with the averope weles curves.

The akove irvestigaticns indiecce thot the rezredusiblilicy cof hRelc-up
stalues in & swsTtem which has a vaprcity to foan, iz dependent on 5 complex
imteracrtior hatwest & oumber of fTactors. Some of Chasgze faszere. suth &5 LhE
viereLicy procedare.  can ke ﬁmn::ﬂlled independ=ntly, Whereas, cifects dus
ra ths agirg of wax, &nd the ameant of feam Jroduved, sfe non as
nredictable. Our  study shows thet it is possible 2 climincte fosming oy
asing = ralativelsy high stevYT-up weloclty.

B.3. CEffesy ¢f Tenperatare

The affect of tempeTature ol gdw bold-up was investigated for tempera-
tures betwecn 60 and ZEQCC, Eeperiments wers dome in the C.051 m 1D and
dhe 00720 w0 1D plass columss using FT-300 wsx,  The 40 o SHP and 1ES mm

orifice wlats distributers wers uced im the 0,951 m ID column. whereaz the

X1 mm. 19 % 1 o oand the 19 X 1.85 xm perforated plate cistricutars were

erpioved in the (.28 m ID calupr:, Beeulce from these experimencte can  be
_gzﬁggrized as follows:

- o the "Loans™ yegime,  an Iocyease in tempatsture 15 acceompanied with

ar inecrecse it fosm, snd thus bBizher held-up waluee.

- Zrn thie gbzwence of foer, holdeops showad & marginal cdecrease with A
doeroasce in cenperavure. -
- Tt was possihiz to avoid foaming By operating  at =ufficiently lew

tempEratures (&.g. 160°0C with the 1 .83 mm orifics plata Zistrivater in

the .03, m IN 2o0lumn or at L:0°C wich che 5 X L om peviorotesd plate

Gisbrimaier Lo Lee S.UX29 o0 1D column’.
feeulte  from rurz with TI-200 wax in the 0,051 = I3 colupn using  ohe

.85 mm osrifize pla=e distyibuater a2t four diffcrent pparafing teTperaturacn

ho

N

T




(160, 200, 265 and 280°C) are shown in Figure V-18. Ali runs were conducted
using increasing order of gas velocities. These results show that the
effect of temperature is significant in the presence of foam. An increase
in temperature results in-a corresponding inerease in hold-up wvalues, and
the foam persists over an extended range of velocities at higher tempera-
tures. The highest gas hold-ups were obtained at 2Bb°C, whereas the lowest
hola~ups were obtained at 160°C, The runs conducted at 200°C and 265°C show
a substantial increase in gas hold-up as foam is produced (ug < 0.03 n/s)
followed by a decrease in hold-up as the transition from the "foamy" regime
to the "slug flow" regime takes place. The run conducted at 256°C showed a
similar increage in hold-up as foam was produced, however, the transition
to the "siug flow" regime was not observed in the velécity range  employed
(0.01-0.09 m/s). No foam was produced during the run conducted at 160°C,
therefore hoid-up values were cons;stently lower for this run. For this run
the flow regime changed from "homogeneous bubbling” to the "slug £flow"
regime directly. In the "slug flow" regime the effect of temperature is
less pronounced, with marginally lower hold-ups cbtained at lower tempera-
tures.

Results illustrating the effect of temperature on hold-up when the 40
pm  sintered metal plate distributor (SMP) was used in the 0.051 m ID.
column, are presented in Figure V-19. Six runs were made at 265°CJ two
runs at 28056 and only one run at 200°C, The data for rﬁns conducted at
265°C were divided into two groups, based on the absence or presence of
foam, and averaged (curves 1 and 2), whereas data from individual runs at

200 and 280°C are presented. With this distributor a substantial amount of
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LIQUID: FT-300 WAX  DISTRIBUTOR: 40 zm SMP
80.0 | COLUMN ID: 0.051m  STATIC HEIGHT: 0.8 - 1.8 m-
70.0 | D/ \ -~
| !
/O ‘ d
— — \
X ol & ? \ -
Q. | i -\
> l | ]
]
Q s00 | | O, -
o) ! \
- O ! \
< 40.0 |- . \ -
o v \
W ! '
2 * S
i | _
= 300 | /
11} i | ‘
o—"
20-0 — | / -
1 -0
e
o~ o
TEMPERATURE (°C)
10.0 - J O 200 | i
O 280
1 265 (FOAMY)
- | 2 265 (SLUG FLOW)
0'0 | | ! | | | L 1

0.00 0.02 0.04 0.08 0.08 0.10 0.12 0.14 0.16
SUPERFICIAL GAS VELOCITY (m/s)

