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for a material exchange col um w t CI fic separation performnce
"The invention relates to a packin WHI s channel structure for a
mat eri al exchange columm with a hig eC| |c separation performance, to a
colum with a packing of this kind and‘%’ a nmethod for the operation of a
colum of this kind. Packings with cross channel structure have al ready
been known for many years (see e. A 26 890 = P.4988). They are
assembled as a rule froma plural m MWEM"W ng el enents which are arranged
one above the ‘other, with each p t bei ng constructed of a l|arge
nunber of parallel |ayers. The Iayers‘16mad<e contact and formthe cross
channel structure with nutually open fl ow passages which are inclined with
respect packity WelH h@oss EPlaHk] ¥¥hsdturd B AbrialkehaRgalcobsiiange can
be carried out wmth a colum packing of this kind, nanely between a ripple
filmon with addkghnspenifit sepaaation graformhancehi ch f1 ows t hrough the
passages. In a standard treatise on distillation (H Z. Kister,

"Distillation Design" I\/bGr awHIl, Inc. 1992; pages 441 - 458) packi ngs
with cr St | f r t Qn_processes
are di Sgﬁgggg%ﬁ,ﬁégertelg %R ngs p%r‘%‘? o%wl #12 &% SI %E séﬁ%ﬁuf‘%é s%em fic

separ at i giutei] ekBRAGGE d¥Miath Pith hesigh' @ﬁeaﬁe beenhp&forthagcepeci fic
separation performance can be quantified thr ough a paraneter NISM which

speci f i e alwluammbevithh 2opackiey ef thialkistaged tpexr methed foorthen 2 8 J U L
2003 -2 Kister the paraneter HETP, "hei ght equivalent of a theoretical

pl ate", QPEEHI ofdacelveaniaf thigkid.and is substantially the reciprocal
val ue of the paraneter NTSM . The specific separation performance is

consi der here to.be hig NTSM i s great i.e. n>
208 BRrEResNES ﬁosr?a@%? Hrithuse Have etreashs Reea Jragaobr packi ngs
in whichf f 1at he equal l'y
large is oa‘?fy FER B B R 2P P pobi2 roAsBBRC ney ol sSSE BT B,
val ue fog mﬂe fraand 91@1fallt?cdﬂ;5@1¢1ﬁ dleernits s¥igich dabherdhded bAeparticul ar
the class of packings "M 25Y 250.Y, 350.Y and 500.Y). In the
packi ng abaws thé othet) mﬂnkeacm pepkmeeteeng:nbacmg]gsn&wmed of @ larges angl e
does not anopunt o 45 %ul rat o 42.5; this an roven to be nore

f avour abltE I?Weo RERY %’rﬁrédn?v}{f:r?otq*@cg%‘ﬁll hegkP$R) packi ngs
avai | abl i
perfornaﬁ%éﬂflgpﬁﬁﬁ&g%g%g {mﬁalfl g\é‘%;lagemft}fss‘sjl gr‘{ltllg: EP@:&?}&;{S ods for
ai r decowpdsiédpuet tbrtHetwathsalr(@amgﬂﬂmw@s)t Maindteriad arei/wnkesabl e to carry
out further basic experinents with respect to the manner of action of the
packi ngse¥#langs 638 ke aprded sutukithra coimndpackingof thisdcial, aiamselt opose

criteri abcfe Weell raen;e)%?enﬁw & h tBE %‘gcrf{%%g surface and a gas flow which flows

through the passages.

In a standard treatise on distillation (H. Z. Kister, “Distillation Design”,
McGraw-Hill, Inc. 1992; pages 441 - 458) packings with cross channel
structure for carrying out material separation processes are discussed.
These packings are optimally utilisable when the specific separation
performances which are required are not too high. The specific
separation performance can be quantified through a parameter NTSM

which specifies the number n of theoretical stages per meter (or in



as a‘result of newly won results. The object of the invention is to é@%ngZWH
~a packing with cross channel structure which is distinguished by a high
specific separation performance and whi ch enabl es as econonical a
separation process as possible. This object is satisfied by packi ngs which
bel ong to the class 2 8 JUL 2003 -3020f packings which are characterised
in claiml. The packing with cross channel structure for a materi al
exchange col um shoul d have a high specific separation performance. The

