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operation of liquid-continuous distillation columms,
in particular bubble colums. Related Information In
its broadest sense a bubble colum may be a col um of
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extract a materi al impurity during t

freguiently thet solid cpmmm@nt i3 gepwrised of partlcles which may be inert or
catalytic. The solid component may be internal structures in the column such as

heat exchanger tubes, baffles, trays or plates. The column may be relatively open
or may be a packed column. The packing may be inert or catalytic. The packing
may be fluidized, slurried solids or may contain both slurry and packing structures.
Thus, the bubble systems may be used for extraction and/or reaction and extraction.

Extractive distillation may be carried out to fractionate a mixture while a high
boiling solvent for a material or impurities is introduced near the top of the column
to selectively extract a material or impurity during the distillation. However, there is
no liquid level in the column above the kettle, thus vapor continuous and not a
bubble column.

Historically bubble columns are operated liquid full with vapor flow rates that

promote gross back mixing. Internals are sometimes employed to help promote plug
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no liquid level in the colum above the kettle, thus
vapor continuous and not a bubble col um.
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t ovBPerating Genciiels s en Asro e b afied bubbe ccllimns to
fra?&cﬁ%&?&vgg U\%ﬁ?tﬁﬁ%@|8§nds%ttrefﬂs9él{§fﬁ<ﬂeh&§§ aﬁbﬁﬁdb%gﬂrg}?{‘é%f distillation

ronote fractionation .
towsws.uias baeen‘fe)uadltgxat véaparvelocitigsqgreatdr doan 58% af jet flood to less

tna (% pBEF el el Bacliaton it BHb BB ol pacRisfgrably. i he

vaﬁtﬁC@élB@tlés narbapudiid Bebbe | At 7RG R od GRT &d Qistillation
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to the reboiler fast enough to maintain reboiler level. Above this point, the reboiler
will run dry and no steady state operation can be maintained. A flow map may be
used to define the jet flood point over a range of reflux ratios. The column packing
or other internals (including trays or heat exchanger bundles) will not significantly
alter the performance improvements disclosed here that result from operating at a
high vapor rate expressed as a % of jet flood.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the HETP for % jet flood for packing A.

Fig. 2 is a graph showing froth density at % jet flood for packing A.

Fig. 3 is a graph showing the HETP for % jet flood for packing B.

Fig. 4 is a graph showing froth density at % jet flood for packing B.

Fig. 5 is a graph showing the HETP for % jet flood for packing C.
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used to define the jet flood point over a range of
reflux ratios. The columm packing or other internals
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The present distillation is particularly useful to separate mixtures of organic
compounds, such as hydrocarbons.

In one embodiment the improvement is used in the production of methanol
from synthesis gas (carbon monoxide, carbon dioxide and hydrogen). A by product
of the reaction is dimethyl ether (DME). Catalysts which are useful for the reaction
CO, CO, and H, contain copper and zinc oxides and may contain other modifiers
such as those shown in U.S. Pat. No.'s 4,766,155 and 4,780.481. One suitable
catalyst is Stid-Chemie (formerly United Catalyst Inc.) C-79 which may be described
as comprising copper and zinc on 1/4" extrudates. Since it appears that metallic
copper is the active catalyst, it is desirable to reduce the catalyst before use.
Preferably the molar ratio of Cu/Zn is 1 or greater than 1, e.g., to 10 and the Al

content is 10 or less mol.%. Zinc oxide helps in take formation of high copper metal
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the columm and exits as a bottons. The liquid and
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EXAMPLE

Testing was conducted using a system of n-heptane and cyclohexane at 24
PSIA in a 16.8 inch diameter tower. The Fig.s are graphs of data from various
packings. The packings are those described in U.S. Pat. No. 5,730,840 with different
particulate loadings. The column packing or other internals (including trays or heat
exchanger bundles) will affect the jet flood point but will not significantly alter the
performance improvements disclosed here that result from operating at a high vapor
rate expressed as a % of jet flood.

