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Abstract

Standpipes are an important element in Fluidizetal@zc Cracking (FCC) units. They supply
the pressure buildup required to “drive” the sofisi®ugh a controlling slide valve at the
catalyst flux required. Most operators assumetti@buildup in a fluidized underflow
standpipe (the type used in FCC units) should loévabtpnt to the material’s fluidized density
multiplied by the length of the standpipe. Ceftgithis is the maximum buildup possible in the
standpipe, but standpipes do not always operdhesatnaximum pressure buildup condition.

One reason that the standpipe does not alwaysteparas optimum pressure buildup condition
is that the standpipe also serves another funatitime pressure balance loop. The standpipe is
the only element that can adjust itself to autocadiiy balance the pressure drop in the
circulation loop. Because of this, the standpipesdnot always operate at optimum (maximum
pressure buildup) conditions — it is constrainedh®yparameters of the pressure drop loop. If
these constraints occur, standpipe pressure Baiid gas flows in the standpipe will be
adjusted automatically to allow the pressure badaomccur, and negative standpipe buildups
are even possible in certain limiting situations.

Background

Standpipes are designed to build pressure in &/shatarculation system to generate the driving
force required to force the solids through a cdhitig slide valve at the maximum catalyst flux
desired. Often problems in FCC circulation systanestraced to poor standpipe pressure-drop-
per-unit-length AP/L) buildups. Because FCC standpipes are desigmédidized operation,

the AP/L values in the standpipe are often referredststandpipe densities. The apparent poor
standpipe buildup may be due to too much or tdle leration. It may also be a result of the
pressure balance produced by the operation ofitbe@lation system. The latter situation has
not been adequately understood in the literature.

FCC Standpipes: Theory and Operation

A standpipe is essentially a length of pipe througich solids flow. Solids can flow through a
standpipe in either dilute or dense-phase flovan&pipes can be vertical, angled, or a mixture
of angled and vertical pipes called a hybrid stgmelp

The purpose of a standpipe is to transfer solwoi® fa region of low pressure to a region of
higher pressure. This is shown in Figure 1, wiset&ls are being transferred from a fluidized
bed at pressure;Ro another fluidized bed operating gt(Righer than P.

Solids can be transferred by gravity from a lowsgree to a higher pressure if gas flows upward
relative to the downward flowing solids. This relative gadids flow will then generate the
sealing pressure drop required for the system. dileetion of the actual gas flow in the



standpipe relative to the standpipe wall can bdeeeiip or down and still have the relative gas-
solids velocity, y, directed upwards. This is sometimes difficulutalerstand, but it can be
explained with the aid of Figure 1, and the defomitof the relative gas-solids velocity. The
relative gas-solids velocity, vis defined as:

Vy =‘vs—vg‘ (2)
where s the solids velocity, andys the interstitial gas velocity = Uf).

It is generally easier to visualize what is ocaugrin a solids transfer system by mentally
traveling along with the solids. Therefore, theipwe reference direction for determining v

will be taken to be the direction that the solids fowing — downward.

In Figure 1 solids are being transferred downward standpipe from pressurgt® a higher
pressure 2 Solids velocities in Figure 1 are denoted bylémgth of the bold arrows, gas

velocities by the length of the dashed arrows,taedelative gas-solids velocity by the length of
the thin-lined arrows. For Case 1 in Figure lidsoare flowing downward, and gas is flowing
upward relative to the standpipe wall. The relatrelocity is directed upward, and is equal to
the sum of the solids velocity and the gas velodcity.:

Vv, :vs—(—vg):vs+vg (2)

For Case 2, solids are flowing down the standpatetive to the standpipe wall. Gas is also
flowing down the standpipe relative to the standpa@ll, but at a velocity less than that of the
solids. For this case, the relative velocity soallirected upward, and is equal to the difference
between the solids velocity and the gas velocitg,:i

Vp = Vg~ Vg 3)

In both cases, if one were riding down the stanelpifih the solids, the gas would appear to be
moving upward relative to your reference point.

The gas flowing upward relative to the solids gates a frictional pressure drop. The
relationship between the pressure-drop-per-ungtle@P/Lg) and the relative velocity for a
particular material is determined by the fluidipaticurve for that material. This fluidization
curve is generated in a fluidization column whé $olids are not flowing. However, the
relationship also applies for solids flowing intargdpipe.