Ki ' i fiabl [ fi f. d ingGli [
gl e of Kisie? BBk peiacte s AETPE thtjehy el tReaflicldtofh o = o
gl e of “tHETP: . LA AP Th a =
i ch 1 S ¢ T B RPN ey ph Ui Sl R B AL M tBRocal e ot

provi dedtﬁ%gﬁéﬁd@éﬁ NTSIM). The stBEﬁfRf sépaiatidiepeelorendeeiar ati on st ages
per neter ich can be enpirically determ ned for the packing, nanely the

par anet econgigkfed dreripetor b hégle wlezen NTSMf isrgneatemthant.bimd, (iepn »f the
vari abl es and cp; - a flow resistance which results for a gas fl ow which
flows th?oﬂgh t he packing can be characterised by a pressure | oss per
nmeter, gyp, as a second function f2(a, cp); - under the auxiliary condition

n = cons Op_assunes. rejativ 1 i mum_f.or ich . the variables.a and cp -
' depentibKoE"En Ue thprsichott Ja FEHEh ok fu i Ss of FAckings i n)
respecti VY, [ e hbass = n) and
cp~l > 45. 1%1&68?3 délnn%lté e&f(r:#‘;gllﬁnﬂé@i‘?nt”%?t}fer Eﬁgt%é?sols?geg%gﬁl%%ﬁ%oﬁ&ﬁag%s of the
packi ng Iarﬁaqg@rpiﬁn@ﬂyvmmsable.ilnwn&trhmmmeasiséj@tiscgiv@ﬂmaisnﬂi’e is a
colum with a packing of this kind; that of clains 9 and 10 is a nmethod for
t he oper walusnfosfthis@ngle whinclhatipnyeae ikdatexn, Mabbe 8i. 1| s pantiedlan the

reference to two exanpl.gs:.. The packi 7 ( ifi e grea a =
750m 1, ﬁ@&ﬁ@fd?acﬁﬂggnﬁ?wﬁ ﬁgg{ , 25903((, 3%%)69 ang %Lg{’?cln tehe
packing class of “Mellapak ®” (hereinafter, packings 125.Y, ...) this
angle does not amount to 45° but rather to 42.5°; this angle has proven

to be more favourable.

The inventor was confronted with the problem of making packings

available for separation columns for which the specific separation

performance is high and which is advantageous in particular in

methods for air decomposition. In this he recognised that it is

recommendable to carry out further basic experiments with respect to

the manner of action of the packings with cross channel structure in -
order thus to be able to propose criteria for more economical packings

as a result of newly won results.

The object of the invention is to create a packing with cross channel
structure which is distinguished by a high specific separation
performance and which enables as economical a separation process as

possible. This object is satisfied by packings which belong to the class



2 8 3 UL 2003 -4 of the passages cp = 42.S) has 5.5 separation stages? Bpé![r]L 1

heter (n = 5.5). If the angle is increased to 50, then the packing surface
“area which is required for the material separation can be reduced to 500
n2/ n8, through which the cost and conplexity for the packing material is
reduced to 66% In this the separation performance, at a practically
unchanged fl ow resi stance of the packing (pressure loss ~p = 2 nbar/mat F
= vG ~pG = 1.5 Pa~~5), likew se remains unchanged. Additional nateria

coul d be saved for the sane,separation. perf.organce, at the price, however,
of an i nekRASERES WiHich &€ ChRe ngrﬁed;“{zckéﬁl g?l and cp = 57, Op = 2.7
nbar/m . For the packing 500.Y (a = 500 m1, cp = 42.5), n =4.5. For cp =

46, a = Oml, i.e.,the material, cost, and. conpl exi.ty i s, reduced to 90%

w i h ot e BE scking sttt SsR e st Re P o & Biatetial exfnifeeso. ' o 240
m1l, ( ' sq@; | X 8009 : i nce increases
to 123‘%@{#@% va l}gal?%v%g@@éc}%%%ﬁ?o% pta E%ﬁg%@%r%ﬁ@%%@% ’?{lg the foll ow ng
t he i nvephtleimghs $pdsifiakid biynedpedifietierigded arda,vd tdnd efreiredlitationt he

drawi ngs. Shown are: Fig. 1 an upper part of a colum wth packing

el enent sanglEi ¢f the passagemm. lbfbedopgs ko acclabs lof peskinghavitlel stEkuct ure

