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The effect of liquid medium on average gas hold-up was studied using
paraffin waxes, reactor waxes and distilled water. The results were
presented and discussed in Section V-B.7. One of the reactor waxes used in
these studies was a compaosite of reactor waxes produced from Mobil’'s runs
CT-256-%, -11 and -12. Following these experiments, we planned to further
investigate the hydrodynamics of Mobll reactor waxes produced from other
ruﬁs in Mobil’s Unit CT-éSﬁ with a two-fold objective. We wanted to better
understand the behavior of reactor waxes produced under différent,
conditions and at the same time have results which could be compared with
results from Mobil's studies (Kuo et al., 1985) with similar rea;tor waxes-,
Two new composites (a composite of reactor waxes produced during runs CT-
256-4 and -7, and a composite of reactor waxes produced during runs CT-256-
5 and -8) were obtained from the Department of Energy for this purpose.

Egperiments were performed In the 0.051 m ID glass column at 265°C and
ZOO;C with the new waxes. The 1 mm and 1.85.mm orifice plates and the 40
pm SMP distributors were employed in these experiments. The effecp of
small quantities of non-coalescing impurities (1-5% of FT-200 waxes) in the
coalescing reactor waxes was also investigated.

The major highlights from these studies are:

. Foam was not produced in any of the runs with the two composites and
their behavior was qualitatively similar to that of composite from

runs %, 11 and 12.

. Compeosite of waxes from runs 4 and 7 showed a slight effecf of
temperature, with lower held-ups obtained at 200°C compared to values
at 265°C. For all distributors employed, this composite also gave

slightly higher hold-ups than either the composite from runs 5 and 8,
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or the composite from -uns 9, 1- and 12,

. Hold-up walues reported by Kuo at al.., for similar waxes, are consiz-
tently higher than those obtaiced in the pressnt study.

. When =small quantities of FI-200 wax (between 1 and 5% by welght) were
added to reactor waxes, holid-ups ircrsased <o level:s comparable to
thosz ebtalned in tha Mebil study with Meactor  wakes. A similar
increase in hold-up was observed when trazce smounts of tap watar were
added ko distrilled water.

The effect of superficial pas welselsy om hold-ups cobtazined from
experiments conducted with the rung 4 and 7 composite sre shown “n Figure
E-T. These rasults are qualitatively similar to theose ootalined wsing the
composite from Mobil's rung ¢, 11 and 12 (Figure V¥-32 in Sectlom ¥-3.7).
Feam wa=s not observed in the runs made with the 1 and 1.85 mm orifice plate
diztriturtors. ¥or rhe —un condocted with the 23 um SMP disrribator, foam
sppearad  Initially at a gas veloeity of 0.0 mfc  buro .ﬂisappeared after
appraximately hall houy oo stress. The parglnally lower gas hold-ups sl
200 °C comperad to walues at 265°C ¢ould Be attribuced o the higher
viscomity at 20G°C. Dezults obtained from emxpetrimentz cornducted with the
composite from runs 3 and 3 are shown in Flgure E-3. Hold-ups frem the
runs with the different distributors, 1 and l.Eh.mm orifice plate and 49
SHP, and ¢ifferent temperatures, 200°0 and 265°0, aAre similar. Far this
sompesite, utnlike wit& the sther twe corvpesites, ne foom was produccd with %
the 5S4 distributer &t v - ¢.01 mfs. and held-ups in the velocity ranpe

2

2.01-0.04 m/s ware lower cthan waliegs with —he other twe compositec,

Viseaslties of Mobil waxces were shown in Table VI-Y1  {Sceoctiom Wi1-4&D1,

Measuremerts npads  in sur Laberatery cshow that the wisessitias for the
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catrpesite  Zrom tyns 4 and 7 ware lower than these fnr the composita  Erom
ens 5 and & in the telperaturs range used curing these measurcmpnts (T =
ZEIRECY, Hewever, when wicoosity of the combosites were es<imated At 265°C
Trom data at lower temperatures, assuming Arrhenius type of cependency of
viscoslty with temperature, similar wvalues were obtained for the two
comitsites. This 1leads us to balieve tha= the difference {n behavier
between the twn composites, with the SME distributor, 4ic probsbly due tc
difYerences in the compositionzs of the two waxes,

Figure E-3 compares hold-up values chtained Qith tha threes ¥obil wex
compositas  when ea¥periments were cemducted at 253°C wsing the 1,85 @
orifice plate digtributer, Earlier eomparison of hold-ups obralned wvhen
different lijuid media {inc'uding the composite frem runs 9, 11 and 12}
were used [Figure W-34, Sectien V-B.7) showed <hat, ir rthe "slag-flow®
Tegima, hold-ups with the different ligquids weze very similar. Resules
shown In Figure E-3 further suppart theze findings. Hold-uz velues wich
the composite from runs &4 and / zre cersistently b:lgher then walves for the
cther twe composites, fowever, <hs difference is not sigrificent (between
2% - 3% ab=olute’.