For FCC catalyst (a Geldart Group A material), as increased above,y the solids expand

without bubble generation over a certain velocityge. Because of this bubbleless expansion,
the AP/L decreases over this velocity range. The vlaghere bubbles begin to form in FCC
catalyst is called the minimum bubbling velocity,v A typical fluidization curve for FCC

catalyst is shown in Figure 2.

Standpipes generally operate in three basic flginres - packed-bed flow, fluidized-bed flow,
and a dilute-phase flow called streaming flow. Tifeerences between these types of flow are
discussed below:



Packed Bed Flow In packed-bed flowpis less than y;, and the voidage in the standpipe is
more or less constant. Asig increased)P/L increases linearly in packed-bed flow. When a

standpipe is operating in the moving packed-bed flegime, a flow condition is sometimes
reached which causes the solids to momentarilyatojthen start again. This causes the
standpipe to vibrate, and a loud “chattering” naae often be heard. This type of flow is
called stick-slip flow. It should be avoided, Inat method presently exists to predict when it
will occur.

Fluidized-Bed Flow In fluidized-bed flow, yis equal to or greater thag,y The voidage in

the standpipe changes along the length of the gip@dandA\P/Lg does not change with
increasing y. There are two kinds of fluidized-bed flow:

a) bubbling fluidized-bed flow, and
b) non-bubbling, fluidized-bed flow.

For FCC catalyst, there is an operating windowesponding to a relative velocity betwegg v
and v, where the solids are fluidized but no bubblesfam@ed in the standpipe. A standpipe
operating with FCC catalyst and with a relativeoettly above y,, operates in the bubbling
fluidized-bed mode.

Large bubbles are undesirable in a standpipe.stfiadpipe is operating in the bubbling
fluidized bed mode such that the solids velocityjsless than the bubble rise velocity, then

bubbles will rise and grow by coalescence. Bubbsisg against the downflowing solids
hinder and limit the solids flow rate (Knowlton aHitsan, 1978; Eleftheriades and Judd, 1978)
because the solids flow area is reduced by theepoesof bubbles. The larger the bubble, the
greater is the hindrance to solids flow.

When the solids velocity in a standpipe is gretitan the bubble rise velocity, the solids will
carry the bubbles down the standpipe relative ¢ostndpipe wall. It is also possible for
bubbles to coalesce and hinder solids flow whew tloev downward. In this case, the small
bubbles are carried downward faster than the ldrgkbles. When they catch up to a larger
bubble, they coalesce which results in even laogbbles and a greater hindrance to solids flow.

Bubbles also reduce tiad°/Lg or “density” of the solids in the standpipEhus, a standpipe
operating in the bubbling regime will require aden length to seal the saAP than a

standpipe in which the same solids are slightlyabminimum fluidizing conditions. For
optimum fluidized-bed FCC catalyst standpipe openat;, should be maintained in a range just

slightly below v, to just slightly above \,. However, becausgy, is so close to ys

operating in this narrow range can lead to starefpghipping into packed bed flow — an
unwanted occurrence. Therefore, FCC catalyst ptpad are more reliably operated by
maintaining them in the fluidized state a shortatdise “above” y,,. The relative velocity range

where it is best to operate FCC catalyst standpgpsisown schematically in Figure 3. In both
cases, operation in these areas will either retheeéormation of bubbles, or allow standpipe
operation with only small bubbles.

Because it is difficult to prevent small bubblesnfr occurring in standpipes, small standpipes
are more difficult to operate than large standpipessmall standpipes, small bubbles have a
diameter that is a large fraction of the diametahe standpipe and can hinder solids flow in



small standpipes. In large standpipes, small lubiaimeters will not significantly affect solids
flow (Figure 4).

Streaming Flow Underflow standpipes (especially cyclone dip)esgsnetimes operate in a
dilute-phase streaming flow characterized by higldage. A substantial amount of gas can be
carried down the standpipe when operating in trosenGeldart and Broodryk, 1991).
Excessive gas flow down a dipleg is usually uncdse.

