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Abstract

In an effort to better understand the hydrodynamics in
Fischer-Tropsch (F-T) bubble-column reactors, limited experiments
were carried out to measure the average gas holdup in two short
hot—=flow columns (3.2 and S.3 cm ID x 215 cm L). In addition,
gas holdup and catalyst concentration profiles were measured in a
tall bubble~column reactor (5.2 cm ID x 762 cm L). Preliminary,
results show that the type of 1l.guid, gas distributor design,’
static liquid height and gas superficial velocity have major
effects on gas holdup. For instance, F-T waxes have
significantly higher gas holdups than hexadecane although they
have similar viscosity and suxzface tension. Sintered plate gas
distributors produce markedly higher gas holdups than
single-orifice distributors; also, significant foaming is
observed with sintered plates, whils little or no foaming is
present with single orifices. Decreasing static liquid height
and/or increasing gas superficial velccity result in increased
gas holdup. In the reactor, gas holdup profiles were shown to
follow a three-zone pattern; this pattern was observed before
only in cold flow experiments. Lastly, gas holdups were shown to
be stable and at acceptable levels during an 86 day synthesis
run.

To further study these hydrodynamic phenomena,
experiments are planned in two tall hot-flow columns (5.1 and
10.2 cm ID x 915 cm L) currently under construction, and in the
bubble-column reactor.
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FISCHER-TROPSCH BUBBLE-COLUMN HYDRODYNAMICS

T. M. Leib, J. Smith, K. M. Gupte, and J. C. W. Kuo

Mobil Research And Development Corporation v
Paulsboro, New Jersey 08066

1 . INTRODUCTION

The title of the presentation is "Pischer-Tropsch Bubble—Column,
Hydrodynamics®. The work described here was partly performed .
under the previous contract which ended on April 30, 1983, and”
partly under the current contract; "Two—-Stage Process For
Converting Synthesis Gas to High Quality Transportation Fuels®,
‘which-began on June 8, 1983, and will end on March 7, 1985. The
overall objective is to obtain Pischer-Tropsch B;bble—Column |
Hydrodynamic data for improved pilot plant operation, and
eventually for reactor scale-up (Slide #1). To achieve this
objective, limited hydrodynamic 3tudies were initiated to measur; ’

the gas holdup in existing short hot flow models and in the

bubble;column reactor of the two-stage BSU. In addition, bubble

flow patterns were visvally observed in the hot flow models. e
Specifically, we wish to gquantify the dependence of the gas

holdup and bubble size on the type of liquid medium, gas

distributor design, static liquid height, column diameter and

operating conditions.
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I1.1.EQUIPMENT AND EXPERIMENTAL CONDITIONS

Slide %2 summarizes the equipment and the range of experimental
éonditions. Two short hot flow columns and the tall
bubble~column reactor of the two—-stage Bench Scale Unit (BSU)
were used. To evaluate the effect of the gas'distributor design,
sintered plates with different pore sizez, and single orifices
with different diameters were tested. To estimate the effect of
liguid medium, Fischer-Tropsch (F-T) derived waxes, such as
reactor-wax (product of the bubble-—column reactor 0pe:ationYAand
FT-200 (a Sasol derived F-T product wax) were contrasted with
hexadecane. Operating conditions, i.e. temperaturé, superficial

gas velocity and catalyst loading, were also varied.

In the hot flow models, the average gas holdup was measured by
visual observation of the static and expanded élurry héights. In
aduition, bubble flow patterns were visually observed. In the
bubble-~column reactor, local gas holdups were measured at
reaction conditions along the column, using a Np-purged DP-céil-
system. Also, the expanded slurzry levél could occasionally be
observed at the viewports located at 305, 610, and 762 cm-levels.
The extent of catalyst settling was also estimated by.slurfy

sampling at the 30, 157, 305 and 610 cm levels.

