SEPARATI ON METHOD AND ASSEMBLY FOR PROCESS STREAMS I N
COVPONENT SEPARATI ON UNI TS RELATED APPLI CATI ON [ 0001]
This application is a continuation-in-part of U S

pat ent application Ser. No. 10/396,851, filed on Mar.
25, 2003. BACKGROUND OF THE | NVENTION [0002] Field of
the I nvention [0003] The invention relates to a nethod
of providing filtration of contam nants from process
streans. In another aspect, this invention relates to
SEPRRNTION METHOD AND ASSEMBILM FORUPROCESS $TREAMS IN
streans in process units. In yet another aspect, this
i nvention provides filtration_or jstribution or
both while corEgM%(ﬁNWT éggéﬁ&ﬂéﬁg{ﬂﬁést one
reaction to at least partially renove and/or convert
certain chem cal species within the process stream
In yet another aspect, this invention relates to a
R tAIdED AP LES4dHONy for utilizing at |east one
cellular solid material in a conponent separation
unit to separate one or nore process streans into one
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COHEOSItIOﬂS. 0004% Description of Related Art [0005]
1¢13Re.85 .rftled en Marptnde@: streanms can be del eterious to
processes and also to process units. Contam nants can
damage process units, potentially resulting in an
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al so danmage processes by decreasing efficiencies

W thin processes, stopping production, affecting the 1
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ntam nants can be found in all types of process

streans, such as feed streans, discharge streans, or

f nt streans,  Contam ts .can fect varjous
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i nci nerators, exchangers, boilers,
providing flow distribution of process streams in process units. In yet another aspect,
this invention provides filtration or flow distribution or both while concurrently
catalyzing at least one reaction to at least partially remove and/or convert certain
chemical species within the process stream. In yet another aspect, this invention
relates to a method and assembly for utilizing at least one cellular solid material in a

component separation unit to separate one or more process streams into one or more

component process streams having desired compositions.
[0004] Description of Related Art

[0005] Contaminants in process streams can be deleterious to processes and also to
process units. Contaminants can damage process units, potentially resulting in an
environmental or safety incident. Contaminants can also damage processes by

decreasing efficiencies within processes, stopping production, affecting the



condensers, and the Iike. [0006] Process units naybe
configured such that process streans in the unit flows
vertically downward or upward or both. Alternatively,
process streans in the unit may flowradially from
the center out or fromthe external part of the unit
to the center or both. [0007] Reactors are one type
of process unit. Many reactors include discrete solid
catal yst particles contained in one or nore fixed
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cantesor beth. t he reactions in the catal yst bed. These
conventional retention material beds can be sonewhat
effective in trapping or filtering all or sone
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made of “conventi onal ceramc materials in the form of
pellets, rings, saddles or spheres and typically nust

[0888]r r%ly 0 mltlga{)e this problem, catalyst bed process units as well as non-
catalyst bed process units are often supplemented with conventional retention
material beds that are somewhat less resistant to clogging. These conventional
retention material beds are typically located at the inlet to the process unit. In the
case of catalyst bed process units, the conventional retention material beds are
typically inert to the reactions in the catalyst bed. These conventional retention
material beds can be somewhat effective in trapping or filtering all or some
contaminants such as dirt, iron oxide, iron sulfide, asphaltenes, coke fines, catalyst
fines, salts, acidic impurities, sediments or other entrained foreign particulate
material in the process stream entering, within or leaving the process unit. The

trapping of the contaminants is to prevent undesirable material from clogging or



crushi ng, high tenperatures and/ or high pressures.
Wil e these conventional retention material beds can
be sonewhat effective in preventing the process unit
from bei ng cl ogged, the conventional retention

materi al beds thensel ves eventually becone cl ogged.
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dirt, iron oxide, iron sulfide, asphaltenes, coke
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with contaminants such as dirt, iron oxide, iron sulfide, asphaltenes, coke fines,

catalyst fines, sediments, or other entrained foreign particulate material.

[0011] Conventional retention material beds exposed to contaminants at the inlet to
a process unit will eventually become clogged with contaminants. As this happens,
the pressure drop across the process unit rises, resulting in the eventual shutdown of
the unit. When this happens in catalyst bed process units, it is typical that part of the
catalyst bed itself becomes somewhat or completely clogged with contaminants.
After such shutdown of the process unit, skimming, or removal, of the clogged
portion of the conventional retention material, as well as the clogged portion of the

catalyst bed, is required.



fed to catal yst bed process units may also foul, gum
or plug such process units. In particular, two
nmechani sms of pol ynerization, free radical
pol yneri zation and condensation-type polynerizati on,
may cause catal yst bed fouling, gumm ng or plugging.
The addition of antioxidants to control free radical
pol ynmeri zati on has been found useful where the
process stream has encountered oxygen. Condensation
pol ynmeri zation of diolefins typically occurs after an
ar gani c- based feed i.s heated. Therefore, filtering
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€ process stream not causi ng an

gemeeutiyapitealhee inphiesstir e drop i ncrease across the
process unit. It is also highly desirable to have
retention materials that pronote perpendicular flow
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mhfREaReSRhngatetiAlakvotlddes#ally remove virtually all contaminants within a
broad range of sizes from the process stream, while not causing an unacceptable
pressure drop increase across the process unit. It is also highly desirable to have
retention materials that promote perpendicular flow distribution. The method of the
present invention for filtration and flow distribution for process streams, when
compared with previously proposed prior art methods, has the advantages of
providing highly efficient and highly effective filtering of contaminants; increasing
the life and activity of catalysts in catalyst bed process units; decreasing catalyst

losses; enhancing product selectivities, increasing throughput/productivity, allowing

for the optimization of process unit configuration; improving the perpendicular flow



di stribution of process streans into and within
process units and elimnating the need to take
process units off-1line when conventional retention
materi al beds have clogged to the point that pressure
drop across units have risen to unacceptable |evels.
These benefits will result in both capital and
operating cost savings, reduced downtines, increased
process unit performance and extended process unit
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process streams with no significant rise in process unit pressure drop and that have a

filtering capacity that increases with bed depth, regardless of bed depth.

[0015] Disadvantages associated with current perpendicular flow distribution
designs and methods in process units may result in poor distribution within the
process unit. Clogging or other fouling such as that caused by particulate
contaminants or the products of undesired polymerization reactions may also cause
maldistribution. The maldistribution may result in channeling and corresponding

bypassing of portions of the process unit, reduction in the efficiency of contaminant



bypassi ng of portions of the process unit, reduction

in the efficiency of contamnant 5 0 renoval and

reduction in unit efficiency. Usually, a

mal di stribution problemis also evidenced by

so-call ed tenperature hot-spots. Such hot-spots can

for exanple, lead to increased coking and reduced

activity in catal yst bed process units. Besides
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across process equipment, and to maximize process safety and minimize
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misdistribution, temperature hot-spots and process unit shutdowns and start-ups.

[0018] Component separation units are a specific type of process unit that have
traditionally been used in laboratories, pilot plants and industrial facilities to
separate process streams into component process streams having desired

compositions. With regard to any component separation unit, a "process stream" can



Separate process streans into conponent process
streans having desired conpositions. Wth regard to
any conponent separation unit, a "process streani can
6 O refer to a feed stream "conponent process
streans” can refer to product streans fromthe unit
and "phases" can refer to individual |iquid or vapor
phases within the wunit. During conponent separation,
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orgintagions fed to the unit. Distillation units include,
for exanple, colums, fractionators, splitters,
sem -continuous units, continuous units, flash units,
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por an
pomts of the species present in the process streams fed to the unit. Distillation units

include, for example, columns, fractionators, splitters, semi-continuous units,
continuous units, flash units, batch distillation units, strippers, rectifiers, extractive
distillation units, azeotropic distillation units, and vacuum distillation units.
Absorbers and extractors are contacting units in which vapor and liquid phases are
contacted and desired component separation is achieved based on the affinity of
components in one phase to the components in the other phase. For example, a
process stream containing components A and B may enter such a unit at one position
while another process stream containing C may enter the unit at another position.

One of these streams is typically liquid while the other can be liquid or vapor. Now



contacted and desired conponent separation is achieved
based on the affinity of conponents in one phase to
t he conponents in the other phase. For exanple, a
process stream contai ni ng conponents A and B may enter
such a unit at one position while another process
stream containing C nmay enter the unit at another
position. One of these streans is typically liquid
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zone of catalytic materials to facilitate desired chemical reactions in the component

separation unit. Examples of such include reactive distillation units and extractive
distillation units. Examples of conventional unit internals used to achieve or enhance
separation in component separation units include, for example, trays, randomly
packed rings or saddles, structured packing having meshes, monoliths, gauzes and
the like, collectors, distributors, downcomers, wall wipers, support grids and hold

down plates.

[0020] Inside a component separation unit, there is repeated intimate contact

between the rising phase and the falling phase. This contact is facilitated by the trays



separation unit. Exanples of such include reactive
distillation units and extractive distillation units.
Exanpl es of conventional unit internals used to

achi eve or enhance separation in conponent separation
units include, for exanple, trays, randomly packed
rings or saddles, structured packing having neshes,
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afdIOr puekihg minettalp| Hick Sect{oﬁ@;ﬂ&]aysl msde@'eh &f paokipg neatdrial may
separatlon unit, the ﬁ{%ed ntimate con ct

SPRIOHERAELY FRPTFSCRS HETp §é dagorefieal Stagps o SeRARILL:
c&ﬂgi@e‘fﬁ sdpiratidfi *dt iRbadistYe §QARmkd ﬁﬂé{mﬁn&heﬁ RERSE the

I ng fateri a Each section of trays or depth of
cmpdmangsapataebn ahit tmprodapythe Rppraprdty nnmperafe'teoretiqalrstages”

or et of separation. The conponent
th:?éﬁ’é]ﬁ ﬁ‘ﬁﬁl%vﬁ th%ﬁ?ﬁfieﬁﬁ%iﬂﬁaé} %% are designed and positioned

within the conponent separatlon unit to produce t he
appropriate nunber of "theoretical stages" that w ||
[@o@m I;v@stulla@ou elgma the repsatadaonieat ber@esthy phases ultimately results

d
s g AR AT R
lighid ha&edonyitidd d)ff lotwis vdl@t\ﬂﬁiy, ﬁiglhér ibdJingQoiit spﬂﬁ&t @Bls amﬂs
I'i qui d phase consi sting | ower volatility, So}:

trgmfﬁr bevess nheses j dfivan bymhp §lffﬁé§?§es betwisen the b@étrwé@w

o588 B B I GOSTRE I 1800 g

vv\Mht}theﬁ h&xlhn@ @oinit 1yl pUpo Sream(maofahel ommpnmqﬂ)aseswf tlesired
hi gher boi Ii ng p0|nts reatlon of the one

fa
CHRPAIA, BRALID Qffthe Eapor E}aaseé% ek 1’ fesRvergd gan YRR of
c&ﬁﬁ‘pﬁ’eﬂp et 368arh Sanfddid feﬁ{alnﬁné ?&@Mﬁ KEehmsnRA aHPBRsed as a

onent process stream and the remaining portion is
raﬂmdénasadmch icto m«twmm anitifef fuctherphass drabsfek Likavdse, e
distill ation further, mass transfer kew s
P3O SF RaI) P s e adem ecrenepg g hecss it
t}&q%grﬁﬂ{%t p&ﬁ&?%&%bo‘ifeﬁ?ﬁér] va’i\)ﬁﬂzed) Rad k@nmed tdthe ARtilla@GN unit
is reb i.e., vaporized) and returned to the
fotifetthdrinagss @nnsfm {n adddtiors, gne pEmorRROEINONERIIreGess tppams can be

re%g\qertech £0m tBE Jist1atiGH dhif 8%9 PSHioRbAGRES th%tt{);? HPpifdth §fhe

distillation unit.

[0022] In component separation units, it is highly desirable to achieve efficient and
cost effective separation within the unit. It is also highly desirable to achieve low
pressure drop within the unit and a low HETP (height equivalent to a theoretical
plate (or stage)) number for the unit. The degree of separation achieved by the unit
may be affected by, among other factors, the amount of contact between the phases,
the number of trays used, the amount and type of packing material used, the
temperature and pressure at which the unit is operated, and the differences between

the boiling points or other relevant separation characteristics of the species contained



recovered fromthe distillation unit at any |ocation
between the top and bottomof the distillation unit.
[0022] In conponent separation units, it is highly
desirable to achieve efficient and cost effective
separation within the unit. It is also highly
desirable to achieve low pressure drop within the
unit and a | ow HETP (hei ght equivalent to a
theoretical plate (or stage)) nunber for the unit.

Wﬁ?fﬁl ttle gg@gs. Separetion Ay also de hifested biyfot trmmypdé, tthe designhd the
affecte , anong. ot her, fact , L . of
e BLUMECHIGT 5 (R SISS ProTES W Rpr g DYy of et
adB§ tﬁ@%@é-se%ﬂglémé&% FihPRGK AP tH@Qfe@iEié A tHéSRatking Afaterials.

enperature and pressure at which t unit is
operated, and the differences between the boiling

L S A G
cifiRR HRbIPNI0ABN G tRAcReeBRLAGIHAN 1b¥dediop MobReHakltng  dithough
design of the trays, the use of distributors in the

lesniastly thaprstmotueed prackiog material y has beeroshogm tphavehigh pegsgys

t he cross-secti.onal area.of t | '
P e BRI e P e i sl g b g plae i tn
whRheEdultk $n pbdrRbpargsinariciehcys@RAE atit. 0xlse) pribs at aits thetimve
ei ther random y | ocaded or. structured. Randomy | oaded

uighized 5o er "Iperek PRgkingmelcEalhave BOYCR i RFORpgyForrosion and
St.r i A h .
R SHY RS PSRG9 BT bR kv
techislogt gavie stdyas theduvelphiear offhighty pogineqrbdsteuctured packing
di stribution which resul&s i n poqr.separation .
teghqlegye REYCFPdIREKigAMateryls ein 1y ige improved o €pwRten
ei}?i%Ye?lc%;%We'véﬁ thelh @ FaRbring &%ﬁ%&u?é@?ﬁicﬁﬂg MRt 6Hdl ¥guireave

proven to be prone to corrosion an fouling and have
sqphisticated mankihéries, engineeeipgreapértse andsfabricagioniskills pr destgn

art | pose ckin echnol ogy .gave th .
s on B PR IR DY REErad <Gt Favp bt iE sspemgye o
AbSE B Q@ BYuirSh{drs Ltk B6wR &gld foindRlIefidrathan eddomIpackidg.

I nproved or separation efficiency; however, the

Ememiliough ey atg rooresoptlys istraeitired Derking metarials ase ofeiyuseddy

hi st i cat ed . machi - s . ‘
RGP} B ROCRTE e hETprp S B PRI EHRRlds Warfihting
ey duRab betfer préssileeiop irBaessThinefet ahasadsristige Mheaisé yf

nore expensive to .
als, however, has generally been limited to processes that

structured packing materi
are not subject to fouling or corrosion. Structured packing is more expensive and
difficult to install, and so its use in processes where fouling or corrosion would

necessitate more frequent replacement is economically unattractive.

[0024] Accordingly, prior to the development of the present invention, there has
been no method and apparatus for separating process streams into component
process streams having desired compositions in a component separation unit which

provides the desirable characteristics and/or levels of: efficient separation at a low
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fabricate and require nore unit down tine for
installation than random packi ng. Even though they
are nore costly, structured packing naterials are
often used in place of random packi ng because they
provi de hi gher production rates than existing units
due to better pressure drop and mass transfer
characteristics. The use of structured packing
mat eri al s, however, has generally been limted to
HBTPoedhes sclithaly loar gressote drupj resistahee thdoblinggandfor corrosion;
corr05|on packing.is nore expensive and

truct ur ed
oy gl 40 Fpsialadon cotth paseoot eplagREeTAng  ppEed gverall
tomld &Gdl%loﬁoﬁ'ié?éﬂo%“ tH04H Khs seﬁgﬁ%%hétﬁ&@amp%amms

requent replacement is economcally unattractive.
fdrampAividithe sehianglop, ofpracess strgamkéntd dvmedpnmppn@ft ptdcess
enti t her e

st AR, SRR Bl Eol Ao Tios BAe relatively
1&%@&@% dropd; Aeprs idre aﬁﬁlémyéﬁa&tﬂﬁ st 4 Bfv EOITPGRIniHegNS

i N a conponent Separation unit which provides the
requizes laby @nmi@r mdt @rrprc@,&lvft@esmd fabricatiope instafiptionsfopprafiemand

se %@g%& 9%} spfOU 18% %‘fg rposmtn can l‘?%i éfla%ﬂy ¥e§) Akl Y& Xxllﬂ?ﬂ

nce or corrosion;

omm InprovedPpér@imanet dndpreduolibh.on cost s, ease of
repl acenent; and i nproved overal | perfor mance and

production. Therefore, the art has sought a nethod and

Sg@@gAﬁhpép Nf@ﬁQV|ng the separation of process

ans I'nto S|red conponent process streanms via
di stillation, absorptlon and/ or extraction which: does
nQt_cause relatlv r.essyre dIS Ia S

UERRE AR RN N o L A
ac,?lgﬁg}éh &lﬁ%u%??ﬁﬁ% PFQER rﬁé’th@([‘ g EXQE1RS MO cE8 Sir&itn, for dlstnbutlng a

I cati , i nstall atlon operatlon and naln enance,
proeess strearhi twjthnmg pmadssamltraoé iforgccomplighengers dnpotteyhide ed

and e |b| eraII ro for n . .
cRBER B etelRUENF e e aBEPaRerh oL e dayeation
lsvye daaﬁrtgeoﬂemf%mrb 9fbce§sfg@re£ﬁ§ 8416 A8 oPRAYA oRgRBcR P en

i eved through the present nethod of filtering a

stmaméxggmgtdp@mﬁh cofrposigiions in hesmpRent sepirgtiers unit pyipg ppecified
WI ; h% V\%Iﬂlllag‘rsgfsg %%telil‘lrz]i s. C%Tﬁl;[ﬁgﬁ“ VAR A Bae8 faeRfify the

speciﬁc forms of cellular solid materials used in the present invention. CELLDIST
materials are three-dimensional cellular solids. Cellular solids are materials
comprised of solid components or materials and cells. ("Cells" and "pores" are, for
the purpose of this application, synonyms.) The solid material can be comprised of
ceramics, metals, polymers and mixtures thereof. The cells can be open or closed or
a combination of both. Open cells have windows into the cell said windows being of
a size equal to or less than the size of the cell itself. Open-cell materials have
passages between the cells through the windows in the cell. Closed-cell materials
have no windows and no passages between cells. There are two basic structural

forms of cellular solids: two-dimensional and three-dimensional. Two-dimensional
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concurrently catal yzing desired reactions. Yet another
enbodi nent of the invention 1is separating one or nore
process streans into one or nore conponent process
streans havi ng desired conpositions in a conponent
separation unit using specified forms of cellular
solid materials. CELLD ST will be the nanme used to
identify the specific fornms of cellular solid
materials used in the present invention. CELLDI ST
cellml a2 solidsshaae ecllthetearel tramshaedimatiwoodiinensious. hés'edypically form