(ideal formof the Ml |l apak ), .Fi ﬁ@ diagramin which the pressure |oss
is il us@RatRd Pchirtage with eg‘ﬂgﬂ”ﬂ&aﬁﬁﬁ@@é:ar ea for the packing

'n accord ?or}cﬁu}'gst thﬁicﬂ'ﬂozw iraxqz?le packing, equally large fluid flows are in
each case provided for all packings;
- a number n of theoretical separation stages per meter which can be
empirically determined for the packing, namely the parameter NTSM,
can be represented by a first function fi(a, ¢) of the variables a and ¢;
- a flow resistance which results for a gas flow which flows through the
packing can be characterised by a pressure loss per meter, Ap, as a
second function f2(a, ¢);
- under the auxiliary condition n = const, Ap assumes a relative
minimum for which the variables a and ¢ — in dependence on the
parameter n — assume the values am(n) and om(n) respectively;

- it is true that n > 4.5, aa < am(n), @a > Pm(n) and @q > 45°.

Subordinate claims 2 to 7 relate to special embodiments of the packing
in accordance with the invention. The subject of claim 8 is a column
with a packing of this kind; that of claims 9 and 10 is a method for the

operation of the column.
The invention will be illustrated with reference to two examples:

The packing 750.Y (specific surface area a = 750m-1, angle of inclination



283 UL 2003 -5Fig. 4 atable with value triplets for a distingui sanec{ULm3
~curve of the diagramof Fig. 3. A colum 2 with an axis 20 - in accordance
with Fig. 1 - contains a packing 1 and a liquid distributor 21 (infeed tube
210, distributor passages 211). A plurality of packing elenents 10, 10')
10" are arranged one above the other. 4ln special enbodiments of the colum
2 a |lower zone 102, a mddle zone 100 and an upper zone 102 are in each
case distinguishable in the packing elements 10. In the zones 101 and |02
at the edges of the packing el enents 10 the flow resistance is reduced with
respect ebthhpasspgehe nitddPd hame Jseparation stagesapeumelsr dnsh{pdhg.
Advant ageous enbodi nents of this kj,nd are known from WO 97/ 16247
(2 6700 theanedsinigeatahinoiotien Ei oeCRiE SUBMAce RN INGARR! of
par al | el - ' ey 6, e PSS =Y S 3,Mst h triangul ar
cr osssec{%cg%lgéqﬁértge%éﬁﬁl i%é%gtﬁogly%e{rorg% 1I‘lefa"f%ﬁ ‘g)igﬁlélrr}rls/ %Ml,’ 12 which
are fol dggrgupt? ivdvial thleadsst dridi@opleRit} Yor tHe GRlRkahs b drigsampl e be
corrugated sinusoidally.) The passages are inclined with respect to the
verti cal reDicddvbd E6% slpénil the s¢pataiecperfonmmdce, 20)a praeticasliypt end an
angl e of incli natiﬁ)n c~toit. At _the contact plane 15 between adjacent
| ayers 14nchagged flowaesistange of the jrackipg (Byessurs: oghiAth=aF Bl n thi s
pl ane 15 cross corre di assages_of. the adjacent,l.gyer 11'. The
cross- selt o'nvi'gpﬁé’s t gag'ﬁgﬂﬁ{e@fls ﬁeffgadgéetff@%%%ﬁg&‘é%qrﬁa hei ght h (=
wi dt h of J ~ ' : b n the sides
s and thg{{){gglgil )té%?ilrlraoﬁ%rﬁ gﬂé?%ﬁ%gg%%gb%@%igpo%e@gg%ﬁpﬁg ’ g&r gce area a
of this pricki Reweved] ¥EAnI ictdisddifEl redttahte WHrch =t #80fAHdand 2 8 JUL 2003
-6 edges have no roundings by the expression 22/h. Fig. 3 shows results of
recent baFPcApXP2IT mebas/thpr packings 1 with the structure illustrated in
Fig. 2, wwth a = 45 and with cp taking on values in the range between 20
and ?0. These results were obtained for constant fluid flows and F = VG-I pG
= 1.5 PaFofSthe @ackihgwl®Eoa + 005 et 57),af =t 4SS . Joor &= 4Bhea runber n
of theoretical separation stages per neter, nanely the paraneter NISM can

be enpi r#88I1y!,det. dhei mageriabicostprrd ooneplerityasfredsicetiuiec®0¥n witha, cp) of

th i abl d cp. The fl i st whi lts f fl

wht ch 11 56 TERT ESURCTRe BEDA Rt b RaERl FobE TR ®, praddife’) ose per
ter, Op,. f ' , . i minat | f f

