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propyl ene oxi de 10 The present invention relates to a process in which
.propyl ene oxide is prepared from hydrogen peroxi de and propane and in which
a mxture conprising unreacted propene andjoxygen i s obtmE gve0052692/Kg
subsequently utilized. In many processes for preparing propylene oxide from
propene as starting material, 15 efforts are nade to recover the propene
whi ch has not been reacted in the process as conpletely as possible from
the product nmxture, [f necesgsary. purify it and reuse it a |

material in ‘fas ﬂ%d iﬂal p ﬂEd}’gsi bl e enbodi nent, this jmmwmmum’mmwre
is subjected 10 a distilrration rn which the unreacted propene i.gyk&noved_

t oget her with compounds having a boiling point |ower than that of propene
from 20 the product m xture. The unreacted propene is subsequently
separateg off fromthis lowboiling fraction, worked up if appropriate and
r et ur ned”t othe—proecess—Sueh—processes—are—deserbed+n—For—exanple, DE
10001401.1. However, a problemwhich frequently arises in the recovery of

propene is that 25 propene agq_ X n n nt in concentrations
which lead to formation of i nfﬁ%l%lg@nrﬁ?i{ﬂg g&@é‘ggr ating off the propene
therefore presents a serious safety risk. To work up or separate off the

propene safely, it is therefore necessary to avoid the 30 formation of an
ignitable mxture of propene and oxygen. For this purpose, it is proposed
in, for l@xarileepresemt Br@niam relggs that propess deperieh peowpylapedixddd is| prepaad of t he

unreacted prppeR dx%@&i‘bérﬁﬁidle Qnd Bﬁiﬂahé‘ fnd AFhicRA MR F8toBHsiAP unteActdd
so-cal | ed absorption zone b f a suitabl (figg sorption mediumwth

y. neans .
addi ti onal iDAOREHE @BE PBYREHSIS ahtmq%alapggl&seﬂl}ﬂn&mﬁ bsorption zone so as to
dilute the oxygen to a 35 concentration at which the mxture is no | onger
i gnitable. -2 1n a further patent lication DE 10001401. 1. which
| kewi se 1 el EBYRRoGsis St e HpeilEls s reRyrEeea SHEmE pkted on of
an i gni tlabl effiortx tavr maide td feeosaphe ptapene shiahnrasaot bcemreagteddn fheqproeesai xt ur e
conpri sing I I €:f A . : opene
and a hydr O%é?g@? %éé}ggseBﬁg%’%]Fﬂoﬁlr@gﬁ(gﬁgtl ﬁYxéﬁxlséaf\?gﬁsg’%&i’b%rlgﬁgﬂg?(raesugéce of a
titani um silit easarting majesial dp the pracsse gy I08aassiblscerabeiligiente thismredupte whi ch
gzrfpf I Ses Uﬂﬁﬁﬁﬁg Ef? snﬁ’éj&?ﬁd“ﬁo ﬁf‘tﬁ?tmé%ﬁ”in tvﬂﬁ&% E}%fltm%ééﬂecf ﬂfob@@c{ isCRIRBENt S.
ygen is renoved fromthis mxture by a catalytic_ proces 0 give a
further m xt'P8ENTOMLR cempgusis dRuig 2 E&‘&nﬁrPGBﬁﬂéwFrsthéﬁﬂ?édﬁé’ﬁ?ﬂ’%’esféﬂﬁr at ed
by di st i2bl atthe®producmmixmrs. The ddredcted properne iasabseqidntlyadpdrated béf fpsrnciEiss as
starting 10 ,mat.erq. al furth Lol ity f f - ' scri bed
ina furt herlovﬁét%oélrll gﬁéﬁf‘c}a (.)Ir%?’ld g@f%@m Ilcla?'}s{eerallgI : arétg [ ggﬁ\tﬁ{é $ﬁ¢¥sga§ﬁfd“ ﬁcati on
rel ates to arpeessessue descripgdeipator egapplepPEdRE0HA1de in which a nmixture
conpri sing unreacted propene and oxygen is 15 separated off fromthe
product m xture in such a way that it _is not, itgni tabl e. The nonignitability
of this nixthHp¥eyes apurRlaBdvhigh irauerhe aritesani B r6FOVERY geRIARSNE HS thatxt ur e
bei ng | @3s tdigpent 2Hiikygen Ui be present in concentrations which lead to formation of

ignitable mixtures. Separating off the propene therefore presents a serious safety

risk.