Cel l ul ar sol,i ds materja r.i sed,.qf sol
nILIBFEREsted P%H?@?ﬁmé exmc@na%(l npgnofiths aa%axmples of
tw@@fn?e%smﬁéleoeﬂﬁlgf solfd@ CTiyé Qt%stﬁlo Phsit @ﬁﬁct@ﬁp fdn‘h@tof ﬁﬂee-

synonyns e solid naterial can be conprl sed
dmmnnaisellulat siligls: peoilodivend stoctasticx Thneedimérnstomal perﬂdda;

I d t h.
osiplan el ee R e i e s BRFTAAT bl B8
stRRWE with thie ik BnstsHaberi i &ty Eﬁﬁﬁﬁleb altldde@drddré®cdf artdye
cell itself. Open-cell materials have passa

Suﬁbtawéelﬂpw h@heaf@,SI ang truss sudlattice @trwnrp@v%tochastm qblémsplids
B T R A S R L

meferigBlchitiod be $RArhélsrizddVy- Aingle sépenrl vafi@ell. The randomness of
t hree-di nensi onal ., Two-di nensi onal 11 0 cell ul ar

the spnolestdveese araterialnlgedsdp dhg lahels sockastipr Anygxample of an

T.
ol TSR O LIRSS tyd B, CREISH RISt v
purElgrsplchastiefnor purelydperiod i 1nrlqbolog3} IQBLADISGImateriald iy de
.are tmo basic strugctural_ forns f thre di nsi ona

mg'@ppm glrorélélmtgglon 6o 1n3Wan Q Eﬁ\gg,ttﬁﬁlatter ue to the
RS rRag e PERad Gt el ekl g e
oftplortonigh atlﬂorrtel‘level & fammLarcéestwhahtICt matesialdithat hevosmhe

B0 i A2 TR VO QESSH G5 e 8 o cans

refibilHel WalsialsSt ochastic cel | ul ar soI ids have
t hr ee- di nensi onal geonmetry with variation of cel

si zes and shapes. These naterials cannot be
[Oﬁg@ d@ﬁﬂ]gfgisszlg@ap%ﬁ rﬁllls? 3158 s{it‘r?gf a%e LHHenEe gsf(%flasregaIthon The

relj@irdriéntd éhbaratié06A8 praderit 1ﬁdfbnﬁl§ﬁm‘ﬁ dhv@h byrhe ngdrto aellibve
stochastic cellular solid is ceramc foam CELLD ST

safigfiegieragapasite gheassrcoptacting and pressure drop in component separation

units. The requirements of separation require that the CELLDIST materials exhibit

sufficiently open cells and low relative density. Recognizing the possible existence
of an amount of closed cells in the CELLDIST material, sufficiently open cells have
windows into sufficient open cells such that the average window size is greater than
10% of the size of the average cells (including open and closed cells), preferably
averaging greater than 40% of the size of the average cell. Relative density is the
density of the cellular solid divided by the density of the solid material itself.

Relative density is low if it is 50% or less, preferably 30% or less.
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purely stochastic nor purely periodic in topology.
CELLDI ST materials nay be intentionally or
unintentionally a conbination of the two, the latter
due to the inprecision of nature when it cones to
attaining perfect periodicity and the opportunity at
sonme level to fornmul ate stochastic materials that have
some senbl ance of periodicity. Cellular solids with
substantially open cells are also called reticulated
materials. [0026] CELLDI ST materials nmust also satisfy
t he requirenent, f separation. The reguirenents of.
[0DQ AP € FOsHATSE Wil (S BHE. ATERRTT SergF oG S At sPERife
ty@@@%&@es@ Glit QY& t03Bbdral PLEREY stfaRRThtb Yne BPADEe component
ontacting and pressure drop in conmponent separat’ion
proedss stredfischavegdesizerbenmspasitione pWithtregand tasanyi qomponent t he

CELLDI ST. mgterials exhibit . sufficjently,open cells
ScRFANPB At ot RISE R €91 ToiEaB P e e BRaefprSoess
st¥nS! ECRfer & prRdu@TBYiths BbmCthe 561 aé®dhasdsn cidgefer to

CELLDI ST material, sufficiently open cells have

individnehEquid o vanet pheases mithipthe vt Examplesoftqemponent separation
aver.age . W W Si.Z€: r 109 . '
w3 R Y PR e b e
ex@i@tiofs andogfberatiohy the o€ MG inOcopifat et sepdraiontid) forfeximple, a
size of the average cell. Relative density i s,tﬁg i
digtdFpdion yiniisa phpse moVing igons dirpetion apd gairassmbyas e Hsjopyosite
.0f .. sali .arial i . i LAV Sl OW
SR Py 8 Sty ko
effc0A® mhss teansfor atahe mtenfdck betveeeh rtvepltasesn Ducogpomeonent
separatign units are, a specific type.of proce it
segughon b SEFEARPE: Hi Sls0uion iniathasy s tep it R Rsd bY
Caﬁgﬁ% QBRI spBiQCESH oRE bERRPe 18I phdsed 5 bé 8dborbed on the surface
conpositions. Wth regard to any conponent separation
ofisnitably activataicelid nsateridsylinahading €ESLDIBT materends, paekedryithin
"Cco nent process streans,. can refer to product, .
the AR TS SPRRORET Pt o [y S8uble 4] etBplion Pt iuid
pHaBédi aré ebihctéd Withidd tRE uvidRPAchRve desiredirhdvk rahdfer bitken the
Exanpl es of conponent separation wunits relevant to
phases. Companend serarationdeaccpaplishedas|agesul aftthis masp gansfer. As a
unj t adsor s et ' j
Sy LB PRER s A bR T BBAARES, o epe o
mére component process streams each having desired compositions.

[0028] Examples of component separation units relevant to the invention include,
for example, distillation units, absorbers, extractors and combinations thereof.
Distillation units achieve component separation based on the differences in boiling
points of the species present in the process streams fed to the unit. Distillation units
include, for example, distillation columns, fractionators, splitters, semi-continuous
units, continuous units, flash units, batch distillation units, strippers, rectifiers,
extractive distillation units, azeotropic distillation units, and vacuum distillation

units and combinations thereof. Absorbers and extractors are contacting units in
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distillation unit, a phase noving in one direction and
a phase noving in the opposite direction are
contacted with one another within the conponent
separation unit to effectuate mass transfer at the
interface between the phases. During conponent
separation in, for exanple, an adsorption unit, mass
transfer is acconplished by causing desired species
fromone or nore fluid phases to be adsorbed on the
whithfaeer nofe ﬁu1dtpiiakqs ade tontat@banslalesidedhatngronentsseparation is

i.ncl ydi n CELD terials acke
A S ATOE AT SR PP R SRS PR giher iy cortporeits

1r{3t’ﬁt3 bafet Pﬁ’d@e bpid sultfai)llﬁ" a@tlvaﬂaﬁﬁﬁl ﬁ%@rb&ﬁ%ﬁ%ﬁﬁ?ﬂk%ﬂ‘ iflthe
the unit to achieve'desired nmass transfer ween t he
upih o sxanfulaproprentss steeram etntainitigsoapooeps Asindd mey gnter such
i S ss transfer. As a result of the mss
a bR b s Postil ST e leh PReE sk Bane i oy snlF S R
aff MofReP POsitdn. ONRIT IR PR is E’)Fﬁ’@aﬂgﬂlq Sid WRilGthe aefer can be
havi ng desired conpositions. [002 anpl es of
hq‘@rh@o IO N@wasmmnmn@@t B baSea/@ﬁt:h grsatenaftingyder | on
ol g OB AT AR B PR

mpeﬂlys desigiea \wad opearR eohtaSR At wnhrebLasmobreamng fo@e product
differences in boiling  points of the species present
styqqm ¢RtHARISE @g@p@mné é*n‘glﬂli a gssentialenq spreponentsd and asscond
I’T'dﬁhétsstreérﬁ %hﬁ'tqgmn T‘um[iruncut € Qnd %Séﬁﬁiﬁ :y%ill Jt %Oﬁl l)l%m B.
ractionators, tters, sem -contfnuous nits,
Comntercialaiss oﬂ sudhsa, urﬁﬂ aight bedtieen tyethe difticelty d)ﬂ diteicdm

units, ers, ctifiers,. ext act ve d| [
Sl iBE Y SRS offoepieri B drpnir Sesciig sragialis phabsorbe
uﬁtﬁh&lhh@Edr@lﬂuoﬁ’srﬂbts&b@ﬁdteﬁ%@n% M}{gsab*s&%% ressure swin

Absorbers and extractors are contacting units in 13
abshibels, pugesoneentretidn siving phssbers anépaemetictpaichpang] Extractors

o A SR RS Rel paBS EKER E Qln
sepAIHON A Uchievbduding a AlREEeARAME a@Entt B thelek ALY above, the
activated solid adsorbent materials packed in the
campanentrQ in Giesagsingd precepy ﬁ@@gswgvldésﬁh%@ﬁQSaﬁeaarﬁgng agent. An
exa%{sgf? QFJH t\%anFt%P Qm?%%:ﬁyarglﬂgt%s e§c|d%%honaunli'tn\klfl %r%arr‘rbé)y

rocess Sstream con al ni

stﬁﬂfrﬁfontdﬂﬁngl Bbth ar@hat&ms;iebles afdaod-homatiOspecids atdesgacted

streans is typicall iquid while the other can be
with a mass separat%lg agent s%/lch asqsulfolane or morpholine and efficient

contacting of these two immiscible liquids results in extraction of essentially all of
the aromatic species from the hydrocarbon stream into the stream containing the
mass separating agent. Component separation units can also include a zone of
catalytic materials to facilitate desired chemical reactions in the component
separation unit. Examples of such include reactive distillation units and extractive

distillation units.
[0029] The present invention advantageously provides a method of removing
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liquid or vapor. Now assune conponent B has a nuch
greater affinity for conponent C than for conponent A
Intinmate contacting of the two streans in a properly
desi gned and operated contacting unit will result in
creating one product stream containing conponent A
wWth a essentially no conponent B and a second
product stream contai ning conponent C and essentially
all of component B. Conmercial use of such a unit
contgrhinaits fidin & eontiayinated pdodess strdatry Toe ndithoglgiréfegrably is

separating B from A versus of separati B f C. .
PafirEIeq by PESSREAE SR ases AT 3 By phidtigyaled Slefients ina
ploRBsRHOTRe RASHARE hmdh RIRE FAbMSy SiMBdinAhE Brd¥8dsSunit such

pressure sw ng absorbers, purge/’concentration sw ng

thabtherede signifivantpmidispece betweempadhgetigalatedelement tognhance

ontacting units in i ch jijmi sci i qui d phases .ar
SfiBROASE Eifartia shd siftece ol SRl el DGR R iRl e
détofiRafinfEPRlodss RfeE B pass Lhiniftded #aoiphahaplyaity bhe

conponent C in the second process stream woul d be the

refigelated efsmants. Aguaenean inplude aa ingrrsusface Andat pyer Byface.

o 5 . . e
Rk B SR LT ReSERE ARt SERD B e
inaBitsuRfabe afed avdilablespefilt@ingathen cutet aefaed areni R dticalatas S

separating, agent such, as sul fol ane or. porpholine and
elements icamncluds feate matrgi and pparo i aferilss B4 BSTigln s

e&leiithyiRve B i fef) wiile Bhoifhs Havdla m&e unftBin pattern.
ma e e hy

aromat| c specl romt rocarbon streaminto’the
Thd¢ retiautated ricaianisngntbeenadedizsn sepermmerillygeniable materials,

Conponent, separation, ynits can al so j.ncl.ude 0 af
fog BF DI ArcRRPaPPEDROeK TG FOPEORDTELTEAN GHERhoArA T
a\glfﬁﬁsﬂé,' BNScekdMit RSant GRR RERE Coffiad, did. ABaddlhitereEACTRIAS,

of such include reactive distillation units and
Was tArmther weitabll e bf egramie is aimanoliflo eddqh iFmanpfastieed by

inventio ant I ' h f i
Chifitg s e AP R b e Y SHRoRrP et P S SR
stida, Bhpsrbhrsecbes adthinktion PRSP pRBEs, Aid FRS®ntHhihdies can

_process streamover a plurality of reticul ated
ingluderditt, dronexide, jspwswWbde. gaphaltenise coketfines| saple gatalyshiinnss

adfdi€ nhfi\!i}%?éll %dﬂﬁl&hse 91' 3tﬂertéﬁ?raﬂlreg ‘f&%&n%l’t{cuﬁalt‘&}?latter, salts in

distillation columns, particulates in gas streams, or sulfur or sulfides from tail gas
units. The process stream can also be an organic-based process stream. The
reticulated elements should be provided in an amount sufficient to remove some or
all of the contaminants from the process stream. Another feature of the present
invention may include the step of providing a decontaminated process stream for

further processing.

[0030] More particularly, the invention relates to a process for improving stream
quality of process streams entering to process units. An exemplary example includes

improving stream quality of organic-based process streams going to catalytic bed
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that there is significant void space between each

reticulated el enent to enhance filtration of

contam nants on a surface of the reticul ated el enents

whil e allow ng the decontam nated process streamto

pass uni npeded through the plurality of reticulated

el enents. A surface can include an i nner surface and

an outer surface. Reticulated elenents made in

accordance with the present invention will have nore
priobess funits Prefembbhy, dee avedyticdizderodss fmitstuse idisgretd) aolidbelement,
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nmonolith, which is manufactured by Corning, Inc.
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other eontaminanty frewethprelumic| udes i nproving stream
gual ity of organic-based process streans going to

catal ytic bed 15 0
[0032] The present invention also advantageously provides a method of

perpendicular flow distribution in process units. This perpendicular flow distribution
method includes providing one or more reticulated elements in the process unit.
When only one reticulated element is used, it is typically large enough to effectively
span the process unit. When multiple reticulated elements are used, they are
typically arranged in a randomly packed bed. Regardless of the configuration of the
reticulated elements, each reticulated element has a plurality of web members that
define a plurality of flow passageways through the reticulated element. A process
stream contacted with the plurality of reticulated elements is therefore subdivided

into a plurality of smaller fluid streams by passing the process stream through the
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process units. Preferably, the catalytic bed process

units use discrete, solid elenment, fixed catalyst

beds. The catal ytic bed process units can include

hydrotreater, hydrorefiner, hydrocracker, reforner,

al kyl ati on, deal kyl ati on, isonerization, oxidation,

esterification, and polynerization reactors. The

di screte solid catalyst particles may be contained in

one or nore fixed beds and in either an upflow, down
plutatity of flévaghshgdwaywdexssddry. the @B hlenberselttiath ostictlated

catalytic bed process units, the reticulated ele
eleme@thih Hows eftheprersss stsamdhrpugh t %@P@SS?@W@ VHThin he
reggl@h@meféﬂ%& dnb AR e Jochﬁa%cfé bW QHARS retiRGldicd BMents

process equi pnent can include incinerators,
whar mbh'gﬂesx;eti‘cwlhﬂed gkrmentsraaeaumdqzro‘adcs for effedtiva fowrdistribution

an uf acturin its at o Ln a

i the iy BT v B e B ProBRE M L s
mbﬂﬂo& CEB Eé hﬂﬂh@& 't@ﬁro‘éégs WifBamd {h8t ark @hicfilg tHeqo &k SHMIf ab any
can be placed in the bottomof, or at any position.in,

logation whithin ithd procass usis) aj the axit feqrn thesprecess ppigpr any qoathinasion

of st daliop T ood B LAl Rb 0%y sPdbd Wit L fldprrently

pro@idufperol ARrafoA 98 bor@amihap fived ﬂﬁssprbch:@s §teeaBt. Thilthehod oan be
better separation efficiency in the colum, and

apipfied Exprecesh streamewhis GessRrre e fosning Gatabuia fpagtionsta ed
@{f&%ﬁ% gﬁ&ﬁqoq‘lc'bﬁveq{ desBEDEhe ngltsﬂg%l&alﬂttﬁe }f)rroeggs sh€am.

presen rnvention” al so
advantageously provides a nethod of perpendicular
r|b tion in_process uni endi ular

flow di st ts.
(0D Sl Ll R B ORI} s <Bh T ule EE SO GHsInE
reH&FlEte{i lchfeitsah %@aﬁéﬁ'@@ﬁﬁ)‘gh nT}iIe;hﬁ SQGR Relude! shbstarW&ﬁPy

y one reticulate sed, It Is typical
spheuicpd sleaped bhlls, moabfltiasi squetey, ramhigmmgsesqddbs,dgglomyﬂmders

T EXETCTE N K N

caﬁ%e%[z@heéﬁldﬁfldﬁén g&mfaheﬁg 8ldeQforQhe §HaPes Wisel lcgluir@mé
el ements, each iculated el ement has a pluralit

Su’hsbntlf@h‘lﬁeh@‘lqahballs Qf@bplptel /8 top?-inchdianyeters; mpegliths w1tﬁ Wldths
L
abBUEIVB b 3-ihéhek BT Rh8the of bt 11846 @-inches; raschig rings with inside
diameters of about 1/8 to 1 inch and outside diameters of about 1/4 to 11/2 inches,
and heights of about 1/4 to 2 inches; saddle shapes with radii of about 1/4 to 2
inches; hollow cylinders having inside diameters of about 1/8 to 11/4 inches, outside
diameters of about 1/4 to 2 inches, and heights of about 1/4 to 3 inches; and solid
cylinders having diameters of about 1/8 to 1 inch and heights of about 1/4 to 2
inches. Custom-made one-piece disks or single sheet construction can be custom-fit
to the physical configuration of a reactor. A further feature of this aspect of the
present invention is that the reticulated elements can be formed in either a disk or

single sheet, each optionally having perforations. An additional feature of the
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into a plurality of smaller fluid streans by passing
the process streamthrough the 16 0 plurality of flow
passageways defined by the web nenbers of each
reticulated elenent. The flows of the process stream
t hrough the fl ow passageways within the reticul ated
el ements and through the void spaces between the
reticulated el enments when nultiple reticul ated

el enents are used provides for effective flow
pidb&it inventiois thyehiepetidilatet @fententst isenf doawratted daa berfonesls
.Stream t hrqugh the process unit. Thi.s, .nethod . can be
inkgs PIUBRITY T PREFRSEISNOFIE diorT i dssgrabIgd heet G Bat i

{ [ I o8,y t hin the process

R T bt P e e i ¢ orany

conbi nation of these locations. This nethod can be

(Bl o FE oS A St B i O R i e gf usin
Pt PR T1ethdn@diNla vhRicE) dPHoRAeicsand Pere s2RB! TiktetiCul@e@cess
streans while concurrently performng catalytic

elemgnts icambe manufpeturadzsurly thet thepthave § porepityel ormemRases per

. desjre hem ca ecies .in.the t -
BB AP SRHTD ot T et & e R T SRR B BpL il gehen
exGRfinéd 6y biteskillgl if teParg hatie o @versigt I(Cpired s idhe Givdnghatn

a variety of shapes. The shapes can include |
theretase abrut 26 myillmagiers et wch Shapeig siyas PESuchdBytea]gvould be
SR Sne ARG Porf SR P @Rl e QUM Y-BBFIHS caity of
the otrerdesghiziagrtagpares eresot parddet spiwps. Acathebienoirtastel¢roent

i ndi vi dual specifications. Sizes for the shape e
ke FiAg I Iie 5176 Obde ARy PHeTER BYG PRy iS r&a? TSR fh

i | oti TR i traSpadl dr il iehdt whighin @ .
43518 5 P8 deaBL LT Wit i e por
TRe porositsrangeofithe setivutatednilenérgs of the phesent inyegtipn is from about

2-i.nch and._J.engt.hs of abouyt 1/8 to 2-inches:..raschig
4 5 et 60 AP RS GEeoTen Smerdrdionor it S ghag e hc,
refiB8laRH lefensi@it oA TR B Rcdtlon 2BMHEainks fhchidlinklpattidulab @sading and
and heights of about 1/4 to 2 inches; saddl e shapes

pressure dragliconssaings Jihe pores of thexetipyated slements| conbe yi ¢ Fange of

haying.,i nside dia S . [ A1 NG ,
oY b PR fo MPETOF Mol M S SodRe by biudih S wes
mB@beRtfermeihg aphuhlity/of flow Fasbdpetvags thesughdld feticulatel iefoigamss.

havi ng di aneters of about 1/8 to_ 1 inch and hejghts of
The)sifacq areaof these materials can vary even if the ppi value remains constant.

