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This invention relates to an insulated slip-joint 
device for use in connecting a pipeline to a vessel, 
and particularly to such use in Systems requiring 
a long distance transfer of particulate Solid mate 
rial at relatively high temperatures. More par 
ticularly, the invention relates to an insulated 
slip-joint device adapted to connect a tapered 
portion of an elongated pipe line to a vessel Wall 
in such manner as to permit free longitudinal 
expansion or contraction of the pipe as a result of 
severe temperature changes, while maintaining 
the joint surfaces substantially free of particles 
of transferred solid material and at lower tein 
peratures, in order to avoid serious abrasion of 
the slipping Surfaces. 
The invention, in general, is applicable to varis 

ous points of connection between vessels and 
conduits employed in the chemical processing and 
petroleum refining arts. It is of particular ad 
vantage, for example, in connecting the gas-lift 
pipe extending between the upper and the lower 
lift hoppers of a system such as that described in 
the article entitled “Houdri-flow: New EDesign in 
Catalytic Cracking' appearing at page 78 of the 
January 13, i949, issue of the “Oil and Gas Jour 
nal,' or in connecting the catalyst transfer lines 
and vessels of fluid catalytic cracking systems. 
In Such systeins it is often necessary to paSS par 
ticulate solid material, such as catalyst in graniu 
lar or powdered form, in admixture with gases or 
vapors between vessels which may be separated 
by as much as several hundred feet. Since the 
vessels are usually rigidly supported on an ex 
tensive structural frame-Work, provision is re 
quired in the way of expansion-joints, slip-joints, 
etc. for accommodating the longitudinal expan 
sion and contraction of the connecting conduits 
during temperature changes. Although the in 
vention is of general application, it will herein 
after for the purpose of illustration be particu 
larly described in connection with a gas lift pipe 
of the type referred to in the aforementioned 
article. In the gas lift of that design, granular 
catalyst, after passing downwardly as a moving 
bed from an upper lift hopper through the treat 
ing or gas-solids contact section of the system, is 
discharged into a lower lift hopper surrounding 
the lower end of the lift pipe, from which point 
it is transported by means of a stream of lift 
gas, which may be flue gas from the kiln of the 
treating section, through the vertical lift pipe 
back into the upper lift hopper to complete a 
cycle of catalyst flow. In present commercial 
practice in large scale units the lift pipe may be 
150 to 250 feet in length and may be maintained 
at temperatures in the range of 850 to 1200 F. 
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In such ranges of pipe length and temperature 
the problem of accommodating differential ex 
pansion between the rigidly supported vessels and 
their connecting conduits is obviously acute, and 
provision must be made for a possible expansion 
of 20-25 inches. While various slip-joint devices 
are available in the art, none have been con 
sidered suitable for use under severe conditions 
of temperature change and elongation, especially 
in an atmosphere of abrasive material, such as 
the catalyst fines that may be found in the region 
surrounding the lift pipe in the upper lift hoppér. 
The problem is accentuated when the lift pipe is 
adapted to provide a gradual decrease in lift gas 
velocity, as by gradually increasing its diameter. 
for all or a portion of its length. in such case, 
the opposed Surfaces of a slip-joint having a 
cylindrical zone of contact would separate during 
a period of eXpansion and tend to bind during 
a period of contraction. The present invention 
is especially effective in overcoting the difficul 
ties arising in the latter case. 

In accordance with the invention, the longi 
tudinal expansion and conti'action of the lift 
pipe is accommodated by a packed joint, such 
as a stuffing-box, or any other suitable packing 
arrangement that will provide a fluid-tight seal 
between the lift pipe and the vessel wall. A safe 
guard against deterioration of the joint packing 
by reason of the high temperatures to which the 
lift pipe and the vessel are subjected is obtained 
by the provision of means for insulating the joint 
packing from the lift pipe and, if necessary, dis 
sipating a portion of the heat by indirect heat 
exchange with a fluid medium circulating through 
the critical heat zone. Injury to the contacting 
surfaces of the slip-joint, and the consequent 
destruction of the fluid seal, from the abrasive 
action of catalyst fines or other foreign solid 
particles infiltrating into the joint from the in 
terior of the vessel is avoided by introducing gas, 
such as steam, between the opposed silipping sur 
faces to form a continuous bleed into the vessel 
chainber sufficient to clear the joint of such 
foreign matter. If the lift pipe is to be tapered 
instead of cylindrical, the aforementioned - 
advantage of having opposed non-parallel joint 
Stifaces is obviated by constructing the insu 
lated Govering Surrounding the lift pipe, in the 
region of the joint so that its outer surface is 
parallel to the axis of movement. The bleed gas 
may be injected directly into the joint from an 
external source, or it may be introduced therein. 
by discharge from a chamber surrounding the 
joint through which a fluid heat exchange 
medium is circulated, in which case the latter 
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serves the double purpose of exercising a ten 
perature control and of flushing or cleaning the 
joint. 
For a fuller understanding of the invention ref 

