see Figure V-12). 1In the "slug-flow" regime, hold-up values for the two
runs are similar. )

The effect of the addition of oxygenates to FT-300 wax is
qualitatively similar to results from studies conducted in the air-water
system reported by Schugerl et al. (1977) and Kelkar et al. (1983). Their
studies showed that the presence of alcchols in water resulted in higher
hold-ups when compared to pure water.

The effect of oxygenates on the hydrodynamic parameters of the FT-300
wax is not significant. From our results it appears that oxygenates do not
suppress foaming, and thus the reasons for low hold-ups and absence of feoam
in experiments with raw reactor waxes, as reported by Smith, J. et al.
(198&) and Kuo et al. (1985), are not clearly understood at the present
tin.;le .

B.7. Effect of Liguid Medium

It has been well established that paraffin waxes have a tendency to
foam, the severity of which is dependent on a combination of factors.
Bubble size measurements (see Section V-D) have revealed that FT-300
paraffin wax produces bubbles which are significantly smaller than those
produced in other systems, such as the air-water system. Experiments were
therefore conducted with different liquid media in order to investigate
their effect on average gas hold-up. Results obtained with FT-300 wax were
comparea with those obtained in experiments conducted using FT-200 wax, two
reactor waxes (8asol’'s Arge reactor wax and Mobil’s reactor wax), and
distilled water. The investigations were carried out in the £.051 m and
the 0.229 m ID columns at 200 and 265°C with molten waxes, and at room

temperature with distilled water. The 1 mm and 1.85 mm orifice plate, and



the £0 pm sinteved metal place (5EP) distrituters were used in the 0051 o
I celomn, white the 32 % L85 mm perforatad plare dissribusor waz ucaed in
the . 235 p 1D celums.

The majar high’ighis a7 'hese ipvestigaections zva:
] Begults  Zor FO-ZOU wox arc qualivatively sinllar o thesze for IT-308
nr

wax 1n the "Zoamy" rvepinme, with higher hold-vps ebralized wich FT-200

wax. The “ransizion Zroem the "foeamy" regims =co the "siug flow® regine

1z act as zrorwance:d < oh PT-200 wasx zs ﬁas wish FT-300 we=,

. Redcror waxzg and wozer do not heve & tendency te leam for the vanpe
of conditinns investigated in thasz studies. Tuzzelore, they Zo nce
=xi*hil hysrercszic behavier which is charasteristic of paraftin vekxes.

* Hold-up values for ¢i=%illed water and Tezcrtor waxes are i wlgnifi-

cartly aTvacied by distributer type mor by tempsrature {fer  reaster
waxes] .

. Hold-up values for ciscillsd water and reazsor waxeos in =he 0.051 m ID
eclumn: arsc  wvery similar_ta these obtained witlh FT-300 wgx in the
atsende o fean.

Essulce zllustyscing the effect of temperature, distributor tyo=  and

Eas wolecity on the averase gas holdvuf Tor Spyol's Arge war are showm in

Figure W-31. Al runs were conducted wsing irercasing order o o gas

welogities. Hold-up veiuves with the 1.85 mu orifice plate distriburer shew

& gradusl  frwrraase with gas welosity, wherezs tha snes with rthe £Mp

discributar  exhibit & slight maoximum at & velocity betwaer 0.0 and 000

miE. f'oen was ohssoved cnly 1o the sunowith che SHME discriontsr at 0,93

mfe diing tlee Zirsl 20 minutcs and clhen digopoearsd, dowever, the soa_l

tuEblss  pracdecsc  during this hrief ceried pavsisted to soma  excter
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resulting It Bipher held-up values for pas velocitics vp e 0,04 mfz,
Held-up  values with the 1,85 um orlfice plave disiributor at 20070 are
merginglly Zower than those ebtained at 265°C with the same  distributer,
which 1= as=s ExpECtEd. At Z03°0, Uty wele  copchizter using differanc
cparating preceduresz {j.e, stary-up valeoclitios),  theowever, held up values
from these runs showed oo effect of the snrder in wkich zas velacities uere
changad {7 &, [nereasing or cecreasing crder of welocities®. In beth cases
there was no  foam  prodeced, therefere, the hyeteresisa hahavinf
{ehatactarisiic of pezraffic wan) ;as absert for Sascl's reactor wax.
Visuzl obszrvatiens of the [low ¥ield near the wall showed .that bubbles
were larger  then Lho=e ouserved previcusly with FT-300  wex. & rmotabla
diffezerce wzzs the chssnee of fins bubbles (iess than 1 mm)  chas were
present in large owabers In experimeznts wich FT-300  way, Lt velocities
0.03 mfe end higher, slugs sceupying the entire co_uwmm evoss-section were
observeZ which was als=sa the case in experivscrs wichn she FT-307  wax,
Trhese qualizecive cifferences in the bubblc size Zistrikbutions  Setwesn
the  twe wames sre veflected in the vwalues of che SaclLer m=an bubbla
diamater (see Ssction V-D).