[0035] An additional feature of the presenf invention can include the step of using
reticulated elements with different pore sizes in the same process unit so as to
remove contaminant materials of a broad range of sizes. The materials of the present
invention can filter contaminants down to about 1 micron in size. Commercially
available retention materials are capable of trapping particles down to about 50

micron in size.
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i nches. Custom nmade one-pi ece di sks or single sheet
construction can be customfit to the physical
configuration of a reactor. A further feature of this
aspect of the present invention is that the

reticul ated el ements can be forned in either a disk or
singl e sheet, each optionally having perforations. An
additional feature of the 17 0 present invention is

that the reticul ated el enents when constructed can be
[d036 TAdothemnfeatuee ¢ff the ptels¢nt infentenadrantgeoustyr prevideoprovidmg a

DB BF T oS SIeen T G Pe Smel oo uath T RGity
of; If%ﬁhﬂat%d Qfeniddf dah B2 @0inliAYEN O Hoathe PEd dé?ﬁn%ihﬁitl‘é hep

using reticulated elenments in a variety o _
cpaystsivith asultipld catolystssir xath, otlitranaterials, sheh aschtrugtusedepacking

can. pe nuf.act ured such that they have a porosity of
n’@%’ﬁ?&rﬂ‘?gglbeﬁélge'per inch ("ppi"). For exanple, this
means that a reticulated el enment of 30 ppi wll, when
exam ned by one skilled in the art, have on average 30

[0937 Bk aseerdanesvitlcanasherappact of the peesaptdnyangign, thestep of

m,l |1 neter r.J I ' .

oAb Sl B AP gt B o
in%ifuaetd'ﬁpbsittﬂg& Ealy@oh théretibﬁla@e rREsnedntsSprice to tortigingale t y
o] the pore recogni zing that pores are t perfect .
caparaingied pressshereamA@pthanicapire rethis aspect ,923@ rFspRt ifgention

I’I’lttdﬂ SachideGnOhisd meftﬂwi'ﬂgd"elgﬁ@ﬁ‘tjs A8 a iﬁﬁﬂs‘?r_aﬁehﬁvﬁ%r Lsubbthntiaily

I'S neasure tha etermnes the size of the | argest
ugifortd @ating b sélscted eypqipst imoluding & @omais wiuntinmcaatiog pothes

oS R A Tt BB C
is}ﬁ%@b@&ﬁm £ reRtay, 4l GR)'&P af 11t AsaPiszghaficlehap&baft. More

reticulated el’'ements for the application
pretanstly he Gsoum¥1-Bahnetgl qalrGiosn I\ﬁﬂemtt@&!'ﬁ irgprggeated into the

ressyre dr onst.rai .. The, pores of t
ARt R TR B 0 TR B Sl sh g e therun
1if8 Iith @AY be@. BRatal QA1 FachwNSticdaed clofichg cde be nlized

by a plurality of web nenbers formng a plurality of

tof et/ dplefinscewalies pelymsu grecursersrandiakgl ta pelsa feife ARd as 2 flow

T i ] f
T e
dibkfinsrfouldig 61hie patalystit rédueahéffetivelyrexiandingdie tuneinsd efithe

of using
reactor.

[0038] In accordance with another aspect of the present invention, the filtration
method may include the step of filtering solid particulate material or sediments that
form within a process unit in order to reduce fouling or plugging of downstream
equipment. This aspect of the present invention may include the steps of providing
one or more reticulated elements; contacting a process stream containing the
particulate material or sediments with the reticulated elements; removing the

particulate material or sediments from the process stream; and providing a relatively
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reticulated elements with different pore sizes in the
same process unit so as to renove contam nant
materials of a broad range of sizes. The materials of
the present invention can filter contam nants down to
about 1 micron in size. Conmercially available
retention materials are capable of trapping particles
down to about 50 micron in size. 18 0 [0036] Another
feature of the present invention advantageously
patiovadasatprial \vir dediments-fdeypradesd streain foe furthet ptoeelssing. The

et et canchs G B okt o ceSiepa e i rdgestiant
of zﬁrtﬂé'%]lﬂ@t' bf fﬂ%%r@&e%@tﬁﬁo%&n%ﬁtfbnaof Hoft. %ié%eth&l o

mul t1 e cat al ysts or wth other materials, such as
resnavingg sedgvenssicda aiga benesed in distillativg cohums tk @rox{ldm@rﬁ}atnvnly

SR prodehe BB b Rt RRkeiay P BRUBRA M RIER

IIRERESESHr HilteS ﬁg"’%)wlcés@ strBfind Bldatalyt 1IRA ROQRIMi, Wh¥n compared
i ncl ude depositing a catalyst on the reticul ated

with grienar rrmﬂnqﬁs hag th@mvan&agwftrn@cmgﬁh@ apiumerafdetgptites s

miaheng%tre%uﬁre n,g)%vren];lg%%é}{a? tcﬁ ets ﬁs Itﬁcl:tg%tl %1%3 tlpe]r sg)fr;lgm s

zﬂﬁc@aﬁmb@éﬂfﬁﬁ@ tﬁmémgreanﬁy@aia@mgahé pressuié drop mmesath;en g
of a selected catal yst including a_porous alumn
systsasi IRg cagingnug tingy ofihe wractatrdloaiingyfor shegrss 9p RS that have

Bl DS AT R el

eiitohatental corelermsr cobalt. Mre preferably, the G oup
VI-B netal and Group VIII netal are inpregnated into
the reticulated elenments. The nmethod of the present

[dO@g dc@&dhﬁ‘ce%ﬁ{ Hothe aﬁﬁgcﬁafjthE B&/chtifn, thd fo?eg%ﬁng zﬂl@fantages

catal yst bed. The catalytically active reticul ated
haleaibsoritesn aclrievsd thitough fhedpresent appacatusing| raéthed foy sepsrating at

d t t
B ool cERB 0 Sty raf? e e L BB S e e
cdBSHsitions using CELDIVBIT RAte6ME S04 Somporient sepifadibf lihifs,
fouling of the catalyst is reduced effectively

extending the run tine of the reactor.
[0040] The method may include the steps of providing CELLDIST materials in the

component separation unit, positioning the CELLDIST materials within at least one
zone of the component separation unit (hereinafter referred to as the "unit"),
introducing two or more phases of the process stream into the zone containing the
CELLDIST materials, contacting the two or more phases at or near the surface of the
CELLDIST materials to facilitate mass transfer and recovering at least a portion of
one or more of the phases from the unit as one or more component process streams,

wherein the component process streams have a desired composition.

[0041] A feature of the present invention is that the phases have desired

compositions upon exiting the zone of CELLDIST material. One or more
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[0038] In accordance with another aspect of the
present invention, the filtration nmethod may include
the step of filtering solid particulate material or
sedinments that formw thin a process unit in order to
reduce fouling or plugging of downstream equipnent.
Thi s aspect of the present invention nmay include the
steps of providing one or nore reticul ated el enents;
contacting a process stream containing the
cfipdricatipratess RRtans ain Werresdradeidm ont bhmbledocations biétsteen
el enments; renpving the articulate material, or
thedop Rbe st ABs fhe o tgrTREabe st 1o an¢ elattra&mﬂab ithfi Sygfage of the
CEELHIS Y Bla¥eriad cbh RVeld Sl &elTBE & {Pdboll 4GRAGIRR hstdik Ber
process streamftor further processing. The
cubdt meter af EELEDIREmaterad n the ungcBrebataldy, the eurface b the

CERE DS Bmtetal o = biFacBlaas Mt oftbpf 300 0P b i
p&fcublcaiti¥ CEEUbIFINntesi@lindhS@nibe used in

distillation colums to provide a relatively sedinent
free process streamfor further processing. The nethod

‘ . rourtnet, . '
(i L neBiaRb s SR sngt Gl AL T DS RlaBS RS e wni
caM B seRicie@rfradn the@blpetsnsistiag of bedes] vabidegastrdes, betdes, ag

the volune of retention materials required; |owering
ceapiamtendst metalhpmeterial aprbymsricipaieigpndp cheicabyangt
di&%rsfti'oﬁ %a%riaﬁ'%l‘ I:c?i{lblfnﬁt%ﬂsttﬁﬁ‘ﬁ&e é%Lip’Ig? 'ili’f’ater?a? CLPASS BY

€ pressure drop across € system 1 ncreasing run

forine® fiofn 4 berdstaciesistananhterialng pratoniihantlysfeornkiliceh adrpiies

that have higher activity, |owering operating costs;

I ncreasi ng process safety; and reducing environnental
(RASF& tBfurclod AtHred iy ARERAAI A Md BB AR G dniPlan

the invention, the foregol ng advantages have al so
inblda bathTELMER IS Thmategialstand ope esawre eppyantainaburzhishterealsolche

for separatin a | east .one rocess..streaminto one
PGPSO B TR e BPB LYo rP R R AN SHEETT e
cERRA I d1Hsh. Cietd nidEb biAsed coRifed Hithin the @ni€ AONSAEed
separation unit. [0040] The nethod ma%/dl ncl ude the
/.

thseughonefor proos kaetica gf CELILDIST mgdereal iingtalled withie the unit.
conponent separation unit, positioning the CELLDI ST
materials within at |east one

[0044] In accordance with another aspect of the present invention, a method of

altering the composition of at least one process stream in a component separation
unit can include positioning at least one bed of CELLDIST material within a unit,
creating two or more desired phases from the at least one process stream, passing the
two or more phases through the at least one bed of CELLDIST material, whereby
the composition of the two or more phases is changed as it passes through the
CELLDIST material, thereby producing at least one component process stream with
a desired composition, and recovering the at least one component process stream
from the unit. A feature of the invention is that one or more component process

streams are recovered from locations between the top of the unit and the bottom of
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zone of the conponent separation unit (hereinafter
referred to as the "unit"), introducing two or nore
phases of the process streaminto the zone contai ni ng
the CELLDI ST nmaterials, contacting the two or nore
phases at or near the surface of the CELLD ST
materials to facilitate nass transfer and recovering

at least a portion of one or nore of the phases from
the unit as one or nore conponent process streans,
thmlme'rtelnmmiaepem ripobaihdar hedmo‘é@ELkDﬂ%ﬁmtmbaeacustesﬁ fiteid the

crp ?ﬁ?ﬁ!) %ﬁ%uﬁagl(ontck élﬁep g irlg t he eed1 or beds of

CELIDAST Ma%?fal HRQMpRiskd bp@%ﬁlﬁﬂug m%m@%abﬂd‘:‘éiemems
mat eri al One or nore 20 conponent process streans

can be recovered fromone or nore Iocatl ons bet ween

op of, t he |t and th Ltom o ne
0B Rethor Bt iR B ol bR aplchBtt b8 0B
alteding tite comigoaftRnTaledsdt oup pidteiiehmA0distliatnen Awliwillation
per cubic neter of CELLDI ST material in the unit.

uiph eandpelpde positinning gtfleastorst badd CRIISTIwatedalayithin ahas

dlgtll?atf{oﬁ%ﬁﬁer&c[—:% |deé51trrre ﬂa@%&?ﬁ%g lll_%%}g#a{s gée&lg %Qsﬁ‘@aﬁﬁ éﬁssmg

the phises ﬂ@ﬂeﬂg‘tﬂ thé at leas oas petbdf CEDEDIST hoterialypdeestly thé t he
CELLDJST rials j the uni t an be. s from

cwsgwa St A ed gt @é%ses "cﬁ?‘c@% %ﬁmgﬁ é%atenal’

thgl%f)g ggo%luc ﬁagﬁzﬁﬁrﬂn% c bgﬁér@groc@ss%re%l\i/l% Maighal . a

ric teri al a chem cal vapor dep03|t|on
comggiositioa) angk recovebing aha a¥ heast drer @ofponSElpr@leST straatrefromlithe
.can al so. b for foma Ccorosion resistant
aififhPn IRicoR G gAY Py o OIFEERTS CanoE SpbPfent process
st{e&% 3le Bed RS WcatiBEs BetReE@NThe itd]Y SMthé BRtilISidnN\adit dnldehe

conponent separation unit can_ include both CELLDI ST
batiereef the distiHatiamueniodn ey aspedinthe bed onbeds @h GELLRIET magterial

arérplz ati%g it ?? g% cggséte co%%' nlgt&) n§f %glcﬁstﬁﬁgﬁelp §n1¥ 3R gﬁﬁzlther

natlton o

asPéct e BedBAISRSS of Mmsm mméﬂiul Rs édigprised bf & plursley péssed
t hrough one or nore zones of CELLDI ST nateri al

fanmléflﬂa@éFWEhLﬂlﬁ%@e@ﬁmﬁ [0044] In accordance with

anot her aspect of the present invention, a nethod of

[0046] In accordance with another aspect of the present invention, a method of
altering the composition of at least one process stream via absorption in a absorber
can include positioning at least one bed of CELLDIST material within an absorber,
creating two or more desired phases from the at least one process stream, passing the
two or more phases through the at least one bed of CELLDIST material, whereby
the composition of the two or more phases is changed as they pass through the
CELLDIST material, thereby producing at least one component process stream with
a desired composition, and recovering the at least one component process stream
from the absorber. A feature of the invention is that one or more component process

streams are recovered from locations between the top of the absorber and the bottom
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altering the conposition of at |east one process
streamin a conponent separation unit can include
positioning at | east one bed of CELLDI ST nateri al
within a unit, creating two or nore desired phases
fromthe at | east one process stream passing the two
or nore phases through the at | east one bed of
CELLDI ST nmaterial, whereby the conposition of the two
or nore phases is changed as it passes through the
of3hk bBioBier nit creiaapact, tthebashyr bedod{ICERGDAST tatesial angeustom fit

C onent cess sStrea es d [o]0) it N
R iR SR TA oR R Taion Bt ABAEEE AR SBrac g bed b
b&isro%@ELngmrhé}sna 1§ Sompide® AF H pRurBity ol eankdOMBNHAREd | S
that one or nore conponent process “streans are
CERLDIBT egnfentsm | ocati ons between the top of the unit
and the bottomof 21 0 the unit. In one aspect, the
bed or beds of CELLDI ST naterial are customfit to the

[0DUPBE ae6rdhmuRalitlc ke dsiict OMtheprdstd itvention,lamehod ber
aspect, the bed or beds of CELLD ST materi al s

altemg thaseampstsitionsifat lepstope procesy ATV ip SERASHOR [nodfpiEactor
cz{nqgéllﬁli? f)&lt@&l%?é &6}%?01‘@ l%%ocg"t‘ﬁ%ﬂﬁﬁ qutﬁgl%hal%ltﬁlg% extractor,

resent i nven ter I'ng
crea’tmig(lﬁsirecbﬂlasés ﬁbmltbtasttleasnenqopmcm strsdm,qfammg the phases

b ane v D R et ihe By tastiogton o the
phisédis ﬁlgeg' ?h gaésfag th%‘u ht CﬂiﬁST%tQ?ﬁ'&&@b??ﬁyzﬁ&ng at

ron1t one p ocess stream passing
lepdt ame sompcsrmngprot:&m strearh eagta dasgred eompdsit@E, Bl 8Tovering the
eri al mhereb t he tion e phases is ..
atg??éh@&bwggmnen@g S Srspro B e el h Boocfia R e s Pention
istiR LBEYr RORIMI Rl prbOAS btr QAR KOPRENEEI f1BMI6ERRNS
streamw th esired conposition, and recovering the

bejwedrneths tomfethe oxtpastasand ﬂrqi@é@gﬂ oft the axfraotasnin one aspect, the
be%I oztblg%,isl ﬁﬁﬁ:gﬂ%@% mgﬁtna %ﬁ&o&fﬁt t|3 %16' &Xsesnste&t%}l s that

pr OCGSS are recove ed

configiation F e tra@biVBe indthe aspdet, Qﬁe bétEorddeﬂﬁ of CALLDAST
unit and the bottomof the distillation unit. In one

maepalis comprsadeaf aglughityoofaandomly preled (I PIST elgpents.

customfit to the cross sectional configuration of the
distillation unit. In another aspect, the bed or beds
[00£81CkhdthrSEpeth bEthe plresest iavenpionsexblods facififating thietsgparftion of

process streams into component process steams via mass transfer in a component
separation unit. The unit preferably has one or more beds of CELLDIST material.
Such one or more beds can be composed of a plurality of randomly packed
CELLDIST material or CELLDIST material that is custom fit to the unit's cross
sectional configuration or a combination thereof. The depths of the one or more beds
is set so as to provide the required number of theoretical stages to achieve the
desired separation of some or all of one or more of the species in the process

streams.