Eeld-up wvalues obhtained by Kue er gl. (1%85) frem experiments
conducted  at 280°C  with the rur 7 wax and the rup 9 wax using a 1 mp
orifice plate distributer, sre showm ir Flgure E-4, Alsa shows are hold-
ups abtained frow the present study, with the varposite frow runs & and 7,
and the composite from runs 5 anc £, wuncer gimilar ecorditiens. Renclar
wares procueed fp tuns 4 and 7 have similas rhysical promercles (Tabh_e Wl-
1

Section ¥I-A) etd their composizisns a«e expevisd Lo Be similer, The

gama Ig truc for reacter waxes produced in runz 5 and £ Hdewever, resulrs
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frezented in fipure E-4 show that hold-ups obtained by ¥ er al. with the
Tue 7 wa£ are significaatly higher than theze c¢btoined by us witk the
conposite from runs 4 and 7 foro ug > 0.03 wis.  Sinllsrlwy, resalts obtained
by them with the =un & wax sre higher than these obtainsd in the preszint
study with the rozposite from runs 5 and B Jov ug > 002 mfs. The only
difference 1iIn the cornditisns emploved it the two studiss (Fuo e al., =nd
vne present stedyd iz the difference in static heighrs. ¥uo ex &2}, used
static heigh=s. in the range 6.4 - 7.0 m, wheresas static helghre In the
range 1.8 - 2.0 o were uged in our expariments. For cosiescing redia, such
as ~easctor waxes, ws 4o net expeact taller beds to have higher held-ups.
This is beceuse toe swall Buhbles peay the dis=ributer would coaleses inte
fasc Iisiﬁg lagxpge bubales or =lugs. These would lower the hold-vp in  ihe
top-kalZl of the coluﬁn; implying Llowsr held-ups for | taller colunns.
Evidence to suppor£ thiz is avallable from axizl gas haold-vp orofiles
shtelned Ty Kue ot al, for sxporimants cenducted using the run 7 Yeackteor
wax im the 0.051 m ID By 9.1 m Zall colwen (Kue et al., 10B3). Their
results show that Zor ug > 0.025 m/s, gas bold-up cecressed wich heighs,
This sugpests thact hold-ups in a tcller celumn shouwld be lower than theose
obhtained Ir & zhoveer coloon, Thus he diZferences  in statle heights
canrnot  be used to cxplain the disereponeies in hold-up walues from the two
sinidles,

The eXxperiments by Meall, wlth reactor wa.xes In tall ecolumns, were
done after conducting experimerts with rT-200 wax {(foaming =svatem}. Thus,
small amoents of FT.220 lefr or the eclumn wall night have contaminsted the
reactor waxer znd affected the gas held-up. This effect was inwvestiparted

in our labeorsetory Sy adding ama:il gquantities (between 1% and 5%} of  FT-Z240
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to reactor waxes, and ﬁeasuring hold-ups. Hold-ups, with a mixture of 3%
by weight FT-200 and composite from runs 4 and 7, were significantly'higher
than hold-ups for the pure composite‘(Figure E-53), and were comp;rable with
vélues reported by Kuo et al. for the run 7 wax. Similarly, when 5% by
weight of FT-200 was added to the composite from runs 5 and 8, hold-ups
were higher than those observed with the pure comﬁcsite (Figure E-6)},
though somewhat lower than those reported by Kuo et al; for'ug > 0.05 mo/s.
These results show that small amounts of non-coalescing impurities present
in a coalescing medium, can lead to a significant increase in gas hold-ups.

Similar behavior was observed for runs conducted with distilled water.

When experiments were done with distilled water, following runs with tap

‘water in the same column, higher hold-up values were obtained compared to

values from a rﬁn in a cleén column (Figuré E-7). This was caused by Ehé
small amounts of tap water remaining on the column wall. Hold-ups for the
contaminated distilled water are between those for distilled water and tap
water (FigurerE-T).

The experiments with reactor waxes having non-coalescing impurities,
and with contaminated distilled water show that, in order to get true gas
hold-ups for coalescing media, special care needs to Be taken to prevent
non-coalescing impurities from entering into the system. Only small
amounts of such impurities can lead to significantly higher hold-ups for

the coalescing media.
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