III.MAJOR CONCLUSIONS

The major conclusions are presented in Slide #3. The results
show that the type of liguid, gas distributor design, static

liquid height and superficial gas velocity have major effect on
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gas holdup. For instance, P-T waxes have significantly higher
gas holdups than hexadecana,although they have similar viscosity
and surface tension. Also, the bubbles are smaller in F-T wax
than in hexadecane. Sintered plate gas distributors produce
markedly higher gas hol&ups than single-orifice distributors;
also, significant foaming is observed with siAtered plates, while

little or no foaming is present with single orifices. Here as

well, high gas holdups seem to correlate with small bubbles.

Decreasing static liquid height and/or increasing superficial gas
velocity result in increased gas holdup. In the reactor, gas ¢
holdup profiles were shown to follow a three-zone pattern; th§8,<
pattern was obszerved before only in cold flow experiments, and.it
provides a plausible explanation to the effect of static liquiad
height on gas holdup. Column diameter, temperature and catalyst
loading have little effect on g;s holdup: Lastly,.gas holdups
were shown to be stable and at acceptable levels during an 86 day

synthesis run.

It should be noted, that due to the limitations on column s ‘
diameters, all the results of this study were obtained in the
homogeneous bubbly (laminar) flow regime. For reactor scale-up,
hydrodynamic data in large diameter reactors 6perating in the s

churn (turbulent) regime may be required.

IV.EPFECT OF LIQUID MEDIUM

Slide #4 compares the gas holdups obtained with P-T wax and
hexadecane in the 5.3 cm ID hot flow model equipped with a 15
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micron sintered plate. The P-T wax has significantly higher gas
holdup ‘than hexadecane although both have similar surface tension
and viscosity. Also, high gas holdups correlate with small
bubbles. Poaming in P-T wax may account partly for the high gas
holdup; however, even when foam is excluded fxom the
calculation, the gas holdup is still several éimes larger in F~T
wax than in hexadecane. Similar conclusions were obtained by
Deckwer et al (1980) and Quicker and Deckwer (1581) who compared
PT-300 (another SASOL F-T product wax) with other hydrocarbon
liquids. Deckwer et al showed that literature correlations /
developed for liquids other than F-T waxes fail when applied‘to
F-T bubble—columns.

The above results indicate that hot flow studies with F-T wax are
. essential for accurate description of the hydrodynamics in F-T

bubble—-columns.

V.EFFECT OF GAS DISTRIBUTOR DESIGN

Sintered plate gas distributors produce significantly higher éas'
"holdups than single orifices, as illustrated in Slide #5. The
bubbles are also smaller with sintered plates confirming a close
relation between high gas holdups and small bubbles. The
extremely high gas holdups observed with sintered plates are at
least partially the result of foaming. Foaming initiates at
superficial gas velocities of 0.5-1 cm/s in the 3.2 cm ID hot
flow model. As the superficial gas velocity incxeases, the foam

propagates up and down along the columns, until the entire column
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is foam. On the contrary, little or no foam is present with
single orifices. It is interesting to note, that in the hot flow
models, foaming occured when either FT-200 or the product
reactor-wax from Run 1 of the BSU were used. 1In ;ﬁe
bubble-column reactor, however, foaming occurgd only at the
beginning of Run 1, when FT-200 was used for start-up. As soon
as the product reactor-wax replaced the start-up FT-200, the
holdup dropped to acceptable levels, and no more foaming was

cbserved.
;

Slide #5 also shows that decreasing the gintered plate pore size )
and the orifice diameter increases the gas holdup at a given o

uperficial gas velocity. PFor single orifices, this effect may
be correlated with an increase in the orifice Weber number (We,)
with dpcréasing_ozifice diameter. The orifice Weber number (the
ratio ofrbuhble kinetic/surface energy) is a widel? used design
parameter for perforated plates or orifices (e.g. Mersmann,

1977)- The higher We,, the better the bubble break up-

The above results are supported by some literature data, e.g.
Koelbel et al (1968) and Calderbank et al (1963). However,
Quicker and Deckwer (1981) ocbtaineg lower gas holdup with.a 75
miczon'sintered Plate (correlation curve on slide ¥5) than with a -
0-9 mm single orifice. Further study is required to clarify

these results.