To work up or separate off the propene safely, it is therefore necessary to avoid the
30 formation of an ignitable mixture of propene and oxygen. For this purpose, it is

proposed in, for example, EP-B 0 719 768 that the separation by distillation of the

unreacted propene from the low-boiling fraction be carried out in a so-called

absorption zone by means of a suitable absorption medium with additional

introduction of an inert gas into this absorption zone so as to dilute the oxygen to a
35  concentration at which the mixture is no longer ignitable.
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‘The safe work-up of the lowboiling fraction conprising unreacted propene
20 accordingly requires an increased outlay in terns of apparatus and,
.associ ated directly therewith, an increased energy consunption. As a
result, the overall process,. i.e. the pheparation of propyl ene oxide
together with the recovery and recircul ati on of unreacted propene, is
frequently ener i nefficient v of . unr.eact ed. propene for the
bur pose. of  nBAipatent apbhatioptds MAHRLY o Phict HESE-aBi P e not
appear to bdoepeparing piopyleue @I&ide fidrmiation efvadl ignitablermixtur in liee <eparagibh
econom cs of 0 r ed, ally at
the present JfrAEeCle B Rne HRACH BipbelEloir ey B 0 RBEFT o BRBEELE, Y
to work up dhefollearing meﬂmdeampeme&m shadmpﬂ@xwiata@r fiestlygeadted iar msalvente whi ch

i's not disreGhle gEe'sédcé%H'aeuﬂaﬂmhhﬁllEétEth&!ysPE&ﬁﬁﬁﬁpﬂoByﬁﬂe SRRBOUMIGAd ¥
wort hwhi e fashion and thus, to nak he overal| process nore ecgonom cal and

thus al so noP&We BReh (Gopprises unteagted RIgpeiet ansk okpgenyiogeist With &ythesn t o
provide a pr&ﬁ@»@ﬁeﬁt@ ro)pygeﬁag tehgbvied Tyt ﬁﬁenﬁﬁumﬂs cithlyeib préced®foegied hi ci ent

than the pr ses. of i.or ar at this object is
nchi eved by TioRuger SmBNig, efiRsng, i PERSRELS ab ARl e BY o

| east t he f dlistilating fomapthis (fatharr mpane asd metmotedd tonithen pyadsge nstaingxi de i n
a sol veng i ‘Iitbﬁalpresence of a 5 suitable catalyst to give a mxture (MO
conprising at l'east propyl ene oxide, solvent, unreacted propene, unreacted
hydrogen peroxi de and oxygen, (b) the propylene oxide is separated off from

the mxture £ Mlhet o?s‘fbﬂl%r fr Yafe @Qrkﬂﬁﬁ(isLHe@criﬂ\édJm)a iﬁﬁﬁﬁfﬁaﬁédﬁgpﬁl‘icah%ﬁs'f
unr eact ed propene ture (ML) i's I zed. Step

and
(a) of the pPolisereseny Hé’qﬁfi’é‘seﬂllslarWBF&tloﬁn YRS e % AHPGeeY Bhtpf‘tﬂ?“ag |
met hods 15 I@i@pmeﬁwoxlh@&emkihl 4 adxture ¢digpriviig tlmtt:acttbd PropeAc bhd bxyde is

parti cu in.acc | i

19936547 4 Sﬁﬁriﬁgfg’?% Wg,P&O@g?fgg@fgg’sg% ﬂ%‘éﬁtt ?5#0#“1%3%3#8 with
hydr ogen perrmmmetabmt)aogdhwnxturmlst dvbiqyed dyribe cgﬁceaatlaﬂomafmbge@ mathal yst to
give a m xt u(ry@gm'gqesgrtﬂne{]@pbyvgﬁﬁﬁé.ed out in at |east one

shel | -and-tube reactor. In the process of the present invention, it is in
principle possible to use all solvents which appear suitable to a person
skil'l ed I n the gife. woNaap! &S tief 1&@thsﬂﬁtg5fmmcﬁh cémpfising PenresRel Prépene VAt er,
- al cohq| s, aqpsrefe bly |.ower al co%s rmre ref%;abla}/ al cohol s havi.ng | ess
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1, 2- di et hoxfe ane t ox et han
recirculation of unreacted propene, is frequently energy-inefficient. The recovery

of unreacted propene for the purpose of returning it to the process therefore
25 frequently does not appear to be economically viable when viewed in terms of the
overall economics of the process.

