literature correlations (Shah et al., 1982), gas holdups are
expected to increase with increase in temperature.

The bubble flow-patterns revealed large bubbles and
constant slugging at 23°C and at superficial gas velocities
larger than 0.7 cm/s. The slugging was always accompanied by
smaller bubbles in the wake of slugs forming foam in the top
zone. In contrast, at higher temperatures foam was negligible
and slugging occurred only at ug greater than 3.8 cm/s. Also,
the bubble sizes appeared to be smaller. These gas holdup data
confirmed our previous results in small hot-flow
bubble-columns: even though the viscosity and surface tension of
n-hexadecane are similar to the FT-200 wax, larger bubble sizes
and lower gas holdups are obtained with n-hexadecane.

The 10.2 cm ID bubble-coiumn was shaken down later.
The shakedown consisted mainly of pressure-testing the
bubble-column with 239 kPa No at 138°C. Also, the pressure
controller was checked out. The shakedown was carried out very
smoothly without any problems.

E. Hydrodynamic Studies Using 5.1 and 10.2 cm ID
Tall, Hot-Flow Bubble-Columns

Except specified otherwise, the FT-200 wax was used in
all studies. Since FT-200 wax is clear, it enabled us to observe
and photograph the bubble flow patterns. The reactor-waxes from
the two-stage BSU are dark in color and were studied later at the
end of the program. The waxes studied were from Runs CT-256-7
and -8.

Four gas distributor= were evaluated in the 5.1 cm ID
column: & 20 micron SNP, a 1 mm singie orifice, a 0.5 mm
three-hole, and a 2 mm single-orifice distributor. The 20 micron
SNP is similar to the one used in the two-stage BSU. A 1 mm
orifice distributor was studied since it is probably the suailest
commercially applicable orifice distributor. The 0.5 om
thvee-hole distributor is dynamically similar (i.e., similar jet
velocity and Weber number at the sanme superficial gas velocity)
to the 1 mw orifice. The 2 mm orifice Jdistributor will provide
lower pressure drop than the other two orifice distributors.

We evaluated a 2 mm single orifice, and 2 1 mm 4-hole
distributor in the 10.2 cm ID column. These two distributors
gave the same jet velocities as the 1 mm single orifice
distributor in the 5.1 cm ID column.

We also studied the effect of static height,
temperature, and pressure on the gas holdup.
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The major highlights of these studies are:

® The 20 micron SMP distributor produced smaller bubtbles
and substantially higher gas holdup than the orifice
distributors. Also, in contrast to SNF distributos,
little or no foam occurs with orifice distributors.

® In contrast to th: SMP distributors, increasing static
liquid height results in higher holdup with 1 mm single
orifice distributor (using the FT-200 wax as a liquid
medium) .

e The two reactor-waxes (Huns CT-256-7 and -8) behaved
very similarly, even though their viscosities and
compositions are substantially different.

e Both reactor-waxes gave substantially lower holdups than
that given by the F1 200 wax. Also, unlike FT-200 wax,
the reactor-waxe- * not foam.

® The column di. + had no effect on the gas Lcldup for
FT-200 wax. How. .er, the reactor-waxes gave higher
holdups in the larger column.

e In all cases, slugging accompanied by violent
bubble-mot.on was observed in both columns at
superficial gas velocities groater than 1.5-2 cn/s.
Thus, a column diameter larger than 10.2 cm i=s necessary
to avoid any wall effect.

e For all distributors premsure variations of 101-250 kPa
had no significant effect on the gas holdups.

F.i1. Effect of Feed-Gas Distributor Desigg

Figure VII-23 is a plot of the gas holdups observed
using the three gae distributors. The static liquid height was
827-640 cm for both orifice distributors. In the case of the 20
wicron SMP diatributor the static height had to be decreased from
640 to 305 cm to allow for the high gas holdups resulting from
the SMP distributor. The total expanded height is limited to 914
cm.

