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of the Invention The present invention relates to the
operation of |iquid-continuous distillation

Wﬁ 2p04(96944U1 ar bubbl e col ums. Rel ated I nfor n’é‘ET’BWO‘f“fPO“”
its broadest sense a bubble colum may be a col um of
liquid with a stream of gas bubbl es passi ng upward
through the liquid. Thus, these systens (excl udi ng

the columm) are co conponents

.. the QUG ERrINveUse S R Blsshil s ERRe
uniess it is anggekeRAOND GPHRE INvENEIeph as a | ava

| anp, there is an interaction between the |iquid and
Figla of the. in%’r’tloéxan'pl e, in a fish tank, air bubbling up

t hr OHLHE g?es%ﬁ HU@ntﬁJn PQ%&S{ totfie Bpélfahéﬁ thflﬁé 06 Dol biRtillation

er s exanple, "an | npure
oghmms,m mmmﬂ]aebuiﬂyebelupmssed through a I|iquid wash

the inpurities or to renove the desirable

%egﬂﬁgnﬁﬂfm?t@o the Iliquid such as capturing volatile

or gam its @m&t@sh@enéé/@@)utfb{@nolamrwmgfbé 8 amhgheaf l:'qnid with a

ount er cur owwth a i tabl VOC. olLyent

e Sa BRSPS Py Rt ] &5 S e Systems
émmh iRd 1rf]1éQﬁlLan’€)hrﬁrQ|f:0mbﬂéﬁd of ﬁﬁ @asfm'o\dgﬁtpmn@ntsheé .etheriquid and
t hr ee ases, the liquid, the nd s
thq e RGP e EtaUeR alics i AB seTieLo misw legtisah a'a lava lam,
tRatelis Sh ﬂﬁen\&ﬁtl@m b&®eehahé Uit 206 the ghal For @xarﬂ}b‘[é in el figh tank,
conponent may be internal structures in the

alr Rubbliag up égqoug;g(?n%m@;@p qf yypder |skp§ftfqllggbsp§b§§i§n’r@rtﬁn water. In

o%llé%ts?&em-g‘ ?or%%maib BERY inffurs 8haddusahitue® by 1K pﬁﬁi;)éd b@magh a
pack col um. packing may be inert or cataly

ligrpig w@ktp m@novmvwed@wrlmswrzt@demg}f@ the dapirgble %ﬂﬁﬂn%wo the
n@ﬁ@tﬁ%bﬁ‘ ab eéﬁluﬁﬁ%éiéi%[@%ﬁjg% rﬁ;Sbtﬁfd"st om ot asN&H@h idW8shed

e sys ens extracti on and
it eatmte@nrranﬁﬂw‘wﬁh@tstniﬁbleakft)ﬁé@twevb distill atl on may

be capLie émtm\;‘%ﬁgh CY A %ﬁ%ﬁeﬁ‘@g&mttﬂf& s 's%e@laﬁi&f‘form of

boiling's T ent urities
bubbleomhuﬂed winesgin maretan)@tmee phasesn Ithmlmwcf dhe etae @nd welid. Very

f%q@gﬁﬁ g}ae %adeéé)rﬁéglg%nt i é)tnge&“érf ggﬁlcﬁ E’hf mlayibr%a inert or
dal‘a%ytmol‘[hmsdhlosc&npdmedtemay lee irttéraal Ma.pmresmmthmamjumnmnth as
h%%E e%changer 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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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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alter the performance inprovenents di scl osed here that
result fromoperating at a high vapor rate expressed
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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 dimethy! 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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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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solvent are recycled to the tower via flow |ine 105
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jet flood. Fromthe above HETP perfornmance, the
initial observation as vapor rates were increased,
but still below 50% was that HETP performance was
getting worse. It was surprising that above 50% of
jet flood the HETP performance reversed direction and
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jet flood. 3. The distillation according to claim!|l

wherein said m xture conprises organic conpounds. 4.