The 1 uncht sednfrfoRss A LLRbER G ad?Bl bl G BBp Pt O LGP Th <

functi onji&rebkby®briad®d dMmthchenldieadr Benerbelted fo? the pacldhgay0ofy.curves 31,
32, ... 36, with each of these curves representing the pressure drop ap for

NTSM = const, nanely n =1, 2, ... 6, in dependence on the specific surface
area a. hachedblloweng tharivesnfibn Witl be expBinkdsnamoekatgtud withi mum f or
which in each case the variables a and cp assune val ues a~(n) and cpn(n)
respect i vleyengmgo thaidrawipspn®Bominearti t he curve 30 which is drawn in
chain dotted lines. The nunbers given in the table of Fig. 4 are

approximately valid for the val 1q,Jes ,~ and cp~..  The rows of nunbers can be
expr esseli$yl neans@BfUPREr PaFhel a Cofpmenwakhe Paghing sleaneptsyyi ven in Fig. 4-
For ot her packings with cross channel structure, for which a does not

anount tg.45 or which for ex le are constructed of corrugated fi] s,
b nuftigr2 et B Rer Sl phpas ot Biry grosehaneleikalais tdsal ™ 2 o 4
UL 2003 _7_ form of the Mellapak ®),

Fig. 3 a diagram in which the pressure loss is illustrated in

dependence on the specific surface area for the packing in

accordance with Fig. 2, and



' The mi ni mum points of the curve 30 have a special significance, since %ae‘IUL 103

~curves 31, ... 36 are in each case very flat in the vicinity of their

m ni mum For the mninmumpoints the flow resistances are the | owest for a
predet erm ned separation performance. It is possible to pass to a | ower
specific surface area a wthout the fl.ow resistance substantially

i ncreasing, and indeed with the sepafgt’l on performance renmai ning the sane.
Wth increasing distance fromthe mninmum point, however, the flow

resi stance then increases progressively. Sonmewhere there is an optinmm
Criteria for an optinmum are, on the one hand, the costs for the packing, in
particul gigfaer thearmable wdth ohlud eripreXiftga distingtiistiéd coirbeofftaed) the
pressure | osses of the gas flow in the operation of the colum. How the
optimsing is to bdiagram ed Fagt3depends on the particul ar circunstances of
t he individual case. A broken straight |line 40, for which cp = 42, gives
approximately the values Op for the known class of packings 125.Y, ... (cf.
| over naAgtelusanihwith agrawisi20 Frdn e@rordenepaviteddg. 1hi-scanteanglat |ine 40
extends for.a <.550 m1 at. q. |l _distance to.the left along the curve 30
with t hePREKIHEIh 8 &t qu*énaésst%@qtﬂrggr@’éf?&qtt‘%mﬁmh IR ow edge t hat
t he use i\ n : ki |l en f 9K t
perfornaﬁfggégg%ggﬁﬁ?ir‘gspr%? g)ltn?oo%P %%l.h%%%}égﬁrg}lgg t’ F?h:lﬁzgé&n%fe}r%? gfj s the
curve 30oak dtppieothidrotiedry 1A speeidl emboditheatsrefbie idodbindroR appwexi mately a
> 550 m1 or n > 4.5 (curve 34~ the class of packings 125.Y, ... is no

| onger sapnadiQR,famigddlegonetithangdrae spperaoneal 62iate ivepagtacasn. For hi gh
separatiqgn perfo ces new.cl ass of packings,nmust therefor used, for
anton SisPgnlshaRAC I5 e TuEnd eblenBS 1t M RS SRLAAS IR 1 ons
hold: n > s cp~l 2( ~lo: : hese
condi ti oﬁglhflaee d%g\"?(/é)?cﬁ‘ %( Ig%%lﬁﬁ%eéglle%lﬁ%g%ol\%ﬂ?ﬂglog}ljlrﬂé/selgtaﬁicé %éﬂélg%%o IS
bounded. witie réspddietontiagy SVl Ay Raseasfa téuult bow sefthblaagkgpidy.s regi on
can not extend upwards arbitrari(lliyrt.é’rl An upward limtation results through

