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The present invention relates to a method of transport- -

ing solid material in pipe lines by means of a liquid

-carrier medium.

Tt is well known to employ pipe lines for transporting
gaseous and thin liquid bulk goods as for instance coke
It is also
known to transport water, petroleum and other liquids in
long distance pipe lines.” In view of the frequently con-
siderable reduction in-transporting costs when employing
pipe lines instead of other customary transporting means,
efforts have been made to transport in pipe lines also
Such solid ma-
terials may consist for instance of pit coal, lignite or
brown coal, ores and other minerals in the form of corre-
sponding fine pieces or in coarse granular, fine granular or
pulverous condition. o

1t is furthermore known to transport solid materials as
for instance macadam and broken stones through a pipe
line by means of a gas stream such as air flow. This
method is employed for instance. in connection with the
pneumatic stowing, underground mining for purposes of

‘transporting mine waste or ashes. With this method, the

energy costs for producing the gas stream are relatively
high, and the pipe lines suffer a considerable wear so that
this method is applicable in an econcmic manner over

“short distances only up to a few hundred yards.

Methods are also known according to which liquids are
employed as carrier media for the solid materials to- be
transported. In these instances, the carrier medium is
mixed with.the solid material, and the mixture is then
transported through the pipe line. "As carrier media in this
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connection are employed water, oil, ordinarily liquid pe-

troleum products, emulsions of water and oil or of water
and liquid petroleum products as well as a foam produced
from soap solutions or lyes by introduction of air.

1t has also been suggested to intermix an agqueous brine
containing the solid material with liquid petroleum prod-
uets or to intermix the solid material with lignid hydro-
carbons as for instance fuel oil, and then to introduce
the mixture into a flow of water.
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With all of the above mentioned methods, the carrier -

medium can only more or less be separated from the
goods to be transported and under difficulties and con-
siderable expenses only depending on the type and. viscos-

ity of the carrier medium. If the separation is effected

merely by screening or sifting, considerable quantities
of the carrier medium are lost due to the humidification of
the goods being transported as well as due to the possible
absorption of the carrier medium by the goods to be
transported if the latter is porous, so that the goods which
have been transported frequently possess an undesired
humidity content. An additional recovery of the carrier

“medium and drying of the goods being tramsported, for

instance by evaporation of the residue of the carrier
medium, cause considerable costs. The separation of
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finest solid material from the carrier medium is particu-

larly difficult and expensive. Therefore, with these known
methods, the difficult and expensive separation of the car-
rier medium from the goods being transported has been
considered a considerable drawback.
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It is, therefore, an object of the present invention to
provide a method of transporting solid materials- in pipe
lines, ‘which will overcome the above mentioned. draw-
backs. ) ) '

It is another object of this invention to provide a meth-
od of transporting solid materials in pipe lines by means .
of a carrier means, which will make it possible in an
economic and relatively simple manner to separate the
material being transported from said carrier means.

“These and other objects and advantages of the inven-
tion will appear more clearly from the following speci-
fication.

The above mentioned objects have been realized accord-
ing to the present invention by employing a gaseous
liquefiable carrier medium which ‘at least at the-end of
the pipe line and at the temperatare and atmospheric pres-
sure prevailing at said end will be gaseous, and which will
be liguified by compression at the start of the pipe line and/
or in the pipe line will be held in liquefied condition by
compression, said carfier medium being at the end of the
pipe line transformed by expansion (pressure. release)
into its gaseous condition and separated from the ma-
terial transported by said carrier means.

