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Another problem in terms of both economics and product purity is the entrainment in the

vapor overhead of dissolved or suspended solids, such as catalyst(s). Entrained solids can be

30 detrimental to product purity, or can foul downstream equipment. In addition, entrained solids
can translate into a loss of a valuable chemical, such as a catalyst. In this regard, U.S. Patent
No. 6,153,792 to Leet et al. discloses a process for the production of a carboxylic acid in the
presence of solid catalyst particles that employs a flash step, using trays and a liquid wash. The
liquid wash step disclosed by Leet et al. generally "washes" attrited catalyst particles in upward

35 flowing vapors, downward in the flasher. U.S. Patent Nos. 4,247,486 to Brewster et al. and
4,287,369 to Harris et al. mention the loss of thodium catalyst by entrainment in reactor
overhead, and disclose the use of demisting pads to remove entrained liquid droplets for return
to the reactor. Despite the methods claimed by Leet et al., Brewster et al., and Harris et al.,
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in The term "non-vapor" as used herein shall mean liquids, solids such as catalysts, and mixtures of

30 liquids and solids, including solutions and suspensions. According to the methods of the
invention, the stream contains at least one non-vapor and at least one vapor. The stream is
introduced to the separation vessel through the inlet(s), where the velocity of the stream is
reduced upon introduction into the separation vessel, and where the tangential coherency of the
stream is maximized. Reducing the velocity of the incoming stream and maximizing its

35 tangential coherency contributes to the minimization of the tendency of the stream to move
along the inner surface of the separation vessel toward the vapor outlet and contributes to a
reduction in entrainment.

According to the method of the present invention, a vapor flow is separated from the
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a top view of a separation vessel having two inlets;
FIG. 2 is a front view of a separation vessel having two inlets;
30 FIG. 3 is a front view of a separation vessel having two inlets and a distribution tray;
FIG. 4 is a top cross-sectional view of a separation vessel having two inlets and inlet
guides;
FIG. 5 is a side cross-sectional view, taken along line 5-5 of FIG. 4, of a separation
vessel having two inlets and inlet guides;
35 FIG. 6 is a front view of an alternate embodiment of a separation vessel having two
inlets; and
FIG. 7 is a top view of an alternate embodiment of a separation vessel having a plurality
of inlets.
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30 will also recognize that the number of inlets used can be widely varied, as dictated by the

geometry of the separation vessel, and by the benefits from a cost-standpoint.

The ratio of non-vapor to vapor in the input stream preferably is such that the non-vapor
is not so dispersed in the vapor that an accelerating force needs to be applied to the stream to
form an agglomeration of the non-vapor. In another preferred embodiment, the velocity of the

35 stream is reduced to a rate that does not cause the stream to break up when it contacts the wall of
the separation vessel (3). It is preferred that, upon introduction into the separation vessel, the
velocity of the stream is reduced to a rate that is less than the rate at which the brealcup of the
particles of non-vapor in the stream leads to entrainment of such non-vapor.



‘separation vessel. The distribution tray (7), however, does not go so far as
to equalize the non-uni formvel ocities because there wll be |ogaf NW@%S of
di f f erent,, kli ga!gay at the perforated and solid portions oicihgogy@ggi ution
tray (7). stribution of the rion-uniformvapor 15 velocities

contrl butes to the reduction of entrainfent because hi gher vapor veI ocities
tend to carry nore non-vapor than do | ower vapor veIOC|t|es

di stribution Y. I e
Stream o nova R ishe i AN B P et L TR Ao 19 & &%W%f‘f—mﬂé“

t he vap®y abuel- émf‘qr@} vapss velogities thas arerfictated by dhe desigrnel the é@t@mﬂqnnwm ion,

when a tagy daflels é;f)é%%g front tHeStdhis mgsaex@du&fan% ggbssaute ﬂ?oﬁ eRey fitb Ak §é§§1§ﬁbn (3)

