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Abstract 

 

One of the prime challenges to operation of a fluid catalytic cracking unit is keeping the catalyst 

circulating.  Compared to the other challenges facing FCC operations, when it comes to mystery, 

correction of erratic catalyst standpipe operation tops the list. In this paper, fundamental equations 

and practical lessons learned reveal much of the mystery surrounding fluidized particle flow 

through standpipes. The topics covered include a framing of the standpipe problem, knowing how 

to recognize standpipe performance issues, knowing the difference between actual and apparent 

fluidized density, awareness of where aeration goes, the importance of the standpipe inlet design, 

theoretical aeration requirements, the relative effectiveness of different aeration mediums, a review 

of available tools, and commercial examples that demonstrate the importance of each of these 

topics. 
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Introduction  

Fluid catalytic cracking unit per-

formance and reliability are the 

primary drivers of petroleum re-

finery economics. In the years 

leading up to the commercializa-

tion of the world’s first fluid cat-

alytic unit in 1942, a key break-

through was the discovery that 

powdered catalyst can exert 

static head when flowing down-

ward in a pipe.1   The discovery 

now known as the standpipe, as 

indicated in Figure 1, allowed the 

elimination of screw feeders de-

signed to move powdered cata-

lyst between pressurized reaction 

and regeneration zones.  The reduced mechanical complexity improved the reliability of FCC units 

going forward. The ad-

vantage came at a cost; the 

introduction of standpipes 

conscripted future genera-

tions with weeks and 

months of frustrating work 

to combat problems with 

the pressure build-up 

through the standpipes.  

Figure 2 shows the config-

uration of the world’s first 

commercial FCC unit2.  

  

Figure 1: Early Record of Standpipe Disclosure 

Figure 2: First Commercial Scale Standpipe Application 
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Framing the Problem 

In an ideal world, (1) standpipes are fed with well aerated catalyst, (2) the standpipe routing and 

diameter changes, if any, do not trap pockets of gas or accelerate defluidization, (3) aeration sys-

tems provide gas if needed to fluidize the catalyst and make-up for compression of gas as the solids 

and gas move downward, and (4) catalyst properties support the catalyst’s ability to pass through 

the system without losing its fluidized condition.  Figure 3 is a depiction of a typical standpipe 

taken from a paper on this topic au-

thored by Mott.3 It depicts the desired 

pressure profile through a standpipe 

with pressure steadily increasing from 

top to bottom. 

If a standpipe can circulate the desired 

rates of catalyst while maintaining a 

steady pressure build-up of more than 

0.24 psi/ft, while operating on different 

catalysts within a broad spectrum of 

physical properties, then the standpipe 

could be called a good, well-behaved 

standpipe.  On the other hand, a “bad 

standpipe” could be characterized as 

one that exhibits low or erratic pressure 

build-up and over-sensitivity to changes in FCC unit operating conditions or catalyst physical 

properties. 

In the author’s experience, most FCC standpipe performance issues can be categorized into the 

following, often interrelated, areas:  

 Standpipe Inlet Design 

 Standpipe Geometry Issues 

 Standpipe Aeration 

 Catalyst Related Issues 

  

Figure 3: Simplified Standpipe Depiction 
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Recognizing a Problem with Standpipe Performance 

Not all limitations to FCC unit catalyst circulation are related to inadequate standpipe performance.  

A checklist of some of the more common impediments to catalyst circulation, aside from standpipe 

performance, is provided below. 

 Riser pressure drop is high 

 Reactor – Regenerator pressure differential is limiting 

 The required catalyst circulation rate has increased due to increasing reactor heat loads or 

a reduction in regenerator - reactor temperature differential 

When pressure build-up through the standpipe is low or erratic, catalyst circulation capability will 

suffer, and these circumstances are the subject of this paper. 

Actual vs. Apparent Density 

In order to discuss standpipe operating characteristics, it is sometimes useful to draw a distinction 

between the “Actual Density” of the flowing emulsion of catalyst and gas in the standpipe and 

what is termed “Apparent Density”.  Actual Density is the true flowing emulsion density that can 

be measured with techniques such as gamma ray scans through the standpipe while Apparent Den-

sity is simply the change in pressure between two points in the standpipe divided by the elevation 

difference between the points, i.e. ∆P/∆L. It is common in casual conversations to just refer to 

∆P/∆L as simply 

“standpipe density”, but 

in some instances, we 

need to be careful not to 

confuse actual and ap-

parent densities in the 

standpipe. 

What is the difference 

between actual and ap-

parent density?  The dif-

ference is the frictional 

force exerted between 

the flowing catalyst and 
Figure 4: Gamma Ray Determination of Solids Friction Loss 
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the walls of the standpipe.  Figure 4 is a chart published by Matsen in the year 1976.4 It shows data 

from an 8 inch diameter standpipe flowing at catalyst fluxes between 160 and 250 lb/ft2-sec. It 

shows the calculated standpipe friction loss versus the true density of the flowing emulsion based 

on gamma ray scans.    Based on the line drawn through the data, the maximum ∆P/∆L occurred 

at an actual (radiation) density in the range of about 40 to 45 lb/ft3 with a 5 to 10 lb/ft3 friction 

loss, i.e. an apparent density of about 35 lb/ft3. Note that as the actual density increases to higher 

levels, the frictional forces increase enough that apparent density will become lower.  Awareness 

of this concept can reveal some of the mystery of standpipe operation. 

