WO 02/ 102496 PCT/ EP02/ 06448 Process for the Recovery of Conbustible
Conmponents of a Gas Stream The present invention refers to a process for
t he recovwoyw2ab24e@nbusti bl e conponents of a gas stream coPETIEPO2Ig4ude
conbustible 5 conponents and oxygen by sel ective absorption of the
conmbusti ble conponents in a solvent. The present invention in particular

refers to a pPeoesss for theRecersrybf Combustibdé Compomartend af GRINSAPef/Ki t gas
stream from an oxidation reaction with a peroxide conponent, whereby due

to the deconposition of the peroxide oxygen is accunul ated during the
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cont ent  of € gas phase’increases Wwthim the a t he

absor pti on upf sbaggannca opodusst oYl epeoiiaeTENbE dlefime sol vent. This may have
t he consequence that even if the gas streamentering the absorption unit

I's not an ignitable conposition, it may becone ignitable
In numerous processes involving oxidation with peroxide compounds,
particularly hydrogen peroxide, gas mixtures are formed that comprise
15 considerable amounts of organic combustible components in addition to
molecular oxygen resulting from the decomposition of~the peroxide
compounds. For safety reasons, these processes have to be conducted to
ensure that the oxygen content is below the explosion Timit. For
economic reasons, it is often necessary to recover the combustible
20 components of an exit gas stream, since they may contain valuable
compounds 1ike, for example, product compounds or components that can be
recyc]éd to the initial reaction stage. Therefore, it has been proposed
to recover the combustible components by selective absorption in a
suitable solvent.
25
The oxygen content of the gas phase increases within the absorption unit
due to the absorption of organic combustible components in the solvent.
This may have the consequence that even if the gas stream entering the
absorption unit is not an ignitable composition, it may become <ignitable
30 during the process of absorption. Therefore, for safety reasons, an

inert gas is introduced in the absorption unit to avoid, under any



30 during the process of absorption. Therefore, for safety reasons, an
inert gas is introduced in the absorption unit to avoid, under any WO

02/ 102496WwB@TNEROZ/ 06448 2 condition, the formation of amlCr@gror/edaise
conposition within the absorption unit. 2For exanple, EP-A-719 768

descri bes a process for the epoxidation of an 5 olefin with hydrogen
peroxi de, woadeiiona trs formatdor off an Hgntlabf € rcompdsitdry geithim dhehydr ogen
per oxi de de%gngﬁﬁition is separated fromthe liquid epoxidation reaction
m xture andPSAPIIPBIY™HEi s absorbed fromthe gas nixture in a |iquid
absorbent and inert gas is added to the oxygen in an anmount sufficient to
prevent formation of a flammabl e gas conposition. 10 Referring to the
exanpl e i n AaP- éaripPe 7 8- A IabEDdpscrdbes iaqpiretass famthedporttaitndw dfhen upper
section and _the gaseous purge streaminto the [|ower section of the
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the direct-oxidation product is worked up in three different stages. In
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N the art fRar sectioh orPihe Shsorption Zone o ensurk & counter-current Hou.
But there is no indication whether the 1iquid phase or the gas phase is
the continuous phase.

15
EP-A-583 828 discloses a process for ethylene recovery in a process of
direct oxidation of ethylene oxide. According to this process the
direct-oxidation product is worked up in three different stages. In the
third stage unreacted ethylene is removed by absorption using a high

20 molecular weight organic Tiquid for example paraffins. From the
information given for performing the absorption it is not evident that
the gas phase is dispersed in a continuous 1iquid phase. On the contrary
the information that the contacting surface may be created by trays,
structured packing or random dump packing implies to the person skilled

25 1in the art that the gas phase is the continuous phase and the 1iquid
phase is the dispersed phase since otherwise the contacting surface
between gas and 1iquid phase cannot be increased using packings in the

absorber column.