As smeen in the figure, the hydrodynamic behavior of the
two orifice type distributors is very similar. The gas holdups
with the SMP distributor, however, are substantially higher
(almost twice as much) than those with the orifice distributors.
As reported earlier in the short hot-flow column studies,
substantial foaming was observed with the SMP distributor. Also,
the bubbles formed at the distributor are uniformly small and
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they stay uniform throughout the column. Because of these very
smal]l bubbles, stable foam is formed in tLhe upper zone, giving
very high gas holdups. As the superficial velocity is increased,
the foam region increases, and 1he boundary between the foam and
snall bubbles becomes less distinct. At superficial velocities
greater than 2 cm/s, slugging at constant frequency was observed.
The slug size and frequency increased with increasing superficial

gas velocity. This slugging phenomenon was not observed carlie:
in the short column. Even when slugging is observed, the bubbles
1n the bottom 150 em zone were small and denselvy paches. Many

small swirling bubbles were observed in the wake of the slugs.

The bubble-size Ai~tribution with the orifice-type
distributors was wider than with the SMP distributor. The large
bubbles formed in the lower zone tended to break up in the upper
zone forming uniformly small bubbles. However, even the small
bubbles in the top zone were larger than those observed with the
SMP distributor. Consequently, the foam height was extremely
small (about $5-8 cm) cowpared to 20-38 cm with the SMP
distributers Also, with the orifice distributors, the larger
bubbles in the bottom zone created more violent bubble movement
“han that observed with uniformly small bubbles produced with the
SMP distributor. This violent bubble muvement should be
beneficial to gas-liquid mass transfer.

The slugging was observed at lower superficial gas
velocities (»1.5 cm/s) than those of the SMP distributors. Once
again very small bubbles were observed in the wake of the slugs.
As with the SMP distributor, the slug size and frequency
increased with increasing superficial gas velocity. Data from
literature indicate that the gas holdup is expected to level off
with slugging. 1In this case, however, the presence of very small
bubbles produced by the violent motion of slugs tend to increase
the gas holdup with increasing gas velocity.

Figure VII-24 compares the gas holdups obtained with
the two orifice-type gas distributors. As discussed earlier, one
of the criteria used to design an orifice-type distributor for
making small gas bubbles is that the Weber number is larger than
2. The 1 mm orifice and 0.5 mm three-hole distributors were
chosen to match the Weber numbers at the same superficial
velocity. Due to the equipment limitations, we could not make a
0.58 mm three-hole distributor which would have had exactly the
same Weber number at the same u,. Thus, the Weber number for 0.5
mm three-hole distributor is 12E higher than that for the 1 mm
orifice distributor. Also, the jet velocities for themse two
distributors are very similar (within 25%) at the same
superficial velocity. The hydrodynamic behavior of the two
distributors are, also, extremely similar (Figure VII-24). This
indicates that the two distributors with similar jet velocities
and similar Weber numbers give similar hydrodynamics. Thie is
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further illustrated in Figures V1I-25 and -26 where the gas
holdups are plotted as a function of Weber numbers and jet
velocities respectively.

Figure VII-27 compares the gas holdups obtained with
the three orifice-type gas distributors. The gas holdups shown
for the 1 mm single-oci17ice and 0.5 mm 3-hole distributor were
duplicated from Figure VII-24 and shown here as a correlation, €
= 6.5 ugl-1. As shown in the figure, the 2 wa orifice gave
substan%ially lowsr gas holdups (by 50-70%) than those given by
the other orifice-type distributors. The bubble-size was
relatively larger. Furtherwmore, the bubble size did not appear
to change along the length of the column as observed with the
other two orifice distributeors. Also, large bubbles were seen to
rise near the center of the column at gas superficial velocities
as low as 1.1 cm/s. These large bubbles formed slug-type bubbles
as they rise upward. These large bubbles are called slug-type
because they were quite large; but unlike slugs, they did not
occupy the whole column-diameter.

At superficial gas velocities greater than 1.1 cm/s,
the slugging at constant frequency was observed. The frequency
of slugs was, however, substantially higher (thres: times that for
other orifice distributors). Also, the small bubbles surrounding
the large slugs were relatively larger. The existence of more
slugs and larger bubbles is consistent with the observed lower
holdup.

Thus, the 2 mm orifice distributor gave almost half the
gas holdup and bubbles of approximately twice the diameter of
those given by the | mm orifice. Consequently, the specific
surface area using the 2 mm orifice is expected to be one fourth
of that using a 1 mm orifice. The 1 mm orifice was, hence, used
in the BSU slurry reactor.