erence may be had to the following description 
and claims taken in connection with the accor 
panying drawing forming a part of this applica 
tion, in which: 

Fig. 1 is a schematic view, in elevation, of a 
catalytic cracking system employing a gas lift 
in which the present invention may be employed. 

Fig. 2 is an enlarged sectional view of the slip 
joint at the upper end of the lift pipe connecting 
it to the upper lift hopper. 

Fig. 3 is a modification of the slip-joint show 
ing the use of a fluid heat exchange medium on 
the vesselside of the joint; and 

Fig. 4 is another modification of the slip-joint 
showing the use of a fluid heat exchange medium 
on the lift pipe side of the joint. 

Referring to Fig. 1 of the drawing, there is 
shown a schematic arrangement of a catalytic 
cracking system involving the cyclic flow of gian 
ular catalytic material between vertically Spaced 
hoppers. The catalyst flows downwardly by grav 
ity flow from the upper hopper through a treat 
ing section of the system to the lower hopper, 
and is returned to the upper hopper by convey 
ance in a gas stream through a lift-pipe Section 
of the System. 
Summarizing, briefly, the description given in 

the cited article, catalyst is withdrawn from the 
bottom of the upper lift hopper through a 
seal leg 2 which passes the catalyst downwardly 
into a combined reactor-regenerator, generally 
indicated by the numeral 3. The catalyst passes 
by gravity fow in a moving bed downwardly 
through the vessel 3, and is withdrawn in regen 
erated condition from the bottom thereof through 
a seal leg 4 which passes the catalyst down 
wardly into the lower lift hopper 5. A vertical 
lift pipe 6, preferably tapered to provide in 
creased fow area at its upper end, connects the 
upper and Iower lift hoppers El and 5, respec 
tively. A continuous stream of lift gas is intro 
duced into an engagement Zone within the lower 
lift hopper 5, as through inlet f, wherein the 
catalyst is engaged by the lift gas and conveyed 
upwardly through the lift pipe f6 into the upper 
lift hopper , the catalyst being separated from 
the lift gas in the upper hopper and Subsequently 
recycled through the system. For the purposes 
of illustration, the lift gas is shown as being Sup 
plied to the inlet line from the flue line 8 
which receives flue gas from the regenerator Sec 
tion of the vessel 3 through outlets 9. It is 
to be understood, however, that other means for 
introducing lift gas into the lower lift hopper, 
and other lift gases, such as air, steam, hydro 
carbons etc. may be employed as the lift medium. 

In view of the length of lift pipe required in 
large-scale commercial operations, and of the 
high temperatures commonly employed, allow 
ance must be made in the system for longitudinal 
expansion and contraction of the catalyst trans 
fer lines. The lift pipe extends between hopper's 
which are fixedly supported on a rigid framework, 
and is therefore subject to a considerable amount 
of elongation and contraction. While acconno 
dation for the variations in lift pipe length may 
be made at either end of the lift pipe or at Some 
intermediate point, a preferred arrangement is 
to provide for such expansion and contraction at 
the point where the upper end of the lift pipe 
enters the upper lift hopper. Because of the 
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4. 
scale to which the schematic illustration is drawn, 
it has not been possible to show any details of 
the slip-joint in the lower conical head of hopper 

in Fig. 1. A detailed illustration of the slip 
joint and its association with the hopper and 
the lift pipe 6 is clearly shown in the Sectional 
View of Fig. 2. 