Thus, the principle of the method according to the
present invention consists primarily in employing a gas or
a gaseous mixture in liquefied:condition as a carrier medi-
um for transporting a solid material, and after effected
transport, in bringing said medinm by expansion into a
gaseous condition. whereby said ‘medium can in an ex-
tremely simple and effortless manner be separated from
the transported material. If the gas or gas mixture is
already at the staft of the pipe line in liquefied condition,
for instance due to the low temperature at the respective
place, or because the gas is introduced into the pipe line
already in compressed condition, it is merely necessary
to ses to it that the liquefied condition be maintained
in the pipe line to which end the carrier medium has to be
subjected to the required pressure in the respective section
of the pipe line. If, however, the carrier medium is at the
start of the pipe line in gaseous condition or in the form:
of a gas mixture, it will have to be liguefied by compres-
sion. Consequently, when selecting the gas or gas mix-
ture to be employed as carrier medium, the conditions of
operation at the end of the pipe line have to be.con-
sidered above all, i.e. the conditions of operation ‘at the
place where the carrier medium is to be separated from
the goods to be transported. Thus, a carrier medium
is to be employed which at least at the temperature pre-
vailing at the end of the pipe line and at atmospheric pres-
sure will be gaseous. The atmosphberic pressure.at the
end of the pipe line naturally depends on the altitude of
the respective place above sea level. The temperature at
the end of the pipe line will, of course, be determined by
various factors. Thus, the temperature may for instance
be affected by the local weather conditions which in their
turn may be different at different seasoms. A further
factor is the temperature of the liquid carrier medium in
the pipe line itself. This last mentioned temperature
will, of course, with an underground pipe line be in-
fluenced by the temperature of the soil, whereas with
an above-ground pipe line the temperature will be affected
by the temperature of the air and-direct radiation from
the sun. Thus, a number of factors will determine the
temperature of operation at the end of the pipe line.
The carrier medium should, therefore, be so selected that

* when expanding to atmospheric pressure.and at the re-

spective temperature of operation it will transform from
its liquefied into. its gaseous condition. There will now
be mentioned some gases with their boiling points at 760
torr=760 millimeters Hg column or approximately 14.7
1bs./sq. in which may, for instance, be employed as car-
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rier medium in connection with the method according: to:

the present invention:

Gas: Boiling point, ° C.

Propylene (CsHg) —ommmom oo —47.0
Propane (C3Hg) oL —42.6
Difiuordichloromethane (CFoCly) e —30.0
Methylchloride (CH3Cl) oo ____= —24.0
i-Butane (C4H10) ______________________ —10.2
n-Butane (CqHig) —oooccmcoceee. 0.5
Monofiuortrichloromethane (CFCly) —_____ +24.0
n-Pentane (CsHyg) womm oo +4-36:1

Obviously, also mixtures of these gases such as a mix-
ture of propane and butane may be employed as carrier
medium. Inasmuch as the atmospheric pressures: pre-
vailing along the pipe line will not affect the method ac-
cording to the invention, these atmospheric pressures will
not effect the selection of the carrier medium. Also the
temperatures prevailing along the pipe line are not de-
cisive for the selection of the carrier medium because the
latter is liquified by compression and will be held in its
liguified condition within the pipe line. However, the
required pressure ‘maintaining the carrier medium: in lig-
uid condition will be determined by the maximum tem-
perature occurring in the pipe line. Therefore, if for
instance a pipe line extends from a place with a prevail-
ing low temperature to a place with' a prevailing low
temperature but passes through an area of high tempera-
ture, the carrier medium will by means of a correspond-
ing high compression be held in liquefied condition also
in that pipe line section which extends through the area
of high temperature. Particularly in such instances it
may be advisable, in conformity with the temperature of
operation at the end of the pipe line, to employ a carrier
medium with as high a beiling point as possible so that
in the area of high temperature, as low pressures as pos-
sible will suffice to maintain the carrier medium in the
pipe line in its liquefied condition.

When very long pipe lines are employed, it is, of course,
possible in a manner known per se to install in the pipe
line pumping stations which will maintain the pressure
required for the transport and also necessary to maintain
the carirer medium in liquefied condition. Depending
on the distance between the start and the end of the pipe
line or the pipe line sections between the pumping sta-
tions if such ate installed in the pipe line, a pressure drop
will occur in the pipe line or-pipe line sections. A pres-
sure drop below the liquifying pressure at any point of

the pipe line will be prevented by compressing the carrier.

medium at the start of the pipe line, and at the pumping
stations if such are employed, at a pressure exceeding the
liquifying pressure, the difference between these two pres-
sures being greater than the pressure drop in the pipe
line or pipe line sections. At the start of the pipe line,
the carrier medium may be compressed to the required
pressure above the liquifying pressure whereupon the ma-
terial to be transporied is fed into. the carrier medium.
However, it is also possible first to compress the carrier
medium at the respective liquifying pressure and there-
upon to feed the material to be tramsported into the
liquified carrier means whereupon a further compression
is effected at a pressure above said liguifying pressure,
Instead of feeding the material to be transported into the
already liquified carrier medium, it is also possible to fesd
the material to be transported into the gaseous carrier
means and then to liquify the same.

