ABRTRACT

Thic report deseribes studiss on hydrodynamics of bubbla aolumns for
Fischer-Tropach synthesis under a DDE Ceontract Ne. BE-ACZ2-84PCT0027.

These studies were carried cut inm eoluars of 0.051 m and 0.229 p in
diameter and 3 m-tall to determine effects of operacing conditlems (cemper-
sture end gas flow rave}, distributer type {sinterec mecal plate and single
and milti-hole perforated plates) ard liguld media (pa}affin and reactor
waxes) On gas hnlﬁ-up and bubble sire distributien. In experiments with the
Flscher-Tropsch (F-T) derived paraffin wax {FT-300} For temperatures hatween
2300 and 280°C there is a rﬁnge of gaz welocitles f{transitien reglon’ where
Two values af gag hold-up (i.2. weo flow repimes) are possible. Eigher hold-
ups were accompanied by the preserce of foam ("foamy"™ rTezinuw) whareas lower
vatues were ahtained 4in the zbsence of fear {(“slug fiew® in the 0.031 =
colunn, ey "¢hurn-turbulent” flow regime im the 0.27% m eolummy. This typg
of hehevior has been cbzerved for the first time In a systen with melten
paraffin wax a5 Lhe 1igquid medium. Several factors whiﬁh have sipgnificant
eflez? on feaming charasteristics of this syster were Identified. Emacror
waxes have much smaller tendency to foam and pruwduce lower hold-ups due  to
the tresemce of larger bubbles.

Butbl: size distribution and Sauter oean bubble dizwsaters were deter-
vined by photographie methed and by dynamic gas disengapement method. Eigni-
ficart differences in Savier mean bubble diameters were obrtained in BXPRCI -
mente with diffarent waxes, even though the gas hold-up valuee were szizilar.

Floelly, new correlations for prediciion of the gas held-up and the
specific gee-liquid intertsecial are: were developed on the basis of reeulsc

ohiainad in the TrrREENT Etu-’:‘.}f,
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I. OBJECTIVE AND SCOPE OF_ WORK

The objective and scope of work given here.are based on the original
Statement of Work of the contract.

The overall objective of this contract is to determine gffects of
column geometry, distributor design, operating conditions (temperature ana
gas flow rate), and oxygenated compounds on hydrodynamics of slurry bubble
column reactors for Fischer-Tropsch synthesis, using a hard paraffin wax as
the liquid medium. To accomplish theée objectives, the following specific,

tasks will be undertaken.

Task 1 - Project Work Plan

The objective of this task is to establish a detailed project work
plan covering the entire period of performance of the contract, including
estimated costs and manhours expended by month for each task.

Task 2 - Bubble Column Reactor Desién/Construction

Two bubble <columns made of borosilicate glass of apprbximately 2"
(0.05 m) and 9" (0.23 m) in diameter and 10 fr (3 m) tall will be designed
and assembléd for measurement of the gas hold-up and the bubble size
distribution. After the design, procurement of equipment and
instrumentation, and construction of the unit is completed, a shzkedown of
test facilities will be made to verify achievement of planned operating
conditions. During this period instruments will be calibrated.

Task 3 - Process Variable Srudies

The objective of this task is to determine the effect of wvarious
system variables (e.g. gas flow rate, temperature, and addition of minor
amounts of oxygenated compounds) on hydrodynamic properties using the two

bubble columns (2" and 9" ID) and different types of distributors. All



experiments will % condulten usine nitrogen at atmospheric pressurs. It
s plapmed Lo detegwine the Zoilowlng hydrodynanic characteristics: Eas
hetd-ap, flow replme charsctelization, bubble sizs discribution, and the
gas-liquid jnterfacisl a]._‘aa .

Task 4 - Correlavicon Develspmernt =0d Data Reduction

Correlations based cn our experimental dats for prediction of averzge

g5g hold-up and the gas-1lguid inrerfacial sres will be devsiopad.




II. SUMMARY
A.  Background

Fischer-Tropsch (F-T) synthesis reaction represents an Iimportant route
for indireet coal ligquefactiomn. It was utilized on a large scale during
World War II for production of motor fuels in Germany. At.the present time
commerical size units are in operation only at Sasel in South Africa.
Fixed bed (Germany and Sasol) and entrained bed (Sasol) type of reacto;s
have been used for conversion of synthesis gas into hydrocarbon products.