23 °



random y packed CELLDI ST el enents. [0046] In

accordance w th anot her aspect of the present

invention, a nmethod of altering the conmposition of at

| east one process streamvia absorption in a absorber
can include positioning at | east one bed of CELLDI ST

material within an absorber, <creating two or nore

desi red phases fromthe at | east one process stream

passing the two or nore phases through the at | east
[@D49] heykt ahothEd dsprcB Rherpteserit aventibieraddiys totdhmngonpd separation
of the_two or nore ' chan d as .t S
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conposition, and recovering the at l'east one conponent
pmvuteeths nwnb@raxﬁthdomwak fiegea bequited it seRafagaong @ rmfre Phecess

i nvent [ g@ 3 (i ctai
SEFEHS GPIPOPEY QYR B P ST TS T e HRRsT s of sgtain
oPtheshrihg Hdsiie ddtbrk brcbsaisuenmg2 0 of the absorber.

I n one aspect, the bed or beds of CELLDI ST materi al
are customflt to the cross sectional configuration

o Sy TS Ao, S
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accordance wth_another aspect of .the g sent
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desj.r ed es fromt.he | east one process sir.e
12071 %@10%%%&%%@%%0{% 8€B‘H°?Sﬁétf Y topcieg ety
S%Q.alt.lgh.ST material, whereby the conposition of the
hases is changed as it passes through the CELLD ST
mat eri al, thereby producing at |east one conponent

' s onposi tion, and
Bmﬁiﬁ‘f\{:}f’?@%?@ﬁ@m mngnent process stream
fromthe extractor. A feature of the invention is
t hat one or nobre conponent process streans are
[G08¢blncthe drapringsy | ocat i ons between the top of the
extractor and the bottom of the extractor. In one
aspect, the
[0052] FIG. 1 is a partial cross-sectional side view of a single fixed catalytic bed

process unit showing a specific embodiment of the present invention,;

[0053] FIG. 2 is a partial cross-sectional side view of a multiple fixed bed chemical

reactor showing another embodiment of the present invention;

[0054] FIG. 3 is a partial cross-sectional side view of a combustor-style regenerator

fluidized bed reactor showing an embodiment of the present invention;

[0055] FIG. 4 is a partial cross-sectional side view of a two-stage regenerator
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bed or beds of CELLDH ST material are customfit to the
cross sectional configuration of the extractor. In
anot her aspect, the bed or beds of CELLDI ST naterial
is conprised of a plurality of randomy packed
CELLDI ST el enents. [0048] Anot her aspect of the
present invention involves facilitating the separation
of process streams into conponent process steans via
mass transfer in a conponent separation unit. The
fluidied peé tecbbyowiag anembodinent ef the gscsait iBEDLONST
material. Such one or nore beds can be conposed of a
plurality of randomy packed CELLDI ST material or
[(ﬁggtﬂng 198 h8fdaPbrobctibfal SR VAR bF 4 rddeal FIBS rdidtérSshowing
cross sectional configuration or a conbination
andtlesreofbodifimnt dEthelpsesofit inkentione or nore beds is set so
as to provide the required nunber of theoretical
stages to achieve the desired separation of some or
[Qsl7] PIG. @1§ a PersPeUtive Yievi Hfa SRRFAES disR ridie ofFaieaRksed material
streams. 23 049] In yet another aspect, the present
in appendencsrvitlethgmeesentongenti®rponent separation unit
assenbly with at |east one CELLDI ST naterial disposed
therein, wherein the anount of at |east one CELLDI ST
[OUBBEFIGRI7 ik B pbRPedtivetvidw ef £sadbleymade wétidubitehmaterial in
provi de the nunber of theoretical stages required to
aceapskane with Hie eseRbI¥eHiBsess  streams i nto component
process streans containing desired conpositions of
certain of the species in the one or nore process
[OEOEEICE 8 if B PBRpecTive vient ditedisollvdcydsslentnhdesf reficulited material
. present invention faor separating one or nore process
inggeprdaRee; Wil the RESERgRYIPBtess st reans havi ng desi red
conpositions wusing CELLDI ST materials in a conponent
separation unit, when conpared with prior art
[006O Bl 9 ik aperspéntiva diexnezapesxampirooip eteHriees shegt made of
reduci.ng .t he.conpl exity., and cost. of designing,
reflggl??egé‘?aft?f& 7 ﬁ%‘gﬁcﬁflf%é’}th ee‘?’rgﬁepgldwg%tl "rai nt ai ni ng
units and of providing nore efficient contacting of

process streans to achieve the desired separation.
[0061] FIG. 10 is a perspective view of an assembled disk made of reticulated

material in accordance with the present invention;

[0062] FIG. 11 is a perspective view of balls made of reticulated material in

accordance with the present invention;

[0063] FIG. 12 is a perspective view of a solid cylinder made of reticulated material

in accordance with the present invention;

[0064] FIG. 13 is a perspective view of a hollow cylinder made of reticulated

material in accordance with the present invention;
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BRI EF DESCRI PTION OF THE DRAWNGS [0051 ] In the
drawi ngs: [0052] FIG | is a partial cross-sectional
side view of a single fixed catalytic bed process
unit showi ng a specific enbodi nent of the present
invention; [0053] FIG 2 is a partial cross-sectional
side view of a multiple fixed bed chem cal reactor
showi ng anot her enbodi ment of the present invention;
[0054] FIG 3 is a partial cross-sectional side view
[0865 RF KR TS b perspécyilve vieageitemandlith nfadeiofitetiedlateddnaterial in
act or s ow ng an, enbodi nent of the present

a‘?"ﬁ\'f‘éﬁ??‘dﬁ thegpyBeent VNN i s a partial cross-sectional
side view of a two-stage regenerator 24 fluidized bed
react or showi ng an enbodi nent of the present

[0066]9F11(} df:is p (5@:516] crEisﬁec&onaé side yievt oz distildation sebmmnoshawing

E%‘?/ ff {*ow react or showi ng anot her
g lwsmoahemée%e%s %i nvention; [0057] FIG 6 is
a perspective view of a perforated d| sk made of
reticulated material in accordance with the present
[QOﬁVx]eElG dhis § posPictipe @ewrofi alageré refjsalated lemernwith agroid
e nmade, of Lad. in

s%c? Eetﬁs?(én B%cg I8 tﬁ(iu(:fatﬁ& (l-ﬂﬁ s gtﬂh%% gééﬁ% ip |a&°r§£’|%§ Rxgﬁﬂﬁg present
inReftspect i ve view of a hollow cylinder made of

reticul ated material in accordance with the pr esent

i nvention; [0060] FIG 9 is a perspective view of an

[O%)é?gfll(re 19f is 9 g ﬁ %{ﬁ@ Eﬁesﬁﬁ‘g ﬂrcgg ig rgltri&fuinve Rﬂl}(gﬁi;aters

with GiEeZIre}1c1Hht6‘d e]bﬁlelns; of tipepregeac tnvv,mtmn iasvaldéd mrthapessviod dwp
d k.made of reticulated material in, ccor ce with
istilate Bygrotreaiers it prior Gﬁerf}ein’GmaieP n%falg@ps pective
VI ew of balls nade of reticulated material in
accordance with the present invention; [0063] FIG 12
[0069 bF 6k 18 pee prapk iNustrativf ofithe offed of fHeiprekent insetdionfon the

reticul I .
prese;urecgrog 1;11(;" (rjlaprmhaehyd?otreater units;

[0070] FIG. 19 is a partial cross-sectional side view of a down-flow process unit
with multiple layers of reticulated elements to provide the methods of the present
invention at the entrance of the process unit, at two other locations within the

process unit and at the outlet of the process unit in accordance with an embodiment

of the present invention;

[0071] FIG. 20 is a partial cross-sectional view of a process unit with layers of
reticulated elements of differing porosities to enable filtering of contaminants with a

wide range of particle sizes in accordance with an embodiment of the present

invention;
[0072] FIG. 21 is a perspective view of a top and a bottom of a piece of a reticulated
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in accordance with the present invention; [0064] FIG
13 is a perspective view of a hollow cylinder nade of
reticulated material in accordance with the present
invention; 25 0 [0065] FIG 14 is a perspective view
of a nmonolith made of reticulated material in
accordance with the present invention; [0066] FIG 15
is a partial cross-sectional side view of a
di stillation colum showi ng an enbodi nent of the
e]pmeaem Wh'mh éladi bean dr[p@:@& Watd tiBted dGith fod cplrimgeltusirating the
e er of. i,cul a s Wwth
pepEi SRR iRbigron 8f erdiEheCrEment Tt HspriaBoo i
Iteger@g%hg@pce w th the present invention; [0068] FIG
17 is a graph conparing the pressure drop in
distillate hydrotreaters wth the reticul ated

(G ELER} 228 o poSpRHSE S o1 BPR Jat St by EPich g foments
ofthk Presaitlinven@ibe Rdridemlypicked ﬂir&u%i’drﬁ t &l teile 1dn@H6H]a datalyst
18 is a graph illustrative of t effect of the

bast acserding taarembedinaent o the nseseskigventionop i n napht ha
hydrotreater units; [0070] FIG 19 is a parti al
cross-sectional side view of a down-flow process unit
[0074 hFIGU [2B1iph paﬂuayabs settioredl side viiwedf etamvemichal @mponent
provi de the methods o the present invention at the
SePATaFgn BBt 51 aqcpidapeo Wb Sheptiar attyt two ot her | ocati ons
within the process unit and at the outlet of the
process unit in accordance with an enbodi nent of the
[007 8Bt 24 ny & paﬂtiamroﬁmé'ﬂorjal Eildaviemoﬁ ascmmmenﬁ sg&paration unit

- t f t th
R e S SR SR G PoroeY sl R e
acfcbffcﬁ@g’ﬂor’cﬁe PlesGRMwAlif@RNtS with a wde range of

particle sizes in accordance with an enbodi ment of the
present invention; [0072] FIG 21 is a perspective

[OY)L7 a\'\h‘g 28 ist Y Bar%gldcrgssbs%tctggn% glﬁe %16:‘3\/ 5 aeco?rﬁpo%eﬁtesteba%gélgr} Ergt
utilizing conventional packing material and conventional distributors to achieve

separation of process streams into component process streams in accordance with

the prior art;

[0077] FIG. 26 is a partial cross-sectional side view of a component separation unit
utilizing CELLDIST material, conventional packing material and conventional
distributors to achieve separation of process streams into component process streams

in accordance with an embodiment of the present invention;
[0078] FIG. 27 is a perspective view of an example of a one-piece sheet made of

CELLDIST material for use in a component separation unit in accordance with the

present invention; and

27 °



26 0 el enment on which had been dripped water tinted
with food coloring illustrating the perpendicul ar
flow distribution of the reticulated elenents in
accordance with the present invention; [0073] FIG 22
is a perspective view of a process unit with the
reticulated elenents of the present invention
random y packed throughout an entire length of a
catal yst bed according to an enbodi nent of the
[Q076% ET(G. 28niv @peispextive OQr T 4 BseriBled disk npaleof ELLDIST
cross-sectional side view.of a conventional onent
AT VR I A pOReR BTt e BT FpcpRans Wity g Hpsent
HRQQL§] FIG 24 is a partial cross-sectional side view
a conmponent separation unit containing CELLDI ST
rmt erial, conventl onal trays and conventi onal

B S s MU A S RS PR,

eRbodinfeR ROREI e ERIBATItRAY itifnbt intdnided & 1ngit g ivieditioanathat
packing material and conventional distributors to

e@bﬁdlmt Qretha cantrasy, 1bfs ipicadelie coveradlralterativess BroguiteHens,
aﬁ%%ﬁﬁfﬁﬂ%%agg@ beI}n&ﬁ(ger%{‘lgigfpﬁcr O gll?tsaen‘g?iﬁ% %ﬁrg#)g %@tm\lzentlon

a@detﬁledtbwmqmen@ﬁa&mﬁisl on unit utilizing CELLDI ST

mat eri al, conventional packing naterial and
conventional distributors to achieve separation of

D%‘I‘?\Cligﬁ EESéRﬁ‘%Hgﬁ §§;§5’ gPE@ﬁflb RUgeRsMBLTs§ams  in

accordance wt odi ment of the present
i nvention; [0078] FI G 27 is a perspective view of an

[Q{%ﬁlm gq re% $ncg EgFf(J,}T S he gﬂ%‘gt%gg é)géﬁe‘sistc%ﬁm&ﬁneglia fixed

:"lgﬁf: g@d]ﬁx%céﬁstuﬂlttﬁewnlpfeﬁé@lﬁfed'e[l%ﬁ@é?ﬁsl Pin tA&§hagdé of 0079]
F I's a perspective view of an assenbl ed di sk

sumumu@my Cihetici] $7lls 122 @lGal Diwill hestes¢ribed, dthopshanpreviously
diR& s%éc? other shléjqr)]éstofJ e RGEAL %8 Fe?nevr\lntst fB }nh? 11 ﬁ?eﬁ?gst well as other

process units. If the process unit 22 is of a down flow configuration, the

contaminated process stream 20 will enter the process unit 22 at the inlet 24. The
invention may be used in either fixed or fluidized catalytic bed process units.
Preferably, the present invention is used in one or more fixed beds, in either an up
flow or down flow or radial flow configuration. Preferably, the catalytic bed process
units include hydrotreater, hydrorefiner, hydrocracker, reformer, alkylation,
dealkylation, isomerization, esterification, and polymerization reactors.
Contaminants typically found in the feed stream include dirt, iron oxide, iron sulfide,
asphaltenes, coke fines, soot, catalyst fines, sediments or other entrained foreign

- particulate matter, salts in distillation columns, particulates in gas streams, sulfur or
sulfides from tail gas units, or polymer precursors such as diolefins. A layer 26,
preferably layers 26, 28, of reticulated elements 15 is provided in the vessel in an

amount sufficient to filter the contaminants from the process stream 20 for as long as
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i nvention. [0080] While the invention wll be
described in connection with the preferred

enbodi nent, it will be understood that it is not
intended to Iimt the invention to that enbodi nent.

On the contrary, it is intended to cover all
alternatives, nodifications, and equivalents, as may
be included within the spirit and the scope of the
invention as defined by the appended clai ns. DETAI LED
desdRheIdiay bakbotdREBdloCaHBERS MENTBIsO @8 hin] theNdabtor is

RelRAly B edadrTon PR OB B B T Taale Fayers 26,
28 %!;uh BUbRVRRISNRFBA IR sl dfMhd RecSRRARIMentsSHOGLRAS bald 122
spherical balls 122 (FIG 11) w |l be descri bed,

issgraduntashren Opp 8ize uubw?r ZW%gélgémzmnger@ﬁaip & ipeoming
p{)o%tséscs | at ows tﬁli%?l% é{%cuga ({j el grlltév?% :cReg cgﬁ%el'(]ier

efeh@mswﬂﬁnogwe&bamnatéﬁws axﬁnﬁbmntn alehidl. P68 ndérigdam
20 will enter the process unit 22 at the inlet 24. The

gensrallit hays aragdogep Wwhiledhe mepokihs baves mpreyriformgpattern.
Itcaaﬁeﬁb%ﬁﬂeﬁ cBthiPLr g&%ﬁﬁs WO fhe reP&ﬁ{tS& @%E%uc 1é}ﬁerR§

invention s used 1 n'one or nore In
made fiom éﬂymunﬁnerdrai/l/y atdieanatedals afor é;tamwple,mni:mgu tcatghemad

i3ty A 4 ST T30 i A e
h@::{d Mérﬁ?écpﬁ‘l  CuddBig)] WYé aly Qdm Ip?a?? BRInbAM foPlse in the present

est'erification, and polymerization reactors.
inQenti @mis pumtable ﬁqzmc@dmmgf Ioorkbadquarteecdfie €drging @M. The

STl R R R AP R

opﬁ&é@f@@ﬂhﬁﬁ[ﬁ@h particul ate matter, salts in
distillation colums, particulates in gas streans,

sul fur or sulfides fromtail gas units, or polymar

(REEEHR BSenbyRen Sy A BaG IRl BolTH wetiod Ar GG
corlarhih@nty Gooeh Ebﬁta@thateﬂrmwﬁss stedabd. aihe mietlicd Ifrbfetz&ily tshe

contanminants fromthe process stream 20 for as | on
pafproed byipreddingaetirpates clpments preferapiyirapdomyy pagked 3w %s

véill %p&c%tb%{vye%h RIS J:E'tlgulya{éﬁ ARGt ¥ edifince filtration of contaminants in
such a way that the decontaminated process stream may pass through the reticulated
material unimpeded. The present invention provides a method whereby the entirety
of the reticulated elements can be utilized to filter contaminants from the process
stream. In catalytic bed process units, the reticulated elements can be sized such that
the catalyst bed has exhausted its catalytic activity before the reticulated elements
have exhausted their ability to filter out contaminant particles. This method enables
use of the entire bed of reticulated elements, as opposed to current methods that
eventually clog the top six to twelve inches of the retention materials conventionally
available. With such materials, beds deeper than about one foot are essentially of no

use in removing particulate contaminants from process streams. Further, with such
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sufficiently active to justify operation of the
reactor. Preferably, multiple |ayers 26, 28 can be
provi ded wherein the size of the reticul ated el enents
15 such as balls 122 is graduated fromone size in
| ayer 26 to another size in |ayer 28 as the incom ng
process stream flows through the bed of reticul ated
el ements 15. Reticulated elenents can include foam
materials and nonolith materials. Foam materials
nmgenatsabhoe thawp o thabdasphaped it pmhﬂurcednopen ﬂquhlptrteat

have a re uniformpattern If a reticul d
BT FoT e JoRrnE RSPV i Termaye do SRMEs i St Ralpals