and the veI OCI t am i s mai al ned stT eam €s. no
cont act V&seel P &383 E‘?‘)W“fﬁ’r%‘f’?r HTginagy Sﬁﬁteerl?erte@}é‘@rﬁn@ﬁgsmhll@t s
g 1)5t angﬂ{e%)on&ﬂﬂfmﬁghl@ pbif %loc(lﬁést \Ir\]/ﬁhlﬁt aké £ oMbés@l ?I and@ﬂrifb]lcuﬂ@n hjgft‘ Q) - .
istributi.o ilitie e erred.e i men
t he tra?re(@f IVé éd‘”ﬁ’ﬂ hlepSSP?f? ?%é SSeh & ﬂf%aag rt‘Aé‘;)? {fjé%n& Tity of

t he vappxrefelmdchrmmdﬂamttdfeha/pqssmlt rovehtiony ehe digtndbutibyy tray ishe substaatislépplaasi on 25

vessel (e ki SLild cAM0\TTGRNA] £16Ad IbAHRR Bl B PEERENOAKEP LA™

an irri r I Tri strea
provi detﬂl the attwellltaﬂ@yremgmzedhhfetrqysM@t@encgrpﬂamat o t’r\@ﬁftﬂn@ﬁny mnarmgbaﬂso he the
vagor i g§segeparated fromthe inconming stream non-vapor within the separation

I (3 | | ect th t, ta d at | | 9) b
Concrol | i’ The dribuiide o a T B attes Hoh Gt e Ot RS dBe DO ERE Sl 1
i nI t he wpﬁra&ohlvemﬁo"gm: dxeuibluabnﬁayv(nﬁlmeveet@oeghof@i $wofis ﬁgmd‘m@hm&d to
re ease t he Qr rou
bt nt aESRR YaBGke) B bR 5t ke g 0RRORvebo ity a8 pstilare
vessel . afy sohidumpintiortseof thediatr mxon tl‘&Eé@eIth istribsitioh oﬁ/cheamnhaufom:gx wapsi npl e
CYyls “drbﬂé&ngseédl utbORSRe Aldulthi S'Pén\ﬁaﬁhhédt bb&usé W&emoéi%%Q%HZtS t hat

vessel s having other geonetrical conf |lg)urat| ons e S Accordingly,
a w de GHFY @pye @ﬁn'b@?ﬁéhatnrqoe]@‘”@hﬁa% velogics éﬂaéﬂﬁtg utﬂ%tr@eiﬁlak@pucgﬁtr%wép

i ncl udi ﬁﬁlmnﬁkihg Qs tehdemcp@@ﬂiepsueamttamﬁfvemgmfgrtmmﬁﬁﬂmgacefofmese &9€of 42ssél t h
respect eparation vessel (3). The level (9) in the base

3:%3 {Jest ofO
(4) of { g& QVFRSA o7 E‘s(g (3) preferably is maintained at a height that
wi | | provi deAfcosrdagnbrthd methode b€ s eresent ineention; wagoa trhy ¢ is lnseds épia déspossd

vepse in o v d aidfihdd B L Brags the
| By ENORI05, V0,44 095508, FEHL R 102401 BBl Bl Mol egs ¢

anount non-
baf f | esdggsgrot pomte@tqreﬂogé)th%ﬁa@y {Mc me@r@bliymherdestmé)eme)enttbe mlets ﬁi)zeéldt(ﬁband

rotati ofglid '?Y‘ﬁs%aﬁﬁﬂzed%ﬂié’xﬁ%‘fauhﬁg h{aecllaﬁs@u&flaapa&miee@me%%'m) ng to
mnimze thé entramrrei{% glé\gon vaéé % ][% %t e 1 Nnco mng tgream
Baffles and fRaiqhaPreliaed f e ¢ G 10684 abh peRELAERENHERS B known
to t hosemlgéx @updbmay yf thisivlpori and desethe vz@mmas tavg] ulpWaIdl? mﬁﬂ%ﬁ&ﬂtsepmﬁﬁﬂﬁl on,
it is pre e r a as

| o neCSE @t e PRfeRh RO Rea e B i enliOf, AT st
armount wratqndmw@,pm othex iirigagngktréant serodged toftho tway Tk)etg delpbjedudei antiirghentt lof