Slurry phase F-T processing is considered a potentially economic
method to convert coal derived éynthesis gas into liquid fuels. Largely
due to its relatively simple reactor design, improved thermal efficiency,
and ability to process CO-rich synthesis gas, the slurry process has
- several potential advantages over conventional vapor phase processes.

The scale-up of slurry bubble columns is subject to uncertainty due to
the fact that important hydrodynamic parameter# change with the scale.
Thus the results obtained in small diameter units cannot be directly
translated to a large diameter reactor, The successful reactor scale-up
for the slurry phase Fischer-Tropsch process was achieyed in Germany in‘the
50's (e.g;‘ Kolbel et al., 1955; Kolbel and Ralek, 1980). The
demonstration plant wunit (1.55 m iﬁ diameter and a height of 8.6 m) was
constructed by Rheinpreussen-Koppers and it operated suqcéssfully over a
long period of time. This successful operation came as a result of
significant development effort, the details of whichu have not been
published. Subsequent studies were done on a smaller scale, and have not
been successful in reproducing reported Kolbel's data on catalyst activity

and product selectivity.



Im the najoericy of previous studles of slurry -7 synthesis rather
small bubble ¢clumn reactors were emploved (less than 0.1 m ir diameter),
feocording  to Declkwer et 1. (19807 and Shah et at. (1%32), wunder thesco
condirions +The reactors were opetaving Io ¢ither the Eumngenenus. {icmal
bubblyy flow regime or the slug flow regime. 0On the other hand, commerical
size bubkle column reactors are oxpected to eparate In the heterogen=nus
(Cetarn-turbulect) flow regine. The specific gas-ligquid incexfarial area,
as wek. as the gas and the liquid phase mixing are different in Aifferent
flow replmes. These psarameters have significant effert on the sacondary
reactions and éunsequently product selectivities obtained in differear flow
regimes may differ siﬁnifiﬁantly. fionstruction and operating caoscs for a
large diameter bubble column reactor ars exzpeoted te D¢ very high. Before
this 15 dome further wores is reguired which will provide a retional tbagils
for the reactor deslgn and ecale-up.

The present work on hydrodymamics of bubble eolumns Zor F-T syuidhesis

was Inlklated In Septerber 1984, under DOE Contract Ko, DE-ACZZ-84ECTLOZT,
The ebjactives of this study wort to detewnine the effect of bukbbls colurn
diameter (0.053] m and ©.229 »), distributor type {sintered metal rlata,
single and omltiple hole erifice plate), operating conditioms (gsz wvelceity
and temperature), and suygenated compounds on gas hold-up apd bobble size
distribution using wolten parefiin wax as zhe Iiguid medium.
B, Peculre

Two plass (0.051 anc 0.229 m in dianeier, 3m in height) and  tuo
stainiess steel enlugpeg of similar dimensicms (0,031 o énﬁ 0.24] @m 1in
diamcter, 2 m tail) were employed ir this astudy. Tae glass columne ware

uzed for measuremant of the averspe pas hold-up and buhble size distribution,
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whereas the stainless steel columns were used for measurement of axial gas
hold-up distribution. The construction work and fabrication of auxilliary
vessels for all columns were completed in May 1985. The shakedown run with
the small glass colum was made in May 1985, and for the other three
columns in June 1985. All Eolumns were operated in a batch mode with
respect to a liquid medium.