The Importance of the Standpipe Inlet 

Good fluidization of the catalyst before it enters the standpipe is of prime importance.  Inadequate 

fluidization at the standpipe inlet is very difficult to overcome with attempts to re-fluidize the 

catalyst after it enters the standpipe.  

Many different design configurations of standpipe inlets have been practiced over the years, rang-

ing from a simple hole in the bottom cone of a fluid bed, to internal standpipe inlet hoppers, to 

externally fluidized side-draw hoppers.  Many successful examples exist for each of these config-

urations, but at the same time, not-so-successful examples are plentiful. 

Where does the Aeration Go? 

The gas in a standpipe always flows upward relative to the downward flow of catalyst, but the net 

flow of gas can be upward or downward depending on the bubble rise velocity and the velocity of 

the downward flowing catalyst. In most modern FCC units, vertical standpipes are designed with 

a high enough catalyst velocity that the net flow of gas as well as the bubble direction is downward.  

If the catalyst velocity in the standpipe is low enough, the direction of the bubble flow and even 

the total gas flow in the standpipe will be in the upward direction and therefore must vent through 

the standpipe inlet. 

Inclined standpipes are special cases where significant quantities of gas travel in the form of bub-

bles along the top side of the standpipe counter-current to the flow of catalyst; at the same time, 

aeration may need to be added along the bottom of the inclined standpipe to keep the catalyst 

fluidized as it slides down the standpipe beneath the up-flowing bubble phase.   The counter-cur-

rent flow of bubbles along the top of the standpipe can be easily detected, once suspected.  An 

effective way to visualize this phenomenon is to mostly fill a clear plastic tube with FCC catalyst, 

cork the ends, turn it over a few times to fluidize it; then incline the tube, then tap it to see the 
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bubbles emerge and flow up the top side of the inclined tube.  Not surprisingly, cold flow models 

show the phenomenon graphically.  The author has not seen CFD modeling applied to this situa-

tion, but hopefully it would also mimic the bubble traffic along the top of the pipe. 

From these simple descriptions of standpipe behavior, opportunities for malfunction are apparent: 

 If a standpipe operates with a catalyst velocity in an intermediate range where the gas ve-

locity approaches zero, gas will tend to accumulate in the standpipe and reduce the catalyst 

head. 

 If a long slanted standpipe has a bend to the vertical direction near its top, the bubbles 

traveling up the standpipe may get trapped at the top of the slanted section by the downward 

flow of catalyst in the upper, vertical section of the line.   

Modeling of Gas and Catalyst Flow through the Standpipe 

Figure 5 depicts a standpipe model, referred to as the no-slip model where a mixture of discrete 

bubbles flow at the same velocity as the catalyst / gas emulsion within a standpipe. The emulsion 

phase is defined as a phase having a density corresponding to that at the catalyst’s minimum flu-

idization velocity, ρo. The modeling neglects friction between the catalyst and standpipe, so the 

terms density and apparent density become synonymous. The sketch on the left is a mixed phase 

Figure 5: Standpipe Gas / Solids Flow Model 
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representation. For purposes of visualizing a mathematical model, the sketch on the right partitions 

the bubble phase and emulsion phase into separate envelopes within the standpipe, with both 

phases traveling at the same velocity.  

Based on this model and the assumption that bubble phase (gas) density is zero, Table 1 is com-

pleted to show the phase density, voidage, cross sectional area fraction, and phase velocity in the 

separate partitions. The terms ρs and w represent the skeletal density of the catalyst and catalyst 

mass flux through the standpipe, respectively. 

 

Table 1 – Phase Properties without Gas – Solids Slip 

 

 Mixed phase Bubble Phase Emulsion Phase 

Phase Density ρ 0 ρo 

Phase Voidage 1 – ρ/ρs 1 1-ρo/ρs 

Phase Fraction 1 1-ρ/ρo ρ/ρo 

Phase Velocity w/ρ w/ρ w/ρ 

 

With the case representing no slip between the gas and the catalyst established, terms for bubble 

rise velocity (Ub) and minimum fluidization velocity (Uo) are added in Table 2. (The velocity of 

the bubble phase relative to that of the solid phase is captured in the term bubble rise velocity). 

The derivation of the equation for Total Gas Superficial Vapor Velocity through the standpipe 

(Total SVV) is now described. The key to deriving the equation is recognizing that in order to 

maintain the same overall density as in the no-slip case, the phase area fractions must remain the 

same as those in the no-slip case after the bubble rise velocity and minimum fluidization velocity 

terms are added. 

The velocity of the bubble phase is set equal to the emulsion phase velocity plus the bubble rise 

velocity.  Then the superficial vapor velocity (SVV) of the gas in the bubble phase (across the 

entire standpipe area) becomes just the bubble phase velocity times the bubble phase fraction.  