However, there is of course a need, especially at the present time, not only from
the point of view of conserving resources, to work up each partly unreacted

30 starting material or intermediate which is not directly utilizable in the further
process in an economically worthwhile fashion and thus to make the overall
process more economical and thus also more competitive.

It is an object of the present invention to provide a process for preparing propylene
35 oxide which is more efficient than the processes of the prior art.



-4 - esters such as nethyl acetate or butyrol actone, - am des such as

di net hyl f or mam de, di net hyl acetam de,: N net hyl pyrrolidone, 5 - ketones such
.as 'acetone, - nitriles such as acetonitrile 10 - or m xtures of two or nore
of the abovenentioned conpounds. Methangl- is preferably used as solvent in
t he process of the present i nvention. Catalysts \/\hi ch can be used in step

(a) of the ess .of t res J nventi are rineci

cat al ysts k%ﬁ/ﬁmt’% f?LH’(Siste’atsﬁtlﬁ P@SCtl R alcﬁgV%cgp y faogrogeﬁé ﬁora re@%rc‘tgp Bmpypr &f erabl y
zeol i t e cat alxydst, svhidreehgprisacat least diedeHowimgatapsi t es in which iron, titanium
vanadi um chrom um niobiumor zirconiumis present. 20 Specific exanples
to be naned are titanium, germanium, tellurium, vanadi um, chrom unt,

ni obi um, zi(Aboniprapeneris sagted gvidebydrogen preride ima pelvenidn the prgsance of a
structurg, in parduiigitb adatdI P8 tt)ygteé d"‘ﬁhﬁﬁr&%ﬂl&ﬁbtﬁ%‘s gt Qast popRaks of
the X-ray diffraction patterns e AB AE EL, AEN, T, AFG
AFl, AFN, 25 AFO,O%idsR solpegt, Amea%&ﬁxpmﬁeﬁqﬁ BRFPACty peen Refsxidespnd AN
ATO, ATS, ATT, AldkygO, AWN BEA, BIK, BOG BPH BRE, CAN, CAS, CFrl, CG,
CGS, CHA, CHI, CLO CON, CzP, DAC, DDR, DFO DFT, DOH, DON, EAB, EDI, EM,
EPI, ERI, ESV, EUO FAU, FER, AdS, GWE, GO HEU, IFR 1SV, ITE, JBW KFI ,
LAU, LEV, LI®) LGB¢ pmpy,lenbm,idel_iﬂ_sepaxatm Oﬁiﬁﬁgml\l@: Hﬁ&@rﬂv@ﬂ()) WESS tOI\QF@ aMFl
MFS, MOR, : NV Osl, PAR
paD, PR R, oo RE M et olfi oliCRcic PlopeliEmd Bifkenile 2 COT
SOD, STF, STI, STT, TER, THO, TON, TSC, VET, VFI, VN, VSV, WE, VEN, YUG
ZON structurgs angle pfixtuve@d1 ik uGidd es deri ved fromtwo or nore of the
abovenentioned structures. It 35 is also conceivable to use
titaniumcontaining zeolites having the TTQ 4, SSz-24, TTM1, UID-1, CIT-1
or CTT-5 strSigp ¢)eofithe lphﬁ:eW@fCthe Sprccs‘émt ineemtionsenntbel caveed butrby &l mieltlerds
titaniu cotalnl zeol i ti r v t he
-5 ZSM tf%hgst rSkﬂg ur'é. ‘%: {};ﬁ%lg)l%a&%s}lés&g%ﬁf 'El z;.b%ﬁ%anf?en%‘/lie]dr%t| on,
pref erence |ti;egpal€rt applicstions DE i%&ﬁSPO"éé tﬁl@llﬂ%@ﬁ“rmFID N@Qliﬁ%rﬁ aad

MFI/ MEL st rusiypgsadrsri her exanples of preferred 5 zeolites are the

Ti - cont ai ni ng zeo?lte catal ysts which are generally referred to as "TS-1",
"TS-2", "TS-3", and also Ti zeolites having a framework structure

i sonor phOUS ’ll\lheél féaét&ni@tgﬂ) E@ne Wi Qiydtdggh xaerdxttfz mramﬂsa}t@xfn thehgregones eﬂg
i nventiaqp, as cri bed above, is t.i cul re carried out
using a taWi“ﬁ‘Hfs‘iaF ¥ 19 8LV gtnéll"%? ﬂ%ﬁ lf)zEFethré ayarge b8P a RE il

shell-and-tube reactor.