Theg dirgb! disiioh eﬂ:%&&ﬁﬁ%?@c@%q Wg@é{in‘@%ﬁ flixduré bmprises

m xture conprises ydrocarbons. 5. € process o
orghnictdropatimasy a | iquid mxture conprising placing a

liquid mxture in a fractionation zone under

conditiops of tenperature and pressure to fractionate

sai4l rheuistiltish Hceotdin® (P ElGR PwhBRIA saltPhitkiard boipAses

conti nuous |iquid phasé in said fractionation zone

hydspearbang. vapor having a rate through said
fractionation zone of greater than 50% of jet flood to
| ess than 100% of jet flood. 6. The process according

to &l PepRodher 6f ﬁaé‘tiér‘i’éfir%i; §$fr§gﬁt!‘pﬁﬂktdré dIrkSA8ihg pPifcing a
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liquid erbevee iR fractionation zans dnderanddinns ofdampesature and pressure
to ﬂ%%"tibhﬁfé' &i§ Iiaﬁlﬁ%ix%re to produce a vapor, maintaining a continuous

liquid phase in said fractionation zone and 'said 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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8. The process according to claim7 wherein said
particul ate nmaterial conprises inert materials. 9.
The process according to claim7 wherein said
rticulate material 60 WD 2004/ 069410
‘E%??"U@%H’M 000609 conprises a catal yst and ToRHENERE®
of said m xture are reactive alone or wwth said
vapor 10. The process according to claim9 wherein
Sbfls&fd %géggst GRITBE BB Rerfls oP b4l Iifxtuleare B CRIGCABRS or with
mhereln sai d catalyst conprises
s@ﬂuﬁnozed bed. 12. The process accordlng to claim?9
wherein said catal yst conprises a distillation
structure. 13. The process according to claim®6
wher €).nThaptbcees adcardingdo elaim Scwhgreinsssd aafplyst edmpiysesfa
pistillation structures. 14. The process according to
S¥U™i m 6 wherein said solid component conprises a
plurality of trays. 15. The process according to claim
sai d catal yst copprise sl.urry i .
conbT haf o R Resh ecqinith ome whsrgin it eabvsteumarises 2
filigizel ®eh 6 Wherein said solid conponent conprises
packi ng structures. 17. The process according to claim
6 wherein said packing structures conprise heat
exchangehe PRMESE Bccakling 15 Rlath @CRESeRLSAd Batalst SorfpAde® a
17 erein a slurry 1s present. 19. The process
digtibadionistiyctuse.cl ai m 5 wherein said vapor rate is
greater than 70% of jet flood. 7 20. The distillation

according to claim9 wherein said m xture conprises
or gahd.c The ppaness eccording to claim 6 wherein said solid component

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.



21. The distillation according to claim20 wherein
said m xture conprises hydrocarbons. 22. A process
for the production of nethanol conprising the steps
of: (a) feeding solvent containing a nethanol catalyst
to a colum containing a |iquid continuous phase; (b)

f eedi ng_l_a gas_contai ning carbon nonoxi de, carbon
di 040 el distifigiiprogesordihgstel alaion Duvimereir saidtrhixture comprises

.al aining solvent feed at a rate such that
orgf%@g%ﬁ‘fqo??ﬁsow ng upward in said colum at a rate
greater than 50% of jet flood to |ess than 100% of

jet flood; (c? wi t hdrawi ng nmet hanol from said col um

as erHwadistilalinn aepordingHarciairmg0 sdicteiosaid mixture comprises

l%[}:ta?i; Ihg said catalyst fromsaid colum as bottons.
hyg . gﬁ%rocess according to claim 18 wherein said

catal yst conprises copper and zinc supported on

al ugpnaA grbcedd forthe pRESUARFSIGhaahel eé@bﬂ“sig;@ thé Stdpsor:
portion of said solvent is vaporized and renbved a
ovefddgadingmivantsoptainings ametharil ogtalystdd ai col@Bn containing a

: tiR, Al aid vaporized solvent in said
Ilq%goﬁgﬁgguél ER%%%densed and returned to said colum as
r ef (h)X¥eedinG.a Jhe coniriag catsow ioRexide, Ao diSxinbangi N
ent cat ;ié/st is renmoved in a slip stream and nmakeup

hyfifpgggrl)}gtsai Jyawbelewibe gatalystgontaining solvent feed at a rate such
that the gas is flowing upward in said column at a rate greater than 50% of jet
flood to less than 100% of jet flood:;

(c} withdrawing methanol from said column as overheads; and

(d) withdrawing said solvent containing said catalyst 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.