Similarly, the SVV of the gas carried in the emulsion phase (across the entire standpipe area) is 

the estimated gas velocity in the emulsion (neglecting slip) plus minimum fluidization velocity, all 

multiplied by the emulsion phase fraction. Finally, the Total SVV of gas through the standpipe is 
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provided by summing the SVV contributions from the bubble and emulsion phases. The equation 

for Total SVV can also be rearranged into a second order polynomial and solved for density as a 

function of the other variables: 

Table 2 - Phase Properties with Gas – Solids Slip 

 Bubble Phase Emulsion Phase 

Phase Fraction 1-ρ/ρo ρ/ρo 

Phase velocity w/ρ + Ub w/ρ 

Gas Contribution 

to SVV 

(w/ρ + Ub) (1- ρ/ρo) w (1/ρo - 1/ρs) + Uo ρ/ρo 

Ut (Total SVV)                 w (1/ρ - 1/ρs) + Ub (1- ρ/ρo) + Uo ρ/ρo 

Density (ρ) −(𝐔𝐭 –  𝐔𝐛 + 𝐰/𝛒𝐬) 𝛒𝐨 / (𝐔𝐛 − 𝐔𝐨) ± √((𝐔𝐭 –  𝐔𝐛 +  𝐰/𝛒𝐬) 𝛒𝐨 / (𝐔𝐛 − 𝐔𝐨))^𝟐 +  𝟒 𝐰 𝛒𝐨 / (𝐔𝐛 – 𝐔𝐨)

𝟐
 

 

Exercise of the equations in Table 2 shows that selected bubble rise velocity plays a major role in 

the estimation of the Total SVV and density in the standpipe while minimum fluidization velocity 

is a very minor term. Matsen disclosed in his paper on the topic of standpipe modelling that a 

bubble rise velocity of 1.05 ft/sec was determined from independent catalyst bed density measure-

ments at bed superficial vapor velocities from 0.5 to 3.5 ft/sec.5 Figure 6 shows estimated fluid 

bed densities as a function of 

total superficial vapor veloc-

ity and assumed bubble rise 

velocities based on the 

above equations and assum-

ing the emulsion phase is 

stationary. A comparison of 

the estimates with available 

fluidization curves for FCC 

catalyst shows that the 

curves at bubble rise veloci-

ties of 3 or 4 fps appear more in line with the data over the range of interest in FCC standpipe 

Figure 6: Application of Model to Static Fluid Bed 
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operations, i.e. 35 to 45 lb/ft3.  Therefore, a bubble rise velocity of 3.5 fps is selected for use in the 

following examples.  

Figures 7 and 8 show the emulsion 

phase and bubble phase velocities as 

a function of standpipe density and 

mass flux assuming a bubble rise ve-

locity of 3.5 fps.  The emulsion 

phase velocity is always in the down-

ward direction when circulating cat-

alyst, but the direction of the bubble 

phase can be up or down depending 

on the mass flux and assumed den-

sity. 

Figures 9 and 10 show the contribu-

tions of the emulsion phase and bub-

ble phase gases to the Total SVV. 

The contribution of the emulsion 

phase gas to the Total SVV velocity 

is always in the downward direction 

when circulating catalyst, but the di-

rection of the bubble phase gas con-

tribution to the Total SVV can be up 

or down depending on the mass flux 

and assumed density. At higher den-

sities, the bubble phase gas contrib-

utes less to the Total SVV because 

the bubble phase fraction is rela-

tively small. 

  

Figure 8: Bubble Phase Velocity 

Figure 7: Emulsion Phase Velocity 

Figure 9: Emulsion Phase Contribution to Total SVV 
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Figure 11 shows the estimated Total 

SVV which is with sum of the con-

tributions from the two previous fig-

ures. When bubble rise velocity is in-

cluded in the model, the challenge of 

low flux standpipe operation be-

comes apparent.  As the absolute ve-

locity of the gas in the standpipe ap-

proaches zero, then the gas will tend 

to accumulate in the standpipe and very little aeration can be tolerated.  The charts explain why 

the conventional wisdom is to avoid operating vertical FCC standpipes in the lower flux regions.  

  

Figure 11: Total Gas SVV through the Standpipe 

Figure 10: Bubble Phase Contribution to Total SVV 
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Theoretical Aeration Requirements 

Correlations have been published for estimating the theoretical rates of aeration gas that need to 

be added to a standpipe to offset the loss of gas volume due to compression as the catalyst/gas 

emulsion moves down the standpipe.5 The correlations are founded on estimates of Total Gas SVV 

through the standpipe. The theoretically required aeration rate in SCFM per foot of standpipe ele-

vation (∆R/∆L) derived from the author’s equation for Total SVV is shown below where “A” 

represents the cross sectional area of the standpipe: 

∆R

∆L
= 60 A 520  ρ 

[ Ub (1 −
ρ

ρo
) +  w (

1
ρ −

1
ρs

) +  Uo
ρ

ρo
]

[2116 (T + 460)]
 

In practice, it is useful to keep in mind that equations for theoretical aeration rate assume well 

fluidized catalyst at the prescribed density entering the standpipe. If the catalyst is entraining more 

or less gas into the standpipe than assumed, the optimum aeration rates can differ markedly from 

the theoretical requirement. Nevertheless, the equations provide a good starting point for empirical 

optimization of the system.  