When employing fuel oils as carrier means for solid
fuels such as coal, it has already been found that follow-
ing the separation of the coal from.the fuel oil at the end
of the pipe line, the fuel oil may be conveyed to com-
sumers, and that with this method separate transporting
means for the coal on one hand and the fuel oil on the
other hand will not be necessary. The fine contamina-
tion of the fuel oil with solid particles reduces, however,
the possibilities of use of the oil because such oil would
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4
easily clog up fuel nozzles and the like.. On'the other
hand, purification the oil ' would be too expensive. These
difficulties will not be encountered with the method ac-
cording to the invention because the carrier medium
which, at its expansion at the end of the pipe line trans-
forms from-its liquefied: into- its' gaseous- phase, can be
separated from. the transported goods-in‘a manner in
which it is completely. free from solid particles, - An essen-

-tial advantage of the method according to the invention

consists ‘also in that when employing combustible gases
as.a carrier medium, for.instance propane, butane or mix-
tures of said two gases which ate to be supplied to con-
sumers, these gases will'easily and completely separate at
the-end of the -pipe line from -the transported material.
If, however, the carrier medium. is again to.be employed
for the transport of goods, the gaseous carrier medium
separated from the transported :material can_easily be
returned: in' gaseous condition from the end' of the pipe
line to the start thereof through a separate pipe line.
Particularly when greater distances are involved, it may
be more advantageous for reasons of costs to.again liquify
the gaseous carrier medium separated from the trans-
ported goods, by the employment:of pressure and to return
the -thus liquified carrier medium- from the end of the
pipe line to the start thereof through a separate pipe line.
If no:continuous transport.is to be carried out-in the pipe
line, it is also possible to store the carrier medium at the
end of the pipe line and at certain time intervals to return
the thus stored carrier medium through the same pipe line
to the start thereof. S

The expansion at the end. of the: pipe line may be
effected in a pressure release chamber or in an expansion
machine. In ceriain circumstances, the expansion of the
liquified - carrier medium, may be effected in the end por-
tion ‘of the pipe line while the -expanding or_expanded
carrier medium, which has partly or-totally transformed
into its gaseous condition, will bring about a pneumatic
transport in the end portion of the pipe line.

Example .

For the transport of hard coal: with a granular size of
0 up to 3 mm. over: a distance of 5 km: a pipe line with a
diameter of 175 mm. is used. = At the beginning of the
pipe line the atmospheric temperature is 15° C., the at-
mospheric pressure 755 torr. At the end of the pipe line
the atmospheric temperature is 16° C. and the atmospheric
pressure 755 torr. Propane is used as carrier medium
which at the atmospheric temperature and pressure men-
tioned above at the end of the pipe line will be in gaseous
form. - For keeping this carrier medium- in liquid form
at. 16° C. a pressure of .about. 8 atmospheres absolute is
necessary. The carrier medium propane is liquified at
the beginning of the pipe line by compression to 18 at-
mospheres absolute, the heat of compression is removed,
and the liquefied carrier medium is continuously fed into
the pipe-line while at the same time continuously feeding
the coal to be conveyed. The proportion of coal and
liquefied carrier medium in the pipe line is kept at 56:50
weight percent.  During the transport in.the pipe line a
pressure drop of 10 atmospheres absolute will occur so
that, according to the pressure of 18 atmospheres absolute
at the beginning of the pipe line, at the end of the pipe
line the pressure. will be 8 atmospheres absolute. This
pressure is sufficiently high to maintain the carrier me-
dium propane in the liquefied state at a temperature of
16° C. The end of the pipe line.is connected with a
pressure. release chamber in . which the carrier medium
vaporizes. The gaseous carrier medium is removed by
suction: from the pressure release chamber and carried
off by a pipe line.  The tfransported coal which is sepa-
rated. from .the carrier medium .is removed from the
pressure release chamber in dry state.