There are two basic types of standpipe configunatiathe overflow standpipe (Figure 5A) and
the underflow standpipe (Figure 5B). The overflstandpipe is so named because the solids
“overflow” from the top of the fluidized bed intbe¢ standpipe, and therens bed of solids

above the standpipe. In the underflow standpipe, the solids are uhiiced into the standpipe
from the underside of a bed or hopper, arted of solidsis present above the standpipe. With
this definition, a cyclone dipleg is classifiedaasoverflow standpipbecause there is no bed of
solids above the entrance to the dipleg.

With two types of standpipe configurations and tyaical flow regimes (fluidized and packed
bed), there are four different types of standpipes:

An underflow packed-bed standpipe
An underflow fluidized-bed standpipe
An overflow fluidized-bed standpipe
An overflow packed-bed standpipe

PwpNPE

All standpipe types are used extensively excepthferoverflow packed-bed standpipe. This
type of standpipe is much harder to control thanatiers and is not used. Each type of
standpipe can be constrained (solids flow limittdgither the top or the bottom. However, top-
constrained standpipes are rare, and nearly akiptpes used in fluidized bed standpipe
systems are constrained at the bottom.

In any gas-solids flow system, a pressure-drop t@opbe defined such that the sum of the
pressure drop components around the loop is 2armany (but not all) pressure-drop loops,
the standpipe is thaependent part of the loop. This means that the presswp dcross the
standpipe will automatically adjust to balance phessure drop produced by the other
independent components (which do not automatically adjustrthegssure drops) in the loop.
How the standpipe pressure drop adjustment is nsadiéferent for different types of
standpipes.

Consider the overflow standpipe system shown inf@éiA. Solids are being transferred at a
low rate from the upper fluidized bed to the loerdized bed against the pressure differential
P>-P;. This pressure drop consists of the pressureidrtpe lower fluidized bed from the

standpipe exit to the top of the b&dPg), the pressure drop across the distributor sujptihe
upper fluidized bedAPy), and the pressure drop across the upper fluideeldpAP,), i. e.:

P2-P1 = AP|b + Apd + Apub (4)

This pressure drop must be balanced by the predsopegenerated in the overflow standpipe.
If the standpipe is operating in the fluidized-lmedde at a&\P/L equal to AP/L)s, the solids

height in the standpipe,dg will adjust so that the differential pressurelup generated in the
standpipeAPgp, will equal the product ofAP/L)ys and H, i. e.:



If the gas flow rate through the two beds is insegBAP, increases while the pressure drops
across the two fluidized beds essentially remamstant. Therefore, 7P increases to RP;.
The pressure drop across the overflow standpifeiatseases to £P,. The standpipaP
increases because the height of fluidized solidearstandpipe increases fronggth Hgp, i. e.:

APgp = P3Py = (AP/L)m¢ (H'sp) (6)

This is shown schematically in Figure 6B, and thange is also reflected in the pressure
diagram. If the increase in the pressure dropsactive distributor is so great thagthust

increase to a value greater than the standpipéthaigilable to seal the pressure differential,
the standpipe will not operate.

In fluidized catalytic crackers, fluidized undesilstandpipes are used. This type of standpipe
is one of the most widely used standpipes in ingusBecause it is an underflow standpipe and
full of solids, changes in the bed height to batatie pressure drop are not possible. This type
of standpipe is designed so that its length is lmgugh to generate more pressure than
required. The excess pressure generated by thepgbe is then “burned up” across the slide
valve to balance pressure drop changes in the @bprcomponents.

With the fluidized underflow standpipe, aeratiors gmadded to the standpipe to maintain the
solids in a fluidized state. As the solids flowndothe fluidized underflow standpipe from a low
pressure to a higher pressure, the gas in the@sns compressed and causes the solids to
move closer together. When the standpipe is apgrat low pressures, the percentage change
in gas density from the top of the standpipe toabiggom is significant. If aeration is not added
to the standpipe to prevent this, the solids cdluideze near the bottom of the standpipe
(Figure 7A. Defluidization of solids in the standpipe resuit less pressure buildup in the
standpipe and a reduced solids flow rate arountbtiye