i nventi 95'11%?120 preferably acconplished by one or a conbination of the

fol |l ow ng cating the inlets (1) and 10 (2), maintaini ng_{the | evel  of
non-vapor i nAsibe BaRos 1§ %PmaF@ngﬂ”&tﬂil%’@c?lﬁ@g\ﬁéleb@r RQN-YAPAL Y8 uhg&ﬁeﬁﬁfatlgtlr eam
di stri byédselg3} b@ldwﬁnum baxe f(u)/‘&ﬁ@’é it hOehthined atd Iebelr(9§ Bﬁe c@ﬁ&ﬂhﬁ& o Relvapsel

R R R N e o e T
(2), theedtlsdslcanbe nostttoapleaserthe nomivasat througlhthelvmdlet (54,)andttha the level (9)
maintained can be varied as dictated by the geometry of the separation vessel. Although the
separation vessel (3) is shown as having a simple cylindrical design, those of ordinary skill in
the art will recognize that vessels having other geometrical configurations may be used.
35 Accordingly, a wide variety of geometries can be used to design the separation vessel, including

but not limited to, a tapering or widening of the base (4) with respect to the rest of the separation
vessel (3). The level (9) in the base (4) of the separation vessel (3) preferably is maintained at a
height that will provide for controlled release of the non-vapor from the separation vessel (3),
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or proc uence i n operation.
art w111 recognize that the geometry and configuration of the inlet guide(s) (8) can be varied as

dictated by the design of the separation vessel.
Those of ordinary skill in the art will recognize that the extension of the guide(s) (8)

outward into the separation vessel can be widely varied for the most preferable performance as
35 dictated by the geometry of the separation vessel. Those of ordinary skill in the art will also
recognize that the guide(s) (8) may not be arcuate and that the guide(s) (8) may be placed in a
variety of positions, configurations, and angles, including a slight decline, as dictated by the
geometry of the separation vessel (3), so as to achieve the maximum reduction in entrainment.
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i nvention s o lower inlet veIOC|t|es and _distribute
vapor vel oci t 7@5131’%3@“'{ wa@nﬂ%wﬂhn%haéﬁﬁcrlapd Bomereirtal] witheeferange &9 thst r eam was

cr eat ed fgii¢lyih3 eWBpleal TR ex&aﬁdeg meeﬁaery iRhstidii®e of LRI mSthb &P tBE pRGehthe i nner
surface.of he Separ ati.on ward the vapor outlet was, reduced; (3)
the anod® en%pn ﬁﬂﬁg{?ﬂ%r‘mﬁ%ﬁﬁ ﬁghfrﬁﬁ%% ng streamthat exited with the vapor
fl ow was reduced; and (4) the amount of non-vapor entrained by the inconm ng
st;oeam fromthe base of the separat iﬁﬁAWfﬁﬁﬁb was mnimzed.

In gas/liquid processes, liquid entrainment in the form of sprays and mists are a result of
droplet formation created by one or more of several mechanisms such as agitation, condensation;
and pressure changes accompanied by flashing. In such processes, a major contributing factor to
liquid entrainment is the drop size and distribution. Droplets created in high turbulence or

35 velocity applications such as atomizers, quenching, flashing, and distillation, are usually a
function of the energy or power per unit mass.

The size of the separation vessel depends on the processes and equipment being used, as
well as the physical properties of the liquids, vapors, gases and solids being used. The following
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|nlet were e g ral nmen
gui de aypwmee@sttr@n@eﬁwuﬂ%é t}@rCYPlﬁaﬁ was ped tg @ud@énster/vane arrangement contained

