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solids or mixtures thereof comprising: (a) introducing cleaning particles
entrained in a Improved In-situ Conduit Cleaning Process
propelling gas stream  into the conduit to be This invention relates to the
cleaning of the      cleaned at the gas flow rate corresponding to an
interior surfaces of conduits. More particularly, it    5    outlet gas
velocity of from about 1,500 meters per relates to the improved cleaning of
conduits         minute up to the sonic velocity of the propelling having
difficult to remove deposits on said in-     gas, said particles being of a
regular, non-random terior surfaces thereof.
configuration; and The Sandjet process has been developed to           (b)
maintaining the flow  of said particle- facilitate the in-situ cleaning and
drying of pipe-   10   entrained gas stream to the conduit for a time lines
and the decoking and cleaning of furnace       sufficient to effect
cleaning in the conduit, is tubes. In accordance with this process,
cleaning     characterized in that said particles have less than particles
are entrained in a propelling fluid stream  spherical symmetry and that the
number of im- and introduced into the conduit to be cleaned at a   pacts of
the cleaning particles with the interior velocity sufficient to effect the
desired cleaning    15   surfaces of the conduit to be cleaned, and the
action. For pipeline applications, the cleaning      angle of impact of
said particles with said interior particles generally comprise an abrasive
material,  surfaces, are increased as a result of the aerody- such as
flint, grit or like materials of irregular,  namic orientation of the
particles in said gas random configuration, whereas in other applica-
stream, thereby achieving a balance of desired tions, impact resistant,
non-angular, non-abrasive    20   cleaning action and undesired abrasive
action particles, such as steel shot, are employed as      enhancing the
overall cleaning action on the cleaning agents.
interior surfaces of the conduit. The use of steel shot in the decoking of
fired       The present process uses cleaning agents heater tubes is
described in US-A-4 297 147.        found to enhance the cleaning action of
the There is a growing appreciation in the art of the    25    Sandjet
process vis-a-vis the use of steel shot, energy savings that can be derived
as a result of   flint or other materials heretofore employed in the
furnace tubes having been decoked by means of        in-situ Sandjet
process for the cleaning of con- the Sandjet process as compared with the
most        duits. As indicated above, such cleaning agents frequently used
alternative approach, i.e. steam-    comprise particles having a regular,
non-random air decoking.                                  30
configuration with less than spherical symmetry. While steel shot is found
to have a highly         When such particles are propelled through a
effective impact cleaning action on coke deposits,   conduit to be cleaned,
it has been found that the certain high heat duty or thermally abused fur-
number of impacts of the cleaning particles and nace applications result in
the formation of        the angle of impact of said particles with the
difficult-to-remove coke deposits that are not   35   interior surfaces of
the conduits are increased as a removed to the extent desired by the
Sandjet        result of the aerodynamic orientation of the par- process
using steel shot. Such deposits have like-  tides in the propelling gas
stream. As a result, the wise been found generally resistant to angular,
cleaning action of the Sandjet process is surpris- abrasive cleaning
agents, such as flint. In addi-   ingly and unexpectedly enhanced, with an
advan- tion, cleaning agents such as flint are found to   40   tageous
balance of desired cleaning action and cause severe erosion of the bends of
furnace         undesired erosion or abrasive action being tubes, even in
cases where a difficult-to-remove     achieved in a manner enhancing the
overall con- deposit may not have been satisfactorily removed    duit
cleaning operation. It will be apparent from by such agents from the
straight sections of said   the following further description that the
process tubes. While non-angular particles, such as steel   45   of the
invention can be employed in a manner shot, are non-abrasive in character,
it has been     advantageous to the particular requirements of found that
such particles will also tend to cause    any given conduit cleaning
application. minimal erosion of the bends of furnace tubes         It would
be expected that the cleaning agents treated by the Sandjet process,
likewise even in     used in the practice of the invention, i.e. particles
cases where a difficult-to-remove deposit may not   so   of a regular,
non-random configuration with less have been satisfactorily  removed from
the         than spherical symmetry, would behave in a straight sections of
the tubes. The problem of       manner intermediate that found to occur
when erosion of bends is particularly important in       flint on the one
hand, and steel shot on the other, furnace tube sections having welded
return           are employed in the Sandjet process. That is, the bends,
in which such erosion may lead to prema-   55   particles used in the
invention would reasonably ture tube failure and the need for additional
be expected to cause less erosion than flint, but furnace down-time for
replacement of the eroded      more than non-angular, non-abrasive steel
shot bends.                                               particles.
Similarly, the particles used in the in- It is an object of the invention
to provide an     vention would reasonably be expected to achieve improved
Sandjet process for the in-situ cleaning    60   a cleaning effectiveness
as good or better than of the interior surfaces of conduits, particularly
steel shot, but less than can be achieved with the conduits containing
difficult-to-remove deposits.    angular, abrasive flint or like materials.
Surpris- In conformity with the invention a process for     ingly and
unexpectedly, the practice of the Sand- cleaning, in-situ, the interior
surfaces of conduits  jet process in accordance with the invention as for
the transport and/or processing of fluids,   as   herein disclosed and
claimed has been found to    
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cleaning action to that of either  wise achieve an advantageous balance of
desired steel shot or flint and to result in a highly         cleaning
action and undesired erosion suitable to advantageous balance of desired
cleaning action       the requirements of a given cleaning application. and
undesired erosion of the interior surfaces of       The cleaning agents
used in the practice of the the conduit being cleaned. The invention is of
5    invention, as noted above, are particles having a particular advantage
in the cleaning of conduits      regular, non-random  configuration and
having containing difficult-to-remove deposits for which     less than
spherical symmetry. It will be appreci- neither of the extremes of cleaning
agents hereto-    ated that flint, grit, sand and the like have, by fore
employed, i.e. neither flint nor steel shot, nor  contrast, an irregular,
random  configuration. a combination thereof are satisfactory in com-    10
Such particles do not assume the aerodynamic mercial practice.
orientation of the particles employed in the inven- The unexpected
improvement in Sandjet pro-           tion when used in the practice of the
Sandjet cess performance in the treatment of difficult-to-     process.