ﬁnh e{qgﬂ;any commercial ly available materials,

or e , zirconia toughened alum na, conmonly

referred to as ZTA. ZTA is avail able from Fi ber

R g heescnner apm GBoR: bRe S RBtE et b safipised

with tl@é’l%hhﬁQﬂeﬁ eféhféi‘i‘;s@ﬁﬁhé‘ﬂr»esérﬁ tvelead qherétesuefled dlements of
Cor ni ng, ?r aduat ed sizing of the reticul ated
T

thelcerremtlqumoa |h|ame dymef idraneatically bettes thansagverdiegal regption
n [ 0082] The present invention
f?tagﬁleagb%fga}npf%\lla}@es a met hod of renoving
cont am nants froma contam nated process stream The
nmet hod preferably is performed by providing
EXAMRLUEAt ed el enents preferably randonly packed with a
voi d space between each reticul ated el enent to enhance
filtration of contam nants in such a way that the
UsemonDaninetdirgreateess st ream may pass through the
reticulated material uninpeded. The present invention
provi des a nethod whereby the entirety of the
do%&l P &8 B RRE '?Ito%l £ aTinkR) ot fdur 2R Hy’dHtl%'élters in

contam nants fromthe procéss stream In catalytic
vintedllpideoesd prvesssconditions. Sivvacof the byidretreatenst 4 apd B, bentained
sized such that, the.c st ,bed h s exhaust,
cwrgrwfeﬂg@ef’e\%rﬁ}e AL S8 "Rt eie SRR, T rhfaining
r&¥ RS (@ nd Deiided A FetitWate@ efdnhdn® ofdbé pedH: atlichasH.
articles. This nethod enables use of the entire bed

. I eshpwe b soepagoarns thespressyranyep o6 the fourlydretmaterppHing s
th at

ent ual.l Q é;@? of
e or LA Hlnk 50 AT el BeRLYT o SR
inVéittonS e lktairBé edendh she drepls tiitempssurd drap rahainéd lomerefatiot: to

are essentially of no .

start-of-run pressure drop over a period in excess of 450 days in the C and D
hydrotreaters containing the reticulated elements, while the A and B hydrotreaters
using the conventional ring grading system showed a dramatic pressure increase
after only 200 days in service. The results of the pressure drop comparison can be
seen in Table 1. The contaminated process streams in the distillate hydrotreaters
were predominantly in a liquid phase. In the C hydrotreater, the differential pressure
was only 8 psi at 450 days. In the D hydrotreater, the differential pressure was only
0.5 psi at 450 days. The differential pressure for the A and B hydrotreaters was 82.5

psi and 54 psi respectively. In comparison, the C and D hydrotreaters with the
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use in renoving particulate contam nants from process
streanms. Further, with such 29 0 materials, once the
top of the bed is plugged, the pressure drop in the
equi pnent begins to escalate, requiring a shutdown to
renove and replace the clogged materials fromthe
process unit. [0083] Data has been collected from

di fferent process units that have experinented wth
the reticulated el enents of the present invention. The
retietiiated| ebdnesht b fihe piesertfinventien perforatet signiféeahilp bethatiean the
perfornmed dramatically hetter than copventional . )
conyeRiIebHNS FEdug sYPismay Bhq lopeed %HWEPTSFW‘? aspogiied it
thS3idulnét (edbhes bl JhOhbERIR LRI HH it bawees ©

obt al ne roma refinery tor four distillate
tunyatowtids éabe estended dramaticallyy i denti cal process
conditions. Two of the hydrotreaters, A and B

contai ned conventional reticulated materials, known
1'PABLE! lnEregsru?édDﬂ% @YSRIENR.P") ihhexnfiI@i DIDIgillatdBydrotreaters
hydrotreaters, and D, used the reticul ated el enents
Ingfialt RELPALS SMELT APeait PERTA.BratGe Clangh o GHydrepastesasf

BT PARERRES BPtl 8 LEEhs TR IR SR AL P

2816 iRinéase Of 3¢t 33 PL B efldrease MY BN H0.6139.5°63%ANcBEeS €EN i N
the graph, the pressure drop remained low relative to

start-of-run pressure drop over a period in excess of

(0b%] A P lsteluid MY RhFGAR SRR Bop Kitdnd A

mgﬁt'h@ of bpezatica benthemaah titientatgs aclt prodisybleetine pheverrd imcreases
dramatjc pressure_increase, after onl 00 days in

sigrifigantly. oVeRa relaiiNA Y shasperig 19 £88t Wéle%’rtgﬁ DRG0

sefdbweto refBle iHe T\?%@ag  JepldREhE AM AT Nt 6i6h] BRP KRBt the unit.
streansllwt%e éﬂs | Tate ydrotreaters were

This esiohe prvbtdmeaticigivenl theunmreintabidity dofithe lewerE, the need to acquire

dr ot reater,

reg cerg?nt Merbaé@tg/ﬂg |V%Ir){ {pg){'tgg%@xlps t%% Zﬁﬁgr ?aixe %‘%{%c%pljt é’xtrsa
in%ﬁtfn?_r(ﬁfiéﬁlﬁéenﬁn@ SRRV S0 exleld tH- dwRStimato 4PAt daiery of

The differenti al ﬁressure for the A and B )
replageroentanatenials. Wigh gse of the reticulated elements in accordance with the
methods described herein, the pressure drop remains low for a predictable period of
time based on the level of contaminants in the process stream and the capacity of the
reticulated elements loaded in the process unit. Sufficient reticulated elements may
be loaded such that the catalyst in the unit is exhausted before the reticulated

elements are saturated.
EXAMPLE 2
Use in a Naphtha Hydrotreater

[0086] Data was obtained from a refinery with four naphtha hydrotreaters. Three of

31 °



psi and 54 psi respectively. In conparison, the C and
D hydrotreaters with the 30 O reticul ated el enents of
the present invention perforned significantly better
than the conventional ring grading systens. The | ower
differential pressure associated with the reticul ated
el ements of the present invention allows the tine
bet ween turnarounds to be extended dramatically.
1TABLE 1 Pressure Drop (".DELTA.P') in Exanple 1 -
th@i}@ﬁfdtﬂeaﬁefs (Hy @, ahd éfalugnds:onv«m'tiohail ridgFdradin® s PRIy while the

DELTA, P at % f d day
I I S RN ST
Fic} ClrSGiﬁﬁsQra%s %ﬂat %@mé@ratlgé Kréééu‘?@ 4R %tv@e%%@@m?’ Bydrétieaters. At

I ncrease SA)lncrease [ 0085] A typica
theread i 2@0 dia'yspths weit avifhahe settculaltmlv@eraentmw q@p@s@m@nummp

for the fi ratlon t then
PERSHES §19R : §- sfE H%{P %‘?-‘/gisa?t&?aé% COFW@reS 2 ﬁ‘sﬁff ESES %%s es
ex%ieﬁ@hcfeﬂ%ﬁﬁé ﬁhr&\/lﬁ'ﬁts %oﬁtﬁir@ﬁ% %raﬁﬁx@rsgfst&ﬁé JiRd10 psidor

poi nt whére the unit nust utdown to renopve the

hxdrq@geageB amcbf,:ﬁ Bt éonhydratenatsy €4 Thecorpainaiadprpess sFRamsie

n_be
thﬁ ﬁ’BPlétB? g{zcg‘gtr?zﬁ IS we]xg Pr%goxgl\{;hgh l§ @%Vﬁﬁ){g ggfsteoT%eCretlculated
cle@Bhts OE fiRPresent i 1@%1@1031 filtekdal &ﬁb&nﬁjﬂ aid eﬂf@ﬂdelylwmle(lhe to
mai ntain sufficient extra inventory of replacenment

copyeriional Bng eradingsystems besrnggdareedi ne to await delivery
of replacenent materials. Wth use of the reticul ated
el ements in accordance with the nmethods descri bed
[(08T ER éferringengpinas FlGe] ,dmbyss ptheriise ndtedy if addision to filtering the
predj ctabl e period of . tine base

| evel aof
oA BFRCES SR Do s cEbGITe Buirah Lo Py Sl safileg of
mh Jl&hbﬁﬁ%@érﬁ%(ﬁ;l’ smetlﬁcdnﬁﬁg BEbckdt stldfm @ms ﬁ%scabm#t bed

Icient reticulated el enents may be | oaded suc
32hat the catalyst in the unit is exhausted before the
reticulated elenents are saturated. EXAMPLE 2 Use in
a Naphtha Hydrotreater [0086] Data was obtai ned froma

[0088] B¢ p¥ssitlglthe piddéssRBRith idotiyels pluraay 6f How Passagewdys 120
(FIG. 9) defined by web members 123 (FIG. 9) of the reticulated material 15 in
layers 26, 28, the incoming process stream 20 may also be distributed by
subdividing the incoming process stream into a plurality of smaller fluid streams and
then resubdividing, a plurality of times, the smaller streams so that the incoming
process stream is spread uniformly across the fluid entry cross-section 34, taken
along line 34-34, of the catalyst bed 32. The process stream 20 is reacted in the
catalyst bed 32. Preferably the catalyst bed 32 contains discrete solid catalyst
particles 36.

[0089] For catalytic bed process units, methods of the present invention filter
particulate contaminants before they reach the catalytic bed. This allows for

increased efficiency of the catalyst bed since more of the surface area of the catalyst
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31 0 the hydrotreaters (A B, and C) used conventiona
ring gradi ng systens, while the renmaining
hydrotreater (D) used the reticulated el enments of the
present invention. FIG 18 illustrates that
conparative pressure drop between the four
hydrotreaters. At the end of 200 days, the unit with
the reticulated el enents D experienced m ni nal
pressure drop, i.e. -4 psi for hydrotreater D
iscavajielefbr tuse ashecqmlgﬁswhea camppredip eystamcwith sgnventiondir ee

SueBeidatdh Mg GRS Sl Lt L e

re%ﬁ’l‘i‘ tsﬁmﬂgﬂlﬁ‘&i RIPE 3Ry B UFEvE PatallRQ]1dhadR & be used due to
hydrotreaters were predomnantly in a vapor phase. The

thedowendvatagd prasfusadrapsofdhe vitresvuléingin a grindmeatalyst activity of

filtef fficiently and effectively while the
d%%%@@ﬁ%ﬂ%ﬁ ring gradi ng systens becane cl ogged.

[ 0087] Referring again to FIG 1, unless otherw se
noted, in addition to fllterln(g the cont am nat ed

[Qﬁ)ﬁal:’éls%reél@uﬂé@ﬁwwnaﬂ hé maythecispd iockdlterand Fetain pariciafes 36
ﬁ'gmscﬁe Sk gg % g?oceyﬂt{e%@g? ?g‘f Al ! dubdle %yst Q%fhg{ m%g Be

rncom n cess Stream e cata
et in B;e QAkSs progeds h&em oosde fitar@bor taptuwradHran the process

pl ural f fl F fi.ned b
sigaB SRtnstieiinesi 5 ehaia o) mferh S PPt BrerRis B e of
0

3ol kS0 400 SO PO e A ATy a0

armthme&s nslayea4ﬁ atrthooatlgy Kd ofiHietrgaatdr 22k hdshitidr, s¢diments of
stre en resubdividin Lity of. times,

s CaY RO i PeamESS it e pREnes B oy sieRsit "
hydrb §aERiAS o S1REARA i 'tﬁé@ MBI EE 5 ODS] ddenstresth @qeidhie)t. These
cross-section 34, taken "along line 34-34, of the

sedimerity siay bediltered fikive theratgaing thce%ﬂtrfz@n 38 hydhe resigulated

mbeL{ R T abbele oioheishbmiial it MRS 00,0

grla@hiat&@iramyd dife iAQ8lep 40 €& Sifothkti stz in n@temu at thé otthe 44 ofthe
present invention filter particulate contam nan

reaetpb?-% Altrsyately ol inveatiommay plse bepised inag w 29w § %%tlon

wherein the contaminated process stream 46 would instead enter the unit at 44 at the
lower end 39 and the outlet process stream 25 would exit the process unit at 24 at the

upper end 47 of reactor 22.

[0091] As previously discussed, another advantage of the present invention is to
react activated or partially activated reticulated material 15 with polymer precursors
in a contaminated process stream 20. Condensation polymerization of diolefins may
occur in the process unit 32 after the contaminated process stream 20 is heated,
generally prior to introduction into the process unit 22, thereby forming foulants in
the process unit 32 itself that may gum or plug the process unit 32. As the foulants

form in the process unit, they cannot be filtered from the contaminated process
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i ncreased efficiency of the catal yst bed since nore of
the surface area of the catalyst 32 0 is avail able for
use as a catalyst when conpared to systens with
conventional retention materials, such as the ring
gradi ng systens used in Exanples 1 and 2. As a

result, smaller sized, nore catalytically active

catal yst el enents can be used due to the | ower

average pressure drop of the unit resulting in a gain
streanc20 befgst flawing attoys the fluabenity k09 stBion 34 Thejeforhethe layer

of i s A T SEveBluaa TRl 1RG0 St v
pSWi&aM: Iy aRPddt aPREiYsEileTbECHBYR kbriadbrotfhah paraMIIPe

entrained’in the outl et £rocess stream may be
adtiviatedrreticulased watsriak &g uséd ereinhen factivated suppprte merns(laad

rob PPl et Y p@h e R i B e P 3
rdtidited midlerifl Zhdt sngtRAmaixelt, hitade, dr sirbileiof a nfyyatior 49) 4 0

another size in layer 42 at the outlet 44 of the
retigalotedmaterial that serefpins geolite etineEsInLs Gridesp@gefluBinarsilica,
formi ' . : eqdi Oor
2Tl SR IE ST e PR R b
a@lvd@deuppatY melppan hetbardesgpp@ianterialthaskas beedpumposetully

may be filtered fraomt.he t gai [ t 38
PR 1SRRG G108 P T EAH T P FEOOPY GrERIEHS § SIOpIear A e or
totgﬂ;hgté:{llf;{ﬂgg&lgﬁérﬁgteHQlts%ht.@&teﬁl.n layers 40, 42 is

roma sitze 1n layer 40 to another size in
| ayer 42 at the outlet 44 of the reactor 22.
used.i.n, an. u

Al tely, the in) [ | b
105Q G et SN BT TR at et BBl 15
mal 588 MeWedViHetbih HRBaEh $1'ﬁ¥1? Bothp@sebtielof 8évefdl cdhivénki®nal

l'ower end 39 and the outTet” process stream 25 woul d
catadiysts.t Alempnaowmey be ustdtasan agtivesgoating optippaly W greferably,

S35 g B R P B b B 38 g BBPA A

toAthilsi iMAdnGien ?fef&abltyi Rpyisécd vl e0GFwipi VILUB af & theftiee bf Group
15 with po ynerg&recursors in a contam nated proces

VE s heflpompiegnes vie pbalupina based §‘§1H06nA6‘f0r€FP81YS?her?éta?YSt
oL DI BEREED0, L S e o combinain
with at least one of iron, nickel, cobalt, platinum, palladium and iridium. The use of
palladium is particularly useful in the removal of acetylene and diolefins from
ethylene, the removal of oxygen, the removal of hydrogen. Of the Group VI-B
metals, molybdenum is most preferred. The catalyst preferably will contain from
about 2% to about 14% by weight of Group VI-B metal. Of the Group VIII metals,
nickel and cobalt are most preferred. The amount of Group VIII metal in the catalyst

is preferably from about 0.5% to about 10% by weight.

[0093] With reference to FIG. 2, a multiple fixed catalyst bed process unit 46 having
two fixed catalyst beds 48, 50 with reticulated material 15 in the shape of saddles
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generally prior to introduction into the process unit
22, thereby formng foulants in the process unit 32
itself that may gum or plug the process unit 32. As
the foulants formin the process unit, they cannot be
filtered fromthe contam nated process 33 0 stream 20
before flowi ng across the fluid entry cross-section
34. Therefore, the layer or |ayers 26, 28, 40, 42 of
reticulated material 15 nmay be coated with an al um na
126qPEE.r7) Wil thedescribled OTteatachsr 46 is ilhstratt én & dowo dlos y st

coRg g Whesein Qi FoRBminged Hocos sirbgn oL vl SSE IR TH G A
thé i'r?l%t%z a‘hSttl'xé?éﬂtI%E cégitsﬁéérﬁ”ﬂmﬁtexﬂﬂ% Been thd MR, 60, A

catalyst materials or (2) reticul ated material
pat‘ti‘edly maye(bproaess obcéae 5 8 matyrbledecumla@é labihé @uﬁﬁ & afphefirst

‘q%a 4p 6351” gg%%vhmgatg L0 tegtgéf}%,%ﬁ aflth 1a é’ réac% doﬂroée%s

st&hﬁi'ﬂg%@ B dAged dm@mb@ or &thbividge Métﬁlﬁdf@re&élntrbh&imloﬁ into
As used "herein, partially activated support” neans

thereagior #§ as @aa@abp maptedm@ewtre@ma@ 3 dhe mixdpg chamber 64. The
f
PoBUBFRGLHLI T30 SF BT ol BB b g

otl¥r préc2sig §tedd dsiteqiiirdibetdie raimti ®luchigthe partialty eedcted @ﬂ&ﬁz}s
Wth regard to contam nat ed Process strea

strﬁ@nu@umattb@rqaﬁtpéf’ré Har reastionith sgcesd fl yswh%f gé K he
ad@ﬁ?)%%l{/‘lg}/ésp% &?9%13?@% rﬁ riflf 1 X}ef)@g rovRIRY 85X £i189@bn and

: umna nay be us n active coating,
disfibitionatb lrymbud anyr@henghdngs enteslinedi fran oaforined by dlak precessing

support t.o strengt hen the catal cat al yst.
coRRRsP htsg In s RO RETSTOR SEPLR DRt BT e o
su abspﬁﬁltéﬁ'é? WBk&hn&, ot BcabB VR Eined sedBRHR or Yihket entfined
oth, i npregnated i nto an al um na based support.

fo#&mgmpajhmaty mattieg salést laldysstllatlmagolumnpmam@uéﬁteSI in ges stepams,
bd
suflpy Sy o Beso iy ghpohimdlegieosgn ar R aRRhE

pal | adium and iridium The use of palladiumis
particularly useful in the renoval of acetylene and

0@!9"6I1@[Y¢IIS§6;‘ 0% 70 ofretioulates metedaly lmse arovideddl (igaracterto
el T aichi P RBIR chellngt BE S0 HBodl s rcllRl &) fper mg,

prdédss stEaft §i ind thePartially reacted process stream 62. Preferably, the

multiple layers 66, 68, 70 are provided such that the porosity of the reticulated
material 15 is graduated from a porosity in layer 66 to another porosity in layer 68 to
another porosity in layer 70 as the incoming contaminated process stream flows
through the reticulated material 15. Optionally, the present invention may be
practiced with or without conventional basket screens 72. Preferably, the fixed

catalyst beds 48, 50 contain discrete solid catalyst particles 74.