Flow regimes in the two glass columns were determined from visual
observations ‘of the flow field which were also recorded with a video
camera. The homogeneous (ideal bubbly) regime, characterized by nearly
uniform bubble size distribution, was observed in the small column at the
gas velocity of 0.0l m/s. At velocities of 0.02 and 0.03 m/s slugs start
appearing in the wupper part of the colunn, and the flow may be
characterized as a transition between ghe homogeneous' and élug flow
regimes. At higher gas wvelocity the slug flow regime prevails. However,
even in the slug flow regime a large number of small bubbles was still
present in experiments with Fischer-Tropsch derived paraffin waxes and
their specific pgas-liguid inferfacial area is much greatér than that in
air-water system inithe presence of slugs. Foaming, accompanied with hold-
up values up to 75%, was often observed at lower gas velocities with all
types of distributors (sintered metal plate - SMP, and orifice plate}, and
this type of operation is referred to as the "fcamy™ regime. Slugs were
also present in this flow regime at velocities greater than 0.02 m/s. The
flow regime in the larger diameter column was homogeneous at 0.0l m/s,
followed by tramsition to "churn-turbulent" flow which was complete at the
gas velocity of 0.03 m/s. During runs when foam was produced, the

homogeneous flow regime was followed by the "foamy" regime in the wvelocity



rarige ﬂ.ﬁ?-ﬂ:ﬂﬁ m/s. At velecities greatar tham 0,05 m/z the "ehurn-

wurbulent” flow was the only stable flow regime,

Resuits of averape ges hold-up measurements revealed the following:

* For  temperatures betwegn 230°C and 280°C, there 1s s range of gas
valoeisies over which 'two values of gas hold-up are possible with TT-
300 wax.  The higher pax hold-ups are acﬁumpanied by the pressnce of
foam ("foamy" repime). in the abzence of foewm, “slug flow" prevails
in the 0.051 n ID eolumn, whersas flow In the 9,229 o ID column 1z in
the "eburn-turbulent” reginoe, The start-up procedure determines
which flow regime will 2a attzined, with inereasing order of gas
valoci:ies favoring the “foamy® repime. A transiticn from the "foamy®
o the "slug flow" or "churn-turbulent” regime sceurs whet ug exc&edé
a cercain oritical value, amd the cransitien to the “"foamy" regime
cococurs  when uE drops below & certain critical waluye, Since the two
critical veloeliies are diFferert, a nysteresls loop le creatad. In a
system wWith molten peraffin wax as the Iligquid aedium this type of
behavior hes been vbserved for the first time.

* Gas Twld-up  Increases with teppersturs, and this increase Iz zore
significant in the presence of foam., A4s the temperatire deczesses the
liguid wiscosity Inereases which promotes bubble geoalescence and
vroduces lowar hold-ups,

. I ﬁhe absence of foam the column dlameter ¢5,051 m and O 220 m} ‘had
rather cemall effect ot gag hold-2p in experiments with a paraffin wax
(trade mname F7-300% and raw wex from Sasecl's Arge weactor using 1.85

mm hols srifice dizsributars, Howewver, in experlwenis with smaller -




hole orifices (1 mm hole orifice in the 0.051 m column and 19 x 1 mm
perforated plate in the 0.229 m column) with FT-300 wax higher hold-
ups were obtained in the smaller column both in tﬁe presence and in
the absence of foam.

. Distributor type ¢id not have a significant effect on the gas hold-up
in both columns in the aﬁsence of foaming. In the "foamy” regimerthe
SMP distributor pgave the highest hold-up wvalues, whereas orifice
distributors produced lower hold-ups. In the smaller diameter column
higher hold-ups (more foam) were obtained with smaller orifices, but
such effect was not observed in the 0.229 m ID column.

. The addition of small amounts (up to 10% by weight) of oxuygenated
species (l-octadecancl and octadecancic acld) to FT-300 wax delayed
foam break-up to higher gas wvelocities, but did not have a significant
effect on the gas hold-up.

. Hydrodynamic behavior of four reactor waxes (Sasol’s Arge wax, and
three composite waxes produced during runs in Mobil’'s pilet plant
bubble column reactor—Unit CT-256) was evaluated inrthe ¢.051 m 1ID
glass column. It was found that these waxes have a very small
tendency to foam {(only at 0.01 m/s with a 40 gm SMP) and thus do not
exhibit hysterisis behavior observed with FT-300 paraffin wax.
Distributor type {S8MP and orifice plate) and temperature (200 and
265°CY) had rather small effect on hold-up values. Hold-ups obtained
with 1reactor waxes are gimilar to those'obtained with FT-300 wax in
the absence of foam.

Axial gas hold-up measurements were made in the two stainless steel

columns with FT-300 wax, and in the 0.241 m ID column with Sasol's wax.