Steel shot, on the other hand, possesses remove deposits, accomplished by
means of the         a regular, non-random  configuration, but its
invention hereof, is believed to result from the    15   spherical symmetry
causes it to behave in the aerodynamic orientation of the particles in the
manner indicated above in a propelling gas propelling gas stream. Steel
shot is propelled        stream, leading to the limited number of impacts
through a conduit to be cleaned in a manner such      and the shallow angle
of impact with the furnace that the individual shot particles tend to
impact     tube or other conduit interior surface and the with the interior
surface of the conduit, and the    20    deposit thereon. With cleaning
particles that are deposit thereon, with the glancing-blow type
both of a regular, non-random configuration, like impact at a relatively
shallow longitudinal impact    steel shot, but which possess less than
spherical angle. Similarly, flint, grit or similar irregular,   symmetry,
as does the irregular, random flint or abrasive particles are propelled
through the con-     grit particles, the cleaning results and the clean-
duit in a manner again resulting in a relatively   25   ing-erosion
balance, are surprisingly and unex- shallow  longitudinal impact angle. The
con-           pectedly enhanced. figuration of such irregular, angular
particles is      It will be understood that, as used herein, the such that
the effective cutting angle of the angular  term  "spherical symmetry" is
used to denote edges of the particles with respect to the interior
symmetry with respect to the three principal surface of the conduit is
likewise normally   30    orthogonal axes of the cleaning agents. Due to
shallow. The aerodynamic orientation of both          the combination of
less than spherical symmetry steel shot and flint, grit and like materials,
in the  and a regular, non-random  configuration, the propelling gas stream
appears to result not only      particles used in the practice of the
invention are in such shallow angles of impact with the surfaces    caused
to behave in the propelling gas stream to be cleaned, but in a limited
number of impacts   35    differently from steel shot or from flint,
leading to of the cleaning particles with the surface to be      the
greater number of impacts of such particles cleaned. These factors are
believed to be major       with the surfaces to be cleaned and to sharper
contributing factors in the less than satisfactory     angles of impacts
therewith than occurs with steel results obtained when the Sandjet process
has         shot, flint or like materials. A wide variety of been applied
to certain high heat duty furnace    40    particle configurations falling
within the criteria decoking applications. It will be appreciated, on
set forth above and in the claims can be used in the other hand, that the
number of impacts of the     the practice of the invention. Thus, the
particles cleaning particles twith the bend portions of a
conveniently comprise cylindrical configurations furnace tube, and the
angle of impact of the           in which the diameter is greater than the
length of cleaning particles with said bends tend to be    45   the
particles, as with discs, slug, washers and the significantly greater than
the number of impacts      like, or in which the diameter is less than the
and the impact angles occurring in the straight       length thereof, as
with cut wire particles. Other sections of the furnace tube. As a result,
the bend    particle shapes include solid or annular geomet- sections of
furnace tubes having  even the             ries, such as square,
rectangular, hexagonal, difficult-to-remove deposits referred to herein are
50   triangular, elliptical and similar shapes, con- found to be very
thoroughly decoked, while the        veniently cut from bar stock or
otherwise pre- straight sections, or portions thereof, are less      pared,
and which would tend to behave in a than satisfactorily cleaned. It is such
very effective  manner similar to cut wire, slugs, washers or the impact
action at the bends, even when non-            like and can likewise be
employed in the practice abrasive steel shot is employed, that creates the
ss    of the invention with or without annular openings potential for
minimal erosion of welded bends         extending therethrough. Those
skilled in the art referred to above. The subject invention, how-
will appreciate that various other particle shapes ever, surprisingly
enables more impacts of the        can also be employed in the practice of
the cleaning particles with the interior surfaces of      invention. For
example, a boomerang shape, i.e. a furnace tubes or other conduits to be
cleaned,    60   regular, non-random configuration having no axis together
with sharpter angles of impact of the         of symmetry, can be employed
for the cleaning particles with said surfaces, so as to enhance the
particles of the invention. cleaning action of the Sandjet process, and
also        Those skilled in the art will appreciate that the surprisingly
enables embodiments to be em-            various cleaning particle
configurations will not loyed to minimize erosion of bends or to other-
as   all behave in the same manner in the propelling 3   
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through the conduit to be         relatively sharp longitudinal angles of
impact, cleaned. It is this difference in aerodynamic orien-  such as to
enhance the cleaning action of the tation and behavior of the various
cleaning par-     particles with respect to said straight wall sec- ticles,
in fact, that provides a useful flexibility to  tions to be cleaned. As
with washers or other the process of the invention in responding to the
5    shapes discussed above, the cut wire or other particular requirements
of any given Sandjet pro-    particles having a diameter or equivalent that
is cess application. Thus, cylindrical configurations   less than the
length thereof can be initially em- in which the diameter is greater than
the length of  ployed with sharp edges at the periphery of the the
particles provide a highly effective cleaning    opposite ends thereof, for
primarily abrasive-type action coupled with minimized undesired erosion
10   cleaning, or can have rounded opposite ends for effects. Such
particles, e.g. discs, slugs and the  impact-type cleaning. Whereas, the
aerodynamic like with or without annular openings there-         action of
washers enables undesired erosion of through, provide for effective
cleaning with an      return bends to be minimized, cut wire and like
increased number of impacts with the surface         particles are found to
be capable of producing being cleaned and sharper or increased longi-   15
greater erosion than abrasive flint particles. tudinal angles of impact, so
as to be able to        Correspondingly, particles such as cut wire are
effectively remove deposits that cannot be satis-    surprisingly and
unexpectedly found capable of factorily removed by steel shot or by flint.