As can be seen in each case in Fig.s 1, 3 and 5, the vapor — liquid mass
transfer efficiency, as indexed by HETP, improved as the vapor rate increased above
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where the nethanol and DVE products are renoved as
vapors via flow line 103. The solvent is recycled to
wo b@4oed4mom 10 as reflux via flow line 104. TheCHUB2064000609
and catalyst are renoved fromthe colum 10 as
bottons via flow line 107. Spent solvent and catalyst
are renoved via flow line 108. The renmi nder of the
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PCT/ US2004/ 000609 about 50% of jet flood. Above about

70% of jet flood the perfornmance was practically the

same whet her in bubble colum node (lIiquid continuous)

or distillation tower node (vapor continuous). As the

liquid level was raised fromthe reboiler to the top

of the packing there



was a seanl ess, uneventful transition. The systemis
not full of liquid but is actually full of froth (a
worzoot06E1®f vapor and |iquid). The presence of PUBDPS2004/000609
provi des a great deal of conpressibility to danpen
any sudden novenents. The froth density can be seen
fromthe above Fig.s 2, 4 and 6 showi ng DP. The nor nal
Thebmivbhﬂon@laumdoser ation would generally be at |ess
0% of et fl ood. . Fromthe above HETP
perp ?\ ReRPEOV dment inithe sistigten ¢ MPgHressCMpHsing goatacting a
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liquid and vapor continuous operation closely
over | apped. 5 WO 2004/ 069410. PCT/ US2004/ 000609 The

Idlmslf h%ﬁ%hl%bgﬁ %c'gériﬂjri%t&gﬂw ! oﬁ%rée&rg%@llgg\ﬁp% rafe is at least

7o%r(ﬂqét|fmw able liquid mxture in a distillation zone
under conditions of tenperature and pressure to
fractionate said m xture vapor wherein the inprovenent

conpr | iR S} dadiSti k

corti MS TR LB ol b sk S Ht3 olbtets

orggnieadoanpdinads. 50% of jet flood to Iess t han 100% of | et
flood. 2. The distillation according to claiml

V\,hereln said vapor rate is at least 70%of jet flood.

3. J hendlditiilatiah 'a%eor%ggggfodaamn By J%'ir{%éld#ﬂ&f&brbo?ﬁﬁr%es

m xture conprises I ¢ conpounds

hydddearbbhat i on according to claim 3 wherein said mxture
conprises hydrocarbons. 5. The process of
fractionating a |iquid mxture conprising placing a

|'i oBli The Prééedsof adionalifg 'aqmi‘id Rixta R BomPHSING placmg a liquid
condi tions of tenperature and pressure to fraction

mixgyedn @ kactianationizonei undey candidions wi dersperajutedandh peassiure to
fracct%'ngte said mixture, maintaining a continuous liquid phase in said

fractionation zone and a vapor having a rate through said fractionation zone of
greater than 50% of jet flood to less than 100% of jet flood.

6. The process according to claim 5 wherein a solid component is present

in said fractionation zone.

7.The process according to claim 6 wherein said solid component

comprises particulate material.