E.2. Photographic Analysis of Bubble
Flow Eatterns in Bubble-Colunmns

During the evaluation of three feed-gas distributors in
the 5.1 cm ID het-flow bubble-column, the bubble flow patterns
within the glass sections of the column were photographed. The
bottom 152 cm glass section permitted the observation of bubble
flow patterns forming at the distributor. The top glass section
between the £10 and 914 cm levels revealed the well-developed
flow patterrs at the top. The bubble flow patterns were very
similar in the case of the two orifice-type distributers (1 mw
single-orifice and 0.5 mm-3 hele). Hence, photographs of only
the 0.5 wam-3 hole distributor case are shown here.
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Figure VII-28 shows bubbles produced by a 20 micron SMP
distributor. As reported earlier, the bubbles formed at the
distributor are uniformly swmall and they stay uniform throughout
the column. Figure VII-28 clearly shows the uniform, densely
packed bubbles. The bubble size distribution did not change
roticeably at different locations along the column or atu
different superficial gas velocities. Hence, only one typical
photograph is shown here. The bubble size from the photographs
for the SMP case was found to be less than 1 mm.

In contrast to the uniformly small btubbles produced by

he SMP distributor. the orifice-type distributors give « wider
bubble size distribution as shown in Figure VII-28. In thie
photograph the bubble flow patterns at three different locations
along the columa have been shown for a 0.5 mm-3 hole gas
distributor operating at 1.2 cm/s superficial gas velocity. 1In
the zone very close to the distributor (between 13 to 25 cm)
large bubble can be seen. The black vertical strips seen in the
photograph are the heating rods used to heat the column. These
heating rods are 8 mon in diameter and can be used as a reference
for bubble size measurement. From the photograph (13-25 cm above
the distributor) a few bubbles as large as 6-7 mm can be seen.
Around these large bubbles a lot of small bubbles ("2 mm) can be
observed. As seen from the middle photograph in Lhe figure
(127-142 cam above the distributor), the large bubbles seem to
have broken up into smaller bubbles. In the very top zone
(663-678 ¢m from the distributor) bubbles appear to be of more
uniform size (71 to 2 mm). However, even the small bubbles in
the top zone are larger than those observed with the SMP
distributor. Consequently, the gas holdups with the orifice
distributors are lower than those with the SMP. Also, the larger.
bubbles at the top zone in the case of orific -type distributors
substantially reduced the foam height.

As reported earlier, the slugging at constant frequency
was observed with all threec distributors. A typical photograph
of the slug is shown in Figure VII-30 produced by 0.5 mm-3 hole
distributor at 4 cm/s. Since a slug is a lot more transparent,
it appears as a white patch in the photograph. A lot of small
bubbles can be clearly seen to be moving around the rising slug.
Due to presence of very small bubbles around a slug, the overall
€as holdup can be still substantially high.

E.3. Gas Holdup Profiles in Hot-Flow Columns

E.3a. Gas Holdup Profiles in the
5.1 cm JD Hot-Flow Bubble-Column

In the 5.1 cm ID hot-flow bubble-column we measured gas
holdup profiles using a DP-cell arrangement. The overall holdup
was obtained by visual observation of the expanded slurry height.
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Figure VII-28

BUBBLES PRODUCED BY
20:m SINTERED-METAL-PLATE

/
|
¢

(FT-200 Wax at 260°C)

VIi1-62



Wbi1aH opeis W ov9 ‘edy 0Si-L0L J.09Z ‘Xem 002-1d
WO R/9-€99 O WOZPILIL '@ WOGZEL e

Vii-63

sjwo g°} 1V
HOLNGILSIA ITOH-€ ww g0
A8 G30NAO0Hd SNH3IL1Vd MOT4 F1aang

6Z-1IA unby4

T E EeE s e EN




Figure VIiI-30

SLUG PRODUCED BY
0.5 mm 3-HOLE DISTRIBUTOR
AT 4 cmis
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The local gas holdup along the length of the column was measured
using DP-cells. Figure VII-31 gives local gas holdup along the
bubble-column at various superficial gas velocities for the 1 mm
single-orifice distributor. The data at lower gas velocities of
2.2 and 3.3 cm/s were taken with a higher static height of 627
cm. The rest of the data at higher superficial velocities were
taken at the lower static height of 452 cm. 1In all cases the gas
holdup was fourd to increase along the length of the
bubble-column. This observation is consistent with the bubble
flow patterns shown in the preceding Subsection. Tn the case of
orifice-type distributor the bubbles formed at the bottom are
large (76-7 mm) giving lower hcldup a: the bottom. These large
bubbles tend to break up as they rise upward. Hence, the gas
heldup increases along the height of the column.