Including bubble rise velocity and minimum fluidization velocity estimates in the aeration rate 

equation also provides insight into the perils associated with operating standpipes at lower flux 

rates.  Figure 12 shows how the assumed bubble rise velocity influences the aeration estimates 

(based on a 37 pcf density). While the lower aeration rates predicted at low mass fluxes may at 

first seem desirable, the curves show markedly different aeration rates may be needed depending 

Figure 12: Theoretical Aeration Rates 
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on what is assumed for bubble rise velocity when operating at low mass flux rates, i.e. tempera-

mental standpipe operations.  

At the same time, Figure 12 demonstrates the relative stability of operations at higher fluxes where 

the theoretical aeration rates are relatively insensitive to the assumed bubble rise velocity. 

At low flux rates, when the total gas superficial velocity points in an upward direction, the aeration 

rate equations can show a negative required aeration rate.  This means that if you want to maintain 

a constant Total SVV (and density) throughout the standpipe, you would need to bleed gas from 

the standpipe at successively higher elevations. 

It works out that the amount of aeration added on a weight or standard volume basis is proportional 

to the elevation difference between the aeration taps; If the tap spacing is equal, the rate to each 

tap would be theoretically the same. This may seem counter-intuitive until you consider that at the 

lower elevations in the standpipe, which operate at higher pressure, the gas is denser - but at the 

same time, for a given increase in pressure, the percentage change in gas volume will be less; these 

two factors exactly cancel each other.  

The above equation can also be used to estimate the aeration requirement assuming no slip between 

the catalyst and the gas by simply setting the terms Ub and Uo equal to zero. 

∆R

∆L
= 60 A 520  ρ  

w (
1
ρ

−
1
ρs

)

[2116 (T + 460)]
 

The simplified 

(no-slip) equa-

tion is gener-

ally useful for 

estimating re-

quired aeration 

flowrates for 

standpipes op-

erating in 

higher ranges 

of catalyst mass 

velocity as used 

in modern FCC 

Figure 13: Density in Gas Up-flow Standpipe 
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unit design. Use of 70 to 80 % of the calculated aeration rates on this basis have been reported to 

provide the best results.4 This 70 to 80% rule of thumb appears in-line with the estimates displayed 

in Figure 12.  

The equation for Total SVV in the standpipe can also be used to estimate the gas velocity and 

density profile in a very low mass flux standpipe where gas is left to expand as it moves to higher 

elevations.  See Figure 13 for an example.  

A similar curve is developed from the equation for Total SVV to describe the behavior of a higher 

mass flux standpipe approaching over-compression of gas when operated without the addition of 

aeration.  See Figure 14 for an example, where as a result of gas compression, eventually the 

density increases to the maximum possible (assumed minimum fluidization density of 52.7 lb/ft3 

in the example) or the equations provide no solutions for the compressed gas volume at the lower 

elevations for the lower mass flux cases.  Again, alarm bells are sounded with respect to operation 

at lower values of solids flux. 

  

Figure 14: Density in Gas Down-flow Standpipe 
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Does the Aeration Medium Matter? 

The medium is important. Better aeration mediums are ones that engender longer deaeration times.  

There are correlations that relate to the ability of a gas to maintain particles in suspension or pro-

vide fluidization, and these may contain either one or both of the terms of gas viscosity and gas 

density as well as terms that describe the catalyst. For purposes of discussing aeration mediums, 

gas viscosity and gas density are the controlling fluid properties.  In general, the more viscous a 

gas is, and the denser a gas is, the easier it is for the gas to keep particles suspended in a fluidized 

state.  

The estimated terminal velocity of an FCC catalyst particle intuitively may be related to the fluid-

ization potential of a medium. For an average size FCC catalyst particle, at typical FCC operating 

conditions, the terminal velocity calculations fall in the Stokes Law region (Reynolds Number less 

than 0.3) where at FCC conditions viscosity controls and gas density effects are negligible.   

Since viscosity is not a function of pressure at FCC conditions, the calculated terminal velocity 

based on Stoke’s law is only a function of temperature. Figure 15 compares single particle terminal 

velocities of a typical 70 micron diameter FCC catalyst particle in different fluidizing mediums.  

From this, you might infer that air would be the best fluidization medium, followed by steam, with 

both of these much better than the listed hydrocarbons, and hydrogen being worst. 

Another indicator of fluidization quality has been the Maximum Stable Expansion Ratio (MSER) 

published by Abra-

hamsen and Gel-

dart that shows how 

much the bed will 

expand before gas 

escapes in the form 

of bubbles.6  

Figure 15: Impact of Aeration Medium on Particle Terminal Velocity 
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The higher the MSER, the more forgiving the catalyst flow will be to changes in aeration or system 

geometry.  The 

equations for es-

timating MSER 

are shown at the 

end of this paper 

and include ef-

fects of both gas 

density and vis-

cosity.  

The data in Fig-

ure 16 are based 

on an operating 

temperature of 1150 deg. F. and show the effect of pressure on the MSER.  Again, air, followed 

by steam would seem to be the preferred aeration mediums. 
 

A third intuitive measure of fluidization quality would be calculated deaeration velocity (Ud) which 

is a measure of how quickly an expanded bed of fluidized catalyst will collapse when aeration is 

stopped.6 The equation for deaeration velocity is included at the end of this paper. By this measure, 

a lower deaeration velocity would imply a better aeration medium.  As shown in Figure 17, air 

followed by steam would seem to be better aeration mediums than any of the hydrocarbons or 

hydrogen. 