Referring to Fig. 2, the fragmentary lower COin 
ical portion of hopper is shown as terminating 
in a short cylindrical neck portion 2, providing 
an opening in the lower end of the hopper of 
substantially greater diameter than the diameter 
f the upper end of the lift pipe S. A fanged 

stuffing-box housing 22 extends within the open 
ing in the lower end of hopper and is secured, 
as by welding, to the neck portion 2. The lift 
pipe S passes centrally through the housing 22 
and terminates well within the upper lift hopper. 
The portion of lift pipe 3 adjacent to and paSS 
ing through the hopper opening is provided with 
a skirt-like sleeve member 23 turned inwardly at 
its upper end and rigidly secured to the outer 
surface of the lift pipe. The sleeve 23 is cylindri 
cal in shape and is arranged so that its axis is 
coincident with the axes of lift pipe 6 and the 
stuffing-box housing 22. 
The annular space between the cylindrical 

sleeve 23 and the tapered lift pipe f6 is filled with 
a suitable insulating material 24, so that, despite 
the high temperature of the lift pipe, the Outei 
surfaces of sleeve 23 may be maintained at a ten 
perature that will not be injurious to the packing 
material used in providing a fluid-tight Seal in 
the slip-joint. A flat ring member 25 is secured 
to the upper end of housing 22, Surrounding the 
sleeve 23 and substantially closing one end of the 
annular space formed between the housing and 
the sleeve. The opening in ring 25 is slightly 
larger than the sleeve 23, so that the latter may 
move freely through the opening. A ring men 
ber 26 is secured to the inner wall of housing 22 
to divide the annular space between the housing 
and the sleeve into an upper chamber 2, into 
which steam may be introduced through inlet 28, 
and a lower chamber 29 for receiving the joint 
packing 3. Ring member 26 is slightly large 
than the sleeve 23, so that the latter may move 
freely through the ring. A packing gland 3 
fits within the open lower end of housing 22, both 
members being provided with the usual flanges 
and flange bolts 32 for compressing the joint 
packing 3 sufficiently to obtain the necessary 
seal. 

Because of the accumulation of granular cata 
lyst in the lower portion of hopper , and espe 
cially an accumulation of minute particles or 
fines which are unavoidably produced by attri 
tion as a result of continuously circulating the 
catalyst through the Systein, there is a tendency 
for the fine catalyst particles to infiltrate into 
the joint. The fine Solid particles are injurious, 
to the opposed joint Surfaces, eventually destroy 
ing the fillid-tight Sea. By introducing a gas, 
such as steam, Which is coinpatible with the gas 
or vapor within the hopper , into the chamber 
2 at a rate sufficient to provide a constant bleed 
into the hopper through the space between the 
sleeve 23 and the ring 25, catalyst may be pre 
vented from entering the joint. Thus, the outer 
surface of sleeve 23 in the region immediately 
adjacent the joint packing is maintained in rela 
tively clean condition, so that catalyst particles 
are prevented from clinging to the Surface of the 
sleeve and being carried during periods of con 
traction between the sealing surfaces of the sleeve 
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2S and the packing 38. In addition to its func 
tion of preventing catalyst infiltration into the 
joint, the gas chamber 27 may serve the addi 
tional useful function of carrying off heat from 
the sleeve 23 by direct heat exchange with the 
fluid heat exchange medium passing through the 
chamber 2. 

Referring to Fig. 3 of the drawing, a modified 
form of sleeve joint is illustrated. The portion 
of lift pipe 6 passing through the opening in 
neck 2 of hopper is covered by a cylindrical 
sleeve member 33 of substantially larger diam 
eter than the diameter of the lift pipe. The 
cylindrical member 33 is turned inwardly at its 
upper and lower ends 34 and 35, respectively, to 
form a confined space between the lift pipe and 
the sleeve for the reception of suitable insulating 
material 38 having sufficient insulating, prop 
erties to maintain the outer surface of the sleeve 
33 within a safe temperature range. An annular 
member of irregular shape is attached to the 
underside of hopper surrounding the sleeve 
meinber 33. The irregularly-shaped member 
comprises a cylindrical wall section 3 attached 
at its upper end to the sloping bottorn of the 
upper lift hopper and depending therefron con 
centrically to the neck portion 2. The lower 
end of cylindrical member 3 is turned radially 
inyardy at 33 and then upwardly at 39 to form 
a short, cylindrical portion teriliinating at its 
upper end in a concave annular portion is adapt 
ed to receive a packing ring . The annular 
membs formed by the portions 31, 38, 39 and 
4) provides a chamber 42 surrounding the slip 
joint. An inlet, 33 in the cylindrica wall 3 of the 
chamber 63 is provided for the introduction of 
gas, such as steam, into the annular chainber. 
The upper end of the concave portion 49 is spaced 
slightly from the lower end of neck 2 , so as to 
provide a circumferential gas outlet from the 
chamber 42 into the space between the neck por 
tion 3 and the cylindrical sleeve portion 33. 
The gas introduced through inlet 3 functions 
in the same manner as gas introduced through 
inlet 28 of Fig. 2. - 