VI.EFFECT OF STATIC LIQUID HEIGHT

'n Run 1 of the BSU, the DP cell system was not operational due
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to slurry plugging. Average gas holdups could still be obtained
by visual observation throubh the 305, 610 and 762 cm level view
ports. The expanded slurry level was set at the 762 cm level by
varying the superficial gas velocity. Then, at fixed velocity,
slurry was withdrawn until the level dropped to 610, 305 and 0O
cm. PFProm the amount of slurry withdrawn each time, the average
gas holdup for different static liquid heights could be
calculated, as shown in Slide #6. The gas holdup was shown to
increase significantly with decreasing static liquid height.
Slide #6 also shows that Deckwer's ccrrelation (Deckwer et/al, ’
1980) which does not account for static ligquid height, ;

significantly underpredicts the gas holdup.

In Run 3 éf the BSU, the plugging problems with the DP-cell
system were .corrected, and gas holdup profiles could be -obtained,
as illustrated in Slide #7. The DP legs are located at 30, 152,
305, 4S8, 610 cm and on the reactor effluent line. Since the
expanded slurry level was maintained above the 610 cm level, but.
below the 762 cm éiewport, the average gas holdups for the
locations shown in Slide #7 (solid lines) could be accurately
measured. ?he dotted lines show a tentative gas holdup profile,
in agreement with a three zone mechanism postulated by Langemann
and Koelbel (1967) and illustrated by them in a cold flow model.
Tc the best of our knowledge, this is the first time that such a

profile was observed in an P-T bubble-column.

The three zones are: a bot;om dynamic zone (0-100 cm) in which

bubbles form and eventually attain an equilibrium bubble size
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distribution; a middle stable equilibrium zone (100-4350 cm)
where the gas holdup decreases along the column because of syngas
conversion; a top high gas holdup zone (450 cm to top of
expanded slurry) i1n which the bubbles'disengage from ;he slurry.
When the static liquid height is low, the top:high gas holdup
zZone occupies a significant portion of the column, producing a
high average gas holdﬁp, while the opposite is true for large
static liguid height. Hencé, this three zone mechanism gives a
plausible rationale to the effect of static liquid height. ;
Furthermore, it emphasizes the need for studies in tall hot f{éw

models to simulate reactor hydrodynamics-.

'Note that the change in gas holdup profileé from 9.2 to 80.8 DOS

in Slide #7 is due to change in superficial gas velocity.

VII.EFFECT OF LONG TERM OPERATION

Assuming a gas holdup for the top section (between 610 and 762
cm) and using the DP-cell data below 610 cm, enables calculation
of the ave;age gas holdup in the reacﬁo;- Slide #8 shows, that
the average gas holdup was stable and‘at acceptable levels for
the 86 day Run 3 of the BSU (the aecrease in gas holdup.between
9.2 and 75.5 DOS is due to décteased superficial gas velocity).
This stable gas holdup is in agreement with invariant reactor-wax

composition and physical properties during most of the 86 day

-run. This is reassuring when compared with data by Parley and

Ray (1964), which show a sharp decrease in gas holdup with time

due to increase in reactor-wax viscosity.




VIII.CATALAYST SETTLING

in addition to gas holdup, catalyst concentration profiles were
also measured in the F-T bubble—~column xeactor. This was
achieved by detgrmining the solids content of slurry samples from
the 30, 152, 305 and 610 cm levels. The cataiyst concentration
profiles follow an exponential settiing mechanism, as shown by
the straigh; lines on the semilocg plot of Slide #9. This profile
is signific#ntly steeper at 81.8 and 83.0 DOS than at 1.6 and 9.6
DOS, due to lower superficial gas velocity, which in guzn ;esults
in greater setcling. : f' ’
The especially steep catalyst concentration profile at 81.8 Doé
waé measured during a "Hydrodynamic"” upset which eventually
caused the termination of Run 3 at 86 DOS. During the upset, the
CHp + CO conversion dropﬁed and the teméeiature‘increased in the
bottom section of the reactor. The upset disappeared and the
catalyst concentration was flatter (83 DOS on Slide #9) after
eight hours of high gas velocity operation, but reippeaxed after .
the velocity was returned to its original level. No explanation
is yét available as to what triggered the catalyst settling

indicated by the steep concentration profile.