Considering the 

three perspectives 

discussed here, 

the verdict is 

unanimous; air 

followed by 

steam would 

seem to be better 

aeration mediums 

than either of the 

hydrocarbons and 

Figure 16: Impact of Aeration Medium on Max Stable Expansion Ratio 

Figure 17: Impact of Aeration Medium on Deaeration Velocity 
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hydrogen is the worst.  In each case, values for pure nitrogen (not shown) were found to be almost 

the same as those shown for air. 

Catalyst Properties 

The concentration of fine particles in the FCC catalyst par-

ticle size distribution (PSD) as well as particle density and 

particle diameter are known to have profound impact on the 

ability of catalyst to remain fluidized as it travels through 

the FCC unit.  Based on the equation for MSER, the impact 

is summarized in Table 3 with relative values of MSER 

over a representative range of interest for FCC catalyst.  

As suggested by Raterman, routine tracking of FCC catalyst 

fluidity can be expedited by substituting the commonly re-

ported average bulk density (ABD) for particle density in 

the equations.  By the same token, expanding on Rater-

man’s work, utilizing the more commonly reported fraction 

of particles less than 40 microns in diameter, rather than 45 

microns, will further expedite the tracking of fluidity.  Thus, 

the equation coined the Simplified Fluidization Factor 

(SFF) can be used for tracking purposes.  

The value of SFF that would correlate with good vs. poor FCC unit catalyst circulation would vary 

widely depending on the 

specifics of the FCC design 

and operating conditions.  

Nevertheless, the range of 

SFF seen in the industry 

may provide a useful bench-

mark.  Figure 18 shows 

SFF’s calculated from equi-

librium catalyst data sheets 

from one catalyst supplier 

for 15 randomly selected 

FCC units.  It is offered as a benchmark. For each of the 15 units, two data points were included, 

Figure 18: Simplified Fluidization Factors 

from Commercial FCC Unit Operations 

MSER

Fraction < 45 microns % of base

0.20 103.2

0.15 102.4

0.10 101.6

0.05 100.8

0.00 100.0

Dp, microns

65 104.8

70 103.5

75 102.2

80 101.1

85 100.0

Particle Density, g/cc

0.80 102.9

0.83 102.1

0.86 101.4

0.89 100.7

0.92 100.0

Table 3 – Impact of Catalyst 

Properties on MSER 
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one representing the point with the highest average particle size (APS) among the test results and 

the other from the point with the lowest APS.  It can be seen that SFF values below 0.49 would be 

considered the lower end of the scale while values above 0.51 would be considered as being in the 

upper, more easily fluidized range of commercial FCC catalyst experience.  

Available Tools 

There are a number of tools available to diagnose the nature of standpipe related catalyst circula-

tion difficulties: 

 Pressure Profile Data 

o Single gauge pressure surveys 

o DCS data print-outs and trends 

o High speed multipoint data recordings 

 Aeration and Fluidization Gas Rate Trials 

 Computational Fluid Dynamic (CFD) and Cold Flow Modelling Studies 

 Gamma Ray Scans 

Collection of standpipe pressure profile data is often one of the earliest tasks completed when 

seeking to understand the nature of standpipe flow problems. It is useful to prepare a chart with 

the standpipe, aeration and instrumentation drawn to an elevation scale, and then plot the pressure 

readings along the X axis. Single gauge surveys are useful for gathering data to troubleshoot the 

problem, but the single gauge survey data is also useful for corroborating the on-line pressure and 

level data to discover which instrument readings may be non-functional or out of line.  A data 

collection form should include aeration and fluidization 

flowrates, pressure/pressure differential data, temperatures, bed 

levels, and notes regarding the stability of the operation.   

Once the on-line instrumentation has been validated, the on-line 

instrumentation can be a superior tool for troubleshooting pur-

poses because it records data simultaneously from several points, 

providing more clues to the dynamics of the system.  In a further 

ratcheting up of sophistication, high speed multipoint recorders 

or closely spaced records from a distributed control system have 

proven useful in defining more accurately where anomalies in pressure profile originate and how 

they propagate through the standpipe.   

Avoid agendas 

based on preconcep-

tions of how to fix a 

problem and pay 

close attention to 

feedback from the 

patient (FCC unit). 
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Once systems are in place to monitor the standpipe behavior, fluidization and aeration trials can 

be performed to optimize the system performance – or at least gain insight into the nature of the 

problem.   Because of the noise and uncertainty in the data, it is usually necessary to perform 

aeration trials in a systematic manner, adjusting variables one-at-a-time, and keeping careful rec-

ords to allow for thoughtful reflection on the results.  After days of trials, investigators can reflect 

on the data to see what circumstances generally have produced 

the best results.  And this feedback can be used to guide the di-

rection of future trials. 

As a general rule, rates of individual services would be changed 

10 to 20 percent at a time, with at least 10 minutes of time allowed 

before evaluating the impact and recording the data.  Several days 

or weeks of effort are normally required to complete a cycle of 

testing. 