To maintain the catalyst in a fluidized underflotarglpipe in a fluidized state, aeration gas is
added to the standpipe. Adding the correct amotigas uniformly (every 1.5 to 3 meters) in a
commercial fluidized underflow standpipe will prexelefluidization at the bottom of the
standpipe (Figure 7B). If the material flowingtire standpipe is a Geldart Group A material
such as FCC catalyst, aeration should be addedronif along the standpipe. If the aeration is
added at only one location (i. e., at the bottorthefstandpipe) a large bubble will form in the
standpipe at the aeration point (Figure 8A). ¢ Hubble is large enough, it can restrict the flow
of solids. The large bubble forms because itfigcdit for the aeration gas to permeate into the
very fine catalyst moving through the standpip&ergfore, it requires a significant area for the
gas to dissipate through the fine catalyst at #imeesrate that it is being added through the
aeration tap. If the aeration gas is added atrakloeations, then the bubble size is significantl
reduced, and standpipe operation is significamtigroved (Figure 8B). Aeration bubbles
extend downward from the aeration point in thediom of flow of the solids. This occurs
because the momentum of the solids is much grdsarthe buoyancy force of the bubble and
elongates the aeration bubble in the directionavf f

The amount of aeration required to maintain sahds fluidized state throughout the standpipe
was presented by Karri and Knowlton (1993) to be:
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In a commercial fluidized underflow standpipe, #mount of aeration theoretically required is
added in equal increments via aeration taps locgtedoximately 1.5 to 3 meters apart. Care
should be taken not to overaerate the standpipthisloccurs, large bubbles are generated that
hinder solids flow. Thus, standpipes can be ovatad as well as underaerated.

Standpipesin Solid Recycle Systems

FCC units recirculate catalyst in a reaction/regainen cycle. First the catalyst is used to
supply heat or a reactant to the process, it is ttesferred to a separate vessel to regenerate
the catalyst, and is returned to the reactor. @arne collecting entrained solids above a
fluidized bed and returning the solids to the bedtkie cyclone dipleg is also a recirculating
solid system. All of these recirculation systemgty standpipes.

There are two basic types of solids recirculatigsteams: 1) automatic and 2) controlled. In an
automatic system, the solids are recirculated at@uloop without being controlled. In the
controlled recirculation system, a valve is useddntrol the solids flow rate. In automatic
systems, overflow standpipes are usually employedhe controlled recirculation systems the
standpipe is an underflow standpipe.

Automatic Solid Recirculation Systems

One of the simplest types of automatic solids pedation systems is the cyclone/dipleg system
utilized to collect entrained solids and returmtht® the bed. This type of system is shown in

Figure 9 for a fluidized bed containing both primand secondary internal cyclones. External
cyclones return systems are also automatic resystems. All solids entering the primary and
secondary cyclones are returned to the bed autcafigtvia the primary and secondary diplegs

The pressure balance around the system for retysalids to the bed via the secondary cyclone
dipleg is:

APquid bed T APcy1 + APqy2 = APgin2 = Pdip2 Hdip2 9 9)

For solids to be returned to the bed in the seagndaclone dipleg, the secondary dipleg length,
Haip2: should be at least:

Hdip2 = @Pfuid bed + APcy1 + APcy2)/( Pgip2 9) (10)

As shown above, if the primary or secondary cyclpressure drop increases, the immersion of
the secondary dipleg in the fluidized bed increasdke solids density in the secondary cyclone
dipleg decreases, the solids level in the overitamdpipe (secondary cyclone dipleg) increases.
Conversely, if the primary or secondary cyclonespuee drop decreases, the immersion of the
secondary cyclone dipleg in the fluidized bed dases or the solids density in the secondary
cyclone dipleg increases, the solids level in gmadary cyclone dipleg decreases to adjust.



Controlled Solid Recirculation Systems

In a controlled solids recirculation system, a ealy used to control the solids flow rate in the
system, and the standpipe is almost always an fiogestandpipe.

The primary standpipes in FCC units are generaitjeuflow fluidized bed standpipes. Many
FCC units incorporate two standpipes in their legptems. The solids flow rate around the
system is usually controlled by a slide valve intestandpipe.