25 in an acrylic plastic box. This setup facilitated observation of the effectiveness of the methods

of the invention, as the bottom of the cyclone caught all of the measurable entrainment.
In some test runs, the tray was irrigated with 1.5 gallons per minute (gpm) of water.
(noted in Table I as “1.5 gpm rinse.”)
In some test runs, salt was used to simulate solids, such as catalysts, dissolved or
30 suspended within the non-vapor in the incoming stream. (noted in Table I as “salt.”)
When the flow was split into two inlet pipes, each had a 4-3/4 inch nominal diameter.
When the inlets were enlarged, a 6 inch nominal diameter acrylic plastic pipe was used. (noted
in Table I as “split inlet 6.7)
When guides were tested, arcuate contoured guides between 60 and 120 degrees were
35 used. (noted in Table I as “guides.”) '
The main observations from the runs made with the model separation vessel were:
. When increasing gas rates on the incoming stream, the break point for increased
entrainment seemed to be around 800 actual cubic feet per minute (acfm), for both cases



20 29 Nov 2005 WD 02/098538 PCT/ US02/ 16746 10 Table I: Mdel Unit Run

Results The
irigation_ of

an enl ar g&g°?

nunber 1.5 when a tray is present refers to a rinse rag8ei0§000
about 1.5 gpm The 6 inch notation next to "j y rs to
P8¢ s). 5 The "single" notation or a |ack of bglgﬁjas[ %{%‘?ﬁext to

"inlet" refers to a test vessel using only one inlet. Gllons Actual Run

per mnute c
1527650. 001
7528300. 001

12529850. 42501 BayegAyd 1itgye

ubic feet Entrainment No. (9Gm per mnute Ib/mn (Acfm

2357840. 002 3355570. 001 4358960. 010 5353870. 000 6598570. 006

8529100. 001 952 §8 . 064 10?2@90@_eat er than 0..000 115129170..283
B@lhoughyiBg eseAge ey expsBtpl Y p/hen the tray

17526180. 002 k8 BREOOEAEh1IY L0t HAuikPHetRAG08 BOfork BE 12160 24Gr eat er t han

0. 000 226080

26609980. 017

5

10

15

20

S St 00 AP ATER BP0 C0B L0 ShEIERPAARL A%
catalysts) by about 80% when compared to the base case (no trays), although total liquid
entrainment was not reduced, but rather increased.

Two inlets having a 4-3/4 inch nominal diameter significantly reduced entrainment. The
addition of a non-irrigated distribution tray reduced the entrainment to about zero (up to
a given gas rate).

With two inlets having a 4-3/4 inch nominal diameter and a tray, there was a sudden,
dramatic increase in entrainment at about 1,260 acfm when the liquid rate was increased
from about 52 to 60 gpm. It was observed that the tray appeared to flood at that point. It
was further observed that addition of a rinse to the tray started the flooding at lower gas
rates.

With two enlarged (6 inch nominal) inlets, no measurable entrainment could be seen up
to, and including, the highest combination of liquid and gas rates in the range studied.
With a tray present there also was no visible entrainment, and, additionally, there was
less splashing present. ‘

Flow guides over the inlet were effective in stopping entrainment at the higher rates. A
90° guide appeared to perform better than a 120° guide.



28609200. 008 295210870. 022 30529800. 000 315211920. 000 325212950. 000
336012673. 398 346912120. 000 357612130. 000 368412600. 000 Conment 2.9 ¥ Nays
no trays no trays no trays no trays no trays no trays - salt no trays -
salt 1 Wayadogtggay 1 tray 1 tray 1 tray - salt 1 tray -p&diusoadri®y -
salt - 1.5 gpmrinse 1 tray - salt - 1.5 gpmrinse 1 tray - salt - 1.5 gpm
rinse 1 tray - split inlet 1 tray - split inlet - 1.5 gpmrinse 1 tray -
split inlet - 1.5 gpmrinse no trays -lGplit inlet no trays - split inlet
no trays - split inlet no trays no trays no trays no trays no trays no
trays 1 tray - split inlet 1 tray - split inlet 1 tray - split inlet 1
tray - Biblél: iNMb&l Unit Run Results

The number 1.5 when a tray is present refers to a rinse rate or irigation of about 1.5 gpm.

The 6 inch notation next to "inlet" refers to an enlarged inlet(s).