[0095] Another feature of the present invention advantageously provides providing a

plurality of reticulated elements 15 over an entire length of a process unit. The
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about 2% to about 14% by wei ght of Goup VI-B netal.
O the Goup VIII netals, nickel and cobalt are nost
preferred. The anount of G oup VIII netal in the
catalyst is preferably fromabout 0.5%to about 10%
by weight. [0093] Wth reference to FIG 2, a nultiple
fixed catal yst bed process unit 46 having two fixed
catal yst beds 48, 50 with reticulated naterial 15 in
the shape of saddles 34 0 126 (FIG 7) will be
plfihi%ﬂﬁy bbﬁﬂfcul'ﬂa:d eleR@at0l'S ¢bn Hecoirinhinglied direvgliont theghoouress unit
Il ow configuration, erein the contam nated process
WétflraééFﬁlﬁil%qSISﬁ%‘ﬁ?é}Fﬁézunit 46 at the inlet IO52 and
the outlet process stream54 will exit the unit at the
outlets 56, 60. A partially reacted process stream 58
[(1099] Be peavinusiy disomssed art dbyantage ef the presénttimesntipn & that it may
i xed bed 48 .and_w thdrawn at.the collector..tray .60
aboh SE Borip 41 5o e e Sibats The Prebihn o) O HERbS
ARFHHRANGIRb e B8 Vi SEbdiviBRLTRE RO6MAIR Jrededs StEAHT It
Into the reactor 46 as a partially reacted process

plaralisyof S2alker fluldestreamis by pessanehtbe pewesswrsampbiopgh p plurality of

reacted pro r 5 r
Ab IR Er BB 120 PR ARG fPihe REp SURNGL I SOMRIG, 0) ofthe
retitldiddeghteedl a5 ether rédtibdidhdend) g plurelitpif tiek | thie sraaltdrateams

process stream 62 into the reactor 46 for reaction
saihehthg iraetRB HORESS SHEAN ysTPreaddnsiormixacrosa dhe et anry oross-
s%cﬂxg ]E)f ﬁ% cg‘{al)”s%éd;g‘i. %@8? . lq% hith rdattdBBY tRECARAOY s,
or tiltrati’on an Istribution to renmove an
beford g aithdra®ntas aipaeidllf reactedrpréassmecbabyS8 dtehe collector plate
rocessjin ui.prmeni .used in the additjonal .
6&%@%&%80@@5%5% dla@%aﬁl?& is YenspekechiBr themypfialy reacted
prodbdsisHEam &8 AL & ARGt tﬁ@ i‘rﬁxﬁq% BRsnbet $Qland padsed ¥Sbugh the
I nes, sedinments or other entrained foreign
repianlated mhaterdal et 0., salts in distillation colums,
particul ates in gas streans, sulfur or sulfides from
tail gas units, or polyner precursors such as

(0009 Bhébthsr feh@ROG thé p6& i1BRnti&Bis tHA tRY refililaednddtaehl 15

material 15 are provided in the reactor 46 Dbel ow the
miayilalsp b8 sethie captareandottaithentalst particlas 74rfbum thesutflowingnt

ool by BB AR A RO R FRR TR,
retigiefed nifleridl 826 fi0lagére 78/ &vatdRelostlit 61 blidie firbtefixrpdrbedi48ynd
th%fretticlzl?aterdertnlatcegilalaltZ%din layers 82, 84 at the outlet 56 of the second fixed bed
50 are used to filter and retain catalyst particles 74 that may be entrained in the
partially reacted process stream 58 or reacted process stream 54. As discussed with
reference to FIG. 1, for capturing and retaining catalyst 74 from a partially reacted
or a reacted outflowing process stream in either a single or a multiple fixed bed
chemical reactor, the reticulated material 15 is preferably graduated from a porosity
to another porosity as shown in FIG. 2 for layers 78, 80 and 82, 84, respectively for
each bed 48, 50. Optionally, the porosity of the reticulated material may also be

graduated from small pores to large pores. Alternatively, the porosity of the
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material 15 is graduated froma porosity in |ayer 66
to another porosity in layer 68 to another porosity
in layer 70 as the incom ng contani nated process
stream flows through the reticulated material 15.
Optionally, the present invention may be practiced
with or without conventional basket screens 72.
Preferably, the fixed catalyst beds 48, 50 contain
di screte solid catalyst particles 74. [0095] Another
refiealatedanaéridl heay[redineetsely gkaﬂua’ded) Iﬁ'oﬁdh@etmgﬂau siyll pores to
rovi.des providing a pl ur reticul ated
EFreﬁ?éﬁ?@Sl@ath%Yp‘%ﬁlé ARs qata &?ﬁ‘llh of a process unit.
The 35 0 plurality of retlculated el ements 15 can be

comm ngl ed throughout the process unit wth a
[00a8hABtthadadvasagshufitie presdat Gvetdon is G0 Be reticylated imatesial 15

i B Sl mpLs AR SSBePer oLt FrBGTRR N fpracedn
p%ﬁm@ﬁﬁ‘ecﬂ_@&sﬁ’ﬁ &5 shbaBas], BD. ABMepLeA iPPIG. A, Hyeistus! 68

| e bein tered by subdi vi di ng the i nconi ng
Thobrstiselated wé«mal hd onay COptam a aqtlyaw seppor igeludingjigorganic

trea t
o Rt PR D6 BB S b P M laPisy 1,
alufb@na)eta )8iliza-h2agnbdia @' tlt@hlaQJfr zbdil&es Iﬁrefekahlljf adlesed from the
mat eri al 15; then resubdividi ng plurali t?{’éof tinme

gronp cepsstingof geqlia Frszeolite Xnand ﬁhteu %eﬁl?%glaps @ddead to othd
ref’%ﬁlg%@ngag% 5? Qg&}%ﬁjﬁ{eeq%{r{: ?13 r&g%idatlgg).gti?ﬁgl‘ijgf drr éiulated

mbfeeial mepnbé ﬁdpx‘egnd:tdftbwﬁhbatbl)ystt mbtedald 8r thelretfiau edmiategial may
vvlthdravvn rtial reacted progcess. stream 58 at
be #eOHMe| arcaﬁq@ %‘y £ off@nciaon Qcheet in W SaPFoRoand

5908554 gﬁﬁéﬁ)ﬂ HeReby Hddrp GREADS %f@%cé fdanPexthdl ishot
redctéd process stream62 as it flows into the mxing

inchrendtet with the grepers seeentibm.ough the reticul ated

material |ayer 70. [0097] Another feature of the
present invention is that the reticulated material 15

[00BY] AbtmtéaeorLp%ﬁﬂmtycacﬁad@éweﬁcaa@d hedtéidD a§ adsativéd above may
particles 74 fromthe outfl ow ngﬂl partially reacted

bepmssdé@sorgmd dwrhydgogenatianreterafde digleding eeatbepalpans 54.
prgfﬁrFoerts ?%11 eg?n% tf?]lgn%a (}r%lmfa og] %tl(br{ Weglrdlgthzgmc §9acﬁz)n§ Jéauire
the addition of heat to the partially reacted process stream 58, preferably the
reticulated material 15 of layer 70 is also activated or partially activated. The
invention may also be practiced with coated reticulated material, wherein the coating
may comprise one of several conventional catalysts. Alumina may be used on an
active coating or support. The catalyst according to this invention preferably
comprises a metal of Group VI-B or a member of Group VIII, or both, impregnated
into the reticulated material, inorganic oxide or zeolite. Accordingly, the catalyst
may comprise at least one of chromium, molybdenum and tungsten in combination
with at least one of iron, nickel, cobalt, platinum, palladium and iridium. Of the

Group VI-B metals, molybdenum is most preferred. The catalyst preferably will
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the reticulated material 126 in layers 82, 84 at the
outl et 56 of the second fixed bed 50 are used to
filter and retain catalyst particles 74 that nmay be
entrained in the partially reacted process stream 58
or reacted process stream 54. As discussed with
reference to FIG 1, for capturing and retaining
catalyst 74 froma partially reacted or a reacted
outfl owi ng process streamin either a single or a
contidih ifpineatiduk 2% tbelboutclhﬂ%rb}z a«telghe atGoorup YB mesali ©6 ﬂwt Gngup

terial 5|s er bI f
VI R ik LR e SRR ATG msupugt FRyEnd peta
indfle emy&%s piderabl§IRAE hbd’tﬁ loys% & abcﬁﬁ@d)‘%hﬁrdwé@it 50.
Optionally, the porosity of the reticulated nmateri al

may al so be graduated fromsnall pores to |arge

) t I
(B0 2 DR e8RS e SRl bt BeLarions o0
Lhyr 986, @Qf&‘&eﬁdﬂl&mhhteﬁ@lr Bsmhpbe hiiddtia Iﬂu&ﬁihdr&dtchemh:at
may formln t he catal yst bed. %0098 A further

regeforsRO:and iR combuppe SbFRECT#olOR BR oA Tricp RBkancR dosses and
maﬁﬁétﬁﬁﬁtﬁ)%egtﬂ@#aﬁ) alﬂﬁ &ﬁle”ff‘ﬁl} by 3) fd cBhbustor or
Yok & aif Bowdoth al 1o

I pr eg at et y active materi

rergermatov\% 83 ﬂ(ﬁ@édythﬁfugh nl&cma&ﬂmsd inmatqriab tyes8Glorsehdiyidsthe
62. As de cted in | ayers_66, .68, .70, of

stregft} tH apleplinpEsmalfer %Wﬁ%sj g al 1F rgHC@@Ffi gteigl 15 may

bed! Bﬁgf ?ﬁl‘ 4k 194 gﬁ@f gRRithoutdks ARSLREE b&ESRloN 125;
sel ecte

romthe group’ consisting of alumna, silica,
hevéviec #t-mayl bevimaval masymem sh¢et§|2ll i(EEG.Pagrenly geometrict ani a

or. zeol it f b
caerden ARl SubiPeateyindder 1L 00DBpy
mMip@@dlgﬁysdJ@zqﬁﬁ?@ thfayttRised. 4156, Yhaliel 1 PRIFEG. @) odshedt 121
substrate for catal yst materials. Optional ltﬁé t he

(Het 9):1EIhIaDde0naHmCemaml pm@yﬂé@ns nhresyhdivistpnafithe vanoaryai

ﬂg&% g@&?ﬁqs cet Z\et ' ég h%trl ol %%%o?lor gﬁ)é%ree?ﬁ é?ﬁhs reducing
thdicompasssst HoE’s Vﬁer Rage oMNlowibg B3 AnFddeaseh flowiratehdapending
i ncorporated by reference to the extent

on fheretest eaistrointstp gt edarombnyionstyintl ulfitieg bfé) reactor
(F‘f@t byal ﬁlgtgg{jadglfg% V hg the P gésél){tq}ﬁ tofi t‘ﬁlﬂ tﬁf: gﬁ]dgﬁﬁgcf {&or or

escr e used to contro
alh ﬁdW@ geyahdore Mn'ffatrﬁlyaiﬁsttlblﬁe thieotapbt misain®4 thirdveghoptohy mer
combustor or regenerator 88. In addition, another layer 92 of reticulated material 15
may be used to uniformly distribute any fluffing vapors 96 used in the fluidized bed

reactor 90.

[0101] Alternatively, in FIG. 4, which depicts a conventional two-stage regenerator
fluidized bed reactor 104, layers 98, 112 of the reticulated material 15 may be used
similarly as discussed in FIG. 3 for a single-stage combustor or regenerator. The
turbulent inlet air 102 to the combustor or regenerator first stage 108 is flowed

through the layer 98 of reticulated material 15 to subdivide the stream, preferably
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precursors to prevent fouling or gumformation. Wen
endotherm c reactions require the addition of heat to
the partially reacted process stream 58, preferably
the reticulated material 15 of layer 70 is al so
activated or partially activated. The invention nmay
al so be practiced with coated reticulated materi al,
wherein the coating may conprise one of several
conventional catalysts. Al unmna my be used on an
ime kiphealitgaf smgllarleipp sureamsTHe:fmablal ths tretautadeddnatgrialol 5 is

o iels SR SRR (BHC. @ QU T PoRraBotH 21 RpY Sgr oty oo

ah BY A of B§ud€ §He%f"1 At (??G ”@th §Fddl g eohféﬁ*icgéririé‘l'ﬁ%uﬁﬁbﬂ Gedifed

zeolite. Accord e catal y rise at
ilchaiing anassahbled d@hlam(Flﬁallﬁmea}éﬁdnuluﬂgﬁSéiﬁ 98412 (FIG.

AEBRLPE S Aot b AT DR aPhr 1o T o i poricgaly,

cofltaiB p@ﬁb?&'tléns 9rh e Foithe SedvRaistape afl @rthe thrbuleg inlet air 106
cat al preferably wll 37 0 contain from about 2%to

mab b f%m%twugmbgnaye@fl 0@0bregicwinted material 15 dp sudavids thep

st\gé:?lgh r?tto % ? u%?h(_}tvJ 8? %ﬁ%ﬂ}e@me A aﬁ?é) &Hail r ?héggfotd \H&?ﬁ &F the @apc;l;h)?

aip flehve medyl igdiidealie Alpbulends.dithd 1@c@bmgtvajh&%rkayr mmgh,tthus
[0100]. FIG 3 il]Justrates a conyenti c%n
re@a%\a Sheorompregser ROTSEREVEE Hsage @t plawingoman inggase ip flowy wate,

&h%g{ycgﬁ c@hﬁ%ﬁ?Bﬂh’e Mo Jstr’dgg?%’gneggr_afb? $RlidiFed bed

emcal reactors in a
reaotﬁb me4,dr1 6. Arfuntlmyedma@rofsl& present edventioreis tta tlwesubdivided

| . and | di st | oWs.
van%isére Air owaTbgRO RO RET R aC AR YoPor ke uEe
cérﬁ ét&%%%eﬂéx‘é&ﬂ'&h&rﬁ@erﬁ?% qubatefdifine khdtherllaebf 86 to

divid streamlntoaplurallt of small er
rdtﬂcul\amdg:lmmmsz mabe umdu to uhiformal y distabute inyl Buitmg vapersd 14
S|n If.Cu%g di sk 4 (FIG 6) wthout the
u?qdll idige ?q‘lif’?%tf’ '125; however it may be an
oval or square sheet 121 (FIG 9), or any geonetric
con{j&guratl on desired including an assenbled disk 134
[IPREWithopferense toREF-| y for trpafmens of a gpairaiméed myocesepleganzin

B ¥ 7o B e B il 1
irSthb dhape Hif etbstintialie sptepiodl balls a22 (FIG. 11) is illustrated, although, as
preViously discussed, other shapes may be used. The contaminated process stream in
vapor form 92 will enter the radial flow reactor 94 at the inlet 96. A layer 98 of
reticulated material 15, more preferably layers 98, 100 of reticulated material 15, is
provided in the vessel between the deflection baffle 122 and the scallop 104. The
layers of 98, 100 reticulated material 15 aid in filtering contaminants such as dirt,
iron oxide, iron sulfide, asphaltenes, coke fines, soot, catalyst fines, sediments or
other entrained foreign particulate matter, or polymer precursors such as diolefins

entrained in the contaminated vapor feed 92 before reaction in the fixed catalyst bed

108 and discharge through the center pipe 110 as the reacted process stream 112.
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flows may reduce the turbul ence of the incom ng vapor
or air streans, thus reducing the conpressor
hor sepower usage or allowing for an increase in flow
rate, depending on the process constraints of the
particul ar conbustor-style fluidized bed reactor
(FIG 3). A further advantage of the present invention
is that the subdivided vapor or air flows may nore
uniformy distribute the vapor or air 94 throughout
Alldveas providussyt discussedr ey edreantigo of && présentigsiertionns thahteher
| ayer 92 of. | ated mat er i 15 . may, be.used to
R T R M e LR R e
s&é&‘fhsf _lsHH\xgi Ke‘?guptﬁgunfo@@lﬁk%beg(?%[ 0101 ] Alternatively,
4, which depicts a conventional two-stage
regenerator fIU|d|zed bed reactor 104, |ayers 98, 112
ti.C Ia ed nater used | arl
s} bty HeialisRing oo & TR OBpt BN Ml or o
sddpeensiabiier tyba€of protdis legiipmiei. BIG alilllil&?até@nbﬂﬁr
conbust or _or regenerator first stage 108 is f] owed

emhedinght efite prgsant imgniien. e thit embedimephreicuigtedioierpents 95
[ 2 i '
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(FIG 6) without the perforati ons 125; hovvever
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[0104] FIG. 6 illustrates a specific embodiment of the present invention as a
reticulated elements disk 124. Optionally, the disks may have perforations 125.
Preferably, multiple perforations are used to accommodate screen baskets that may
optionally be filled with reticulated elements. Other shapes may include saddles 126
(FIG. 7), hollow cylinders 128 (FIG. 8), single sheets 121 of reticulated material 15
(FIG. 9), disks 134 formed from a plurality of segments 134 a-f (FIG. 10),
substantially spherical balls 122 (FIG. 11), solid cylinders 132 (FIG. 12), raschig
rings 130 (FIG. 13), squares (FIG. 14), and monoliths (FIG. 14). Each shape may be

sized to individual specifications. Sizes for the shapes used may include
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vapor or air flows may nore uniformy distribute the
vapor or air throughout the conbustor or regenerator
chanbers 108, 110. In addition, another |ayer of
reticulated elements 112 may be used to uniformy

di stribute any fluffing vapors 114 used in the
fluidized bed reactor 116. [0102] Wth reference to
FIG 5, for treatnent of a contam nated process stream
in vapor form a radial flow fixed bed chem cal
sutsantisity $hericdl baliedf aboat/8do Randrdiahetets; ra'schig mags withe
of, subst anti 2%4 herical Dall

inSjde ciameters of or] ingR anqiPussiie fempie hareab e 42,
ihaPER m?gfmb& a%&@} /4 Tch@ ifcRBY; %Q&d?@&l?a%e@ﬁzﬁﬁ esBi SHab8aM/i Fo

vapor form9 enter thé radial flow reactor 94 at
2 tiwhes; rhlol:wwg:@hnd)erd; hay\ang @Bldofdlam@ers ofi Blaaté d/&tatldr4 fchess,

e abies OF st 24b e A ERA PPHE Bl FRicRE fha
sd1f dyhiBiddrd RadAgl diaBfetrs of Aot 1840 1Theh ardawadtss 6ff abd8t 1/4692

reticulated naterial 15 aid in filtering contam nants
inchesh Castoni-mede onerpincediplesel 24iar singasheptdle] cangimstion may be

agﬁqrp gf trtl fng’ Igagl coﬁﬁé\.f}aﬁ’é of 4 I%ga %eﬂfrﬁgpfeﬁ‘fu% of i skh%f)ect

Oparticul ate Aar

ofthe pteseffifiventioh ivthattho teticulated Rattriali 15aday IISE folfnﬁed in either a
cont am nat ed vapor feed 92 before reaction

disk % &forsingle yhget Bek havipgperferatipnscliiar 48 afi‘iiﬁleﬁ%} Ee%thré of the
pr%?e%t SlveRliBfis b tl"i'éll'ehglgatreﬁ d SRS st?ﬁcrt&ﬁ%% Y for?h%d

SO0 as previously discussed, an advantage o
ings & pramdlity oY sepiients inorddnad frinean asedriloled altwdomhsleﬁlaais 15

RS TERARP R AR ORRTHI TG B UL e TR 03]
elyi‘l@nt% &l %/}th"é 86 @ 8880 HPi. ‘P?éfexl%lyu g dilfridn the brosity may

contam nants, such as “sedinents, in other types of
rapge) ﬁfessabequ4 pw%!hppl Mo preferilily, fot filitasion zﬂmmwty may range

SRR e PP AR LS §Br i od ppmg o e
refiSnTRed rx‘ﬁhtél%i'l SE6 the aﬁ;&li&tlé&‘ﬁ sSR! particulatedoddigd add predsare drop
colum 90. The nethod of filteri ng sedi nents forned

cqnstrpmtﬁc@h@re@quﬂlamﬁnerﬁ nesftesiad BRyoyndang the poresy G\apgRings, 1
ths £¥ é ed elgl%ller(l:tls’l lfdar%ne ﬁixe %&Le%'}ﬁé}}xﬁerg ?% aﬂGWQ RV HSRRRE

the flow passageways 120 (FIG. 9).