Referring to Fig. 4 of the drawing, the sleeve 
member of Fig. 3 is shown in modified form. In 
order to provide increased capacity for heat 
transfer away from the region of the slip-joint, 
a cooling coil it is embedded in the insulation 
material 36 surrounding the lift pipe 6, through 
which a fluid coolant is continuously circulated. 
In Fig. 4, the shielded portion of the lift pipe 
is shown as passing through a flat horizontal 
wall member 5 of a vessel, in order to show its 
application to vessel walls of different configura 
tion. The opening in wall member 5 is large 
enough to permit free longitudinal movement 
of the cylindrical portion 33 of the sleeve. A 
fianged neck 56 is attached to the undersurface 
of wall 45 concentric to the opening therein, the 
diameter of the neck 6 being substantially 
greater than the diameter of sleeve member 33 
in order to provide a suitable space therebetween 
to form a stuffing-box. An inlet 47, for steam 
or other gas, is provided in the side of neck is 
near its upper end to permit the introduction 
of a stream of gas into the annular space be 
tween the neck A5 and the cylindrical sleeve 
member 33, so that a constant bleed may be 
maintained through the space between the sleeve 
member and the vessel Wall 45. Within the 
stuffing-box formed by the member 46 there is 
first placed a lantern ring 48 followed by layers 
of packing 59. Packing gland 50 compresses the 
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6 
packing material 49 by means of bolts if in a 
conventional manner so as to provide a fluid 
tight slip-joint for the sleeve member 33. The 
lantern ring 46 spaces the packing material 49 
from the base of the stuffing-box sufficiently to 
permit uninterrupted introduction of gas through 
inlet A. 

It is obvious that the invention is susceptible 
to various other modifications without departing 
from the spirit or essential attributes of the in 
wention. 
What is claimed is: 
1. A slip-joint between a vessel wall and a 

tapered portion adjacent to the free end of an 
elongated conduit extending through an Open 
ing in said wall, and adapted to maintain a. 
sealed connection therebetween while permitting 
substantial relative displacement longitudinally 
of the axis of said conduit as a result of extreme 
changes in temperature, comprising a Spaced 
sleeve member concentrically encircling said 
tapered portion and extending therewith through 
said opening, said sleeve member having a cy 
lindrical outer surface, heat-resistant means be 
tween said - sleeve member and said conduit, a 
housing member secured at one end along the 
edge of said opening and extending outwardly 
from said wall, said housing member being 
radially spaced from and encircling an inter 
mediate portion of said sleeve member, a pack 
ing between said housing member and said sleeve 
member adapted to provide a fluid-tight slip 
joint therebetween, means for retaining Said 
packing inwardly from the supported end of said 
housing member, and means for introducing a 
fluid medium into the annular space formed be 
tween the inner portion of Said housing member 
and said sleeve member for passage into Said 
vessel through Said opening. 

2. A slip-joint as defined in claim 1 in which 
said sleeve member comprises a cylindrical mem 
ber of substantially greater diameter than the 
maximum diameter of the encircled portion of 
said conduit, and an insulating material filling 
the annular space between said cylindrical sleeve 
member and Said conduit, 

3. A slip-joint as defined in claim 2 including 
a pipe coil concentrically embedded within said 
insulating material for continuously circulating 
therethrough a fluid heat exchange medium. 

4. A slip-joint as defined in claim 1 in which 
the inner end of Said annular chamber formed 
between said housing in ember and said sleeve 
member is Substantially closed, so as to provide 
a free sliding fit With Said cylindrical outer sur 
face of Said sleeve member. 