Such    highly effective cleaning action, beyond the particles,
conveniently in the form of washers of    capabilities of flint or steel
shot, and extending to all types, e.g. lock washers, are particularly bene-
20   difficult-to-remove deposits including even some ficial for use in the
Sandjet process as applied to  such deposits resistant to the effective
action of conduits having straight wall sections and bends,    washers and
the like. It will be appreciated, or equivalent helical tube
configurations, e.g. to  therefore, that cleaning particles such as washers
furnace tubes to be decoked. The relatively large    can be used to decoke
some types of coke not number of impacts with the surface being cleaned
25    previously removed successfully, while minimiz- and the relatively
sharp angles of impact resulting  ing erosion of bends, whereas cleaning
particles from the aerodynamic orientation of such par-        such as cut
wire can be used for even more tides results in effective cleaning action.
Signifi  effective cleaning, including the removal of the cantly, said
orientation of the particles in the     most difficult types of coke, where
plugged propelling gas stream results in a tumbling action    30   headers
are employed instead of welded bends, upon impact of the particles with the
surface        or the system being cleaned can otherwise toler- being
cleaned. It has been found, however, that      ate the level of erosion
that accompanies the erosion of the bends is minimized. The embodi-
ability of cut wire and the like to remove deposits ments of the invention
in which the diameter, or     that are resistant to removal in other
embodi- equivalent, are greater than the length of the    35    ments of
the Sandjet process. particles, as with said washers, are particularly
In the practice of the invention using washers or beneficial in the
removing of difficult-to-remove   the like, a significantly more favorable
cleaning/ deposits in furnace tube, heat exchanger or other    erosion
ratio than that obtained with flint or shot applications in which
appreciable abrasion or        pertains. That is, washers are able to
remove erosion of the bends cannot be tolerated, or must   40    more
difficult-to-remove deposits that can be in any event be minimized. Such
particles can be    removed by flint, or by steel shot, while minimiz-
employed in a form such that the opposite ends       ing erosion of bends.
Cut wire, and the like, may thereof are rounded, with the cleaning action
have a cleaning/erosion ratio similar to that of being principally
accomplished by impact, or said   flint, but at a higher level of cleaning
effectiveness opposite ends may initially have sharp edges for   45   and
associated erosion effects. This results in an cleaning by abrasive action.
In either event, the    advantageous balance of desired cleaning action
tumbling action of the particles is believed to      and undesired erosion
action or effect, in those contribute to the combination of effective
clean-    applications in which the erosion resulting from ing and
minimized erosion effects. It has been      the highly effective cleaning
action can be toler- found that washers or other such particle con-   50
ated. In such applications, the cleaning action of figurations can be used
to successfully decoke       cut wire and the like is superior not only to
shot, furnace tubes having coke deposits that cannot be    but surprisingly
to flint. Each type of cleaning successfully removed either by steel shot
or by      agent as herein disclosed and claimed in par- flint.
ticular embodiments of the Sandjet process has Cylindrical configurations
in which the dia-   55   applications where they enhance and extend the
meter is less than the length of the cleaning        capability of the
in-situ Sandjet process. particles, e.g. cut wire, likewise provides a
highly  The cleaning agents used in the practice of the desirable and
effective cleaning action based on    invention can be made of any suitable
material, the particular aerodynamic orientation and be-       impact
resistant or not, such that they are capable havior of such particles in
the propelling gas    60   of removing deposit from  the surface being
stream. Contrary to the shallow angle of impact of   cleaned, either by
impact or by abrasion. Cleaning steel shot with the straight wall sections
of a      agents, such as washers, cut wire, slugs and the furnace tube or
other conduit, cut wire or similar   like may conveniently be made from
spring steel particles are found to have an increased number      wire,
stainless steel, carbon steel, alumina or of impacts with said straight
wall sections, at   65   silicon-type ceramic materials, metal oxides, 4  
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It will be appreciated that  and the like can advantageously be employed in
the hardness of the cleaning agents employed       such cases so that the
highly desirable advan- can be varied depending upon the hardness of the
tages of the Sandjet process can be extended to deposit to be removed, and
the degree to which     such furnaces. that type of deposit appears
resistant to removal    5  In applying the invention to the Sandjet process
upon Sandjet process cleaning, the nature of the   cleaning of furnace
tubes, heat exchanger tubes, surface to be cleaned, the design of the
furnace or  pipelines or other conduits, the particles of clean- other unit
being cleaned, i.e. the presence of     ing agents chosen, in addition to
the desired welded bends, the operating conditions that can    geometry and
hardness for a given deposit and be employed in carrying out the Sandjet
process,   10   underlying substrate, will have any desirable or and the
like. Steel particles are desirably em-    necessary size up to that at
which the longest ployed in typical Sandjet process applications.
dimension would approximate the diameter of While the hardness of the
cleaning agents can      the straight section of the conduit in a manner
vary depending upon the overall conditions per-    causing a blockage of
the conduit. The operating taining to a given application, the agents will
15   conditions for the practice of the invention will generally have a
hardness, measured on a Rock-     generally be as disclosed in US-A -4 297
147, well C hardness scale, of from about 20 to about   referred to above.
Thus, the cleaning particles will 65, preferably from about 30 to about 55.
It will be  be entrained in the propelling gas stream that is appreciated,
however, that the use of cleaning     passed through the furnace tubes or
other con- agents having other degrees of hardness, as   20   duits to be
cleaned at a gas flow velocity measured on the indicated scale or some
other      corresponding to an outlet gas velocity of from conventional
hardness scale, can be used in the    about 1,520 meter per minute up to
the sonic practice of the invention.                         velocity of
the propelling gas. The gas is typically Those skilled in the art will also
appreciate that,  nitrogen, with the sonic velocity being about while the
cleaning agents herein disclosed and    25   21,000 meter per minute. It
will be understood claimed for use in the Sandjet process provide     that
other propelling gases can be employed so surprising and unexpected results
as is man-       long as they are compatible with the conditions ifested
most readily by their ability to successfully  pertaining to the conduit
being cleaned. Air is remove difficult-to-remove deposits not so re-
sometimes employed as the propelling gas, the moved by steel shot or flint,
the highly effective   30   sonic velocity of air being about 20,700 meter
per cleaning action of such agents is applicable to the  minute. Those
skilled in the art will appreciate removal of less difficult-to-remove
deposits as    that the sonic velocity is the speed of sound in any well.