A typical FCC riser/recirculation system develofgdJOP (called a side-by-side unit) is shown
in Figure 10. A pressure drop balance arounduhisgives:

AIDregen"' AI:)spl - APgy1 - APyiger + AIDstripper"' AF’sp2 +APg2=0 (11)

In this unit, hot catalyst is introduced into audi-phase riser where it is contacted with oile Th
hot solids vaporize the oil and catalytically craickto lower-molecular weight hydrocarbons in
the riser. The catalyst reactivity is reduced agbon deposition during this step. Therefore, the
catalyst is transferred to a regenerator whereaigon is burned off of the catalyst. This heats
up the catalyst and also restores its reactivitgwever, before the catalyst is returned to the
regenerator via an angled standpipe/slide valvebamation, hydrocarbon vapors are removed
from the catalyst in a steam stripper. From tlgenerator, the catalyst is transferred down
another angled standpipe/slide valve combinati@hisumjected into the bottom of the riser.

Solids flow in standpipes in FCC units is generatintrolled in the following manner. In
Standpipe 1, Slide Valve 1 controls the temperadtitbe outlet of the riser by varying the flow
of regenerated solids to the riser. The slideevatvStandpipe 2 controls the fluidized solids
level in the stripper (King, 1992).

Underflow fluidized standpipes in FCC units areraped in either vertical, angled, or hybrid
configurations (Figure 11). Angling a standpip@ isonvenient way to transfer solids between
two points separated horizontally as well as valtyc In angled standpipes, the gas and solids
separate in the standpipe, with the gas bubblesrftpup along the top of the standpipe while
the solids flow down along the bottom of the stapdFigure 12 The pressure buildup in a
hybrid standpipe is lower than in a vertical stapdp Karri and Knowlton (1993) reported that
the maximum solids mass flux possible in a hybndarflow fluidized standpipe was less than
in a vertical underflow fluidized standpipe. Th@npipal reason for this is that the rising
bubbles in the angled section of the standpiperbedarge at low solids flow rates (and low
aeration rate). At a certain solids mass flux,lihbbles become large enough to bridge across
the vertical section at the top of the standpipedéring the solids flow.

Even though vertical standpipes can transfer saotidee efficiently than hybrid standpipes, true
angled standpipes are commonly operated satisfigatotarge FCC units. However for best
operation, these standpipes are typically shortaaadlesigned so that the mass flux through
them is high. Thus, when operating a hybrid stgralpr a true angled standpipe it is best to
keep the standpipe as short as possible so tigat ¢gams slugs will not have a long length to
form, and to use a high mass flux rate so thaetleeminimal deaeration of the solids as they
flow through the standpipe.

As stated above, in a gas-solids flow system aspresdrop loop can be defined such that the
sum of the pressure drop components around theisamgro. In FCC catalyst systems, the
standpipe is thdependent part of the loop. This means that the pressup dcross the



standpipe will automatically adjust to balance phessure drop produced by the other
independent components (which do not automatically adjustrtheessure drops) in the loop.

Most operators assume that the buildup in a fleddianderflow FCC catalyst standpipe should
be equivalent to the material’s fluidized densityltiplied by the length of the standpipe. This
is the maximum buildup possible in the standpipg shandpipes do not always operate at this
maximum pressure buildup condition.

One reason that the standpipe does not alwaysteparas optimum pressure buildup condition
is that the standpipe also serves another funatitime pressure balance loop. The standpipe is
the only element that can adjust itselatdomatically balance the pressure drop in the
circulation loop. Therefore, the standpipe dogsahways operate at maximum pressure buildup
conditions if it is constrained by the parametdrthe AP loop. If these constraints occur,
standpipe pressure profiles and gas flows in tiedgtipe will be adjusted automatically to

allow the pressure balance to occur, and negati@relpipe buildups are possible in certain
situations.

There are generally three element types in a presslance loop:

1. Fixed Element: An element with a constaRt at a fixed velocity and solids mass flux
(riser, bed, cyclone, etc.)

2. Variable Element: An element witl\® that can vary because of a change in setting
(slide valve AP between reactor/regenerator)

3. Automatically Variable Element: An element waAP that willautomatically vary to

balance the differential pressures around the (stamdpipe)

The fixed and variable elements typically make uyais called théndependent part of the
pressure drop loop. The standpipe pressure dnogtitctes thédependent part of the pressure
drop loop. Consider the circulation loop showirigure 13A in which the pressure data shown
are from an actual operating unit. The pressul@ioa around this unit is:

APg, + APyiger - APR/Reg~ APped = APsp (12)

The left-hand side of Equation 12 is the Indepengart of the pressure drop loop. The right-
hand side of Equation 12 is the Dependent pati@ptessure drop loop. The standigewill
adjust so that the pressure balance around thedaatisfied. The standpi@d can be positive
(builds pressure) or negative (dissipates pressure¢ standpipe in Figure 13A is dissipating
pressure so that the pressure balance is satisTieerefore, a standpipe does not always build
pressure as designed to do. If a standpipe ibuituting pressure at its fluidized density, it does
not mean that it is operating poorly. The pressaance needs to be checked.