In the process of the present invention, it is in principle possible to use all solvents
which appear suitable to a person skilled in the art. Examples of solvents which
25  canbe used are:

- water,
- alcohols, preferably lower alcohols, more preferably alcohols having less
30 than 6 carbon atoms, for example methanol, ethanol, propanols, butanols,
pentanols,

- diols or polyols, preferably those having less than 6 carbon atoms,

35 - ethers such as diethyl ether, tetrahydrofuran, dioxane, 1,2-diethoxyethane,
2-methoxyethanol,



titaniumsilicalite catalyst having a TS-1 structure, as zeolite catal yst.
Further details regarding the catalysts which can be used, in particular
.zeolites, may be found in DE 10010139.2. 15 The m xture (MJ resulting from
the reaction in step (a) conprises essegtially the follow ng conponents:
propyl ene oxi de as desired process product, solvent, water, unreacted
hydr oper oxi de, unreact eg groglgae and OEX eé]. 20 For the purposes of the
present invent i orPSter SYcE apmetny) Aegialg og ‘8'5 8f'B1% to use propene which
contains up to 10% by wei ght of hydrocarbons other than propene. For
exanpl e, the prop se an cont ai %0 by I 5‘ fmRiOPaRe;
et hane, et hyl ene,aglgg?%negbc?l bu%ene@,&lﬁéwii?g@a\}’%ffvi leJ}g#tﬁ ta%ér% as a mﬂiture of
two or 25 nore tHeeteplpyrrplidenef urt her step (b), propyl ene oxide is separated
fromoffsfromthe mxture (M) resulting fromstep (a) of the process of
the present invention so as to give a mxture (ML) which conprises at | east
unr eact ed propenekeiongs SUSPASACE9Be The separation of propyl ene oxi de fromthe
mxture (M) in step (b) of the process of the present invention can be
carried out by an Hgt ho kné)vtvn I&ﬁ those skilled in the art for such a
separation. 35 THUEICSYCRARACSI N EHSedi ate steps which are known to those
skilled in the art and appear suitable in the context of a process for
oy o 18 Tretn SRRbErori @ maedt 86 SR nbRlReIEhmBRAEE", 2 2PE o her
step of the process of the present invention, viz. step (c). 5 The mxture
(M1) can bethhhdliig Bréfdriblgtbed T WoBFenk HOHE ﬁmeg@s JThS PRsdfidvefitlon.n the art.
Thus, for exanple, it is possible to use the mxture (M) as starting
material in one of the follow ng processes: acrylic acid production,
ag;I _ylt oni trit L@tﬂyatduﬂﬁéh()él\tzn laa:ﬁnueihqupr(agutﬂie@;o?@doﬁﬂﬁtmmwmdm@dﬂ an. t10 I n
additio e mxture an al so,be us. .0f.. ener recovery.in step
(o, ThdSor dBamincialt i Midin 5PErr & Sk, 550 B nC AR 86 LRatuLE, T ool
above in whipréfetdbdy ndokitaicaalytvs.l ) is used for energy recovery in step (c).
15 In the process of the present invention, the gaseous m xture (M1 )
whi ch has been separated off fromthe mxture (M) in the above-descri bed
manner is f direfersnse pgrgive t9 jzeslitey ipayhich iren. Jitanigg t vapadiumy rahFRIPIvEL k- up
apparat us. IfiobiGinSor ZifeBnilinispeetM 1 ) is preferably adm xed with further
oxygen aZ%d subsequently burnt. The heat energy which is liberated in this
way can,““for exanple, be converted into an 20 economcally utilizable form
of energy. Aypeoifiti exgimplesttbebepiansseindre ititandurhi, @ermhriomprtoluriies-, vapadicess as
descri bed ab ' [ he . [ ated {.n.s ' tar the
generation o&%@f@éﬁ%yﬁlﬁgﬁ&ﬁﬁﬁ'éfhg?ﬁ%t&8 fﬂzéon%ﬁ%é %Hlt’%t%%{g?l%%%@i n step
(c) of the pittweue infpartirularthe éypes iwhieheaobe pssigned drf e basiataf e X-fayui d
medi i for dt%ﬁr&pw%l&?@; S AREABW NACOARAET, ARIE Amh,OAEg,emTG%tﬁ?i, IAFN,hi s way
can be use neficia in.a.vari of _ways, i oV, 0
pr ocess.?330 @Q’ M&ﬁ%tmz‘i\ﬁg EA%II% @éﬁof"ﬁ% ‘gﬁ&eggﬁorﬁﬁfgtkug&%l
fashih on is, ATS, aATaypITY, AWEGCAWWABEAG BIK, B0G BPHSBREISRN,i (DAShe:Fpralﬁes?].
Furt her nore, e e n j 0 n iC
can bo. uti 11 S8l SEBh AT G Bt SN Rezbr DR SOR RO T, Dofiy Bo
mechani cal deAB| EDIyENG], ERheER)y ESY, kdnF AV, EBRy61S, diMEK G6¥D, HBY, THR,s
purpose to tR{EGTRKIBWEKFMLARS L&V, LIO, LOS, LOV, LTA, LTL, LTN, MAZ, MEL
30 MEL, MEP, MER, MFI, MFS, MON, MOR, MSO, MTF, MTN, MTT, MTW,