Cold flow modelling has been a standard FCC troubleshooting 

tool for decades and CFD modelling has now demonstrated its utility as an FCC troubleshooting 

tool.  As with any tool, the measure of a tool’s value is its usefulness.  Arguments about which 

tool is theoretically more comprehensive are less relevant than the tool’s ability to provide timely, 

useful conclusions.   

Tip: When a low 

∆P/∆L is measured 

across a section of 

standpipe, it could 

mean that the actual 

density in the section 

is too low or it could 

mean that the actual 

density is too high. 

Increase the magni-

tude of the aeration 

changes until some 

impact is noted. 



New and Old Equations Tie Together 75 Years of FCC Standpipe Experience  
 

 
 

AM-16-13 
Page 19 

Connecting-the-Dots 

It may be surmised from the above discussion that obtaining good flow characteristics in a long 

vertical standpipe centers on the need for good fluidization at the standpipe’s entrance and the need 

to add gas to the catalyst as it moves down the standpipe to make up for the gas volume lost due 

to compression.  In general, the fluidizing streams associated with the operation of a standpipe 

should be adjusted so as to achieve a steady, 30 to 45 lb/ft3 apparent density across all sections of 

the standpipe.  It is emphasized that low apparent density in a section of the standpipe could be 

due to either (1) an excess of aeration medium causing a truly low density mixture of gas and 

catalyst, or (2) not enough aeration medium causing a high true density (packing) of catalyst and 

loss of pressure build-up. Long, inclined standpipes are special cases, where excess gas bubbles in 

the standpipe will travel upwards in spite of the downflowing solids. 

 

Example 1 

An example taken from Matsen in Figure 19 shows how a narrow section of a standpipe created a 

bridging problem because the bubbles in the narrow section were being drawn down by the flowing 

catalyst and the bubbles in the larger, lower section were migrating upward against the slower 

moving catalyst phase.4 

  

Figure 19: Bubble Trapped Below Constriction in SP 
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Example 2 

Yaslik authored a paper discussing 

in detail how bubbles invariably 

run up the top of an inclined stand-

pipe while the catalyst phase slides 

down the standpipe beneath the up-

flowing bubble phase.8 In his work, 

he presented data showing that in 

some cases the upflowing bubble 

phase can accumulate to the point 

that it provides a significant re-

striction to the downflowing cata-

lyst.  In the author’s experience, an 

even more debilitating restriction 

to catalyst flow has been seen when 

a vertical standpipe section is in-

cluded above lengthy inclined sec-

tion.  As shown in Figure 20, the 

bubbles in the inclined section 

make their way up to the vertical 

section, but the downward flowing 

catalyst in the vertical section pre-

vents the bubble from traveling to 

the top of the standpipe.  In just a 

few minutes of operation, bubbles 

would accumulate beneath the ver-

tical section until enough of the standpipe is occupied by the growing bubble that slide valve dif-

ferential is lost, the catalyst circulation stops, the entire bubble vents out the top of the standpipe, 

valve pressure differential is restored, catalyst circulation restarts, and then the entire process re-

peats itself. 

 

 

   

Figure 20: Bubbles Trapped at Bend in SP 
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Example 3 

In another example of a long 

vertical standpipe, pressure 

build-up through the stand-

pipe was erratic.  Some im-

provement in the situation 

was achieved by optimizing 

the aeration flowrates and 

some other operating varia-

bles, guided by six on-line 

pressure differential indica-

tors spanning sections of the 

standpipe and the inlet hop-

per.   

Later, a high speed multipoint 

recorder was connected to the 

pressure differential transmit-

ters.  It was able to record the 

pressure differentials with the 

paper feeding at a rate of 30 

mm per minute, providing a 

better indication of where the 

disturbances were starting 

and how they were propagat-

ing down the standpipe. The data in Figure 21 show upon close inspection that the instability began 

as soon as the apparent density in the hopper (the top line in the chart) reached a high value, and 

within a few seconds, the apparent densities in several sections of the standpipe became unstable 

and fell to very low levels.  

Inspired by the observations described above, work then focused on increased aeration in and 

around the hopper, providing some level of improvement in the standpipe performance.  Then, at 

the next unit shutdown, the hopper was modified to discourage ingress of catalyst from near the 

wall of the regenerator where the density was known to be higher, and some additional fluidiza- 

Figure 21: Pressure Data Identifies Origin of Bridging 
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Table 4 – Example 3 Results 

tion air was added near the hopper inlet.  Following the 

implementation of these modifications, the catalyst 

flow problems in the standpipe were considered re-

solved with a stable 42 lb/ft3 apparent density being 

achieved across the 80 ft standpipe.  Table 4 provides a 

pressure profile from the unit after the optimization and 

unit modifications. 

Example 4 

An example that demonstrates the impact of aeration 

medium is recalled from experience with a refiner who 

had continually struggled with flow instability in a 

steam aerated regenerated catalyst standpipe.  For a 

number of years, the focus was on working to ensure 

the small aeration steam flows were indeed dry, but the desired improvement in flow stability was 

never achieved. Suggestions were made to replace the steam with air in the regenerated catalyst 

service, but these suggestions were met with resistance to the concept of injecting even small 

amounts of air that would be carried into the FCC reactor. It was a few years later that the author 

received an e-mail advising that they had made the switch from steam to air for regenerated catalyst 

standpipe aeration, and the improvement in the stability in standpipe flow was marked and imme-

diate.  