30 Similarly, European Patent Application 00102542.8 discloses a process
for the working-up of an exit gas stream from the epoxidation of an

olefin with hydrogen peroxide, comprising olefin oxide, unreacted



phase is the dispersed phase since otherw se the contacting surface
bet ween gas and |iquid phase cannot be increased using packings in the
absor ber woloamm4980 Sim |l arly, European Patent Applicati oRCOEPO266423 8
di scl oses a process for the working-up df an exit gas stream fromthe

epoxi dation_of an olefin wth hydrogen peroxide, conprising olefin oxide,
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There is a considerable drawback associated with this procedure. Due to
15 the addition of inert gas, the total gas stream within the absorption
unit is drastically increased. Thereby, the efficiency of the absorption
is reduced and Targer absorption units and Targer amounts of absorbing
solvents are necessary to achieve the desired separation of valuable

organic components from the exit gas stream of a reaction zone.

20
Thus, the object of the present invention is to provide a process for
the recovery of combustible compounds of a gas stream comprising
combustible components and oxygen that does not have the above discussed
disadvantages while ensuring safety of the overall process.

25

This object has been attained by a process for the recovery of
combustible components of a gas stream comprising the combustible
components and oxygen by selective absorption of the combustible
components in a solvent, whereby during the absorption the gas phase is

30 dispersed in a continuous 1iquid phase of the solvent.



conbusti bl e conponents and oxygen that does not have the above di scussed
di sadvant ages while ensuring safety of the overall process. 25 This object
has been wDtoaitoeade by a process for the recovery of conmbu®Cirtdre2/ea@nponent s
of a gas stream conprising the conmbusti btte conponent s and oxygen by

sel ective absorption of the conbustible conponents in a solvent, whereby
during t he Th®stiesenlorinvertagashayeaserprisBwlyi ¢isepvened that d6nithengamuphbsayui d
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within the COBCIERETH iR thendesRBese Fasemaboyhibe explesion i}‘"&itsp’@reséaSi n
the contin l<k-eth of orts AvaS kLI

i nert gas ?gg%hé%ggs%ﬁﬁ’gﬁ%ﬁrfgo"ﬁmt@%%@%@ﬂtﬂ% a%?ﬁiﬁgggg%r{a%ﬁl %é}%ﬁ%lé tﬁ%r 8%\‘;' thin
t he absor pphase Zentirietyt diespabsat phithe covittinddusi $iqad pleasessItyie agyl veanger .
Thus, it i% preferred that neither prior to entering the absorption unit
nor wi t hi nCPRLWBEbIbt peM tiBALTamNgHeps §asthe gasdtage priipe tragntarrisg

0 . iy N . S
o Prart “oiBe SRR R ES Bt withfnE K8kt on, AER,BTE, ABRTEH LERT e
reduced, t Rergdty ne@agsady i dnyessrnient THAS! Sit 89préPerretethttere MPH 8 f€

absorption fluid, i.e. the solvent, can be used, with the effect that the
amount of sotering the bBbsorpiyen emidrnoprwiidgseihe absomptikdmgonm ast s gan be
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absorpti ONgé®¥hase contains less or no inert gas. Consequently, the dimensions of
the absorption unit can be reduced, thereby saving investment costs, and
15 a reduced volume of the absorption fluid, i.e. the solvent, can be used,

with the effect that the amount of solvent to be recycled or processed

in working-up stages can be considerably reduced, thereby improving the

overall economics of the process.

20 But although no inert gas is added prior to entering the absorption zone
or in the absorption zone, safety of the process is ensured since the
gas phase, although the oxygen content may be above the explosion Tlimit,

cannot be ignited.
25 Preferably, the absorption unit is run as a bubble column.

According to a preferred embodiment, the gas bubbles dispersed in the
continuous phase of the absorption solvent have a diameter of 10
millimeters or less, preferably 2 - 10 miilimeters, most preferred 5

30 millimeters at the most.



or in the absorption zone, safety of the process is ensured since the gas
phase, although the oxygen content may be above the explosion limt,
cannot bewDgnitemge 25 Preferably, the absorption unit is Poa/ERS2/es4bRibbl e
colum. According to a preferred embodi meént, the gas bubbl es dispersed in

the continuous, phase of the absorption solvent have a dianmeter of 10
mi | 1i et er &C6prqiggsto - spagidnesl 1y preferrad prbasdisent ofpidte presesitred 5 30
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t hrough the absorption unit in a countercurrent manner. Preferably”the
absor pti onthai gas straam agtcbtbdlabsongtionlunit. Theeelyt, ot rist aclofevetechditsper sed

gas phase d of the contjnuous_liquid | vent phase can be varied in w de
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20- 60 n® nchlamd the flow rate per cross-section for the liquid phase is
preferably 50 - 200 nB/neh, nore preferred 100 - 150 nB/ nzh. 20 According

to a preferred enbodi nent of the present invention, the gas streamis

| ntroduced fhgt A ohh?at%b 3F rifhtei gt spLé?iséd Vg\;'iag hph%sg Yande8t %eréorr]ﬁinuous 1iquid
solvent phase can be varied in wide ranges as Tong as the requirement
that the Tiquid phase is continuous and the gas phase is dispersed is