The lower gas holdup in the bottom zone also
substantiates our later results showing the effect of static
liquid height (see Subsection E.5). Figure VII-32 illustrates
the effect of decreasing static liquid height on the gas holdup.
Additional local holdups (marked by V and A) ir the bottom zone
(between 30-305 cm) for the higher static height case are also
shown on the same plot. The local gas holdup in the bottom zone
compares well with the overall gas holdup at lower static height
cases. Thus, the bubble flow patterns in the lower zone close to
the distributor seems to be similar at all static liquid heights.
This supports cur explanation of lower gas holdup for very low
static height discussed in Subsection E.5.

E.3b. Gas Holdup in HSU Bubble-Column

During Run CT-256-7, gas holdups were measured using
the newly installed purgeless DP-cell system in the BSU
bubble-column. A plot of the overall gas holdup as a function of
time i1s presented in Figure VII-33. The scatter in the data is
substantial, thus preventing the development of a correlation for
gas holdup as a function of superficial gas velocity.

It is clear, however, that the gas holdup jumped from
an average of 25 vol % wo 40 vol % after the feed-gas distributer
was repaired at 76 DOS. This indicates that smaller bubbles were
being formed following the revair of the feed-gas distributor, a
direct consequcnce of higher gas jet velocity.

E.4. Dynamic Gas-Disengagement fcr Bubble-Rise
Velocity Weasurement in Hot-Flow Bubble-Columns

E.4a. Theor
Sriram and Mann (1977) devel_ped a dynamic

gas-disengagement technique to measure bublLle-rise velocity in
bubble-columnrs. The techuique requires measurement of the steady
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state gas holdup, €o ., and measurement of the transient gas
holdup, €g, Tollowing the interruption of the gas flow. The
transient gas holdup can be measured by recording with a video
camera the expanded liquid level as a function of time.

Sriram and Mann (1977) showed that for a certain
bubble-size distribution Ip(dp), and in absence of liquid flow
and axial nonhomogeneity,

€go = ug{£7}(d9) up ddp (VII-8)
g - ego.£7b(d3) (1-tun/L(t)]ddp (VII-9)

The term in the bracket of Equation (VII-9) represents the
fraction of bubbles of size dg remaining in the column after time
t. This term is taken as zero for tupg > L(t).

For a narrcw uni-modal bubble-size distribution
(fp(dp)=1 in Equaticn (VII-8)), the average bubble-rise velocity
is:

Up = ug/€go (VII-10)

From correlation of ug versus dg (e.g. Abou-E]-Hassan (1983),
Mendelson (1967)), the average bubble-size dg can be calculated.

For narrow bi-modal distributions, lquation (VII-9) can
be rewritten as:

€g = €golfBs(1-tups/L) ~ fgp,(1-tug) /L) (VII-11)

where S5 and L stand for small and large bubbles, respectively.
It can be shown that Equation (VII-11) can be rewrit.tem as L (the
dynamic expansion height) versus t:

L/Ly = 1‘(egoSGBS + egoLGBL) t/(l—ego)Lo; (A9 A (VII-12a)

L/Lg

It

where t* is the time taken by the large bubbles to disengage, and
€goS is the gas holdup caused by small bubbles.
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Some publications present Equation (VII-11) as a linear
function of t (e.g. Godbole et al., 1982), by substituting the
initial height Lg for L. This, ¢f course, is only valid for low
€2, Wwhere L does nct change much. Our derivation, Equations
(61I—12a) and (VII-12b), are valid for any €gq, and L/Lg is
always a linear function of t.

To evaluate €go5, URS, UBL. dgs, EBL: the following
prccedure is recommendegz

a. Find breakpoint &g*, t*
b. Find ugg and €ggg from Equation (VI1-12b)
c. Find upgy from Equation (VII-12a)

d. Use correlation between dp and ;g to calculate
dgs and dpf,

E.4b. Application to 5.1 cm ID
Hot-Flow Bubble-Column

Tn cbtain information sbout the bubble-rise velocity,
dynamic gas-disengagement experiments were carried out using the
5.1 cm ID bubble-column. In this experiment, upon shutting off
the feed gas the decrease in the expandad liquid height was
monitored by a video camera and a timer. Figure VII-34 is a plot
of expanded liquid height as 2 function of elapsed time for the
0.5 mm 3-hole distributor. Any foam at the top was not
considered for this experiment; i.e., the decrease of foam-liquid
interface was recorded inastead of the top of the foam. The
experiments were carried out at two superficial gas velocities
(1.2 and 2.2 cm/s). At higher velocities the gas holdup was very
large and hence it required a longer length of the column to be
recorded by a video camera. Due to the space limitation the
video camera setup could not cover the necessary length of
column.