The holid-up profiies alomg ‘the height of e coluar wsre found oo be
dependens  on the Jlow regine. Ir. the prezense of Zoom the gan haid-upﬁ
near the top of dispersien were significantly hizher tham thase in ke
lTawar portion of the coluwe. In the absence of foam, the ipcresse in hold-
upr  With columm haigh; was crly marginsl, 4n imcrease In gas velocify
shifts the axizl gas ﬁolﬁ-u; profile upwards (Towards highér valuag)
irrespecTive of whether tﬁe foam was present or not,

Busble size distribution arnd Saater bubble dismeter were cetarmined by
pluntogtaphic’ method and by dynamis gas dlsenzagenent (DED) technigue.
Fnetegreaphs of bubales near the wall were tsiep in the two glass co_umas,
and near the center of the 0.2.1 m in diameier =lainless steal (E3)] eolumn
through a specially desipred viewing port. The wmajor findings Eron
photegraphic measurements of hubhle size digtributiUh withh FT-300 wan sre:
» The Sauter meen bubble diametar {dsj dazereases with an incressse in

feight &bove tne distzibutor. The extent uf chis decrtease depends on

the flow regime, with mere sipnificant decresses in cases where foat
is present,

L] The walue nf ds appears Lo be fairly copstzat with changss  in
superficial gas wvelocity im the 0.0%2 w ID column, howswer im the
large eolumns (0.22% w ID glass and 0.241 ¢ 12 5%, it decreazcs
marginally with 20 increaze in guperficial pes velecity.

L] The 40 gm SMP discributor produced significantly smaller bubbles {d_s =

0.5-1.7 mm at 2B5°C) compared to the 1.85 cr orifice plate discrizutor

(ds = 1.72-2.2 mm under similar conditions). Howewer, 4  in the 0.22¢
=

i and D24 m  cclumns, with  inprovenencs in The techmizue

{aignificenily larger bubble ceunt), ware arcund 0.3 mm mS the wall




and around 0.8 mm near the center (for velocities greater than 0.5
m/Ss). The <change of Sauter diameter with radial position is as
expected, since iarge bubbles rise preferentially near the center of
the column, while small ﬁubblés concentrate near the wall,
Photographic measurements.could not be made with reactor waxes due to
their dark color,l but the Sauter diameters for these waxes, as well as for

FT-300 wax, were estimated using the DGD technique. The highlights of

thes; investigations are: .

. Colump diameter and orifice hole diameter did not have a significant
effect on the d_ value for FT-300 wax. |

. The presence of f?ém had a strong effect on ds values. At 265°C the
Sauter mean diémeter for FT-300 wax was approximately 0.5 mm:which is
the same as obtained wifh photographié method.

. Temperature had a significant effect on the Sauter mean bubble
diameter (ds), with values at 200°C being significantly larger than
values at 265°C for all wax types, despite relatively small
differences between hold-up values at the two temperatures.

. Wax type had a significant effect on dS values, with the smallest
bubbles beingbproduced by FI-300 wax and the largest by Mobil reactor
wax. The trends were similar at both 200°C and at 265°C. At 265°C
Sauter mean diameters for FT-300 wax were around 0.8 mm for
superficial gas velocities greater than 0.05 m/s; while those--for
Sasol reactor wax approached 2 mm and Mobil reactor wax gave values
around 4 to 5 mm.

In general, a good agreement was obtained for Sauter bubble diameters

estimated from these two methods. The important conclusion from the



prasent study iz that similar gas hold-ups de mot necsasarily imply similar
bubble size distributions, Significant differences in Sauter Lubble
diameters were obtalned in experiments with different waxes gf & given
Cemperature ot with a given wax at two toemperatures (200 and 265°0%.  even
though the hold-up values were siwmilar.

Finally, ©based on our measurements of gas hold-ups and Sauter mean
bubble dismeters, correlazions Zor prediction of the averags gas hold-up
and the specific gas-ligquid Interfacial srez were develcpad. Eirce thase
correlaticns ware obtained frem a large data base they are expected Lo be
useful teo those engaped In cesign and seale-up of tubdle column reactors

for Ficener-Tropsch synthesls.