15 maintained. The flow rate per cross-section for the gas phase s

preferably 10-100 m®/m2h, more preferred 20-60 m®/m2h and the flow rate
per cross-section for the Tiquid phase 1is preferably 50 - 200 m3/mzh,
more preferred 100 - 150 m®/m2h.

20 According to a preferred embodiment of the present invention, the gas
stream is introduced into the absorption unit with a system of ring
nozzles to finely disperse the gas phase in the continuous 1iquid phase.
The dimensions of the absorption unit as well as the flow conditions of
the gas phase and the continuous solvent phase are selected to provide

25 gas bubbles dispersed in the continuous Tiquid phase having a diameter
of 10 millimeters or less, preferably 2 - 10 miTlimeters, more preferred
5 millimeters at the most. Several measures can be taken singly or 1in
combination to control the above defined bubbles size. For example the
cross-section of the orifices of the ring nozzles can be selected to be

30 within the range of 0.2 - 2 mm, and/or sieve trays can be positioned
within the absorption unit in defined spacing having an orifice cross-

section of 0.2 - 2 mm and/or the flow rate of the 1iquid phase and the



nozzles to finely disperse the gas phase in the continuous |iquid phase.
The di nensi ons of the absorption unit as well as the flow conditions of

t he gas pwese/1exige t he conti nuous sol vent phase are sel ect @¢TIEPODO@YS de 25
gas bubbl es di spersed in the continuous piquid phase having a dianeter of
10 mllimeters or less, preferably 2 - 10 mllinmeters, nore preferred 5
mi |1 et er 92atPhage ssadiusdedray datinedraboveard foeiavekbraysanglugedrthen
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within the absorption unit in defined spacing having an orifice cross-
section of thezgas phase Shegush theeperforates plaffest o 0.hcRiimdsphase and the WO
02/1024%@ 6 PCT/ EP02/ 06448 gas phase are adjusted as defined above. If
sieve tray are used the ratio of the free cross-section of the sieve trays
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used as gas dispersing means.

15
For safety reasons, it is preferred to introduce inert gas into the
headspace above the 1iquid level within the absorption unit. Thereby,
the gas stream exiting the liquid solvent phase is diluted to the extent
that the oxygen concentration is below the explosion Timit. Since the

20 gas phase after exiting the Tiquid solvent phase is no Tonger finely
dispersed, the gas mixture will become ignitable in case the oxygen
concentration due to depletion of combustible components during the

absorption is above the explosion 1limit.

25 Any inert gas s suitable that has an oxygen content of Tess than 10
volume per cent and does not form combustible mixtures with oxygen.
Preferred inert gas s nitrogen, carbon dioxide or water vapor or

mixtures thereof, as may be obtained by usual combustion processes.

30 According to a preferred embodiment of the present invention no inert
gas or only very limited amounts of inert gas are introduced into the

gas stream prior to entering the absorption unit or into the absorption



the gas streamexiting the liquid solvent phase is diluted to the extent
that the oxygen concentration is below the explosion |limt. Since the 20
gas phaseweafoeao24exi ti ng the |iquid solvent phase is no | oRgeEEPH/ES
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means and a flane barrier in the gas exit line . In that case, the anmount
of inert gaarrian ioditcedas wxattHeeheddspidecasn blhe congntderf abieytreatuced
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15 As continuous phase within the absorption unit, any Tiquid can be used
that dissolves the combustible components that shall be recovered better
than oxygen and that allows easy separation of the recovered components.
Thereby, usual organic solvents 1ike alcohols, aromatic and aliphatic
hydrocarbons or ketones can be used. It is preferred to use a solvent

20 that is also used in the process the gas stream is derived from prior to
the absorption. This is advantageous since then the solvent stream can
be either directly recycled into the reaction zone or can be passed to a

working-up stage downstream of the reaction stage.