As seen in the figure the data can be fitted by a
straight line, except for the last few seconds. As shown in the
preceding Subsection, the straight line plot indicates that
bubble-rise velocity distribution is very narrow. The following
equation describes the dynamic decrease in the expanded liquid
height:

L = Lg-(Lo-Lg)up t/Ls (VII-13)
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where Lg is the static liquid height and EB is the average
butble-rise velocity. Table VII-7 gives the average bubble rise
velocities obtained from the slope of the plots.

By using a literature correlation of Up versus dp by
Abcu-El-Hassan (1983), the average bubble size can de deduced
from the bubble rise velocity. Even though the correlation was
not developed for F-T wax mediums, due to lack of any other data,
we have used this correlation. The average bubble dianater (of
1.2 and 2.2 mm) obtained here agrees well with the photographic
observation.

For a uniform bubble size distribution the overall gas
holdup is related to superficial gas velocity by Equation
(VII-10). Thus, a plot of €5 versus ug should have a slope =
1/4g. The plot of €4 versus u for this case is included inm
Figure VII-27, described by foflowing correlation:

cg = 6.5 ugl-l (VII-14)

The above correlation indicates that the bubble-rise velocity is
not quite constant over the full range of superficial gas
velocity. However, by fitting a straight line to this aata, the
average bubble-rise velocity (= 1/slope) can be determined to be
14 cm/s. Clearly this average bubble-rise velocity compares well
with that obtained from dynamic gas-disengagement data.

Dynamic gas-disengagement experiments were also carried
out in the 5.1 cm ID hot-flow bubble-column using the FT-200 wax
and a2 2 om single-orifice distributor. Figure VII-35 shows a
plot of expanded lignid height as a function of elapsed time for
three superficial gas velocities. As seen from the figure the
data cannot be fitted by a single st pight line. This data can
again be explained by a bi-modal bubble-size distribution. The
initial straight lines represent time periods where both large
and small bubbla2s are disengaging and leaving the column. The
straight lines after the break in the slopes represent the
disengagement of small bubbles only.

The hubble-rise velocities and volume fraction of the
bubbles in th: two size ranges are summarized in Table VII-8.
The fraction of small bubbles having bubble-rise velocities of
5.1 to 7.6 cm/s was found to decrease with increasing superficial
gas velocity. The bublble-rise velocities of larger bubbles range
from 32 to 36 cm/s.
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ug., cm/s
1.2
2.2

Table VII-7
Summary of

Dynamic Gas-Disengagement Results
(0.5 mm 3-Hole Distributor)

up, cm/s
15.4
13.1
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Table VII-8

Dynamic Gas-Disengagement Results
(2 mm Orifice Distributor)

Fraction
of Small _
€, Bubbles up[,
Vof % Vol % cm/s
6.6 57 32
9.4 52 35
11.5 25 36
VII-75

upg
cm/s

7.4
5.1
7.6




E.5. Effect of Static Ligquid Height

Figure VII-3€ shows the effect of statiz liquid height
on the gas holdup in the case of the 20 micron SMP distributor.
In the 5.1 em ID hot-flow bubble-columnn the liquid height was
varied frow 305 to 640 cm. As described earlier, the static
liquid beight had to be lowered to allow for the high gas holdups
which occurred at the high superficial gas velocities.

I\ can be seen from the figure that when the static
liquid height is lowered substantially (i.e., 640 to 305 cm) the
gas holdup goes up. Also,-substantially higher holdups are
observed at 61 cm static height in the short column (5.3 cm ID).
This observation is consistent with the literature results. Such
an effect of static height is observed because of the existence
of a high holdup zone at the top due to slow disengagement of
bubbles rrom the liquid. When the static liquid height 1is
lowered,the upper high holdup zone (the height of which stays
about the same) contributes more tc the overall holdup. Higher
overall holdups are, hence, observed for lower static height. It
is not clear why the increase in gas holdup was not that
significant when the static height was lowered from 640 ° s
cm.