t he al r eAdivamgagewas ¢mipadimertsi is kindragetkrewnyfrags WP T/ HH24Tion is a
strai ght _[%%26%3 on which cp is constantly equal to 55. The hatched region
3 then d6TROFHEs the values of a = ail and cp = cp~l) through which the

cl ass of the packings with cross channel structure in accordance with the

invention. i fined . For i cal 1.1 ful  to forya subcl ass
LMW th i RASR R 1084 cPRpARARET A ek Ay P OMRT P07
const ant 14y @na] '0g WL ek gChaparafielt hegs E'I@%riﬂﬁftri\éngﬂ.%ar créy- cp~l, 50
or anot her” val ue, which can differ tfrom50 by as nuch as about 2 or 3, is

pr ef er abkgctibnsdt ads feaneténdberayars hé’, di drafilmb Fi,gl 2 Ivhicheafd ow
resi stance | ncreases progressively al ong the curve 30 with increasing n. It
does t husoldsel imakigzag ssapeeo (Hhenfidms Lh {é Sampplsorfor sy@enplecbgepar at i on

oldsd
per f or mg%ﬁgl}{\é}'itgg ﬁhﬁs%k%alg}?f)}rg%%%%‘@?g%B"ﬁriglcl}%%i it A Snp\r‘%t ﬁ% 8 cor dance

advant aget not™ exceeuet _ he pac (
with theviepyeat Qva&ﬁicﬁql’stpa&léﬂllél by tEEicofihh BRls geﬁrme@gs@yﬁen@aﬂl r

deconposition. W a packing in accordance with the invention for exanpl €
a react i angle of intlinavonsato #l. A4 the cataceégplane .15 between adjacent

layers 11’ and 12’ the passages 13 of the layer 12’ which are open in

this plane 15 cross corresponding passages of the adjacent layer 11°,

The cross-section 14 has the shape of an isosceles triangle with a height

h (= width of the layer 12), sides s and a base b. The angle ¢ between

the sides s and the base b amounts in many cases to 45°. The specific

surface area a of this packing is given in the ideal case in which the fold



: 28 JUL 2003
2 8JdU 2QB _g_ In this nethod the material at the surfaces of the packing

is at least partly catalytically active. 2 a ~u~ Zoo3 - io Patent clains
1. Packing (1) with cross channel structure for a material exchange col umm
(2) with a high specific separation performance which is specifiable by a

specific surface area, a, and an inclgnation angle of the passages, cp, and

whi ch belongs to a class of packings with a = ail and cp = cp~l in
accordance with the follow ng assertions: - for fluids which flowin the
packing, equally large fluid flows are in each case provided; - a nunber n

of t heor&sigcsdnade par EaYRHNgsde the exPrResEPIvdYeHican be enpirical |y
determ ned for the packing, nanely the paranmeter NTSM can be represented

by a first function fiia, cp) of the variables a and cp; - a flow
resi st aritig. whskowpasapits afgiccang hasic sxporimants ipradkisggd Wit pagki ng can

F2(a cproeh Rt el i RoRr o BR A Wi P ReBi SRR oot ve

0 LR AP £ 8 AEREABRERLRA e P el
constant fluid flows and F = vgV¥ps = 1.5 Pa®5 (vg = flow velocity, pg =
density of the gas G). The number n of theoretical separation stages per
meter, namely the parameter NTSM, can be empirically determined and
represented by a first function fi(a, ¢) of the variables a and ¢. The flow
resistance which results for a gas flow which flows through the packing
can be characterised by a pressure loss per meter, Ap, as a second
function fa(a, ¢). Through elimination of ¢ from the functions f; and fa,
Ap can be expressed as a function of a and n. This function is
illustrated in the diagram of Fig. 3 as an array of curves 31, 32, ... 36,
with each of these curves representing the pressure drop Ap for NTSM =
const, namely n =1, 2, ... 6, in dependence on the specific surface area
a. Each of these curves 31, 32, ... 36 has a relative minimum for which
in each case the variables a and ¢ assume values am(n) and om(n)
respectively. The minimum points lie on the curve 30 which is drawn in
chain dotted lines. The numbers given in the table of Fig. 4 are
approximately valid for the values am and ¢m. The rows of numbers can
be expressed by means of the formulas which are additionally given in
Fig. 4. For other packings with cross channel structure, for which o
does not amount to 45° or which for example are constructed of
corrugated films, other numbers must of course be expected for the

values am and @m.