Figure V-19. Effect of operating temperature on gas hold-up (O Run 5-3; OJ-Run
1b-4; curves 1 & 2 - arithmetic averages from 6 runs)

71



fosm wae prodazed even at 200°C, Howevar, the tranzition from the "foamy™
o tﬁﬁ "slug flew" reg’me cocucred earlier at luwer Cepperatures comparved
to hkigher temperatures. In tne "foany' regime hold-up values at 200°C are
hetwar: 5 i 10% (absoiute) lower than thosa at 85 and :80°0, Lo real
cdiffarence Ir hold-up s evident hebwsen vilues at 263°C gnd  280°C  {foam
cocaniec the entize colunn &nd hold-ups of abkour 70% were obtained for Ug Ed
2 omfs). Hold-up walees in the "slug flow™ regime shoew e merginal effecct
of tempsrature. with lewer valiues obtained at X°C comsared te 26578, The
trancsition from the “foaﬁy“ regime to the "slug flow" regime was morT com-
plote for the rur conducted as Z80°C, however, It is believed thar if the
pas  veloeiey was Turcner ircteased.  the hold-up values would eventually
anproach thess S6r the runa at 265°C.

| Figure V-20 shows resulrs illustrating the effect of tewperature for
runs conductad In the 9.229 1 ID column wvsing the 18 X 1. 85 mm  pevforated
plate diztributor. Date from & total of 7 runs at 263°C wetre divided ‘nto
twn grovps (as zbove; and averaged, Thes:s average velues {curves 1 and 2}
and data from 2 yun esndusted st Z00°C sre presented in Figure V-20. A:
C Zean cansiatently hroke by 003 mfs, while the "foamy" resiﬁe was 1ot
shzervad =+ 20373, In the "churn-turbulenc® regime, held-up wvalues in the
we_oclty rvargs 0.G2-0.07 x/5 were sliphile Ziigher #: 263°0 compared co
walues chbtalmed st 200°C,  Thiz epuld be ﬁ:tributeﬁ ta £ high ecencertration
2E  small bebbles that were sti”l prassnt st 263°0C ever this renge of
veloclfles. AL yar vslegillzs 0,07 mf= and hicher, held-ap values a3t the
two  temparaturses  ave similar, showing no cftcet of tempzraturs orce the

“cheon- turbulens™ repinz is well astahlissed.
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Experinmentes ware alze condusted in the (0.Z29 m ID coluin wsing the 19
E 1 mm perfcrsted vlate districutor at 200 and 263°C. The r=sults were
zimilsr ©m  chonsc obtéiﬁed with the 19 3 123 ma perfara:;d nlaze dlstei-
butar., Mo faam was procduczd iz the run conducited at Z03°C,  epd  hold-up
raluas For “his  ren were =21Zglitly luwer than  Lhe corresponding  welues
obtained with tte 19 % 1.85 oo cistributor.

Fesuizs Erem supeTimencs corduszec ia the D.Z22 o ID colanm wich the 5
X 1 me pesforsted piate distributar are zhown in Figufa V-21. Buns weis
rads st 17I°C and avt ZE3°G, ﬂlan shown im this figure sre hald-up wvalies
obtalined by Qulc.}:er sné Deckwsr (1981) at 170°C using a 2.9 pm nogzle in a
2,093 m 10 ealumsm,  Ths jet velocities with <he > ¥ 1 mr dissributes in the
Tressnt work are the zame zs those in the Quicksr and Declwer study,

Ine  run cenductec at ¥b%°C showed a4 substantisl increasz in gas lold:
vp o oas  the  pas weloe Ly was incressed frem .01 te 0,02 mgs.. This was
acnorpanied by the forzation of & svaals _ever of foam at tke top af the
dispersion. The.tran;ition Troac the "Taamy” vegine to the "churn-rarbolenc
zegime  toolk plass betwesen gzs veloelticz of 0,02 and 0.04 nfs. Taereafter
boli-vps inzrcessed gradually wish au increzse in ges velccity. This beha-
wlor ls owplcal feor FT.300 way as 265°C and follcws crands saew: with other
distributers, The pun ccmducted at 170°G did =at producs amy foam for the
yaz. welocities emploved (2.01-0,0% mes). as & result., hoeld-ups wsre

substantially Lower tman in the run an  26R°0. Thasre Tesulte are

1
.