Figure VII-32 shown earlier shows the scatic liquid
height effect with the 1 om orifice distributor. Once again, as
with the SMP case, no significant effect on gas holdup can be
seen when the static height was lowered from 627 to 452 cm.

In contrast to the SMP distributor, the gas holdup
decreased when the static liquid height was lowered to 5f cm.
This is mainly due to different bubble-size distributionu
observed with the two distributors. In the case of an orifice
distributor the lower zone is occupied by many large bubbles.

The lower zone is hence a low holdup zone. The large bubbles
tend to break up as they rise upward, giving uniformly small
bubbles in the upper zone. Thus, a shcrter bed height does not
permit the large bubkles to break up, preventing the formation of
a high holdup zone. The overall holdup at a low static ligquid
height is hence lower than that with a high statie liquid height .

The behavior of the 0.5 mm three hole distributor was
similar to that of the 1 mm orifice distributor,

Unlike the SMP distributor and the other two
orifice-type distributors, the 2 mm orifice distributor gave the
same gas holdup when the static liquid height was lowered from
7 1m to 75 cm. In the case of the 20 micron SMP distributor,
the existence of a high holdup zone of constant length at the top
results in a higher gas holdup when the static liquid height is
lowered. In contrast to the SMP distributor, the gas holdup in
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the case of the two orifize distributors (1 mm orifice and 0.5 mm
3-hole distributor) decreased when the static liquid height was
lowered. This was mainly die to presence of large bubbles in the
lower holdup bottom zone. In the case of the 2 mm orifice
distributor, however, the bubble size distribution and
consequently gas holdup did not vary significantly along the
column height. ience, the gas holdup did not change when the
static height was lowered from 7.1 m te 75 cm.

E.6 Effect_of Pressure

The effect of pressure on the gas holdup was
insignificant with all three distributors. Since the hydraulic
height of the liquid column was high, the relative pressure
variation from bottom to top of the column was substantial (35-49
kPa). It was, therefore, necessary to observe the effect of such
pressure variation ou the gas holdup. Even though the absclute
pressure was varied over a limited range (101-184 kPa), a
percentage change from top to bottom of 17-50% was achieved. As
seen from Figures VII-37 and -38, no significant . fect on gas
holdup was observed.

Similar studies were carried out for the 2 mm orifice
distributor. No significant differences in the hydrodynamic
behavior were observed for pressure variations of 138 to 221 kPa.

E.7. Effect of Temperature

In cne experimeirt with the 20 micron SMP distributor,
gas holdup data was taken at 138°C to 260° to determine the
effect of temperature. As shown in Figure VII-39 the gas holdup
increased sulLstantially when the temperature was increased from
138°C to 280° . This is consistent with the results from the
literature, :.e.. the lower the viscosity of the liquid medium,
the higher the gas holdup. The bubbles are alsoc larger at lower
temperature. Although slugging started at about the same
superficial gas velocitv of 2 cm/s, substantially larger bubbles
(2-3 cm) were observed at all velocities at the lower
temperature, 138°C.

E.B. Effect of Liquid Mediums

Figure VII-40 depicts the ga' holdups obtained with
three liquid mediume. Both water and hexadecane behaved very
similarly at 32°C. Table VII-9 summarizes the relevant physical

properties of these liquids. Since the viscosity of hexadecane
is higher than that of water, the gas holdup with hexadecane is
expected to be lower. On the other hand, the lo.er surface

tension of hexadecane is expected to cause higher gas holdups.
This may explain why the gas holdup was similar for both liquids.
The gas holdup correlation of Akita and Yoshida (1973) predicts
the observed gas holdups reasonably well.
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Table VII-©

FPhysical Properties of Liquid
Mediums Used in Hot-Flow Studies

Viscosity, Surface Tension
Temperature, °C cP dynes/cm
Water 32 0.82 70
Hexadecane 32 3.80 26
FT-200 Wax 260 1.7 24
ViI-83



In contrast to the behavior of water and hexadecane,
FT-200 wax gave gas holdups twice as high. The surface tersion
of the FT-200 wax at 260°C is very similar to that of hexadecane
at 32°C, while the viscosity is about 55% lower. In agreement
with earlier discussions, this difference in gas holdup cannot be
accounted for by the difference in the viscosities using the
existing literature correlations. Furthermore, FT-200 wax gave
smaller bubbles (2-4 mm) than those given by water and hexadecane
(3-8 mm). A small amount of foam (1-15 cm in height) at the top
was observed for the FT 200 wax while no foam was observed with
either water or hexadecane.