5. A slip-joint as defined in claim 4 in which 
said cylindrical sleeve is of greater diameter than 
the maximum diameter of the encircled portion 
of Said tapered conduit, and including an insulat 
ing material filling the annular space between 
said cylindrical sleeve member and said tapered 
conduit, and means for compressing said packing 
to maintain said fluid-tight slip-joint. 

6. A slip-joint between a vessel wall and a 
tapered portion adjacent to the free end of an 
elongated conduit extending through an open 
ing in Said wall, and adapted to maintain a 
Sealed-connection therebetween while permitting 
Substantial relative displacement longitudinally 
of the axis of Said conduit as a result of extreme 
changes in temperature, comprising a spaced 
sleeve member concentrically encircling said 
tapered portion and extending therewith through 
Said opening, said sleeve member having a cy 
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lindrical outer surface, heat-resistant means be 
tween said sleeve member and said conduit, a 
stuffing box member surrounding said sleeve 
member and extending partially within said 
opening, said stuffing-box member being secured 
to said vessel wall around said opening, and 
having in Wardly-extending radial members both 
at the inner end and at a point intermediate the 
ends thereof forming, respectively, an end closure 
and an internal partition, said partition dividing 
Said stuffing-box into inner and outer chambers, 
said closure member and said partition member 
forming a free-sliding fit with the outer surface 
of Said sleeve member, a packing in the outer 
chamber of said stuffing-box member, a packing 
gland in the Outer end of said stuffing-box adapt 
ed with Said partition member to compress said 
packing and form a fluid-tight slip-joint around 
Said sleeve Inenber, and means for introducing 
a fluid medium into the inner charinber of said 
Stuffing-box for passage into said vessel through 
Said opening. 

. . A slip-joint between a vessel wall and a 
tapered portion adjacent to the free end of an 
elongated conduit extending through an opening 
in Said wall, and adapted to maintain a sealed 
Connection therebetween while permitting sub 
stantial relative displacement longitudiinally of 
the axis of Said conduit as a result of extreme 
changes in temperature, compirising a spaced ; 
sleeve meliber concentrically encircling said 
tapered portion and extending therewith through 
Said opening, said sleeve member having a cy 
lindrical Outer surface, heat-resistant means be 
tween Said sleeve member and said conduit, an 
annular housing member of substantially U 
shaped croSS Section Secured along its upper out 
Side edge to the outer Surface of said vessel about 
and Spaced from said opening, the inner side 
Wall of said annular housing member being cir 
cumferentially indented to form a packing-ring 
groove, the upper edge of said inner side wall 
of Said annular housing member being spaced 
from the vessel wall about the edge of said open 
ing to form a circumferential passage between 
the annular chamber formed within said annular 
housing member, a packing-ring in said packing 
ring groove forming a fluid-tight slip-joint be 
tween said housing member and said sleeve mem 
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ber, and means for introducing a fluid medium 
into said annular chamber, said fluid medium 
passing through said circumferential passage and 
through the annular space between the edge of 
said opening and the surface of said sleeve men 
ber into Said vessel. 

8. A slip-joint between a vessel wall and a 
tapered portion adjacent to the free end of an 
elongated conduit extending through said wall, 
and adapted to maintain a sealed connection 
therebetween while permitting substantial rela 
tive displacement longitudinally of the axis of 
Said conduit as a result of extreme changes in 
temperature, comprising a spaced sleeve member 
concentrically encircling said tapered portion 
and extending there with through Said opening, 
Said sleeve member having a cylindrical outer 
Surface, insulating material in the space between 
Said sleeve member and said conduit, a stuffing 
box member Surrounding said sleeve heinbei and 
Secured at One end to the outer Wall Surface of 
Said vessel inwardly from the edge of said open 
ing, a lantern-ring in the base of said stuffing 
box adjacent to said vessel wall, a packing out 
Wardly adjacent said lantern-ring, a packing 
gland for compressing said packing against said 
lantein-ring to form a fiuid-tight slip-joint 
around said sleeve member, and means for in 
troducing a fluid medium into the base of said 
stuffing-box adjacent said lantern-ring for pas 
Sage into Said vessel through the annular space 
formed between the edge of said opening and the 
Outer surface of Said sleeve member. 

9. A Slip-joint as defined in claim 8 including 
means for circulating a fiuid heat-exchange 
mediuin wholly within Said insulating material 
and in indirect heat-exchange therewith. 

ROBERT M. SHIREK. 
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