5 The "single" notation or a lack of notation next to "inlet" refers to a test vessel using only one

inlet.
Gallons Actual
Run per minute cubic feet Entrainment
No. (Gpm) per minute Ib/min Comment .
(Acfm)
1 52 765 0.001 no travs
2 35 784 0.002 no trays
3 35 557 0.001 no trays
4 35 896 0.010 no trays
5 35 387 0.000 no trays
6 59 857 0.006 no trays-
7 52 830 0.001 no trays - salt
8 52 910 0.001 no trays - salt
9 52 928 0.064 1 tray
10 52 690 Greater than 1 tray
0.000
11 52 917 0.283 ] tray
12 52 985 0.425 1 tray
13 52 870 0.170 1 tray — salt
14 52 987 0.243 I tray — salt
15 52 987 0.447 1 tray — salt - 1.5 gpm rinse
16 52 830 0.061 1 tray —salt - 1.5 gpm rinse
17 52 618 0.002 1 tray — salt - 1.5 gpm rinse
18 60 1080 0.000 1 tray — split inlet
19 60 1118 2.124 1 tray — split inlet - 1.5 gpm rinse
20 60 829 0.152 1 tray — split inlet - 1.5 gpm rinse ‘
21 60 924 Greater than no trays - split inlet
_ 0.000
22 60 802 Greater than no trays - split inlet
0.000
23 60 1126 0.002 no trays - split inlet
24 60 886 0.013 no trays
25 60 777 0.003 no trays
26 60 998 0.017 no trays
27 - 60 1063 0.026 no trays
28 60 920 0.008 no trays
29 52 1087 0.022 no trays
30 52 980 0.000 ] tray — split inlet
31 52 1192 0.000 I tray — split inlet
32 52 1295 0.000 1 tray — split inlet
33 60 1267 3.398. 1 tray — split inlet
34 69 1212 0.000 1 tray — split inlet 6”
35 76 1213 0.000 1 tray — split inlet 6”

36 84 1260 0.000 1 tray — split inlet 6”



| tray - split inlet 6" 1 tray - split inlet 6" 1 tray - spligt %%ﬁ656
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39841389 407613900. 000 418414140. 000 427812040. 000 43
447914668‘7@8’%"%‘%‘?13000. 000 469114400.000 478411670. 000 483’%@%_‘%8
499814020. 002 507410760. 018 516910760. 013 528510710. 021 537412770. 060
548612530.168 1 tray - split inlet 6" 1litray - split inlet 6" 1 tray -
split inlet 6" no trays - split inlet 6" no trays - split inlet 6"

gui des90 - gplit et 6" lgglggdeSQO - g;pd)ot inl ﬂlaiﬁ Spgﬁhggg,go - split inlet

6" guides 3820 - spjit inlef3of" gui de§0 - i&hiePg» W de outlet -
split inlets6” wi out | et13~89spl it q{gyoggll{-}h gsplit inlet 6
wi de outlet,s; spl | cinlet oW.de out - si n%g 2yl Bl let gwi de outl et -
single inl e} 6" e out | 414SI ngl e | 6" tp inl single inlet 6"
It should bg not ecl7 hat alt %hlgh t est SOWG run % 0 1 léggar ation vessel
that provi d%d guides split inlet
79 1471 0.000 guides90 - split inlet 6”
44 79 1466 0.000 guides90 - split inlet 6
45 81 1300 0.000 guides120 - split inlet 6”
46 91 1440 0.000 guides120 - split inlet 6”
47 84 1167 0.000 wide outlet - split inlet 6”
43 99 1165 0.000 wide outlet - split inlet 6” .
49 98 1402 0.002 wide outlet - split inlet 6”
50 74 1076 0.018 wide outlet - split inlet 6”
51 69 1076 0.013 wide outlet — single inlet 6”
1 52 85 - 1071 0.021 wide outlet — single inlet 6”
‘ 53 74 1277 0.060 wide outlet — single inlet 6”
54 86 1253 0.168 wide outlet - single inlet 6”

It should be noted that although tests were run on a model separation vessel that provided
for a tangential entry of the stream into the separation vessel, the method of the invention is also
applicable to vessels where the actual entry of the stream into the vessel is not tangential. A

5 tangential entry is not the focus or object of the invention, but rather an object is the
maximization of tangential coherency once the stream has been introduced to the vessel.