We have also studied bubble-column hydrodynamics using
reactor-waxes produced in our BSU. These studies were plaaned to
be carried out at the end, fearing that these reactor-waxes may
darken the glass column permanently. We have studied two
reactor -waxes produced in Runs CT-256-7 and -8 using both 5.1 and
10.2 e¢m ID hot-flow columns. The results were compared with
those obtained with the FT-200 wax. Also, gas holdup profiles
along the column have been obtained.

Figure VII-41 shows gas holdups given by Runs CT-256-7
and -8 reactor-waxes using 5.1 cm 1D hot-flow bubble-column at
260°C. The gas distributor used was a )} mm orifice. Also, the
gas holdups obtained previously with FT-200 wax are depicted here
as a correlation (eg = 6.5 ugl-l).

Major conclusions from these studies are:

e Both reactor-waxes behave very similariy, even though
their viscosities and compositions are substantially
different.

e Both reactor-waxes gave substantially lower gas holdup
than that given by FT-200 wax.

e Unlike FT-200 wax, the reactor-waxes did not foam.

e In contrast to FT-200 wax, the gas holdup of Run
CT-258-7 reactor-wax decreased along the hot-flow column
above superficial gas velocity of 2.5 cm/s.

Table VII-10 compares the physical properties of
different reactor-waxes and FT-200 wax. Clearly the Run CT-256-8
reactor-wax has significantly higher viscosity and average
molecuiar weight than Run CT-256-7 reactor-wax. The two
reictor -waxes were produced under different operating conditions
and using cifferent catalysts. The difference in their

VII-84
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FT-200
Run 3
Run 4
Run 5
Run 7
Run B8
Run 8
Run 9
Run ¥
Run ©
Run 9
Run 11
Run 11
Run 11
Run 13
Run 13
Run 13
Run 13

Wax

Reactor-Wax

Reactor-Wax

Reactor-Wax

Reactor-Wax

Reactor-Wax

Wax
Wax
Wax
Wax
Wax

Wax
Wax
Wax

Waox
Wax
Wax
Wax

( 2.7 DOS)
( .4 DOS)
( 8.5 DOS)
( 9.3 DOS)
(14.8 DOS)
( 8.3 DOS)
(11.6 DOS)
(12.5 DCS)
( 8.3 DOS)
(18.7 DOS)
(33.8 DOS)
(35.4-

36.9 DOS)

Table VII-10

Physical Properties
of Liquid Mediums

Molar Viscosity Surface
Average 140/204/260°C Tension (1)
Carbon No. <P Dynes/cm

36 4.4/2.2/1.7 24
30 2.8/1.7/ - 26-27
58 6.1/4.3/3.4 "
70 17.6/8.5/5.5 28
81 8.2/4.1/2.3 26-27

i
[ ]
w

1/6.8/ - n

.5/4.0/ - -
.4/3.5/ - -
.2/3.4/ -

.7/3.1/ - -
.2/3.3/ - -

7/3.7/ - .
.2/3.3/ - -
.1/3.2/ - -

.7/3.7/ ~ -
.7/3.2/ - .
.0/2.8/ - _

[N B T

i
;ax g oD oo

.1/2.8/ - -

(DAt 260°C

VII-84




compositions is hence expected. The surface tensions of all
waxes are, however, very similar. In spite of the differences in
their physical properties, the Runs CT-256-7 and -8 reactor-waxes
behaved very similarly and alsc appeared to have similar bubble
sizes,

Similar behavior was also observed previously using
short hot-flow bubble-celumn (5.2 cm ID x 2.2 m height) with Runs
CT-256-4 and -5 reactor-waxes, which were produced urnder
operating conditions similar to those of Runs 7 and 8,
respectively. These results have zlso been szhown in Figure
VII-41 for comparison. Based on our previous knowledge oi effect
of static height on gas holdup, the holdups of Runs 4 and 5
reactor-waves in the short column are expected to be higher than
those of Runs 7 and 8 reactor-waxes in the tall column. However,
the short column studies were carried out at 200°C instead of
260°C. The slightly lower gas holdups in the short column may,
therefore, be due to lower temperature. ,

. Unlike FT-200 wax, the reactor-waxes did not procuce
very fine bubbles (e.g. <1 mm) which are conducive to foaming.
The bubbles produced by the reactor-waxes appeared to be larger
than those produced by FT-200 wax. Consequently, the gas holdups
were substantially lower with the reactor-waxes. Slugging was
observed with all waxes, and the slug frequency was found to
increase with increasing superficial velocity.

