified; and by the aid

656

‘ pipe lines to cities
for consumptiorn therein, which process con- ..

70 -

of the same under said high pressure effect-

ing the separation in.industrial quantity
from said gas of a natural gas naphtha lig-
uid at atmospheric pressure and tempera-

80

ture and applicable to the uses of petroleum . -

naphtha of similar volatility, and then. re-
covering the naphtha in liquid form from

-said menstruum by distillation under a low
pressure, not more than about atmospheric

pressure, substantially as described. .
- 8. The process of - obtaining naphtha

85

from combustible gas of natural origin and

underground source of the kind supplied by
means of wells and pipe lines to cities for
consumption therein, which process consists
in subjecting such gas in tthe requisite large

amount on the way from its underground .

sources to its places of consumption and un-

der a high pressure, not less,than about

thirty pounds to the square inch above at-
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mospheric pressure, to a naphtha absorbing 8

menstruum by causing the gas to bubble up
through pools of the menstruum, and by the

‘aid of the same under said. high pressure

effecting the separation in industrial quan-
tity from said gas of a natural gas naphtha
liquid st atmospheric pressure and tempera-
ture and applicable to the uses of petro-

leum naphtha of similar volatility, substan-

tially as described. .

" In testimony whereof I affix m
ture, in presence of two subscribing wit-
nesses. ' -

“Witnesses: o
Bexs. F. CommiNes,
Mary E. DicrgonN. .

GEORGE M. SAYBOLT.
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