When a standpip&P/Lg is negative, it means that the standpipessipiating pressure. In this
mode, most (or all) of the standpipe is operatmthe defluidized mode. When this occurs, the
gas is flowing faster than the solids (on averayey the standpipe. However, the actual
pressure profile in the standpipe can take mamdaas indicated in Figure 14. All of these
standpipe pressure profiles result in a negatiessure drop across the standpipe. In general,
the type of aeration pattern used will determireeabtual pressure profile.

In Figure 13B, the solids flux around the unit bagn increased. The riser pressure drop
increases, and the standpiid@ must increase (it is now positive) to bring keloop into



balance. In Figure 13C, the solids flux arounduhi has been increased even more and the
standpipe)P/Lg is now at a value that is more typical of design standpip&P/Lg values.

A standpipe operating in a negative pressure bpildade is also shown in Figure 15. The
standpipe in this example (the data are from amabipg FCC unit) is operating in a catalyst
cooler loop. As shown in the figure, the standpgpéissipating pressure. This is required to in
order to balance the pressure drops around thel&@iien loop. The primary reason that the
standpipe is required to operate in a negativespresuildup mode is that the fluidized catalyst
cooler is so tall that it generates a large presduwp. This large pressure drop cannot be
dissipated through the slide valve, the riser erfthidized bed. Therefore, the standpipe must
dissipate the required pressure in order to baltmeeressure drops.

Nomenclature

D = pipe diameter, m
g = gravitational constant, 9.81 /s
Hdip2 = secondary cyclone dipleg length, m

Hdip2 = secondary cyclone dipleg length, m

Hsp = standpipe height, m

H'sp = changed standpipe height, m

L = length, m

Lsp = standpipe length, m

P = pressure, Pa

P’ = changed pressure, Pa

Py = pressure at bottom of standpipe, Pa
P = pressure at top of standpipe, Pa

AP = pressure drop, Pa

APy = cyclone pressure drop, Pa

APgy1 = primary cyclone pressure drop, Pa
APy » = secondary cyclone pressure drop, Pa
APq = distributor pressure drop, Pa

APgip2 = pressure drop across secondary cyclone dipkeiogn
APquid bed = fluidized-bed pressure drop, Pa
APindependent = independent part of pressure drop loop, Pa
AP, = lower fluidized bed pressure drop, Pa
APregen = regenerator pressure drop, Pa

APriser = riser pressure drop, Pa

AP, = standpipe pressure drop, Pa

APgpy = first standpipe pressure drop, Pa
APgp) = second standpipe pressure drop, Pa
APgripper = stripper pressure drop, Pa

APgq = first slide valve pressure drop, Pa
APg,» = second slide valve pressure drop, Pa
APy = upper fluidized bed pressure drop, Pa
AP/Lg pressure-drop-per-unit-length, Pa/m

AP/LQ)m¢ = pressure-drop-per-unit-length at minimum fluatian, Pa/m



Q = aeration required to prevent defluidizatiod/sn

Q = volumetric flow rate of gas, s

U = superficial gas velocity, m/s

Umnf = superficial gas velocity at minimum fluidizatiom/s
Vg = interstitial gas velocity, Ug/ m/s

Vmb = minimum bubbling velocity, m/s

Vinf = interstitial minimum fluidization velocity, /e

Vi = relative gas/solid velocity, m/s

Vg = solids velocity, m/s

€ = voidage

Emf = voidage at minimum fluidization

Pdip2 = secondary cyclone dipleg density, k§/m

Pmf = fluidized-bed density at minimum fluidizatiokg/m3
Pp = particle density, kg/f

Psk = skeletal density, kg/n

Pt = fluidized-bed density at top of standpipe, k§/m
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