Note that the catalyst concentration profile is flatter at 9.6
DOS than at l.S-Dos; this is due to production of reactor-wax
which ac;umulated in the reactor between 1.6 and 9.6 Dd%, thus
increasing the expanded slurry height. and decreasing the average

catalyst loading in the slurry.
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IX.FUTURE WORK

My last Slide (#10) shows the Temaining hydrodynamic work for the
current contract. Exploratory hydrodynamic studies are in
progress using the short hot flow models and a short
bubble-column reactor. The objective is to e;timate the effect
of gas distributor design on gas holdup and bubble flow patterns.
Design and construction of two tall hot flow models is alsoc in
pProgress. In view of the results of the préliminary hydrodynamic
studies, it makes sense to use tall hot flow models for future /

hydrodynamic studies.

Although the current contract does not provide funds for this, it
would be desirable to perform hydrodynamic studies in a larger
diameter reactor (>25cm ID) operating in the churn (turbulent)

: flow regime. This would constitute a further step in reactor

scale-up.
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APPENDIX A - NOMENCLATURE

Days on étzéam
Height (cm)
Pressure (MPa)
Temperature (°C)

Inlet Superficial Gas

»

Velocity (cm/s)

Mean Superficial Gas Velocity (cm/s)

Catalyst Loading (wti of slurry)

Gas Holdup (vql.%)
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EFFECT OF LIQUID MEDIUM ON GAS HOLDUP

Gas Holdup, %

20

SLIDE #4

80

70

60

T

50

T

a0}

30+

Very Small Bubbles

1

{ 4 L)

Column ID: 5.3 ecm
15 Micron Sint. Metal Plate -
Static Liq. Height 60 cm

Large Bubbles

1

1
1.5 2 2.5 3

Superficial Gas Vélocity, cm/sec

A FT- 200 Excluding Foam

o a
Liquid FT - 200 Hexadecane
Temp., °C 200 20
Visc., cpoise .21 3.5
Surf. Tension, Dynes/cm 26.0 27.5
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SLIDE #5

EFFECT OF DISTRIBUTOR TYPE ON GAS HOLDUP

80 — T T T T T T T =T
Column ID: 3.2 cm
70} Liquid: FT-200 -

Temp.: 200°C

60 Static Liq. Height 50 cm _
= 50t .
g
2 a0l |
o
I
s 30 -
o
20~ .
10 -

il g

o 5 1.0 15 20 25 3 35 40
Superficial Gas Velocity, cm/sec

Sintered Metal Plates Single Orifices
v 15 Micron ¢ 0.24 mm*
& 60 Micron O 0.39 mm
o 0.57 mm

(* Static Liq. Height 100 cm)
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SLIDE #E

SLURRY FISCHER-TROPSCH BUBBLE-COLUMN

' CATALYST CONCENTRATION PROFILES

(Run 3 of Two-Stage BSU)
30 i i 1] LI 3 ]

N
Q
T
(o)

)

-k
o
T

DOS - ui cmis

Catalyst Concentration, wt %

5L o 1.6 4.1 |
o 96 3.9 .
o 81.8* 2.6
+ 83.0*" 2.6
2.5

0 100 200 300 400 500 600 700
Reactor Height, cm

_ Estimated Cat. Load: 10.8-12.9 wt %
Estimated Expanded Slurry Height 610-762 cm

*During h_ydrodynamic upset
** After hydrodynamic upset was corrected
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