The greater number of impacts, and the       particular propellant gas
employed, and is the sharper angles of impact, resulting from the
maximum velocity at which the gas can be passed aerodynamic orientation of
the particles in the    35   through a pipeline. In practical commercial
appli- propelling gas stream render the invention un-     cations, the
outlet gas velocity from the conduit expectedly superior in cleaning
effectiveness,     being cleaned is from about 2,100 to about 12,200 and/or
in the balance of cleaning and erosion, as  meter per minute, with
desirable results being applied for furnace tube decoking in general and
frequently obtained by convenient operations at a for other applications of
the Sandjet process.   40   gas velocity of between 4,270 and about 6,100
Thus, the invention may be used to advantage not   meter per minute. The
cleaning particles en- only in furnace tube decoking applications, but for
trained in the gas stream are generally furnished pipeline cleaning, heat
exhanger descaling and     at a particle concentration of from about 0.1 to
cleaning and other suitable applications of the in-  about 10.0, preferably
from about 0.1 to 1.0 kg of situ Sandjet process for the cleaning of
conduits.   45   cleaning particles per kg of propellant gas. As in The
invention is of particular advantage in the    the Sandjet process as
heretofore practiced, the treatment of difficult-to-remove deposits not
sus-  flow of propelling gas is continued without the ceptible to in-situ
cleaning by use of the hereto-  entrainment of particles therein, at
intervals dur- fore conventional cleaning agents.                 ing the
overall cleaning operation, so as to re- As disclosed above, washers and
particles   so    move loose debris from the conduit. After such similarly
having  a diameter or equivalent        intervals, except at the end of the
cleaning oper- measurement, greater than their length exhibit     ation,
the flow of propelling gas is continued with unexpectedly superior cleaning
action as com-      the cleaning agents entrained therein. The flow of
pared with flint or steel shot. Cut wire or similar  the said
particle-entrained gas stream  to the particles having a greater length
than diameter   55   conduit being cleaned is maintained for a time also
exhibit such unexpectedly superior cleaning   sufficient to effect cleaning
of the conduit. It is action. The high heat duty and/or thermally ab-
common practice, based on experience, to main- used furnace applications
presently found to have  tain the flow of the gas stream until the quantity
the most difficult-to-remove coke deposits tend to  of particles in a
supply pot is exhausted, after be thermal cracking units. Vacuum and atmos-
so   which loose debris is removed while the supply pheric crude heaters
are also found to produce     pot is refilled. tough, difficult-to-remove
deposits for which the    In an illustrative comparative example demon-
conventional use of steel shot in the Sandjet      strating the superior
and unexpected results ob- process is not entirely satisfactory for many
corm-  tainable in the practice of the invention, various mercial furnace
requirements. Cut wire, washers   65   cleaning agents are employed in the
practice of 5 
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for the decoking of difficult-  tubes, fired heater tubes used in
hydrocarbon or to-remove coke from the interior surfaces of
chemical processing or any other such conduits vacuum flashing tubes. Each
type of particle is     for which the Sandjet process may be found passed
through the tubes in a propelling nitrogen    convenient to achieve in-situ
cleaning thereof. stream at an outlet gas velocity of about 6,100    5
The size of the cleaning agents may be any meter per minute. The particle
concentration in     suitable size such that the particles can be passed
each case is about 1.0 kg of particles per kg of    through the conduit to
be cleaned by the propel- propellant gas. Cut wire having an 1/D ratio of
5/I  ling gas stream, typically at particle concentration and washers, as
well as steel shot particles, are    within the ranges indicated above. Cut
wire may made of carbon steel having a Rockwell C hard-   to   be used with
any convenient length to diameter, ness of about 50-55. The furnace tubes
comprise     i.e. 1D, ratio, with such wire commonly being straight
sections and welded bends, said tubes       available at an 1/D ratio on
the order of from 2/1 to being 51-102 mm in diameter, with the cleaning
10/1, typically about 3/1 to about 5/1. It will be particles each having a
long dimension in the       appreciated that 1/D ratios on either side of
one range of about 6.35-12.7 mm. Erosion, par-   15   will result in
particles having the aerodynamic ticularly at the bends, is found to be, in
[err]m per    orientation and behavior as described above with 100 kg of
particles, to be minimal for steel shot,   respect to either washers, i.e.