Furthermore, although illustrative embodiments of the invention have been described, a
wide range of modification, change, and substitution is intended in the disclosure herein, and in
some instances, some features of the present invention may be employed without a

10  corresponding use of the other features. Accordingly, it is appropriate that the appended claims
be construed broadly and in a manner consistent with the scope of the invention.
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be construed Qg | Ya: ;i n a manner consistent with the scope of the
i nvention. ZQW?ggyaKri}egﬁﬁéd Claimrage 12 CLAIMS What is claimed is: 1. A

met hod for reduci nfl enkdbd iR ddusthg W@éﬁﬁ@g’ﬁmﬁwﬁ@oﬂcﬁtsm wmg flolaentiting
exiting a separati.on vess wher t od conprises: introducing a .
streaminto agé“é’ﬁﬁfflg?iv ﬁv@é‘%‘%‘%ﬁé’%ﬁ%& %ﬁmﬁéﬁ‘er surface, at |east one inlet,
and at | east one viapeducingd steam jgtes eparatiotvessel Aaing 2 inner pEfgedyleastasgdrlel he
at |east one pgH fleadtifhe vhpWatldtan@end thalsirsant 13 ithduded figoughithd @tdeasnind ikt and
separation ve d . r
orti on, and Dpgs BpViRRE) B e o Mnf BERE 2 R ek ler i ealh 400%"%& 45

i ntroducti on $4POF pRItieR mdgYaper e WAYRFESIR Hie\velosity of tasisrm 15 ThdPcsd WBPRr 1 ow
fromthe streioductibhef the saeaat fodhe sepssivn vesel; d vapor flow having a non

uni f orm vapor vel ag &xﬁagté VipBr fidVefroA RRY skhi® th 46 S RkatioP sl Bhilvhid Fib v Rving
vapor flowto exit .Jromthe sSepar t.i on vessel thr.ough the at |east one

vapor outl et . 25" “ﬁé’f‘?\%d’e(??‘yd“g%&fse O N*¥F"Mon- vapor portion of the

stream conpri ses permiténgsthe ywapsr So tapxitdromthe senaration vessel tirengthe atfeastone t he
solid is diss@pyesutRf suspended in the non vapor portion. 4. The nethod of

any preceding claizn ﬁ‘h’%fngﬁﬁd8%%?%9&6&%%’9%5%2%6%%&%?%s@caﬁ?{&n{: s@f the

non-vapor portion ‘of . the streamthat exits the ration vesse rough the
at |east one 13hpersoldt 1 et with the vapor flow. S. A method according to any
precedi ng cl ai m wfer Eheunethed of@iained whsreindsssolid fradissel vedoersyspdnded i theimonerapor
surface and gp&g&pnd i nner surface perpendicular to said curved first inner
surface for distriputy I 1 Vﬁ L ; ?; '!o vessel .. 6.
The net hod of any %r&%‘%ﬁ%ggggagyﬁcgﬁé&réeﬁqﬁﬂ e st??eg’fﬁufggg‘%% r da!li(lle al%qrgorf he
separ ati on veddi nanhyagayperign of dhestream that exits the separatipp yesyeityovehghe ey lgastpee
wherein the seper atleowity teseporliaw. a | ongi tudi nal axis and the streamis
i ntroduced into the 3QRAKGH AQRAMERSRY predtditaikiNPhdrddh Bl Sedafifith G&bs@thas
di fferent points ﬁal%lr% tsur{_g I%gdltudl nal axi s of the separation f\ﬁ%%se .
AVENDED SHEE-Icurved st r surface second inner surface perpendicular o said curved inner
surface for distributing vapor velocities within the separation vessel.
6. The methad of any preceding claim wherein the stream is introduced into the
separation vessel through at least two inlets.
7. The method of Claim 6 wherein the sepatration vessel has a longitudinal axis and the
stream is introduced into the separation vessel through two inlets located at different points
along the longitudinal axis of the separation vessel.
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