MWW, NAT, NES, NON, OFF, OS], PAR, PAU, PHI, RHO, RON, RSN, RTE,

RTH, RUT, SAO, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, STI, STT, TER,

THO, TON, TSC, VET, VFI, VNI, VSV, WIE, WEN, YUG, ZON structures and

to mixed structures derived from two or more of the abovementioned structures. It

35 is also conceivable to use titanium-containing zeolites having the ITQ-4, SSZ-24,
TTM-1, UTD-1, CIT-1 or CIT-5 structure in the process of the present invention.

Further titanium-containing zeolites which may be mentioned are those having the



35 The mechanical or electrical energy obtained in this way is

advant ageously used in the process of- the present invention for operating
.the apparatuses used in the process, so that an energy-efficient and
thus environnentally friendly process Lg_.achi eved. The present invention
therefore al so provides a process as descri bed above in 5 which the water

vapor generat i S s energy transfer nediumfor operating
distillati o@ﬁT“@rﬁﬁ?ﬁﬂ'@ﬁ@“ﬁw&ess of the present invention. - 8- W

claim 5 1. A process for preparing propyl ene oxide which conprises at

| east the fqllow ng steps:..(a ropene is r t i h xide in
a solvent i ﬁiolrﬁlée B‘?‘Bg%eﬁé’z t%% pgfsgrhtil ol lgnt%rtegﬁ?gnscg q§ \gi‘ée?vtg)ﬁg{n% xl':k uegg{e MO)
conpri si ng aavingastMF) MEbpy|meixed MFIMELstiugeime. Fugtheeexamplespefapeisaed
unreact eq hydrpaen, i il s QYR Tardiks WhEchPARRKhEARY R¥fetRq S

separ at eg o?‘ﬁg ?%pm‘e?ﬁ%?r(ﬁ‘xtur,e %ND) so?as%?o gl ve arﬁ?eﬁ xt u?’eé e%/lgci t) »

conpri si ng atlStBastTAreabsed: gropdie Hnacolitesogyag a frmevgrkt HEIGHTRt ure (M
1) is utilijgfflorpRous’Wwith pcR6Eteas clainmed in claim1, wherein the mxture
(ML) is used for 20 energy recovery in step (c). 3. A process as clained in
claim2, wherein the energy liberated in step (c) is used for generating
steam 25 4.Adoplinglgsshasprotessnefl the phlesdnm Bventiver, easn debwribet eabovgenier at ed