8. The process according to claim 7 wherein said particulate material
comprises inert materials.

9. The process according to claim 7 wherein said particulate material
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fractionation zone and a vapor having a rate through
said fractionation zone of greater than 50% of j et
WO b@aded4o0 | ess t han 100% of jet flood. 6. The PCDUSHS4/000609
according to claim5 wherein a solid conponent is
present in said fractionation zone. 7.The process
according to claim6 wherein said solid conmponent
coropniges 8 eatabysttandutcanponatte of abid Mixtliecarerreacthge alone or with
.according to claim7 wherein said particulate materi al
Sa'@ ABPises inert materials. 9. The process according to
claim?7 wherein said particulate material 6 WO
2004/ 069410 PCT/ US2004/ 000609 conprises a catal yst
andl Q;oﬁb@ Epeessorcasnding rid etaimed whereinaeid vatabisbremprises a
sluﬁﬁ% sai d vapor. 10. The process according to claim?9
erein said catalyst conprises a slurry. 11. The
process according to claim9 wherein said catal yst
conprises a fluidized bed. 12. The process according
t o tl-ail he Proprsseageosding te glaimy@ wheeeip siaitbeatalyst comprises a
flui(‘ﬁ%é&'bl ation structure. 13. The process according to
clail "wherein said solid conponent conprises a
plurality of distillation structures. 14. The process
accor dj to claim6 wherein said solid, conponent
n’;?: JgE% PEOGHf S 2501 gingfo PW& wher elﬂ'ﬁ@'%@@*@b@é comprises a
dlstﬂ‘%\ g8hdithRidRe. ¢l aim 9 wherein said catal yst conprises a
urry in conbination with a packing. 16. The process
according to claim6 wherein said solid conponent

ccoh-of i FPaSeISAGRRBAdo Sl aepab RS QI eemapaent

comprises a plurality of distillation structures.

14. The process according to claim 6 wherein said solid component

comprises a plurality of trays.

15. The process according to claim 9 wherein said catalyst comprises a
slurry in combination with a packing.

16. The process according to claim 6 wherein said solid component

comprises packing structures.

17. The process according to claim 6 wherein said packing structures
comprise heat exchanger bundles.

18. The process according to claim 17 wherein a slurry is present.

19. The process according to claim 5 wherein said vapor rate is greater
than 70% of jet flood.



conpri se heat exchanger bundles. 18. The process

according to claim 17 wherein a slurry is present. 19.
wab@4psmeess according to claimb5 wherein sai dPEUBPS2004/000609

rate is greater than 70%of jet flood. 7 WO

2004/ 069410 PCT/ US2004/ 000609 20. The distillation

according to claim9 wherein said m xture conprises

or g2hi Thedligtitlatiols acedrdingite claish Ol WiaérefmsaidanixtlireGohtprises

cl ai m 20 wherein said m xture conprises hydrocarbons.
0rgapic Gorgp for the production of nethanol

conprising the steps of: (a) feeding solvent

contai ning a methanol catalyst to a colum containing

a |2tuTdecistilationascaidieeto ¢lbim Poediargirasajdsnixture comprises
ont ai ni ng carbon nonoxi de, carbon di oxi de and
hy(ﬁ??ﬁ%&@ﬁ' to said colum bel ow the catal yst containing

solvent feed at a rate such that the gas is flow ng

upward in said colum at a rate-greater than 50% of

j et22.f Aquacess fasdke preductioowf snethanof caroprisiag the steps of:

W t hdraw |1 sai d colu as .over heads:; -

o2 R SRt b BB et 8 A iR aptaining
ali@@iu_cbdh@huans@ﬁab&ttpﬁs- 23. The process according to

claim 18 wherein said catal yst conprises copper and

zi ri®) Sfepptia 2 gas soRtaimna £arn mpmeXjsieo caeorediovidei ang
nchBogh P BUEASE SR bAURA B8 KR et g rte suon
thabiteogal isdfldvaing lupward th shidralumaldt aofats-grehteatpain 5084 of jet

sol vent i n . d overheads is condensed and returned to
fio ﬁodeﬁ%f[rtﬁﬁjgé&%‘gﬂﬁh&?o »26. The process according to
cl aj [ BRALfr&RAt i j i 42 lip
ot 1S B G oD o] 1 Shloin SETUEATeAdS: n
(d) withdrawing catalyst containing solvent from said column as bottoms.

23. The process according to claim 18 wherein said catalyst comprises

copper and zinc supported on alumina.

24. The process according to claim 18 where a portion of said solvent is

vaporized and removed as overheads.

25. The process according to claim 20 wherein all of said vaporized

solvent in said overheads is condensed and returned to said column as reflux.

26. The process according to claim 18 wherein spent catalyst is removed
in a slip stream and makeup catalyst is added as needed.