[0105] The present invention also advantageously provides a method of
perpendicular flow distribution in process units. This perpendicular flow distribution
method includes providing one or more reticulated elements in the process unit.
When only one reticulated element is used, it is typically large enough to effectively
span the process unit. When multiple reticulated elements are used, they are
typically arranged in a randomly packed bed. Regardless of the configuration of the
reticulated elements, each reticulated element has a plurality of web members that

define a plurality of flow passageways through the reticulated element. A process
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reticul ated el ement. The void space is varied to

enhance filtration of smaller contam nants on a

surface of the reticulated el enents while all ow ng

| arger contam nants to pass through to prevent

pl uggage of the layer of reticulated elenents. The

nmet hod further provides for contacting a process

stream containing the sedinents with the reticul ated

el enents thereby renoving the sedinents fromthe
stEanCcensacedrveigimhle plureliny\oif ngticutatedseierh briss isabertfome shdigdah

th g f ot ticul ated e t d
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pro uces a rel at I vel y sedi ment - free process stream
elementf The flews pfﬁnc@g@qesa;strepmlthm]ugﬁ (@ flev phisagaways adthin the

od| nt of t he t
e il el B impe® te R SnSetv bR b R e
whSYmbRipfe RAEHINEA k] cithtslatd usedﬁ’frﬁlﬁésaﬂ@k ¥ffediivk oM @istribution
perforations are used to accomobdat e screen baskets

Petrh%ndlwéar to dwtﬂcrm af 1hy pracess gtrean thfough thepreeasapig This

mEBEHH B pprtifi HOPES Sl felp B tagie Dt 3 v
loe4tionSiitle |t}i9eI Iﬁdcéﬁahﬁﬁ | a8 kheldxit frdrh Che Iﬁ))cesﬁl Uﬁlk er ér%ccfrmﬁmid)n
froma plurality of se}grren s 134 a-

ofheserasatipas. by il iraied SFIG A9 This @zeﬂeqﬂ an bffyph%doﬁol Ryocess

L R s

streaty. Mhis méth@bicdantel apglied tymbcespsteeainsoehileocrmcuBintlys f or

t he shapes used may i ncl.ude 40 _substanti al | )
peggwﬁ@mgc‘%rﬁm RS sy o 613 TRRRTF o e eired
cHefl lg%gqésqlggw Irb&kss biRsipde di ameters of about 1/8 to 1

I nc out si de dianeters of about 1/4 to 11/2
i nches and heights of about 1/4 to 2 inches; saddle

o3 OFPETR 21 ity inehn P i nchshai e Rosh E i R
eléﬂﬁéx’ﬁ@ §fthe ?%s%ﬁﬂﬁvéﬂt@ﬁﬁk%a@a&@ o bRIducihi4Ah @xperinléil 68
of about 1/4 to 3 inches; and solid

pecsiﬂmln@ emgg h&vanngt Withewlrenper drametss of anpreximstely i{Fastiod
(12@292@% geftlgﬁfs‘e)x esl(lit %ﬁé‘ngtrd?sg%bnué ({]e&lgﬁl u{d%gée%mcﬁs t8 & d(l)anmeter
offibgutRven times the diameter of the dropper. The flow was not distributed down
the reticulated element as much. The significant distribution was made in the
horizontal plane and not a vertical plane. When used in process units, the reticulated
elements significantly perpendicularly disperses the fluid to prevent channeling and

other problems discussed herein.

[0107] An additional feature of the present invention can include the step of using
reticulated elements in a variety of porosities and pore sizes, as shown in FIG. 20.
The reticulated elements can be manufactured such that they have a porosity of so

many pores per inch ("ppi"). For example, this means that a reticulated element of
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customfit to the physical configuration of a reactor.
A further feature of this aspect of the present
invention is that the reticulated material 15 nmay be
formed in either a disk 124 or single sheet 121
havi ng perforations 125. An additional feature of the
present invention is that the reticulated el enents
when constructed nay be formed into a plurality of
segnents in order to forman assenbl ed sheet or disk
30 pat wilk when sxamined by boe skibed mzbe art, lvphy gmrage 30 pores per

r}?gnﬂ)%{igtsf'zg%% SC. g%lg%%'?az Bvoulcgp eefb‘rg}eJ %rfe{’}‘lm #1 ter. eIJorf: size 1Sr'1
tHi Edi@ltiiOe fgaeerﬂ%m&ifttye SRty of eegfrd FeeppmBaY thad pbes &R not
ppi. Mre preferably, for flltratlon the porosity may

perfeny ephermﬁmatb@mmpmtanbel%emmf porﬁﬁlzse ia thetsizecof the window

custo ¢
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The reticul ate el enment materi al surroundi rg;ggt he pores

regiculgisarelemants ¢fithe presert dnveatipnisdipr phow dite SP8PRi- (This snebles
IS S hont 1 A PR Pt
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per pendi cul ar flow distributjqn i ocess u Thi s
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procéss unit Wien“only one reticul ated el enent
floweelssageways thlyopgh: thel rgtitudatgdelemsoigh to ef fectively

span the process unit. Wen nultiple reticul ated

el ements are used, they are typically arranged in a

(Tl@@FREdaﬂ abemteed obﬁﬁ prERaeintbRh, e RN aldkhddWiravidedifor
reticul ated el enents, each reticul ated el ement

me@efﬁcwnuﬁléﬂatwly wathin i prasessainit. Singe theqroniamanants do not cake

al f fl h d
a8 S SR ML ECVBR bl s
mitesiaR Al ¥f t@.fe filtet b&ldanttrdfebevetytisedi Brebdves éfoprtRrough the
subdivided into a plurality of smaller f|UId streans

reﬁyulaffé eRENfRAnFPHaRdew s digassHHIR reticalated glements gre
h
el s B RR BN T HES plnd BB BRBRG Rer BanC 2T

pﬂebmm@ﬂophin@eefsb.o'ﬂhqiamagtemsdwptﬂmreasbhthe safety of operating the

unit since downstream equipment is not deprived of flow and the upstream

equipment does not pressure up. The run times between catalyst changes are
significantly increased since the process equipment can operate much longer than
with previous filtration methods before the process equipment end-of-run

conditions.

[0109] Another advantage of the present invention is that smaller sized catalysts can
be used in catalyst bed process units since the catalyst bed is subjected to a much

lower cycle-average pressure drop. The result of using the smaller, more
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reticul ated el ements and through the void spaces
between the reticul ated el enents when nultiple
reticul ated el ements are used provides for effective
flow distribution perpendicular to the flow of the
process streamthrough the process unit. This nethod
can be applied to process streans that are entering
the process unit, at any |location within the process
unit, at the exit fromthe process unit or any
catalyticalbireantive @ﬁtatyh’elsa gailciata'ctimi$y ofabout 1096 to alvaadi 15%. The

FIG 19. Thi d b ed t
cxiie euaeiea o Eo At by SSREOT i MEsl PRPRYS At
nﬁ)g[fgp ﬁfépéa% fre 2R LIRS rQIcAEE e t6h 'ftrﬁr%H]loJé}' a%eﬁ@& Bﬂ;‘és&@n

to process streams while concurrentl
dm@rﬁeocynlcl{j)rctlaﬁtlabyctssunrteactl ons to partially or tot ally
renove or convert desired chem cal species in the
process stream [0106] FIG 21 illustrates the anmpount
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ane and not a vertical plane. Wen used in process
un| ts, the reticulated elenents signifi cantly

1di cul ar | the f)
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reticul ated el enent of 42 rgépw [, when exam ned
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[0112] Referring to FIG. 24, a method and assembly for utilizing CELLDIST
material 15 within a component separation unit to separate process streams will be
described. In this embodiment, CELLDIST material 15 is disposed within the unit to
replace some of the conventional trays 12 in the unit. For example, large, bulky trays
can be replaced with smaller, less complex trays, and the additional space that is

created within the unit can be completely or partially filed with CELLDIST material

15 to achieve improved separation.

[0113] FIG. 25 shows a component separation unit according to the prior art
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this context is the general size of the cavity of the
pore recogni zing that pores are not perfect spheres.
Anot her inportant el enent of pore size is the size of
the wi ndow opening into the pore. It is this measure
that determ nes the size of the largest particle that
can be trapped or filtered within the pore. The

- porosity range of the reticulated elenents of the
present invention is fromabout 4 to 800 ppi. This

cansihingsonednsivoalippaking matdrial he. Gz 26 slmivsieguebagimentef the

reticul ated ele r the plication ..constrai.nt
PrERE RHCAGOH Y R CEPLDusf bty oS uiogR S EPEGR Y
cRRASBI PhckingTPwRRInSScoRiponbhi@ephticiad ed el ement's

can be in a range of about 6 mllineters to about 100

m crons, each being defined by a plurality of web
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ofsbiRR FagEated intd theFeQERAstrubvy) khdible tdwithdthidethe begnperature,
nmet hod provides for nore efficient filtration wthin,
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entron nateri
tHeipré&@%s Sirdmcia dedieedelnf @othey empodisedt, tir EBELDE Tmaferial 15 is
t hr ough t he rethcul at ed. el rrentﬁ%c n remain l.ow as

cqrapRped of 3 nen-etallic mptsrinbim sfedo afl@vrdok trealpent OO Wy
s@% {ulihs b g@ﬂt FESSsutihit alifaohRerealt ’RENbst! i_f_fr%télllation

tron o an pressure drop I ncrease.
tilnewad tpredssaireat isom theonkases the safety of operating
the wunit since downstream equi pnent is not deprived
of flow and the upstream equi pnent does not pressure

[HA5] TRECEEDDISTRRtRRl 1285 GRE 8lvisdty 6hapeswah @penly
sighificantly increased since the process equi

: .pne nt
camected pores ormingpatbwae ortprassagewishl 20ras Wilustratediin FHGt37oRhe

t hod i -
pBiar PIRCCELERuS] mRIGER TS A0 SR bRl gy B phgses
tHr&WEIthé Riatdrial. (Shah patiwhyefaciitze thasatralsiks betvwarn thdyshaseed

in catal yst bed process units since the cataly i bedb
passing biongt the GLLDRIomateriahdp. The ¢ ELLDLY KgeiesbLs girebe

m%gﬁctu;@?ieto re?l%ﬂltta wille Hﬁligg 9f b%sﬁﬁhliseénabf@ b&stdndiAtion of the
porosity of the CELLDIST material 15 for the specific application. Also, this
ensures that the CELLDIST material 15 has sufficient mass and porosity to provide
the number of theoretical stages needed to achieve the desired separation of
components in the unit. The CELLDIST material 15 has web members 123

surrounding the pores, or openings, which in turn define the boundaries of the flow

passageways 120 (FIGS. 27 and 28).

[0116] Porosity of CELLDIST materials is measured in units of pores per inch
("ppi"). The porosity of porous materials is graduated as known to those skilled in

the art. Microporous materials have the smallest pore sizes, generally from about
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catalytically reactive catalyst is a gain in activity

of about 10%to about 15% The entire surface area of
the catal yst can be used for its intended purpose,
which is to nodify and increase the rate of a

reaction, due to a nmuch | ower average pressure drop

per cycle for the process unit. [0110] Anot her

advant age of the present invention is, as depicted in
FIG 21, the use of one or nore |ayers of reticul ated
figk Amgstramsito abauﬁ foeesnanomatern Mesmpctrbumatepiab @esarallyuhdvie pore

R BB bR o MU SR A b

hiRd ;siins E&és*%ltek@é%s oﬁwdm gl ?n@ﬁorﬁ&él% CBYEDISPhhaterial comprised
reticul ated el enents hin a process unit also

of @@imop@rau%p@m or eells gan bavqﬁanandm pattean goHivatratad in BIG. 28.
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distributors 11, one |located near the top . and_agne
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exiting t tomof the unit. [0112] Referring
miteGals2ad othenphih oderanld uaethrthd: priéroart. The lsuriaqwgir@ELf |t ST
on u

t
CEELENST el bt e BrPesiiatton ogub PRk Rk iyt By wbic
mRiEP 8HCFENDIS Thlatdplabls 1%5&1&)1&1%10115) the aﬂbr@ﬂi@rﬁﬁ@r W017B0Rquare

the unit to replace some of the conventional trays 12
mieterg ¢fesucfn¢q aregper celh@nmter typ@ﬂ@]épromedyn pries/at uihpadsing

1nged'gal? i Vﬁnc}essegirg%%gﬁgei area S(?\iépg %?&1& rtowﬁgss 2 Zb?%ﬁ)gpgﬁswe

lobﬁlcﬁmmh%}ﬁch@ﬂad&ﬁgbf ﬁie| phadds|cal ovdur TSRk Sohding
materjal 15 to achieve inproved separ ation. [0113]

ingregsedigvel obgantact befvsen din Phasssaieslis om iraprovechisParlPRg t o
catlagat}p{n {RE ufdt & 4ncreased level of contact between the phases also results in

improved mass transfer efficiency and a lower HETP than prior art units.

[0117] In an embodiment of the present invention, phases are passed through one or
more zones of CELLDIST material 15 positioned within the unit, as illustrated in
FIGS. 24 and 26. The process streams entering the unit can be liquid streams, vapor
streams, or a combination of both, and may include one or more of, for example, a
feed stream, a reflux stream, a recycle stream, a reboiled stream, a pumparound
stream, a pump-back reflux stream and a sidestream recycle stream. A process
stream can also function as a mass-separating agent, as is the case in liquid-liquid

extraction. Distillation using CELLDIST material 15 according to embodiments of
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cont ai ni ng conventional packing material 10. FIG 26
shows an enbodi nent of the present invention using
CELLDI ST material 15, conventional distributors 11 and
conventional packing 10 wthin a conponent separation
unit. [0114] The CELLD ST material 15 nmay be conposed
of any material that is capable of being fabricated
into the required structure, and able to withstand the
tenperature, pressure, corrosivity and other
theguesentineertionshn be apmnghisheias higit gasor vapar legsengstwithin a
| nert LLDI ST material 15 can be used when no
COYERYNH P¥wi t h the conponents in the process stream
is desired. In another enbodi ment, the CELLDI ST

material 15 is conposed of a non-netallic material in
[ 8k ans embodimngnsy the CERLIAIAT nesteriad A p dsinvbe fogppsaf@rpingle

such hydr oc ' r I | C ' C
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enabl es custom zation of the porosity of the CELL
layrert weithia thel@if. dvsd, heilgple tiykiso f4FHI LRSI materiall ISonay be s

nsyres.tphat th mat er | 1 s, suffigien
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separation of conponents in the unit. The CELLDI ST

metgriek inghe ust. [Qns oxaroraEi ST agaterdals | gadialpgybe pesitioned

B8RS RO 85 AR HbDe IR RIS oy
cothinglddlthfolughait @sd dinit with G- b:BinGre dvabartioablurisinterds) fed

inunits of_ pores_per inch, ("ppi."). The porgsity of
exsgmby Baypeas shown & FIG. gitapaskingamaterial ps iho W 1n Klgs g6 or

digtlrfrlg)Ho%j ak Bhov '8 G 2Migd oporous material s have the

est pore sizes, generally from about

[0119] There may be voidage, or open space, within the pores of, or surrounding the
exterior of, the CELLDIST material 15 in the unit. Typically, a high voidage space
or void fraction corresponds to a high porosity and a low pressure drop within the
unit, which is desirable for separation purposes. The internal void fraction of the
CELLDIST material 15 of the present invention is preferably as high as 70 percent.
By comparison, the voidages found in most currently available metallic structured
packings are about 98-99 percent, and are about 65 percent for nonmetallic
structured packing. While certain of these prior art materials may have higher void

fractions than that of the present invention, the increase in mass transfer efficiency
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45 0 five Angstrons to about five nanoneters.
Mesoporous materials generally have pore sizes of
about five nanonmeters to about fifty nanoneters.
Macroporous materials have pore sizes in excess of
about fifty nanoneters. CELLDI ST material conprised
of macroporous pores or cells can have a random
pattern as illustrated in FIG 28. The porosity range
of the CELLD ST material 15 of the present invention
assecified mwithathe irtcresedswface areg 00 theCELLIDIST metsfiek ieef the

enbodi nent for use.in c onen separ.ati on _uni .
iR eE P Ry i 46 BY Diiaen LS ERRE Aol Mimbes rhis
wilR ¥R Rabl) PR iih YheQhnRPON Bettér, hRodabity 9 aRRit-opdiated with

surface area of the interconnected pores in the

CEELDIB Bmateriadd f apcording se theipresentsinpeniion thana wyt wHiringbe
t fer w thin.t i nbodi nent, th
PSR Ol et erboct rent e

advant ageously provides an increased surface area when
congared to _packing materials. and other,uniﬁ .
[Q1RPE TR ELLBDEYT matariad 1 plse exbibits gondeveibiliy shappefgrigiics

AP P by, gl e 1

uar e meters

commictingahd distributionmp phasss om tHeautthee afjthe padking rehterifnd 50
square _neters of_ surface are er _cupic.neter..
oGy 1] SRRRecRins ST ROA B8k WHPRHBLA g cftical or
a\'zd}&iﬁggﬁ'lasmﬂ;{}ﬁaw 2885Fthia Wd @€ area advantageously
provides a nore expansive |ocation upon which
contacting of the phases can occur. The correspondi ng

35Tl SRR B SR o RO e 4
sthP 8 23RN TRVBIngFhct6ORIR G 10w §FAOEE dfdgﬁ_s RhasRSerd bed
results in inproved mass transfer efficiency and a

pitefaead pagkipg tisteriabrThereoal is teiminisiizq the ampunipfgacking material

enbodi ment .of 1h es Laventi r: :
AR s S 83T Mook MR R 8 Fo i eRIRSRE
sé%ﬁfaitibh.ol IROCRILLDIST tagriahi s of s ptdsbntdhventiod ad vantdgeGBly

4 and 26. The process streans entering the unit can

exabifs high eepstationrpEliciongysnd law peesshre dep hagasHBSHS Vo of
c&geé%eds Nehidran ﬂlﬁ&#i%igﬁsemﬁ c&?rllpgi?ern? séCHar tHoRun®¥ MRERis afresult

ream a reflux streamt a recycle stream a
of tbb didr@ded tureanrea apd prafernediebidage and wettability characteristics of

the CELLDIST material 15.