Example 5 

The FCC unit had catalyst circulation problems at times in its long, vertical regenerated catalyst 

standpipe; the symptoms were low pressure build-up (averaging 24 lb/cu.ft apparent density) 

across the standpipe and unstable catalyst circulation. 

When a new riser system was engineered for the unit, the aeration system was optimized and the 

catalyst slide valve was located closer to grade providing an addition of 20 feet of length to the 

already long 100 foot standpipe.   Because of the extreme length of the standpipe, the unit pressure 

balance would be greatly affected by even small changes in standpipe apparent density; each 1.0 

lb/cu.ft increase in standpipe density would result in a 0.8 psi increase in regenerated catalyst slide 

valve pressure differential. With the additional 20 ft length of standpipe included in the revamp 

Measurement 

Location DP, psi 

Apparent 

Density,  

lb/ft3 

Hopper 1.8 36.3 

SP Top 3.5 36.9 

Upper SP 3.6 35.9 

Middle SP 3.9 41.5 

Lower SP 4.1 42.0 

SP Bottom 4.8 50.3 

Total Standpipe 20.6 42.3 
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scope, the pressure build up would increase by more than 3 psi, assuming the revamped unit would 

maintain the pre-revamp standpipe density of 24 lb/cu.ft.  

Experience with other FCC units had shown that much higher apparent densities were possible in 

lengthy vertical standpipes, so there was hope that the standpipe density would increase following 

the revamp by optimizing the aeration system. Equations were used to estimate the optimum aer-

ation rates at each of the ten unevenly spaced levels of aeration with calculated aeration require-

ments being proportional to the spacing between aeration levels. Three new aeration levels were 

included in the new section of standpipe. Prior to shut down for the revamp, aeration rates were 

adjusted to be more in line with the calculated requirements, and significant improvements in both 

pressure build-up and stability were noted. Figure 22 shows the three cumulative aeration rate 

profiles. If aerated according to theory, with rates proportional to the spacing between aeration 

levels, the profiles would plot as straight lines. The first profile is from before the revamp when 

most of the aeration air was injected into the upper standpipe. The second profile is from two 

months before the revamp after adjustments were made to more evenly distribute the aeration. 

Finally, a profile is shown from after the revamp, where the rates were increased and adjusted to 

be proportional to the spacing between aeration levels.  

Figure 23 shows the pressure build up along the standpipe for each of the cases represented in 

Figure 22. Standpipe densities are proportional to the slopes of the lines. Prior to adjustment of 

aeration rates, the density average was 24 lb/cu.ft. After the pre-revamp aeration adjustments, the 

average density increased to 36 lb/cu.ft.  

Figure 22: Cumulative Aeration Rate Profiles 
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With the post re-

vamp aeration 

rates, the average 

density along the 

standpipe in-

creased to 44 

lb/cu.ft and the 

pressure build-up 

was steady. Fig-

ure 23 shows an 

initial pressure 

build-up of 19.0 

psi. The pressure 

build up is in-

creased to 25.5 psi as a result of the pre-revamp aeration adjustments. Further adjustments and 

lengthening of the standpipe during the revamp increased the standpipe pressure build up to 35.3 

psi. In addition, the unit demonstrated that catalyst circulation rate could be varied widely with 

little or no adjustment of the aeration rate profile. The additional standpipe density resulted in a 

greater than design pressure build-up above the regenerated catalyst slide valve. The unit then 

operated with differential pressures of 10 to 15 psi across both spent and regenerated catalyst slide 

valves, making the reactor-regenerator operation very stable. 

 

  

Figure 23: Pressure Profile Response to Aeration Rate Changes 
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Example 6 

A long vertical standpipe exhibited a very high apparent density in the uppermost section of the 

standpipe, with very low apparent density in the lower sections of the standpipe. The base opera-

tion was characterized by low and unstable pressure build-up and high standpipe vibration.  

Through a process of trial and error, guided by dissonant advice from several FCC consultants, the 

best solution evolved from a recommendation to increase aeration rates to sections of the standpipe 

that exhibited very high apparent 

densities.  Results from before and 

after optimized aeration adjust-

ments are summarized in the Fig-

ure 24.  Not only did optimizing 

the aerations rates increase the 

overall pressure build-up from 23 

lb/ft3 to 34 lb/ft3, the pressure 

build-up was very steady.   

Example 7 

An FCC unit standpipe was being limited to about one-half of its 

design catalyst circulation rate, and it was attributed to bridging 

in the conical inlet of the standpipe.  At the same time, the unit 

was suffering from an ongoing and serious regenerator catalyst 

loss problem that resulted in a severe increase in catalyst average particle size (into a range between 

110 and 120 microns) and a complete loss of particles having diameters less than 40 microns. A 

laboratory test on the catalyst confirmed that the deaeration time was an order of magnitude shorter 

Figure 24: Improvements from Aeration Adjustments 

In some of the 1940’s 

vintage FCC units, the 

instrumentation was con-

figured to automatically 

adjust the total standpipe 

aeration rates based on 

measured standpipe total 

DP.  The total aeration 

rate would automatically 

increase when the meas-

ured standpipe DP was 

high, and the aeration 

rate would be decreased 

when the standpipe DP 

was low.  It is not sur-

prising that based on the 

experiences shared in 

this paper that these sys-

tems were short-lived. 
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than measured for a representative sample of fresh catalyst having a normal particle size distribu-

tion.  The SFF calculated for the coarse equilibrium catalyst was 0.45 which is well below the 

lower end of the commercial SFF data chart shown in Figure 18. 