- it~is true that n > 4.5, ail < am(n), cp~l > cp~(n) and cp~l > 45. 22.8 JUL 1003

'Packing in accordance with claim1 characterised in that cp~l < 55. 3.

Packing in accordance with claiml1l or claim2 characterised in that for a

subclass - with n as a sel ectable pararret er - cp~l is a constant, which

preferably anmbunts to about 50. J UL 2003 -11 4. Packing in

accordance wth one of the clains 1 tz 3 characterised characterised in

that the passages ( 13) are fornmed by filns ( 11, 12) which are folded in a

zi gzag manner; and in that the functions an(n) and cpn(n) respectively for
VG-/ pG = 1.5 Pa~S are approxi mately given by the follow ng pol ynom al s:

m = ( 1PBe midtndrm ppIItSN i cue 30 Havela shebialsighHidate, isth@ccor dance
with one of the clains 1 to 4 characterised in that concrete val ues a~~ and

cp~l arethiecurvisidd, by dtearsintaah agseivarydlatoin tie vicingycfrtheéd out as a

result of .criterig whjch depend on the respective use, in said optimsation
for exan‘&lﬁlrﬁh‘mhé%ﬁ eHﬁHHe’i“H’é‘ PoiLits %rﬁ$W€ eSHIRPGES @rg t fqe loweskr ti cul ar

for  Lhe fR'ebkaeflutiiRanastd At AR B EIBOL R pBRIL B g3y © | osses

of the gas w during the‘opera ept small in

an opti Wwéméwlﬁc%uﬁa@é«m arm':tﬁ@grte&ae%Wrtealsqaﬁc@fsdmaﬁhanys l1to5b
characterised’in that a plurality of packing elenents ( 10, 1") are

axr angedinmreasing endénded witin the sepamati¢a)perfvtrhanac rrepmkmnng the ement
bei ng constructe of alarg nurrber of Egrallel | ayers ( 12 ~ . 7.

Packi ng $3TEe W¥it me%% ISEACS rmart s ateeitier) ﬁoe%thqme‘é%rcﬁhsase an
upper, gﬁd%s?st%%eatﬂe CI%QQ@ r]e'ssﬂ\g%sfﬁg g%lér%f ei%'lg%lr;/) axe

di sti ngul e 1n the paC|nge | ow
resi st anggtifuie e stia fott AR d;St'ik‘iﬁlrﬁ akelonliiw) oAk Hdred edfiesosts fbhe packi ng

el ements with respect to that of the m ddl e zone ( 100) as aresult of a
sui t abl etlshppchking, in particular for the material of the packing, and, on the
other hand, the pressure losses of the gas flow in the operation of the
column. How the optimising is to be carried out depends on the

particular circumstances of the individual case.

A broken straight line 40, for which ¢ = 42°, gives approximately the

values Ap for the known class of packings 125.Y, ... (cf. lower margin of

the diagram in Fig. 3). As one sees, this straight line 40 extends for a <

550 m-! at a small distance to the left along the curve 30 with the

minimum points. This is in agreement with the known knowledge that

the use of the packings 125.Y, ... is favourable for separation -

performances which are not too high.

The straight line 40 intersects the curve 30 at approximately a = 550
m-!. This means that for approximately a > 550 m-! or n > 4.5 (curve
34’) the class of packings 125.Y, ... is no longer suitable for an
economical process for material separation. For high separation

performances a new class of packings must therefore be used, for which
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,, Z,~J UL 2003 -12 8. Material exchange colum with a packing (1) in

accordance with one of the clains 1 to 7. 9. Method for the operation of a
“columm (2) in accordance with claim8, characterised in that a materi al
separation is carried out at a specific separation performance of the
packing (1) for which n is greater than about 4.5 and for which n is
preferably |l ess than about 7. 10. Method in accordance with claim9 for
carrying out an air deconposition or for carrying out a reactive
distillation, with the nmaterial_ at the surfaces of the packing being at
| east patd gecetalbpyanchihg follewing copditionmholks . Ae. AL . AnL. A& . A9[

.AY. ALHe. A" ~r. A5_$WI, *7; k' 6: %
n > 4.5, aca < am(n), ¢d > (pn?(n) and @q > 45°.