Figure VII-4Z gives the gas holdup profiles along the
column obtained at various superficial velocitics using Run
CT-256-7 reactor-wax. In the earlier work using FT-200 wax the
relatively larger bubbles produced at the column bottom tended to
break up along the column. Hence, the gas holdup was found to
increase along the height. In the case of reactor-wax, however,
the gas holdup was found to decrease along the column at
superficial gas velocities greater than 2.5 cm/s. This may be
due to the presence of slugs in the top zone (which cause lower
holdup). With FT-200 wax, the large number of very fine bubbles
accompanying the foam s2em to compensate for the lower holdup of
slugs. Therefore, even in the presence of slugs the gas holdup
increases along the column height. At superficial gas velocities
lower than 2.5 cn/s slugging was very infrequent, and
consequently the holdup increased along the column height for
both the reactor-wax and FT-200 wax.

E.g. Effect of Column Diameter

The effect of column diameter was first studied using
FT-200 wax in the 10.2 cm ID hot-flow bubble-column. The gas
distributor used was & 2 mm orifice. Previously we had studied
the same FT-200 wax in the 5.1 ¢m ID column using a 1 mm orifice
distributor. Thus, the gas jet velo:ities at the orifices in
both columns were identical for a given superficial velocity.

VIii-8?7
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Figure VIT-43 compares the gas holdups for these two

cases. As seen from the figure, the gas holdups in the larger
column are lower. Also, the bubbles in the larger column
appeared larger. Similar to the smaller column slugging was

observed in the 10.2 c¢m ID columu. However, unlike the slugs in
the 5.1 cm ID column, the slugs in the larger column did not
occupy the whole cross-seciion of the column. These were really
large bubbles with diameter about 80-90% of the column diameter.
Also, they were only 5 10 cm long compared to the 5-25 em long
slugs in the 5.1 cm ID column. For simplicity, we always refer
to them as slugs. The larger bubbles produced in the larger
column may have been due to a larger size orifice, even though
the jet velocities were the same in poth columns. Hence, the gas
distributors was changed to a 1 mx 4 hole distributor.

With the new distributor the orifice size as well as
the jet velocities are ideptical in both columns. Using this
distributor, we have studied the same three liquid wmediums
(FT-200 wax, CT-256-7 and -8 reactor-waxes), which were studied
previouely (see Last Subsection) in the 5.1 em ID column. Figure
VII-44 compares the gas holdups obtained in the two columns for
these waxes.

The two reactor-waxes gave about 30-40% higher gas
heldups in the larger column over the superficial gas velocity
range of 1.5 to 6.5 cm/s. The bubble sizes appeared similar in
both columns. However, there was less slugging in the larger
column and the slugs were also shorter than those in the smaller
column. Again, the slugs were large bubbles about 5-10 cm long
and occupied BO-90% of the column diameter. The higher gas
holdup in the larger column may have been due to fewer and
smaller slugs. This trend is coansistent with the studies of
Koelbel et al. (1968) using silicon oil-oxygen system.

In contrast to the reactor-waxes, FT-200 wax gave the
same gas holdup in both columns. Even though large slug-like
opubbles were observed in the larger column with the 1 mm 4-hole
distributor, a large number of smaller bubbles accompanied by
foam gave higher holdups. In this case, the contribution of
slugs to the gas holdup is relatively less. Hence, unlike the
case of reactor-waxes, the fewer and smaller slugs in the larger
celumn probably did not inerease the gas holdup.

E.10. Effect of Solids in a Reactor-Wax

The last experiment in the hot-flow column hydrodynamic
studies was to use an actual slurry containing F-T catalyst. We
reserved this experiment as the last one to avoid the possibility
that use of a slurry will prevent further visual observation

vVii-89
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