i s used.as ener f 1 . 1 0Q: Al St.i ' J in the
or ocoss. 10° adriepty AEERETy e ] o RLALRSRL!alafl 0 phficHiPS
BEcn{ vql gb] Mitenipmesflica]itcedatalyss dpviag ed]c hpuugterg] exdeotijecedfalystca] ca] ca] cal ca) ca
] ca] Fa}_&g] ca] ca] cal] ca] cLa] ca] c$™a] ca] ca! k53
"t #HBSYREK T #(' ((O)) #*}xsnid Z] ] ca] ca] ca]cal.ca] ca] ca] ca] ca]calca]ca]calc
a] ca] ca] ca] dayrhsy detpdaressrding by G]ét]Pb’é%Sc‘é{i"GB}%a}Q?a‘}‘% % %]P%Lﬂl’al %,e‘]?llt.e;’/ / LOVJDO
S111122334wW4hayhe fousdl idDEXR00I1d134.2.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] clg] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca=i K)! Nl 10%b\ b\ & (
)-f110%'& ()-"109%& ()-"'FI0% & ()-,Z

The mixture (MO) resulting from the reaction in step (a) comprises essentially the

following components: propylene oxide as desired process product, solvent, water,

unreacted hydroperoxide, unreacted propene and oxygen.

20  For the purposes of the present invention, it is of course also possible to use

propene which contains up to 10% by weight of hydrocarbons other than propene.

For example, the propene used can contain up to 10% by weight of propane,
ethane, ethylene, butane or butenes, either individually or as a mixture of two or

25  more thereof.

In a further step (b), propylene oxide is separated from off from the mixture (MO)
resulting from step (a) of the process of the present invention so as to give a
mixture (M1) which comprises at least unreacted propene and oxygen.

30
The separation of propylene oxide from the mixture (MO) in step (b) of the process
of the present invention can be carried out by any method known to those skilled in
the art for such a separation.

35 Thus, further intermediate steps which are known to those skilled in the art and
appear suitable in the context of a process for preparing propylene oxide can of
course be interposed between steps (a) and (b).
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The mixture arising from step (b) is then utilized in a further step of the process of

the present invention, viz. step (c).

5  The mixture (M1) can be utilized in any manner known to a person skilled in the
art. Thus, for example, it is possible to use the mixture (M1) as starting material in
one of the following processes: acrylic acid production, acrylonitrile production,
acrolein production and acetone production.

10  In addition, the mixture (M1) can also be used for energy recovery in step (c).

The present invention therefore also provides a process as described above in

which the mixture (M1) is used for energy recovery in step (c).

15 In the process of the present invention, the gaseous mixture (M1) which has been
separated off from the mixture (MO) in the above-described manner is for this
purpose firstly passed to at least one further work-up apparatus. In this, the mixture
(M1) is preferably admixed with further oxygen and subsequently burnt. The heat
energy which is liberated in this way can, for example, be converted into an

20  economically utilizable form of energy.

Accordingly, the present invention also provides a process as described above in
which the energy liberated in step (c) is used for the generation of water vapor.

25  Thus, the heat of combustion obtained in step (c) of the process of the present
invention is used for heating a fluid medium for the purpose of generating vapor.
The vapor generated in this way can be used beneficially in a variety of ways in the
abovementioned process.

30 One way of utilizing this vapor in an economically useful fashion is, for example,
direct heating of apparatuses used in the process. Furthermore, the vapor can be
converted into further forms of energy which can be utilized economically within
the process, for example into mechanical or electrical energy by means of
converters known for this purpose to those skilled in the art.

35
The mechanical or electrical energy obtained in this way is advantageously used in

the process of the present invention for operating the apparatuses used in the
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(a) propene is reacted with hydrogen peroxide in a solvent in the presence

of a suitable catalyst to give a mixture (M0O) comprising at least

10 propylene oxide, solvent, unreacted propene, unreacted hydrogen
peroxide and oxygen,

(b) the propylene oxide is separated off from the mixture (MO) so as to
give a mixture (M1) comprising at least unreacted propene and

15 oxygen, and

(¢) the mixture (M1) is utilized.

2. A process as claimed in claim 1, wherein the mixture (M1) is used for
20 energy recovery in step ().
3. A process as claimed in claim 2, wherein the energy liberated in step (c) is

used for generating steam.

25 4. A process as claimed in claim 3, wherein the steam generated is used as

energy transfer medium for operating distillation columns in the process.