25 In the process of the present invention, any gas stream from a reaction
step wherein oxygen 1is generated and that contains combustible materials
can be processed to recover valuable combustible components. It is
particularly preferred that the gas stream is the gaseous effluent of an
oxidation process using peroxide compounds. The process of the present

30 invention is especially preferred to recover olefin, and olefin oxide
from the gaseous effluent from the epoxidation of an olefin with

hydrogen peroxide.



t han oxygen and that allows easy separation of the recovered conponents.
Ther eby, usual organic solvents |ike alcohols, aromatic and aliphatic
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The pressure within the absorption unit in the recovery process

15 according to the present invention can be varied within wide ranges and
can preferably be between atmospheric pressure and 50 bar, in case of
absorption of propene and propene oxide the pressure is preferably

within a range of 4-30 bar, more preferred between 10-25 bar.

20 The present invention will now be discussed in more detail with respect
to the attached figure.

Figure 1 shows a suitable absorption unit for the present process in
cross-section.

25
Figure 2 shows a preferred absorption unit according to the present

invention in cross-section.

Referring to Figure 1 a tubular absorption unit is shown, wherein the
30 gas stream 1 comprising combustible components and oxygen is introduced
into the absorption unit through an inlet that is positioned near the

lTower end of the absorption unit. The inlet for the solvent stream 2



15 according to the present invention can be varied within w de ranges and
can preferably be between atnospheric pressure and 50 bar, in case of
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in order tetpddnibecdnipeign pxyden, t madXidnonats € edbAsPb]encompbhéntisO Al
oxygen concentration bel ow the explosion limt. The exit gas stream5
conpri si ngopkiayan]y simart gasoexitts oie absayp$ioriugit dmpouainaes oudmet optional |y
exits. th 1t thr h an,outlet 10 positioned at the

. b :
!tggrt)f gjt%?]epgf)%%'roﬁ?(fﬁ ﬁﬁétbb?ﬂgﬁ iﬁ?i%o?@%ﬂdm%-z according to a preferred

enbodi ment the gas stream

Referring to figure 2 according to a preferred embodiment the gas stream
1 is dintroduced into the absorption unit through a system of ring
nozzles 9 to ensure efficient dispersion of the gas phase within the

15 continuous 1iquid phase. Within the absorption zone in the absorption
unit, sieve trays 6 with downcomers are mounted to improve the mass
transfer between the continuous phase and the dispersed gas to improve
the absorption. The volume of the headspace above the fluid level at the
upper end of the absorption unit is reduced by incorporation of

20 displacers 7 and a flame barrier 8 is positioned in the gas exit line.

The present invention will now be explained in more detail with

reference to examples.

25 Example 1
A tube having a diameter of 76 millimeters and a length of 1,000

milTlimeters was filled with benzene and the temperature was maintained
at 70°C. At the Tower end, pure oxygen was injected at 4 bar pressure at
a flow rate of 200 1iters per hour. The portion of the gas phase within
30 the tubular absorption unit was 5 volume per cent as measured by the
increase of the height of the 1iquid level. Due to the volatility of

benzene, the uprising dispersed gas phase will be loaded with benzene



1 is introduced into the absorption unit through a systemof ring nozzles
9 to ensure efficient dispersion of the gas phase within the 15 continuous
i qui d phaee21viphi n t he absorption zone in the absorpti oRCTEPI2/06438 eve
trays 6 with downconers are nounted to ilﬁarove the mass transfer between
the continuous phase and the dispersed gas to inprove the absorption. The
vol une of @Re Heedspady rasches taheidnitinkiid eompositiarheA glpperirendaf t he

absorption.unit is.teduced pncorporati on,of 20 displacers 7 d aflame
barrier 8 i@“‘%}"&§9t}%ﬁ§ﬁ€]“}?t?ﬁ% bsggw gﬁf”t 1qu‘?1%ﬂev‘? e aﬁaekteﬂ?s i%ﬁ\}%ﬁilt %on wi | |
now be explahfedthd r t gV lap¥ ¥ f I le 1 A
t ube havi ng;ga di zg'r}\etgesrg @?ﬁgewmafwr@?eéf ezﬁgﬁgg?z%&?ﬁ@? %’ﬁoggétsﬁxﬁp?mt ers
was fill ednai tgnibéerz efiethendispersed gasrphtaseecondd beiohserivedd at 70C. At the