with an l/D of less more than an order of magnitude greater for flint,
than one, or of cut wire, whereas at an 11D of intermediate steel shot and
flint for washers, and,  about 1, the aerodynamic orientation and be-
surprisingly, very much more than flint for cut   20    havior will tend to
be intermediate those referred wire. In terms of cleaning capability,
neither the   to with respect to said washers or cut wire. It is steel shot
nor the flint is able to satisfactorily   also within the scope of the
invention to employ remove the coke from the straight sections of the
cleaning agents such as washers, cut with gear- tubes, although decoking is
achieved in the bend    like projections or other such edges to enhance
sections thereof. Significantly, both washers and    25   the cleaning
action of the particles. particularly the cut wire particles are able to
As with the established Sandjet process for remove the coke successfully
from the straight       decoking    applications   as   taught   in
sections as well as from the bend portions of the    US-A--4 297 147, the
process of the invention furnace tubes. Where the decoking is satis-
can be carried out, in fired heater tubes or other factorily achieved by
means of washers, slugs or   30   conduits, at temperatures generally
between am- similar materials, and where the minimizing of       bient
temperature and the process operating tem- erosion is necessary or
desirable, cleaning agents   perature at which said heater tubes or
conduits such as washers will generally be preferred as       are normally
employed. While the unexpected achieving the desired cleaning action while
and highly significant improvement in conduit minimizing erosion. In other
applications wherein   35   cleaning performance obtained by the invention
the coke or other deposit is more resistant to      relates principally to
the geometry of the cleaning removal so that such washers may encounter
particles employed, it will be understood that the difficulty in achieving
the degree of cleaning       performance obtained in any given application
desired, cut wire may be employed, particularly     will depend on a number
of factors pertaining to where a highly effective and relatively rapid   40
that application. Thus, the particle density, the cleaning action is
needed, and the associated        gas flow velocity, the time of cleaning,
the furnace erosion of the bends can be tolerated. It should be  or conduit
design, the nature of the coke or other noted that, while steel shot caused
nearly no        deposit, and the hardness of the cleaning par- appreciable
erosion in the illustrative example, it  ticles employed are all pertinent
to the practice of was ineffective for the cleaning of the coke en-   45
the invention and to the cleaning results obtain- countered in that
application. Even upon using       able thereby. The hardness of the
cleaning par- flint in the same application, predictably resulting  ticles
can vary significantly within the indicated in significant erosion of the
bends, the difficult-to-  limits, with certain cleaning agents being found
to remove coke was not removed from the straight        be too soft for the
particular deposit to be re- sections of the tubes. On the basis of such
results,   so    moved. As particles of increased hardness are the ability
of the washers to remove the coke        employed, however, the particles
will be more successfully, while minimizing erosion, and the      abrasive
so that a trade-off of hardness and exceptional cleaning ability of the cut
wire with    abrasiveness will be involved in practical applica- respect to
such  difficult-to-remove deposits       tions of the invention. it is also
within the scope of would not reasonably have been expected.       55   the
invention to carry out the cleaning process Those skilled in the art will
appreciate that      using more than one type of cleaning agent as various
changes and modifications can be made        herein described, at the same
time or in in the details of the process described herein      sequence,
or-to employ such particles likewise in without departing from the scope of
the invention    combination with the steel shot, flint or like as
hereinafter set forth in the appended claims.   60    materials heretofore
employed in the Sandjet For example, the conduits to be cleaned may
process. comprise any such conduits adapted for the             The
invention provides a highly desirable flexi- transport and/or the
processing of fluids, solids or  bility to the Sandjet process and
advantageously mixtures thereof. As indicated above, such con-      extends
its scope of application, particularly in the duits may comprise pipelines,
heat exchanger   65   removal of difficult-to-remove deposits. As the 
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benefits to the use of the Sandjet       surfaces of said conduit to be
cleaned comprises process for the cleaning of conduits becomes
straight sections and bends, or equivalent helical increasingly known in
the art, the benefits of the   tube configurations, the aerodynamic
orientation enhanced and extended capability afforded by the     of the
particles in the gas stream resulting in an invention becomes increasingly
desired and sig-    5    increased number of impacts of said particles
nificant in the art. The invention represents, there-  with said straight
sections, at relatively sharp fore, a major advance in the Sandjet process
angles of impact between the particles and said presently being employed in
highly desirable         straight sections, thereby enhancing the cleaning
commercial applications.                             action of the
particles with respect to said straight 10   sections to be cleaned. Claims
8. The process of any one of claims 5 to 7 in which said cleaning particles
as initially employed 1. A process for cleaning, in-situ, the interior
have sharp edges at the periphery of the opposite surfaces of conduits for
the transport and/or        ends thereof. processing of fluids, solids or
mixtures thereof   is  9. The process of any one of claims 5 to 7 in
comprising:                                          which the opposite
ends of the cleaning particles (a) introducing cleaning particles entrained
in a  are rounded. propelling gas stream  into the conduit to be
10. The process of any one of the preceding cleaned at a gas flow rate
corresponding to an       claims in which the outlet gas velocity is from
outlet gas velocity of from about 1,500 meters per   20   about 2,100 to
about 12,200 meters per minute. minute up to the sonic velocity of the
propelling      11. The process of any one of the preceding gas, said
particles being of a regular, non-random   claims in which the
concentration of particles configuration; and
introduced into the conduit is from about 0.1 to (b) maintaining the flow
of said particle-en-      about 10 kgs of particles per kg of propelling
gas. trained gas stream  to the conduit for a time    25    12. The process
of claim  11 in which said sufficient to effect cleaning in the conduit,
particle concentration is from about 0.1 to about characterized in that
said particles have less than  1.0 kgs of particles per kg of propelling
gas. sperical symmetry and that the number of im-           13. The process
of any one of the preceding pacts of the cleaning particles with the
interior    claims in which, in step (b), the flow of said gas surfaces of
the conduit to be cleaned, and the    30   steam is maintained until the
quantity of particles angle of impact of said particles with said interior
in the particle supply pot is exhausted. surfaces, are increased as a
result of the aerody-     14. The process of claim 3 in which the cleaning
namic orientation of the particles in said gas       particles comprise
punched-out slugs or washers. stream, thereby achieving a balance of
desired         15. The process of claim 6 in which the cleaning cleaning
action and undesired abrasive action    35    particles comprise cut wire.
enhancing the overall cleaning action on the           16. The process of
any one of the preceding interior surfaces of the conduit.
claims in which said cleaning particles have a 2. The process of claim 1
and including continu-   square, rectangular, triangular, hexagonal or ing
the flow of the propelling gas to the conduit    elliptical configuration
or the configuration of a without said particles therein, at intervals
during    40    boomerang. the overall cleaning operation, so as to remove
17. The process of any one of the preceding loose debris from the conduit,
and thereafter        claims in which said conduit comprises fired
repeating steps (a) and (b) to further clean the     heater tubes used in
hydrocarbon or chemical interior walls of said conduit.
processing, said tubes to be decoked in the 3. The process of claim 1 or 2
in which the    45   cleaning process. cleaning  particles comprise
cylindrical con-         18. The process of any one of claims 1 to 16 in
figurations in which the diameter is greater than    which the conduit to
be cleaned comprises heat the length of said particles.
exchanger tubes. 4. The process of claim 3 in which said cylindri-    19.