Hold-up waluss with Sascl wax were slso measured it ~he 0.226 m  ID
cuinm  using rthe 12 = 1.83 mm diszzibarer 2L 285°0, Ihese resilts,  when
cémparﬂd (see Figuve V-23) with Sold-up values obtained nsing Sasal wax  {r
the ¢.231 m ID colowen, shew thas column SigaeTer cid rob have a =igrnificent
ecfazt on Thg avsrage Sos hold-ud va_ues.

Fipure V-3Z shows a8 heid-up wvalues o2Zained  Tiopm sxperiments

=

conducted with Mohfl's rtestror wax (comocsite wax “rom runs 9, 11 srd L7 in

theit Unic CT-256%, Onee sgoin foem wes nos observesd In The rucs wwce wisl
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che L.83 mm gorifice plate dietributer. Tke behavier with the SMP
distributer wes similar te that ooserved with Sasol wax, i.e. foam appeared
inivis’ly at 0.01 tmfs but it dicappeared af<er approxiTately one heur on
streem,. Gas hold-up values are, dn generel, wery similar tu Lhoce obrained
1r the runs with Sascl wzx under the same conditions. Yizgual ochascrvations
of the flew £ield with this wax were iinmited due to ics dsrk eolar which
was caused hy the oresence ol susll azounte of fron catalyst particles (-
35? DEml . chavcr, backlighting of the column dic show the presance aof
slugs 2t pas velascities of 1.03 w/s and highar.
Besegrehers at Mobil (hwe st al.., 1%25) alsoe conducied experiments

with  resetor wewes produced from runs iw thelr pilec plant reacter (TUnic

DL-2567 They reported hold-up walues for sxperiments with wazes produced
during rems  4,3,7 and B, It ordsz to compare rasuliz from the prasent
vy wieh  those pregsentsd by Kuo ef al,, additicnal experimerts were

conducted with two cifferewt ecaposites [composize of waxes profuced in

fhalr tuns & and 7 ard coroesite of waxes preoducsd in their runs S and B).
Resa_ts freom these expsriments ard comparisem with the Hua et ai. data arae
zsresented Im ATFEHIIE E.

Figrre ¥-33I shows wegulbs obtalred Zvam runs conducred under azhient
conditions with distillsd water in <he 0.4051 m ID coluwn, using thas 1,85 wom
atifice wopleze and che 40 pm S¥P distribusor, These resulirs ;how thlras
=zizher ~“he operzZirg -rocedure {I. 2. stari-up valacicyd =er  distribu-ar
ty;e. nzd ary significant eifect op the sverape tas holé-up. L pumected,
fosm was ot chszrved in zry of thase runs, Visual observations of e flow
fielc zhoued tewer and larger bbbl es compared Lo FT-300 wax. Slugs ware

ohaervel =L pus veloriclies of 0,03 mis znd hizhex,

Fa
—
ra
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Held-us  walves Zor the Zive Iiguic media wsed 1o thess studies (i.e.
FT-3C0, FT-200, Sasol's Arme waw, HMobil's veavipor wax, and distillad warer)
sre  cowpared in Flzures V-Ia te V-3 feor rtuns cenducted using  incressing
erdsr of pac veloeltier. Emaults Zar the differenc systems obtalned using
the L1.B% me ocrifice plaﬁe distriburar {(Figarse ¥-34) are very similar  when
the "slug flow' regime peysizts, Howewver, with peraifir waxes (FT-300 and
FT-25337 1t is also peszible £o cperate n the "foamy" trapinme £f lowsr  ges
wrlazivies  (ususlly < 0.05 m/s with FT-330 wax). For this lsuge of gas
velocities, hold-ups wich  paraffic wawes are significantly higher <han
walugs with aither reactar waxes or distilled watler. for thke reculig
prasentec in Flzore ¥-34, both FI-200 and FT-307 wawnes showeod a zignificanc
Increase  in helé-up az zas veoleelty was iteveased from .00 ta .03 7=
Ls gas veloclty was farther incrassesdl, a traﬁsitiﬁn Irox :he.”foamf“ rapgima
te che "slug flow' rapime occurrcd with PT-300 wax, Wizh FT-200 wex, thic
- tramsiticn was ot & promounced aw was with FT-320, The grsdual dacrease
in hcldeup  at selocities 003 mfs and kigher ceuld be atcriuted to  the
Irnitiation of the foam brscksce process, There were (ns:ances when foam
was  net produced fzcruns with FI-300 wax at 265°5 (sce Figure v-137. The

aclé-up vaives for such cases Were similar To Wose indicated by the lower

eurve  in Figure V=214, Thess rescles Irdleats thet Jiquid medivc doss nob
bave a significsat efleecr onm the average gas beld-up when foan 1= noz
Frodusad, Jigare V-3 shnws resclts obzained uzing the SHT dilsteibuter,

The corves fop FT-200 and FT-200 waxes Lllvst@ets kehavior typlcal for
paratfin  waxez, a shavp inevesse in gas held-op a2s gas velncity increases
froam 001 mys to 3.0% wes scencparied by the formsticn of fozm, follawed b

a suddsn drap as feam breazs. Thors 15 me significant diffsrtence  bLuoetwaan
[l
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hold-ups for the two waxes for the examples shown in Figu;e V-35. Holdiup
values for the two reactor waxes and for distilled water are significantly
lower than those for paraffin wax. The reactor waxes showed silightly
higher held-ups in the velecity range 0.01-0.04 m/s compared to values for
distilled water, This could be attributed to the presence of fine bubbles
in these waxes following the small amount of foam produced at 0.01 m/s.