| ower end, pure oxygen was injected at 4 bar pressure at a flow rate of
200 liters per hour. The portion of the gas phase within 30 the tubul ar

absorptionpugidiews 5 vol unme per cent as neasured by the increase of the
hei ght of t‘%é‘q—'r‘quid | evel. Due to the volatility of benzene, the uprising

di spersed @Gasmpieasavasi hépdated asididanvokygenefimnef VIP00RItEPR4RF Aur, while
PCT/ EPO2/ 06448 and inmedi ately reaches an igqni_t abl e conposition. A glow
wire was CheerosERon Of cEhn dienressed as daspavithgoitel Blasrid phageiwaswds tried

no i ani t1 oooie REr GRBEe B AR Y RS e B 3o, SR GoR okl e 2
Exanpl e o1’ wagpérg@@ag@dpmsteh(;@ndopgygjgge,f\}eg\{v of 170 liters per hour, while
the portion of the dispersed gas phase within the |iquid phase was 25

vol une per cent. But also in this experinment, no ignition of the
The examples show that a gas phase containing a combustible material and
oxygen in a ratio that is within the explosion range cannot be {ignited
as long as the gas phase is finely dispersed within a continuous Tiquid
15 phase.



10 di spersed gas phase could be observed. The exanpl es show that a gas
phase containing a conbustible nmaterial and oxygen in a ratio that is

wi t hi n t Wwoezpbdaagé on range cannot be ignited as |ong as Pha/Epazoq@Ease i s
finely dispersed within a continuous |iqgéld 15 phase. WO 02/102496 11
PCT/ EP0O2/ 06448 Cainms: 1. Process for the recovery of conbustible
components of a gas stream conpri si ngCtai@sconbusti bl e conponents and
oxygen by sel ective 5 absorption of the conbustible conponents in a
solvent, characterized in that during the absorption the gas phase is

di spersed i a PppEdgsueHS thei utodePpdFecdibubti®ls Aoi®BhentiOof 4 Jhe REOGFSS

of claim1, characterized in that the process is a continuous~ process.
The process of &AYPISInGeher edibtishiplel eomponenttsanad toxygaredyi selebetve t he gas

bubbl es di spersed in.the i nuous se have di aneter 15 of 10 nmm or

| ess, prsceif er abl fga P%T%‘ﬁf%%&oﬁﬁlﬁﬁgﬁ? C?H%Orﬁpgée%ao?rﬁé{ﬁ?tof t he

pr ecedi ng cIain&haﬁﬂﬁéﬁ@%ﬁyﬁﬁqgmkn that the gas streamis introduced into
an absorption unit at a lower section of the absorption unit and the

liquid sol vent phedw &he aebsopitiohetlabgas phasm isndtsparsed pAsd tdoRpidypyar ds
with respect to_the  |ocatign the gas streamenters the absorption unit,
whereby the gadi9{idRAIsNATIHE s8IURBE: pass through the absorption unit
counter-currently and the liquid solvent phase exits the absorption unit
at a position below the entry of the gas stream 25 into the absorption

unit. 5.0 Tize pr apessoeésany ofaimhe, RhecRderizedl @ Mhatcharacterized in that

the process is a continuous process.

3. The process of any of the preceding claims, characterized in that
the gas bubbles dispersed in the continuous phase have a diameter

15 of 10 mm or Tess, preferably of 5 mm at the most.

4, The process of any of the preceding claims, characterized +in that
the gas stream is introduced into an absorption unit at a Tower
section of the absorption unit and the Tiquid solvent phase enters

20 the absorption unit at a position upwards with respect to the
Tocation the gas stream enters the absorption unit, whereby the
gas stream and the solvent pass through the absorption unit
counter-currently and the Tiquid solvent phase exits the
absorption unit at a position below the entry of the gas stream

25 into the absorption unit.