It is, of course, to be understood, that the present in-
vention is, by no'means; limited to-the specific' examples
set forth herein but also comprises any modifications
within the scope of the appended claims.

-’"‘?"“ e
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What we claim is: )

1. A method of transporting solid materials in a pipe
line by means of a carrier substance, which includes the
steps of: selecting as sole carrier substance a gaseous
lignefiable substance which will be gaseous at the tem-
perature and atmospheric pressure prevailing at the end
of the said pipe line, inter-mixing the material to be trans-
ported and said carrier substance prior to passing the
same together through said pipe line while at the latest at
the start of said pipe line causing said carrier substance
to assume its liquefied condition, passing the said mixture
of material to be transported and carrier substance-in
liquefied condition through said pipe line while maintain-
ing said carrier substance in liguefied condition, and at the
end of said pipe line causing said carrier substance at and
due to the there prevailing temperature and atmospheric
pressure to reconvert from its liquefied condition into its
gaseous condition to thereby separate said carrier sub-
stance from the material transported thereby.

2. A method of transporting solid materials in a pipe
line by means of a carrier substance, which includes the
steps of: for transporting the respective material employ-
ing as sole carrier a gaseous liquefiable carrier substance
which will be gaseous at the temperature and atmospheric
pressure prevailing .at the end of the said pipe line, at the
latest at the start of said pipe line liquifying said gaseous
carrier substance by subjecting it to a liquifying pressure

- exceeding the liquifying pressure pertaining to the tem-

perature prevailing at the end of said pipe line while
making the difference between said two liquifying pres-
sures greater than the pressure drop within said pipe line,
inter-mixing the material to be transported and said
liquefiable carrier substance, passing the thus obtained
mixtore through said pipe line, and at the end of said pipe
line causing said carrier substance at and due to the there
prevailing temperature and atmospheric pressure to re-
convert from its liquid condition into its gaseous condi-
tion to thereby separate said carrier substance from the
material transported thereby.

3. A method according to claim 1, in which the inter-
mixing of the material to be transported and the carrier
substance is effected by feeding the material to be trans-
ported into the liquified carrier substance.

4. A method according to claim 1, in which the mate-
rial to be transported is fed into the carrier substance
while the latter is in gaseous condition whereupon the
carrier substance is liquified. ’

5. A method of fransporting solid materials in a pipe
line by means of a carrier substance, which includes the
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steps of: selecting as sole carrier substance a gaseous
liquifiable substance which will be gaseous at the tem-
perature and atmospheric pressure prevailing at the end
of the said pipe line, inter-mixing the material to be trans-
ported and said carrier substance prior to passing the same
together through said pipe line while at the latest at the
start of said pipe line causing said carrier substance to
assume its liguefied condition, passing the said mixture
of material to be transported and carrier substance in
liquefied condition through said pipe line while maintain-
ing said carrier substance in liquefied condition, at the end
of said pipe line causing said carrier substance at and due
to the there prevailing temperature and atmospheric pres-
sure to reconvert from its liquefied condition into its gase-
ons condition to thereby separate said carrier. substance
from the material transported thereby, and returning the
thus separated gaseous carrier substance to the start of
said pipe line.

6. A method of transporting solid materials in a pipe
line by means of a carrier substance, which includes the
steps -of: selecting as sole carrier a gaseous liguefiable
carrier substance which will be gaseous at the temperature
and atmospheric pressure prevailing at the end of the said
pipe line, inter-mixing the material to be transported and
said carrier substance prior to passing the same together
through said pipe line while at the latest at the start of
said pipe line causing said carrier substance to assume its
liquefied condition, passing the said mixture of material
to be transported and carrier substance in liquefied con-
dition through said pipe line while maintaining said carrier
substance in liquefied condition, at the end of said pipe
line causing said carrier substance at and due to the there
prevailing temperature and atmospheric pressure to re-
convert from- its liquefied condition into its gaseous con-
dition to thereby -separate said carrier substance from
the material transported thereby, and again liquifying
the thus separated gaseous carrier substance and réturning
the same in liquefied condition to the start of said pipe line.
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