[0122] It is to be understood that the invention is not to be limited to the exact
details of construction, operation, exact materials, or embodiments shown and
described, as obvious modifications and equivalents will be apparent to one skilled
in the art. For example, special liquid distributors or conventional liquid distributors
could be used with the reticulated elements to facilitate the spreading of the liquid

across process equipment. Conversely, the reticulated elements could be used only
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stream a punp-back reflux stream and a si destream
recycle stream A process stream can also function as
a mass-separating agent, as is the case in
liquid-liquid extraction. Distillation using CELLDI ST
mat eri al 15 according to enbodi nents of 46 0 the
present invention can be acconplished at high gas or
vapor |oadings within a conventional unit. [0118] In
one enbodi nent, the CELLDI ST material 15 is in the
forgrantictataresiavgl. é\ccendingly,the:thvehtemes therefore tobgdimitedoaly by
i n FIGT.g7. I%ﬁ itfuctured el ement can be shaped or
ﬂ?lsf%e? d0f FRPRFEHT'A™he i nner cross-section of the
conmponent separation unit. The elenment can be, for
exanpl e, a disk, an oval, a rectangle or any geonetric
shape that is required in order for the material to
fit wthin the cross section of the unit.
Alternatively, if the unit has a relatively |large
cross-section, one or nore smaller sections of
CELLDI ST material 10 can be fitted together, as
illustrated in FIG 28, to span the cross-section of
the unit. The CELLDI ST material 15 can forma single

|l ayer within the unit. Also, nultiple |ayers of
CELLDI ST material 15 may be wutilized within the unit.
The CELLDI ST material 15 can be laid in an offset
pattern to decrease the |ikelihood of |eakage or
channeling within the zone of CELLDI ST material in
the unit. One or nore CELLD ST materials 15 can al so
be positioned over an entire length of a unit. Al so,
mul tiple CELLDI ST materials 15 can be comm ngl ed

t hroughout the unit with one or nore conventional unit
internals, for exanple trays as shown in FIG 24,
packi ng material as shown in FIG 26 or distributors,
as shown in FIGS. 24 and 26. [0119] There nmay be

voi dage, or open space, within the pores of, or
surrounding the exterior of, the CELLD ST material 15
in the unit. Typically, a high voidage space or void
fraction corresponds to a high porosity and a | ow
pressure drop within the wunit, which is desirable for
separation purposes. The internal void fraction of the
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CELLDI ST material 15 of the present invention is
preferably as high as 70 percent. By conparison, the
voi dages found in nost currently available netallic
structured packings are about 98-99 percent, and are
about 65 percent for nonnetallic structured packing.
While certain of these prior art materials may have

hi gher void fractions than that of the present

i nvention, the increase in mass transfer efficiency 47
(b.AdMBoci ated with the increased surface area of the
CELLDI ST material 15 of the present invention can
allow the unit to be operated at a | ower fl goding
lhunbeh . mathpd ofygeppraingf air lgpityoncepigcess; sfraape iafgnene g more

N

sépavAtivhi i, tHeanetdod Bofptising ithd ai€pstdfe(a) providing atstochastic three
materials wth higher voi dage percent ages. 40120 The

dgmnsonaireckias splig meterial baviag aispiid sogperFnhard gpg pf pgre cells
i ReaR! bgw \ﬂfée&llﬁ i f thateiaP Wn‘ﬁfn & lEasJ? %ﬁg L&k of the
mat er i a tta ates to the [evel
unigr(t pnitdodgeiag dwdios morb phases of fthq)dtdszes o ptdcessssmeamanto the

of the ckj teri and affected, by t
S cRRD RS Erl e elR] wterial ) FORER e e iy % anors Phases
atCJ é&fa@@bf hetelnanotly %t&ﬁh & Sk hia@&f‘tré}fsfé?hﬁﬁﬁé) recovering
hin the unit. [012 I'n general, a packing materi al
att lb@t a aolmoa\wésn@ommgrc Qﬂth@plascs:ﬁwm it ascet least qg@gmpnent
nfo actor with a | ress
pefisctia. Sy fof o Bos sciofms el BRRE S s s ofled
cérﬁ{)d%lﬂd)ﬁlhﬁ&“ﬂﬁﬁuﬁfﬁé%ﬂluléf sBlaT fat@iaBdsed pale sizéSi@tth@ Rghge of
roduce the nunber of theoretical stages that w ||
ab@ém @ migyonsfe abiewiG:H) miseqnsr at i on. The CELLDI ST
mat erial 15 of the present invention advantageously
exhi bits high separation efficiency and | ow pressure
2dr op Thleanethbé roff staims] , whleereinaberpeliwdalr scdidpn'atariahhats a plurality
gaeﬁerl al s ed I n conponent separation units, which is
lesé%?ﬁtand aPPhe i ncreased surface area and preferred
voi dage and wettability characteristics of the

CELLDI ST terijal 15 0122] | is to under st ood
3 hat Tih%énﬁ%iﬂf? laimn il swherein eﬁéaaeﬁ hi“f“e‘i‘bf £PEPSIIRNS upon

exiting the zone of cellular solid material.

4. The method of claim 1, wherein one or more component process streams are

recovered from one or more locations on the unit.

5. The method of claim 1, wherein the surface of the cellular solid material has a
surface area in the range of about 250 to about 4000 square meters per cubic

meter of cellular solid material in the unit.

6. The method of claim 1, wherein the cellular solid material is selected from

the group consisting of oxides, carbides, nitrides, borides, a ceramic material, a
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details of construction, operation, exact materials,
or enbodi nents shown and described, as obvi ous

nodi fications and equivalents will be apparent to one
skilled in the art. For exanple, special liquid
di stributors or conventional liquid distributors

could be used with the reticulated elenents to
facilitate the spreading of the Iiquid across process
equi pnent. Conversely, the reticul ated el ements coul d
nleellissaatetill ¥ pdiSnierit atat¢riul tihd blchémicabvapoatleposition material.
Accordingly, the invention is therefore to be limted
only by the scope of the appended clainms. 49 CLAIMS:
7L. A Thetrhetiodbf sleimai awheginathe lcethgdar sotid mateia 95 fasmed drom a
into one or nore . conponent process streans having
CRIESIPIESISBABakRbns in a conponent separation unit,
the nethod conprising the steps of. (a) providing a
stochastic three dinmensional cellular solid nmateri al
§avi ndheanetbed af elaimp dnwhereinbe spltularsoligmpaterigl jisprefdomingatly
uni ty; --Pasj tianing the cellular solid materi al
f%ﬂf&ﬁhg%lllg%naéatrb@ﬁ'e zone of the wunit; (c) introducing
two or nore phases of the at |east one process stream

d(. nto C’]tgp?te g&%ﬁa(g (% hgﬁ%al‘l}&r;llgrgw hl'eell’g: & leu{lgﬁ g(?r{tguﬁs Ce rd.ralnéore

d) re phases a surface o

cdentehdl uhalints@kisd material to facilitate nass
transfer; and (e) recovering at |east a portion of

one or nore of the phases fromthe unit as at [ east

197 CRIINARRDY of DLfE §SwheliE@Tce e §11d thiBriAthak @3dtosity of

one comnponent process stream has a desired
alsomip s atboud B0 pocks pheineh.n t he cel lul ar solid materi al
has a pore size in the range of about 100 mcrons to
about 6,000 mcrons. 2. The nethod of claim1, wherein
ltthe c<eldotipenerst cdepakation amitaissérablya the assaimblyy comprisieg [a unit

si.zes and shapes. 3, The methqd of claim]1, er.ei n .
e i 2863, B <l meE B B9 4T RO periab P ing 3 rglid
cIfpéneRf atCbhdbihoROtdIf didREH Blerewithin and having a surface upon
which two or more phases from at least one process stream are contacted to
facilitate mass transfer, wherein the cellular solid material has a pore size in the

range of about 100 microns to about 6,000 microns.

12.  The assembly of claim 11, wherein the cellular solid material has a

plurality of cell sizes and shapes.

13.  The assembly of claim 11, wherein the component separation unit is a

distillation unit.

14.  The assembly of claim 11, wherein the phases comprise at least one liquid

phase and at least one vapor phase.



4. The nmethod of claim1l, wherein one or nore

conmponent process streans are recovered from one or
nore | ocations on the unit. 5. The nethod of claim]1,
wherein the surface of the cellular solid material has

a surface area in the range of about 250 to about

4000 square neters per cubic neter of cellular solid
material in the unit. 6. The nethod of claim1,

wherein the cellular solid naterial is selected from
5he gﬂmmss&miﬁyiotf tclairg 1df whorkiabe smﬁad@i afdbe cellularisgbd material
borld S, a ce

bt BTG aroa Tp QR HOET O PR P00 GasprE i B iy peter of

ARPASOEH AhtdBl & th@hnit’- The nethod of claim 1, wherein
the cellular solid material is forned from a

corrosi on resistant material. 8. The nethod of claim

V"hﬁ{eedsger{lﬂl? Sedthivd 21, wAkideth ARt &NluBk sbBd material is selected

predon1nant formed fromsilicon carbide. 9. The
fromt the grapip @lnmstmgpf otideseicarbides, mmdeschnn@smcanammnaterlal

o BTGy AR oy A BRETE S L AP poag goerial
porosity of about 4 to about 30 pores per inch., 11. A
ormpr GRS 4 iy gredh G GBS gl s fommed fom a

cSH SRSk 85@ht mgktiil ar solid material having a solid
conponent and one or nore cells disposed therewithin

and having a surface upon which two or nore phases

%r oMk LLad Qfﬂﬁajﬂlr ac %%re% € M AR oh@ HaReih el pl;e‘aommanﬂy

acilitate sstransf’er ereln the cellular solid
formté ifioal sileen @ripde.e si ze in the range of about 100
m crons to about 6,000 microns. 12. The assenbly of
claim1ll, wherein the cellular solid nmaterial has a
1Pl ur dhiet yssefnbyeldf shinesl Bnavhsieapeahe it cbh@imas seerbdry more

of claim 11, mhqreln t he conmponent separation unit is
copventional unit interna

20. The assembly of claim 11, wherein the cellular solid material has a

porosity in the range of about 4 to about 30 pores per inch.

21. The assembly of claim 11, wherein the component separation unit is a

distillation unit.

22. The method of claim 1, wherein: (a) a first process stream containing
components A and B is introduced into the unit at a first location; (b) a second
process stream containing component C is introduced into the unit at a second
location; and (c) the first and second process streams are intimately contacted at
the surface of the cellular solid material to produce a first component process
stream containing component A with essentially no component B and a second

component process stream containing component C and essentially all of
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distillation unit. 14. The assenbly of claim11,
wherei n the phases conprise at |least one |iquid phase
and at | east one vapor phase. 51 0 15. The assenbly of
claim 1l wherein the surface of the cellular solid
material has a surface area in the range of about

250- 4000 square neters per cubic neter of cellular
solid material in the unit. 16. The assenbly of claim
11, wherein the cellular solid nmaterial is selected
donpontitdB.gr oup consi sting of oxides, carbides,
nitrides, borides, a ceramc material, a netallic
material, a polyneric nmaterial and a chenical vapor
pRposiTheanethad of tlaim 22 Iwherdbye omes eﬁtﬂnb Ifystqiroqelssasistmamland the
wherein the cell u].ar, solugg ter| s formed from

SERAMAGRIPERTS SESATE i HEUiheAnh e, it RESFES) Yo and the
sE&ng rddess M&frﬁs']‘lqhﬂeor%béﬂ“ ar SO' id material is

predom nantly forned fromsilicon carbide. 19. The
assenbly of claim 11, wherein the unit contains one or

P R L B A R

qwﬂlasoh wnitparidthe rcaﬂgler sflidabetgtialistranddnolyt pa8Redior @stape fit
nch. 21.. The m 11, .wherein the
OIS 10%"5{58? G%O%Qﬁ* g‘s?gia\at“m W ation unit. 22.

The nethod of claim1, wherein: (a) a fi rst process

st ream_cont ai ni n (o]} ts A _and roduc

Friohe Bodapt sy 24 VBRI i cpyta, sl et has a
aﬁg%{e&{grg%t@'gﬁn@gesconponent C is introduced

|nto t at a second |location; and (c) the first

and second process streans are intimately contacted at

b4 SUHAReuRl SNElaf? 1) Wiikheifi At dcoﬂgao%ma& ephfitiBh AEHCR 2
rst conponent procéss stream ntal ni m nmponent
d&*stﬂxlatlbn anieatd thielcgllular salithmatnial B fonded irge caoraslsembled bed

that is custom fit to the cross sectional configuration of the distillation unit.

27. The method of claim 26, wherein the cellular solid material has a diameter

that is greater than 0.25 inches.

28. The assembly of claim 13, wherein the cellular solid material is randomly

packed to custom fit the cross sectional configuration of the distillation unit.

29. The assembly of claim 28, wherein the cellular solid material has a

diameter that is greater than 0.25 inches.

30. The assembly of claim 13, wherein the cellular solid material is formed
into a bed that is custom fit to the cross sectional configuration of the distillation

unit.

31. The assembly of claim 30, wherein the cellular solid material has a
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conmponent process stream contai ning conponent C and
essentially all of 52 0 conponent B. 23. The nethod of
clai m 22, whereby one of the first process stream and
the second process streamis |liquid, and the other of
the first process streamand the second process
streamis liquid or vapor. 24. The nethod of claim1,
wherei n the conponent separation unit is a
distillation unit, and the cellular solid material is
dianetonthyt ip godatt tham @2Sinchestit  the cross sectional
configuration of the distillation unit. 25. The nethod
of claim 24, wherein the cellular solid naterial has a
a2.amet@re inleﬂiodi of glamatlerwhdrein the 2%mponkats sepaGtiofhmit is a
) Qd of iml wherein th onponent separation
‘lﬁ’ﬂ“{;tl?‘%“’é‘t g‘?lcﬂl‘él?’f %ﬂll%d’ﬁ‘?t?nﬁé%’d’e he cel | uioar solid
material is formed into an asserrbl ed bed that is
customfit to the cross sectlon configuration of .the

&-st i |'Therassemblyiqf claim liphwhergin a CEMPOp trﬂe%a“%lé‘?léﬂsna
dilifiafiSh Lith 8ha kARG eltags fefll ameter - that i

greater t e assenbly of claim
13, wherein the ceIIuI ar SO|Id material i's randomy

z?.C d[ﬂ& gﬁﬁ%pg@ %%&nug pghglgegf aﬁ&s&ﬁa%@'ceﬁaaf el Aok Q1A

e assenbl clarm
ha8,a whirloai moﬁdi@g}c @hd uk atongised ofateramids, Imxitala, polymers or
dj anet er %)E is greater than 0.25 inches. 30. The
I’é‘%‘&gﬁ%ﬁ?‘y claim 13, wherein the cellular solid
material is formed into a bed that is customfit to

the cross sectional configuration of the t|II t|o
The asygyebly of staimyl o %@Feélil theatiochaptic, %?%H ﬁ%h material

h%glal i O{l’ﬁ Q(l?]dog %’gtaﬁ{i]'cﬁ colﬁﬂ)?ls@d oF3cerSn@Te hitals NBblyhers or

gr ea
mixtures thereof.

36. The assembly of claim 13, wherein the cellular solid material comprises a

reticulated element that spans the entire inner cross section of the distillation unit.

37. The assembly of claim 13, wherein the cellular solid material comprises a

reticulated element that spans the entire length of the distillation unit.

38. The method of claim 1, wherein the component separation unit is an

absorber.

39. The method of claim 1, wherein the component separation unit is an

adsorber.

40. The assembly of claim 11, wherein the component separation unit is an

absorber.
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32. The nethod of claim 1, wherein the conponent
separation unit is a distillation unit and the
cellular solid material is inert. 33. The assenbly of
claim1l, wherein the conmponent separation unit is a
distillation unit and the cellular solid material is
inert. 34. The nmethod of claim1, wherein the
stochastic cellular solid material has a random
topol ogy and is conprised of ceram cs, netals,

pol yere Bsembiiyofelsas thevhecdin tiBSconTpmensspatatipn ahit is an
claim11l, wherein the stochastic cellular solid
ads@1bei-al  has a random topol ogy and is conprised of
ceram cs, netals, polymers or mxtures thereof. 36.
The assenbly of claim 13, wherein the cellular solid
material conprises a reticulated elenent that spans
the entire inner cross section of the distillation
unit. 37. The assenbly of claim 13, wherein the
cellular solid material conprises a reticul ated

el emrent that spans the entire length of the
distillation unit. 38. The nethod of claim1, wherein
t he conponent separation unit is an absorber. 39. The
met hod of claim 11, wherein the conponent separation
unit is an adsorber. 40. The assenbly of claim 11,
wherei n the conponent separation unit is an absorber.
54 41. The assenbly of claim 11, wherein the
conmponent separation unit is an adsorber. 55
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