Conclusions 

The correction of standpipe performance issues can require perseverance, a tolerance for risk tak-

ing, open-minded analysis, and teamwork.  When combined, these elements can bear positive, 

long-lasting improvements in FCC unit performance.  Science and equations can help our under-

standing, but empirical trials are still required to locate optimum, or even satisfactory, points of 

operation. 
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Nomenclature 

A Standpipe Area, ft2 

APS Average Particle Size, microns 

e Base of Natural Logarithm (approximately 2.71828) 

Dp Average Particle Diameter, ft  

F45 Weight Fraction of Catalyst having a Diameter of less than 45 microns 

F40  Weight Fraction of Catalyst having a Diameter of less than 40 microns 

g Local acceleration due to gravity, ft/sec2 

h  Height of Fluid Bed, ft 

L Length, ft (vertically) 

MSER  Maximum Stable Expansion Ratio 

P Pressure, psi 

T Temperature, °F 

Ub Relative Bubble Rise Velocity, ft/s 

Ud Deaeration Velocity, ft/s 

Uib Superficial Vapor Velocity at Incipient Bubbling, ft/s 

Uif Superficial Vapor Velocity at Incipient Fluidization, ft/s 

Uo Minimum Fluidization Velocity, ft/s 

Ut Total Superficial Vapor Velocity, ft/s 

μ Gas Viscosity, lb/ft-s 

ε Voidage  

ρ  Density, lb/ft3 

ρg Gas Density, lb/ft3 

ρo Density at Minimum Fluidization Velocity, lb/ft3 

ρp Particle Density, lb/ft3  

ρs Skeletal Density, lb/ft3 

ρif Density at Incipient Fluidization, lb/ft3 

ρib Density at Incipient Bubbling, lb/ft3 

w Solids Mass Flux lb/ft2s 

∆P/∆L  Apparent Density, lb/ft3 

∆R/∆L Theoretical Aeration Rate, SCFM/ft 
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Equations 

Apparent Density of Catalyst and Gas Emulsion  

 ρ =
144 ∆P

∆L
 

 

Estimated Catalyst Skeletal Density where Al2O3 and SiO2 are Weight Fractions 

 ρs =  
62.4

(
Al2O3

3.4
+

SiO2

2.1
)
 

 

Voidage of Catalyst/Gas Emulsion  

 ε =  1 −  
ρ

ρs
 

 

Stokes Law Terminal Velocity   

 Terminal Velocity =
g Dp2 (ρp – ρg)

18μ
 

 

Total Superficial Vapor Velocity through Standpipe (Total SVV) 

 Ut  =  w (
1

ρ
−

1

ρs
) +  Ub (1 −

ρ

ρo
) +  Uo

ρ

ρo
 

 

Density in Standpipe 

      ρ =   

− (𝐔𝐭 – 𝐔𝐛 +
𝐰
𝛒𝐬

) 𝛒𝐨

(𝐔𝐛−𝐔𝐨)
  ± √(

(𝐔𝐭 – 𝐔𝐛 +
𝐰
𝛒𝐬

)𝛒𝐨

(𝐔𝐛−𝐔𝐨)
)

𝟐

+ 
𝟒 𝐰 𝛒𝐨

(𝐔𝐛 – 𝐔𝐨)

𝟐
  

 

Theoretical Standpipe Aeration Rate 

  ∆R/∆L = 60 A 520  ρ 
[ Ub (1− 

ρ

ρo
)+ W (

1

ρ
 − 

1

ρs
)+ Uo 

ρ

ρo
]

[2116 (T+460)]
 

Derived from equation for Ut to give the standard volume of gas per minute (at 60 °F 

and 14.696 psia) that needs to be added per foot of vertical standpipe to make up for 

gas compression as the gas moves downward. 
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Simplified Fluidization Factor 

SFF =
e(0.158 F40)

APS0.176 ABD0.205
 

 

Note: the following equations for MSER, Uib/Uif and deaeration 

velocity are given in metric units are shown in the reference lit-

erature:  

 ρ Density, kg/m3 

 U Velocity, m/s 

 g Local acceleration of gravity, 9.81 m/s2 

 Dp  Particle Diameter, m 

 μ  viscosity, kg/m-s 

 h height, m 

 

Maximum Stable Expansion Ratio 

 MSER =   
ρif

ρib
   =   (

Uib

Uif
)

0.22
 

    

 Where 

  

 
Uib

Uif  
=  

2300 ρg
0.126 μ0.523 e(0.716 F45)

Dp
0.8 g0.934 (ρp – ρg)0.934

 

     

Deaeration Velocity 

    

Ud =  
0.314 ρg

0.023 (ρp –  ρg)0.271 Dp
1.232 e(0.508 F45)

 μ0.5 h0.244
 