Through these conditions the upwardly open region above the curves
34’, 50 and 30 is bounded. Due to the progressive increase of the flow
resistance this region can not extend upwards arbitrarily. An upward
limitation results through the already mentioned optimisations. An
arbitrarily assumed limitation is a straight line 60 on which ¢ is
constantly equal to 55°. The hatched region 3 then determines the
values of a = ac; and ¢ = @q, through which the class of the packings

with cross channel structure in accordance with the invention is

defined.

For practical reasons it is useful to form a subclass — with n (or NTSM)
as a selectable parameter — for which ¢ = @q is a constant in analogy
with the class of the packings 125.Y, ... . For ¢q, 50° or another value,
which can differ from 50° by as much as about 2° or 3°, is preferably

chosen.

As can be seen in the diagram of Fig. 3, the flow resistance increases
progressively along the curve 30 with increasing n. It does thus not -
make sense to aim for values for the specific separation performance

which are all too high. An upper limit for n, which is advantageously not

exceeded, is given forn = 7.

The packing in accordance with the invention is particularly suitable for
carrying out an air decomposition. With a packing in accordance with

the invention for example a reactive distillation can also be carried out.
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Patent claims

1.

Packing (1) with cross channel structure for a material exchange
column (2) with a high specific separation performance which is
specifiable by a specific surface area, a, and an inclination angle
of the passages, ¢, and which belongs to a class of packings with
a = ag and ¢ = @a in accordance with the following assertions:

- for fluids which flow in the packing, equally large fluid flows are
in each case provided,

- a number n of theoretical separation stages per meter which can
be empirically determined for the packing, namely the parameter
NTSM, can be represented by a first function fi(a, ¢) of the
variables a and o;

- a flow resistance which results for a gas flow which flows
through the packing can be characterised by a pressure loss per
meter, Ap, as a second function f2(a, ¢);

- under the auxiliary condition n = const, Ap assumes a relative
minimum for which the variables a and ¢ — in dependence on the
parameter n — assume the values am(n) and ¢m(n) respectively;

- it is true that n > 4.5, aa < am(n), @c > Pm(n) and @a > 45°. -

Packing in accordance with claim 1 characterised in that @q <

55°.

Packing in accordance with claim 1 or claim 2 characterised in

that for a subclass — with n as a selectable parameter — o¢q is a

constant, which preferably amounts to about 50°.
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4. Packing in accordance with one of the claims 1 to 3 characterised
characterised in that the passages (13) are formed by films (11,
12) which are folded in a zigzag manner; and in that the functions
an(n) and om(n) respectively for F = vgVpe = 1.5 Pa®s are
approximately given by the following polynomials:
am = (152 - 13n + n?))NTSM
Om = 27° + n(n+1) 0.5°.

5. Packing in accordance with one of the claims 1 to 4 characterised
in that concrete values aq and ¢q are determined by means of an
optimisation which is carried out as a result of criteria which
depend on the respective use, in said optimisation for example on
the one hand the costs for the packing (1), in particular for the
material of the packing, and on the other hand the pressure
losses of the gas flow during the operation of the column (2) being

kept small in an optimal manner.

6. Packing in accordance with one of the claims 1 to 5 characterised
in that a plurality of packing elements (10, 10’, 17) are arranged
one above the other in a column (2), with each packing element

being constructed of a large number of parallel layers (11°, 127).

7. Packing in accordance with claim 6 characterised in that in each
case an upper, a middle and a lower zone (101, 100 and 102
respectively) are distinguishable in the packing elements (10); and
in that the flow resistance is reduced in the zones (101, 102) at
the edges of the packing elements with respect to that of the

middle zone (100) as a result of a suitable shaping.
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0. Method for the operation of a column (2) in accordance with claim
8, characterised in that a material separation is carried out at a
specific separation performance of the packing (1) for which n is
greater than about 4.5 and for which n is preferably less than

about 7.

10. Method in accordance with claim 9 for carrying out an air
decomposition or for carrying out a reactive distillation, with the
material at the surfaces of the packing being at least partly

catalytically active.