The process of any one of claims 1 to 16 in cal cleaning particles have
annular openings ex-   50   which the conduit to be cleaned comprises a
pipe- tending therethrough.                                line. 5. The
process of claim 3 in which the conduit to    20. The process of any one of
claims 1 to 5 in be cleaned has straight wall sections and bends,     which
said conduit comprises fired heater tubes or equivalent helical tube
configurations, the       to be decoked in the cleaning process. cleaning
particles impacting the bends and the    55 straight wall sections at
relatively sharp angles of  Revendications impact for effective cleaning
action, the aerody- namic orientation of the particles in the gas
1. Procedd pour le nettoyage, in situ, des sur- stream resulting in a
tumbling action upon impact    faces intdrieures de conduits pour le
transport et/ and minimized abrasion of said bends.          60   ou le
traitement de fluides, de solides ou de 6. The process of claim 1 or 2 in
which the        m6langes de ceux-ci, consistant: cleaning  particles
comprise  cylindrical con-         (a) A introduire dans le conduit A
nettoyer des figurations in which the diameter is less than the
particules de nettoyage entratnees dans le cou- length thereof.
rant gazeux propulseur A un d6bit d'dcoulement 



7. The process of claim 6 in which the interior   65   de gaz correspondant
a une vitesse de sortie de 7    11                 0 094  621
12 appreciable benefits to the use of the Sandjet         surfaces of said
conduit to be cleaned comprises process for the cleaning of conduits
becomes           straight sections and bends, or equivalent helical
increasingly known in the art, the benefits of the     tube configurations,
the aerodynamic orientation enhanced and extended capability afforded by
the       of the particles in the gas stream resulting in an invention
becomes increasingly desired and sig-    5    increased number of impacts
of said particles nificant in the art. The invention represents, there-
with said straight sections, at relatively sharp fore, a major advance in
the Sandjet process           angles of impact between the particles and
said presently being employed in highly desirable           straight
sections, thereby enhancing the cleaning commercial applications.
action of the particles with respect to said straight 10   sections to be
cleaned. Claims                                                   8. The
process of any one of claims 5 to 7 in which said cleaning particles as
initially employed 1. A process for cleaning, in-situ, the interior
have sharp edges at the periphery of the opposite surfaces of conduits for
the transport and/or          ends thereof. processing of fluids, solids or
mixtures thereof   15    9. The process of any one of claims 5 to 7 in
comprising:                                            which the opposite
ends of the cleaning particles (a) introducing cleaning particles entrained
in a    are rounded. propelling gas stream  into the conduit to be
10. The process of any one of the preceding cleaned at a gas flow rate
corresponding to an         claims in which the outlet gas velocity is from
outlet gas velocity of from about 1,500 meters per    20    about 2,100 to
about 12,200 meters per minute. minute up to the sonic velocity of the
propelling        11. The process of any one of the preceding gas, said
particles being of a regular, non-random     claims in which the
concentration of particles configuration; and
introduced into the conduit is from about 0.1 to (b) maintaining the flow
of said particle-en-        about 10 kgs of particles per kg of propelling
gas. trained gas stream  to the conduit for a time    25      12. The
process of claim  11 in which said sufficient to effect cleaning  in the
conduit,         particle concentration is from about 0.1 to about
characterized in that said particles have less than    1.0 kgs of particles
per kg of propelling gas. sperical symmetry and that the number of im-
13. The process of any one of the preceding pacts of the cleaning particles
with the interior      claims in which, in step (b), the flow of said gas
surfaces of the conduit to be cleaned, and the    30   steam is maintained
until the quantity of particles angle of impact of said particles with said
interior  in the particle supply pot is exhausted. surfaces, are increased
as a result of the aerody-       14. The process of claim 3 in which the
cleaning namic orientation of the particles in said gas         particles
comprise punched-out slugs or washers. stream, thereby achieving a balance
of desired           15. The process of claim 6 in which the cleaning
cleaning action and undesired abrasive action    35    particles comprise
cut wire. enhancing the overall cleaning action on the             16. The
process of any one of the preceding interior surfaces of the conduit.
claims in which said cleaning particles have a 2. The process of claim 1
and including continu-     square, rectangular, triangular, hexagonal or
ing the flow of the propelling gas to the conduit      elliptical
configuration or the configuration of a without said particles therein, at
intervals during    40    boomerang. the overall cleaning operation, so as
to remove          17. The process of any one of the preceding loose debris
from  the conduit, and thereafter         claims in which said conduit
comprises fired repeating steps (a) and (b) to further clean the
heater tubes used in hydrocarbon or chemical interior walls of said
conduit.                        processing, said tubes to be decoked in the
3. The process of claim 1 or 2 in which the    45   cleaning process.
cleaning  particles comprise  cylindrical con-           18. The process of
any one of claims 1 to 16 in figurations in which the diameter is greater
than      which the conduit to be cleaned comprises heat the length of said
particles.                          exchanger tubes. 4. The process of
claim 3 in which said cylindri-      19. The process of any one of claims 1
to 16 in cal cleaning particles have annular openings ex-   so    which the
conduit to be cleaned comprises a pipe- tending therethrough.
line. 5. The process of claim 3 in which the conduit to      20. The
process of any one of claims 1 to 5 in be cleaned has straight wall
sections and bends,       which said conduit comprises fired heater tubes
or equivalent helical tube configurations, the         to be decoked in the
cleaning process. cleaning particles impacting the bends and the    55
straight wall sections at relatively sharp angles of   Revendications
impact for effective cleaning action, the aerody- namic orientation of the
particles in the gas            1. Procedd pour le nettoyage, in situ, des
sur- stream resulting in a tumbling action upon impact     faces
int6rieures de conduits pour le transport et/ and minimized abrasion of
said bends.            60    ou le traitement de fluides, de solides ou de
6. The process of claim 1 or 2 in which the          melanges de ceux-ci,
consistant: cleaning  particles  comprise  cylindrical con-         (a) a
introduire dans le conduit a nettoyer des figurations in which the diameter
is less than the     particules de nettoyage entraindes dans le cou- 



length thereof.                                        rant gazeux
propulseur a un d6bit d'6coulement 7. The process of claim 6 in which
the-interior    us    de gaz correspondant a une vitesse de sortie de 7
13                   0 094  621                      14 gaz d'environ 1500
m/min jusqu'A la vitesse soni-    tent des aretes vives a la peripherie de
leurs que du gaz propulseur, lesdites particules itant     extremit6s
oppos6es. dans une configuration reguliere, non aleatoire;       9. Procede
salon  l'une  quelconque  des et
revendications 5 a 7, dons lequel les extremites (b) a maintenir
l'coulement dudit courant ga-    5    oppos6es des particules de nettoyage
sont arron- zeux entrainant des particules vers le conduit       dies.