gniflcsntly differsin [rem thoss obta’red by Juislsr and Deckwer under

similar ceonditiens. Their helg-upe &poozr to be foo high onder ctheae condi-
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The results oresented in Tiguves V-18 to W-20 show that in general
tempetreturse affeects the razvlts in the "foamy" reglne, hewaver, oree the
trvarsition to the "slug flow" regime {(in the {.03]1 m Il column) or the
Fehurns turbulant® regime Jim the 0,229 m IN column) ocecyrs,  Toldeop valoes
do not wary much with zezperatars. Thess zesults alsoe ghew that at suwIlfi-
cienzly low temparat.-es Fnﬂnling can Le oonptetely prevented. This bela-
vior can be cunlitatively explained in terms of the liguid visecesity (2.3,
gL .8 wmPa.z at 160°0 wve | 2.4 mFa.£ at 265°C, for FT-300 wax). Bubble
coalescence inereasez with liguaid vwiscosity (1.2, 25 Canpoarature ﬂecfeaassj
and  £2pe bubbles, whlch ave pracursoralof fcam, do not accumulate at ths
rop of rhe digpersfiocn at low tomoeratures,

Experimerts conducted with reactor wexes {S&s0i's Arpe TYesctor wax and
Hobil's reactor wax) resulted in hold-ups sizilary to those Zor FT-300  wax
ir the sosence of Foam., & marginel decrsase in beld-uz wes observec s
Lempareiny e was deoreszsed Spom 25350 co FADS0, which 1s ws sxpeoced since
virtvally nie faam was oroduccd in those @Tuns (zee Zeccotion V-B_o/ ).

Several rezaarchers have levestigabed the effzct of tenperatare wusing
parafiin wawas as Che liguld medivme. The majerity =zf these studies were
conduciad In the "foamy regime" anl there ave seme discrepancies in resalts
Trom these studies. Deeckwer et al. (1982} feurd = sipnilizane dsereass In
IroZd-up as tzmoeverure was rereassd fraow 180°C te 27072 for expericasats
copndusced i oa D047 m I0 ssicmn, while ne effest of tempsrature was found
for Tuas  sonducitcd  in the C.20 w ID eolunn Experimerts conducted by
Guicker and Peckwsr (19813, usivy FT-5330 wax, shinwed A stentiy Nizhes
ncld-wgp waZues &t 170°C ceompared te walues at Z30*C oith both, 3 0 % mm

noZz.e and a4 1% ¥ 1.1 mm perloratad plece distribu-or. hZeogearchersz 2= ¥abil
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(Kua et =l 1985% ugad FT-F00 war ax be Jiguld mediur £72 found  that

bead-up walves at 1340 were substantially lewer than these 2t 2563°C,

MEEpLLE sone incons?sbescy Ia vesults, the overall trend is that held-un

ircreases with s ipsresage In tepperature, i the "feoamy" ragime (nete tha:

117 of  the lizevature dealing with his system Tepertis Z“esults  for tuns

[y
ile

wvith valosivies lzss chan 0.04 m/rfs, in the "fogEry" regime’.  EResulte

fram our stedy are in asreement with ckese Zirdings.

Dus za  ths 1éck cf iterature data, with melten wax as  the "iguid
mz=divm, o the elfaet eof tempereturz on hold-wp v the "alag fiew" zTegine
cr the "chuon-rurhulens” regire,  only A camparisos with "HRU]LS T-n nrhes
H

syvEtems L3 possitle. Sheh et oal. (19527 hava shown Thel g£he insrsase  in

vincosity, Ly footreasiog che CMS fcarboxry methyl cellulose) conczntration,

did rot heve an s#ZZzct on gpas belg-vp in toe "sivg flow™ Cesime, & behavies

"

stawitar to =hat far FT=3200 wax z2s shown 1o hae prosent Htudy.

B.4. Effect of ColuTtn Jliaretat

Commercisl size bibble columns sre expeceed to aperate in “he ketevo-

Al

gemacmg (“chumm-curbolect™) flow 1ezzime, whiles maicrity o The studies,

witsn & molton waw az thoe licwid wediag.  were cervied out in Sicell dismeter
coelumns (wp e 001F @) and Loas an:iy o-e idsal houbhly fhomcgeneous)  and
iwes weve chiorwved.,  Heszults from studies conducted in The

. N3l o Th A=l 0278 w T &1Hh5 et re dre reprrizd hazs sheowing  the

bel
Fly

- - _ . L . . .
fect o coluon diamsziar, Thz compariser 1s besed on runs  conducted  at
' .. I N '

- - . ] - - N N .I'._ - - =" - - -
eI ocsing the 1 ozm znd L35 o ordilice plaze d7strilwturs "0 thr .05 ©
Wocoloon, ard The 13 X L oem =0d This 1 RO .23 mooparfovated plato Siscri-

bosors in the 0279 w TD oalumn.  Deta frez 2 tocal of 13 ross in che 0057

o D roltioe o F el Dpogn A ocums oot 00779 00 T colvan 2re svailshle Zov