5. The process of any of the preceding claims, characterized in that

the absorption unit is run as bubble column.



t he absorption unit is run as bubble colum. WO 02/102496 PCT/ EP0O2/ 06448
12 6. The process of any of the preceding clainms, characterized in that

t he vol unwook/1043e6 head space above the liquid | evel of theCTEPa2/idwoOUS
phase is reduced by displacers. 5 7. Theldrocess of any of clains 4-6,
characterized in that the gas streamexiting the liquid solvent phase is

di luted w 6h anThengtdcegaoft any b€ the erdceding dlaemox gb@ractenicedt fratthed i s
bel ow the explosion |limt, 10 8. The process of _claim7, characterized in
that the inert ¢88 Y&lugel &fcitbe epemspace rahgun, theat Euidalrye] eftben di oxi de

Chat 15 the gas Cnr s el Bl Rl A R e B o1 'on uni ¢ Lhr ough &

system of ring nozzles. 10. The process of any of clains 4-9, characterized
in that the flow conditions within the absorption unit are selected to 20
provi de yad -bubdhesprficeperafedny vt tlai@st-bnuchararcienized giatkat havi ng a

di f 10 I f I f b h st ...11. [ Th
of “any of “cl ai -Gt SEReabERURREade ot SoRerh hasd oroti Ukegangn’an °o°
compri ses heat syerangs pans aadhortrassthadbRpRFStdtieBiftton 13 bl BroCess

of claim1ll, characterized in that sieve trays are positioned wthint
absorption unit .expd@si\d DRi{t02496 PCT/ EP02/ 06448

10 8. The process of claim 7, characterized in that
the inert gas is selected from nitrogen, water vapor, carbon

dioxide or mixtures thereof.

9. The process of any of claims 4-8, characterized in that
15 the gas stream is introduced into the absorption unit through a

system of ring nozzles.

10.  The process of any of claims 4-9, characterized in that
the flow conditions within the absorption unit are selected to
20 provide gas bubbles dispersed in the continuous Tiquid phase
having a diameter of 10 mm or Tess, preferably of 5 mm at the

most.

11.  The process of any of claims 4-10, characterized in that
25 the absorption unit comprises heat exchange means and/or gas

dispersing means.

12. The process of claim 11, characterized in that

sieve trays are positioned within the absorption unit.



13 13. The process of any of the preceding clainms, characterized in that

the gas streamis the gaseous effluent of an oxidation process using

per oxi de wormpawds. 5 14. The process of any of the precedCaEPol/edng,

characterized in that the solvent is sel®cted from al cohols, aliphatic and

aromatic hydrocarbons and ketones. 10 15. A process for the epoxidation of

propene with hydrogen peroxide in an alcoholic solvent in presence of a
as stream r|S|n unreact ed propene, propene oxide

catal yst, %here%ﬂ : %o
and oxygen 1fr om!he Ry 6@%@60@”% o PEgE h%lr‘:&@@i*ﬁ pehanacherized skpihat ed
fromthe reactign \%rié’c&fe%ma‘i@ th %a‘"s%Hifx’éJ%tf%ﬂJe%tccS‘F%ﬂ”S&td%t dh 'ﬁ?br%ss as

stream 15 are reco using a priocess accordin 1-14.

16. The process ugfnglpairoxile, compeuedsn i n the recovery step the sane
al coholic solvent as in the epoxidation step is used. 20 17. The process of
claim 16, wherein the solvent is methanol. 18 The process of any of clains

conust i b dTcon BReiRCers B MEB . prftBTie, TR, LAk SR AL EBRt
passed to a wor khaGdIRerd St @R CEEIMTFbI %ﬁebﬁmm éh@h@?@(bﬁé‘ta‘r‘%aﬁt@p-

hydrocarbons and ketones.

10 15. A process for the epoxidation of propene with hydrogen peroxide tin
an alcoholic solvent 1in presence of a catalyst, wherein a gas
stream comprising unreacted propene, propene oxide and oxygen from
the decomposition of the hydrogen peroxide is separated from the
reaction mixture and the combustible components in said gas stream

15 are recovered using a process according to any of claims 1-14.

16. The process of claim 15, wherein in the recovery step the same

alcoholic solvent as in the epoxidation step is used.
20 17. The process of claim 16, wherein the solvent is methanol.

18. The process of any of claims 16 and 17, wherein the 1iquid solvent
phase comprising the recovered combustible components is either
recycled to the epoxidation step or is passed to a working up

25 stage downstream from the epoxidation step.