pendant une duree suffisante pour effectuer le         10. Proced6 selon
l'une quelconque des reven- nettoyage du conduit, caracterise en ce que
les-     dications prec6dentes dans lequel la vitesse de dites particules
ont une sym6trie autre quo          sortie du gaz est d'environ 2100 a
environ 12 200 spherique et en ce que le nombre d'impacts des   tO
metres par minute. particules de nettoyage avec les surfaces inte-
11. Procedd selon l'une quelconque des reven- rieures du conduit A
nettoyer, et I'angle d'impact   dications pr6c6dentes, dans lequel la con-
desdites particules avec lesdites surfaces inte-     centration de
particules introduites dons le rieures, sont augmentes par suit de
l'orientation    conduit est d'environ 0,1 3 environ 10 kg de a6rodynamique
des particules dans ledit courant   t5   particules par kg de gaz
propulseur. gazeux, parvenant ainsi a un equilibre entre l'ac-     12.
Proced6 selon la revendication 11, dons tion de nettoyage souhaitee et
l'action abrasive     lequel ladite concentration des particules est
indesiree, ameliorant l'action globale de net-       d'environ 0,1 a
environ 1,0 kg de particules par kg toyage des surfaces interieures du
conduit.          de gaz propulseur. 2. Procede solon la revendication 1 et
consistant   20  13. Procede solon l'une quelconque des reven- A continuer
l'coulement du gaz propulseur vers      dications prec6dentes, dons lequel,
a l'etape (b), le conduit sand lesdites particules, a intervalles
l'coulement dudit courant gazeux est maintenu pendant l'operation glogale
de nottoyage, afin       jusqu'A ce quo la quantite de particules dons le
d'eliminer les d6bris libres du conduit, et a r6peter  pot d'alimentation
en particules soit epuis6e. ensuite les etapes (a) et (b) pour nettoyer
encore   25  14. Proced6 solon la revendication 3, dons Jes parois
interieures dudit conduit.                Iequel les particules de
nettoyage comprennent 3. Procede selon la revendication 1 ou 2, dons
des jetons ou des rondelles realis6s par poin- lequel les particules de
nettoyage presentent des    connage. configurations cylindriques dons
lesquelles le dia-    15. Procede selon la revendication 6, dons metre est
superieur a la longueur desdites par-   30   lequel les particules de
nettoyage sont con- ticules.
stituees de fil metallique coupe. 4. Procede solon la revendication 3, dons
lequel     16. Procede solon l'une quelconque des reven- lesdites
particules cylindriques de nettoyage        dications precedentes, dans
lequel lesdites parti- sont traversees par des ouvertures annulaires.
cules de nettoyage ont une configuration carree, 5. Procede solon la
revendication 3, dons lequel   35   rectangulaire, triangulaire, hexagonale
ou ellipti- le conduit a nettoyer comporte des sections A        quo ou la
configuration d'un boomerang. parois droites et des coudes, ou des
configura-        17. Procidi solon l'une quelconque des reven- tions de
tube helicoidal equivalentes, les parti-    dications precedentes, dons
lequel ledit conduit cules de nettoyage produisant des impacts dons
comprend des tubes chauffes pour element les coudes et dons les troncons a
parois droites,   40   chauffant utilise dons le traitement d'hydro- sous
des angles d'impact relativement aigus pour     carbures ou de produits
chimiques, lesdits tubes produire une action de nettoyage efficace,
l'orien-  devant etre soumis a un decokage dons le pro- tation
aerodynamique des particulos dons le cou-     cede de nettoyage. rant
gazeux ayant pour resultat une action de          18. Procede solon l'une
quelconque des reven- cascade a la suite des impacts et une abrasion    45
dications 1 a 16, dons lequel le conduit A nettoyer minimisee desdits
coudes.                            comprend des tubes d'echangeur de
chaleur. 6. Procede selon la revendication 1 ou 2, dons       19. Procede
solon l'une quelconque des reven- loquel les particules de nettoyage
presentent des    dications 1 A 16, dons lequel le conduit a nettoyer
configurations cylindriques dons lesquelles le dia-  comprend une
canalisation. mbtre est inferieur a la longueur.             50      20.
Procede solon l'une quelconque des reven- 7. Procede selon la revendication
6, dons lequel   dications. 1 a 5, dons lequel ledit conduit corn- les
surfaces int6rieures dudit conduit A nettoyer    prend des tubes chauffes
pour eliment chauffant comprennent des sections droites et des coudes,
devant etre soumis a un decokage dons le pro- ou des configurations de tube
hilicoldal equiva-     cede de nettoyage. lentes, l'orientation
aerodynamique des par-   ss ticules dons le courant gazeux ayant pour
resultat   Pmtentanspruche un nombre accru d'impacts desdites particules
avec lesdites sections droites, sous des angles        1. Verfahron zum
In-Situ-Reinigen der Innen- relativement aigus d'impact ontre les
particules et  flichen von Leitungen FOr den Transport undl lesdites
sections droites, afin d'ameliorer l'action   6O   odor die Verarbeitung
von Fluiden, Feststoffen de nettoyage des particules par rapport auxdites
oder Gemischen derselben, bei dem: sections droites A nettoyer.