Figure V-36 compéres hold-up values obtaiﬁed with FT-200 and FT-300
waxes wusing the 1 mm orifice plate distributor in the 0.051 m ID éolumn:‘
Results for FT-200 wax are similar to those for FT-300 wax iﬁ the velocity
range ©.01-0.03 m/s. For velocities greater than 0.03 m/s, hold-up;
continued to increase for FT-200 wazx, while z transition from the "foamy"
to the "slug flow" regime was observed with FT-300 wax. These results are
as expected and illustrate the foaming capacity of paraffin waxes.

The results presented above indicate that the hydrodynamic properties
of oparaffin waxes (FT-200 and FT-300) are significantly different from
these for the reactor waxes and distilled water. The absence of foam and
lower hoid—up values for the two reactor waxes and water could be
attributed to  high- coalescence rates for these systems. Visual
observations of the flow field with water showed wvirtually no difference in
flow patterns between the run using the 1.85 mm orifice plate and the zun
using the SMP distributor. The presence of foam in FT-300 wax 1is
indicative of low coalescence rates. Heijnen and van't Riet (i98¢) have

discussed the differences between liquids that have high coalescence rates

and liquids with low coalescence rates. Thev postulate that for the
former, the fiow 1Is independent of the distributor since bubbles

coalesce just abowve the distributor and their size continues to grow as gas
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velocity 1is increased. However, for liquids that have low coalescence
rates, the bubbles formed at the distributor are furcher dispersed, Ifprming
smaller bubbles. Results from the present studies are in general agreement
with these observations.

Results from dynamic gas disengagement (DGD) measurements indicate
that large bubbles (slugs) are responsible for up.to 85% of the gas hold-up
at higher velocities {greater than 0.07 m/s) for FT-300 and the two reactor
waxes when runs were conducted in the 0.051 m ID column. For FT-300 wax
smaller bubbles account fpr most of the hold-up at velocities less than
0.07 m/s, whereas, for the other three systems, large bubbles dictate the
hold-up values even at lower velocities. Vermeer and Krishna (1981} showed
that hold-up in a bubble column could be classified into two components;
one due to the entrained-bubbles, and the other due to the large bubbles or
the tramsport portion of the held-up. It is expected that if the entrained
portion of the hold-up is substantially greater than the transport portion,
a higher hold-up value will result, e.g. with FT-300 wax in the presence of
foam. However, when the transport portion of the hold-up is high, e.g.
with reactor waxes and water, and with FT-300 wax at higﬂer gas velocities,
the average hold-up will be relatively lower. Since slugs with all systems
are of the same relative size {(i.e. almost equal to th¢ column diameter) it
ig expected that in the presence of slugs, hold-up wvalues should be
independent of the liguid medium, as is the case in the present study.

The above studies with the different liquid media show that the
differences between the hydrodynamic parameters for paraffin waxes and

reactor waxes are significant, therefore the choice of liquid medium 1is
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critical Dor lnvestigations almed at chtsining pevamotors Zor bubkle column
geeipn znd scalao-ugp.

3.8, Comoariascs with TiteToture

Gualitazive compsvisons baewesn sverage gas hold-vp values obleined in

=he pressnt study and those that heve apreared in the literaturs have been

mace in the previous zgotions. Hers sSome quantica*’ve comparfsons w’ 1l Ee
itade Only  ths zesclts Frow iz conduczed using parafsin wexes ara cop-
Feres  TIETE. Held-up walues ebtsived fron =wuns  ceaducted  with  Hobil's

FRFLLOT WaXes ars canpever with Mobil's dats with similar waxez iv ATTERDIN

F.
Toe maZor Riphlights of the corperiscms are:

] Literature dita oo hold-up wvalues obtelred uging the SHF A'=:ztiburoer
iz limited to the "foamv" ragime and showe thar held-ups incroese with
a decrzaze i pore size. Rezults obtained from the preseqat  soudies
AL

2 the 40 po SMP distribursr ate in fairlr gocd spresmert with <he

r

detz Teporzed Tas SHMP distributers Laving poro ziges in the rarge 24
CED Lm

) aesults cbtained using the orifiss slate and the rer-ovated plata

dietrloatcre  aleo show a dependzney e the distrilatar hole size in

the "Zecexw" zesine. Aigher hold-s9s ara ereduced with  discributors

heving smallsr holes ar oerforations. Tivds s 1w h@nd AETaEREnt with

data repertzd in literarcurs In Lhe abzence o foem, Thold-up va_ues

= mot sifocted signifisantly by the distributoy hole size.

®. 8.3 Siutersd Fetsl

ioshows & cozpatlssn oS hold-vp waluce cbtoimed in tre

presernt  stwily, using the 40 am SHP discributer i the ©.051 o 79 cen Lum
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