(a) in einem  Treibgasstrom  mitgenommene 



8. Procede solon l'une quelconque des revendi-      Reinigungsteilchen in
die zu reinigende Leitung cations 5 a 7, dans lequel lesdites particules de
mit einer GasdurchfluBmenge eingeleitet worden, nettoyage telles
qu'utilisees initialement presen-    65   die einer
Gasaustrittsgeschwindigkeit von etwo 8    *           15                  0
094 621                     16 15bO Meter pro Minute bis zu der Schallge-
Zusammenst6ssen der Teilchen mit den geraden schwindigkeit des Treibgases
entspricht, wobei    Abschnitten bei relativ scharfen Aufprallwinkeln die
Teilchen eine regelmiBige nichtwillkurliche   zwischen den Teilchen und den
geraden Ab- Konfiguration haben; und                          schnitten
fOhrt, wodurch die Reinigungswirkung (b) der Flug des Teilchen mitnehmenden
Gas-    5    der Teilchen bezuglich der zu reinigenden gera- stroins zu der
Leitung fOr eine Zeitspanne        den Abschnitte verbessert wird.
aufrechterhalten wird, die ausreicht, um eine       8. Verfahren nach einem
der AnsprOche 5 bis 7, Reinigung in der Leitung zu bewirken, dadurch
bei dem die Reinigungsteilchen im ursprungli- gekennzeichnet, daB die
Teilchen eine geringere   chen Verwendungszustand am  Umfang ihrer
Symmetrie als Kugelsymmetrie haben und daB   10   entgegengesetzten Enden
scharge Kanten auf- die Anzahl der ZusammenstoBe der Reinigung-
weisen. steilchen mit den Innenflachen der zu reinigenden   9. Verfahren
nach einem der AnsprOche 5 bis 7, Leitung sowie der Aufprallwinkel der
Telichen mit  bei dem  die entgegengesetzten Enden der den Innenflachen
aufgrund der aerodynamischen     Reinigungsteilchen abgerundet sind.
Ausrichtung der Teilchen in dam Gasstrom er-   is   10. Verfahren nach
einem der vorhergehenden h6ht werden, wodurch ein Ausgleich von er-
AnsprOche, bei dem die Gasaustrittsgeschwindig- wOnschter
Reinigungswirkung   und   uner-        keit zwischen etwa 2100 und etwa
12200 Meter wulnschter Schliefwirkung erreicht wird, der die  pro Minute
liegt. Gesamtreinigungswirkung auf den Innenflachen        11. Verfahren
nach einem der vorhergehenden der Leitung verbessert.
20   Anspruche, bei dem die Konzentration der in die 2. Verfahren nach
Anspruch 1, bei dem der fluB  Leitung eingefuhrten Teilchen zwischen etwa
0,1 des Treibgases zu der Leitung ohne die Teilchen   und etwa 10 kg
Teilchen pro kg Treibgas liegt. in Intervallen wihrend des
Gesamtreinigungs-        12. Verfahren nach Anspruch 11, bei dem die
vorgangs fortgesetzt wird, um lose TrOmmer aus    Teilchenkonzentration
zwischen etwa 0,1 und et- der Leitung zu beseitigen, wonach die Verfahren-
25   wa 1,0 kg Teilchen je kg Treibgas liegt. schritte (a) und (b)
wiederholt werden, um die      13. Verfahren nach einem der vorhergehenden
Innenwande der Leitung weiter zu reinigen.        AnsprOche, bei dam im
Verfahrensschritt (b) der 3. Verfahren nach Anspruch 1 oder 2, bei dem
FluB des Gasstrorns aufrechterhalten wird, bis die die  Reinigungsteilchen
zylindrische  Kon-       Menge der Teilchen in dam TeilchenvorratsgefaB
figurationen haben, bei denen der Durchmesser   30   erschopft ist. groler
als die Linge der Teilchen ist.              14. Verfahren nach Anspruch 3,
bei dam die 4. Verfahren nach Anspruch 3, bei dem die
Reinigungsteilchen ausgestanzte Korper oder zVlindrischen
Reinigungsteilchen durch die Teil-  Scheiben aufweisen. chen
hindurchreichende ringf6rmige Offnungen        15. Verfahren nach Anspruch
6, bei dam die haben.                                      35
Reinigungsteilchen Orahtstucke aufweisen. 5. Verfahren nach Anspruch 3, bei
dam die zu      16. Verfahren nach einem der vorhergehenden reinigende
Leitung gerade Wandabschnitte und      Anspruche, bei dem die
Reinigungsteilchen eine Biegungen  oder iquivalente  wendelf6rmige
quadratische, rechteckige, dreieckige, hexagonale Rohrkonfigurationen
aufweist, die Reinigungs-     oder elliptische Konfiguration oder die Kon-
teilchen auf die Biegungen und die geraden   40   figuration eines
Bumerangs haben. Wandabschnitte fur eine effektive Reinigungs-       17.
Verfahren nach einem der vorhergehenden wirkung mit relativ scharfen
Aufprallwinkeln auf-  Anspruche, bei dem es sich bei der Leitung um treffen
und die aerodynarnische Ausrichtung der   beheizte Heizrohre handelt, die
bei der Kohlen- Teilchen in dem  Gasstrom zu einer Taumel-
wasserstoffverarbeitung oder chemischen Pro- wirkung beim Aufprall und zu
minimiertem Ab-   45   zessen eingesetzt werden und die in dem rieb der
Biegungen fuhrt.                         Reinigungsverfahren zu entkoken
sind. 6. Verfahren nach Anspruch 1 oder 2, bei dem      18. Verfahren nach
einem der Anspruche 1 bis die  Reinigungsteilchen  zylindrische  Kon-
16, bei dem es sich bei der zu reinigenden Leitung figurationen aufweisen,
bei denen der Durch-      um Warmeaustaucherrohre handelt. messer kleiner
als deren Lange ist.         so      19. Verfahren nach einem der AnsprOche
1 bis 7. Verfahren nach Anspruch 6, bei dem die       16, bei dem es sich
bei der zu reinigenden Leitung Innenflichen der zu reinigenden Leitung
gerade    um eine Pipeline handelt. Abschnitte und Biegungen oder
aquivalente           20. Verfahren nach einem der Anspruche 1 bis
wendelformige Rohrkonfigurationen aufweisen,      5, bei dem es sich bei
der Leitung um in dem die aerodynamische Ausrichtung der Teilchen in   55
Reinigungsverfahren zu entkokende beheizte dem Gasstrom zu einer erhohten
Anzahl von         Heizrohre handelt. 60 65    


