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PROCESS FOR THE CHEM CAL REACTI ON OF SUBSTANCES N

REACTI ON COLUWN The present invention relates to a process ca QRRTSS
out in a reaction colum for the chem cal reaction of substances t he
reaction of which is affected by an unfavorable equi- 10 |ibriumposition
of the main reaction or a preceding gquilibrium wherein during the
reacti on one or nore sub- stances to be ¥eparated are continuously
renoved fromthe reaction m xture by one or nore auxiliaries. 15 1In
the past, reactive distillation proved successful in processes wherein
conversion is inpaired by the position of the chem cal equilibrium
formi ng the basis PBPCEEScFOR THE| GHEMHAAL (REAGTEON QR fIBSIANGESet her s

whi ch are used for exanpl e a¥ A REarqalonedduMes i n fuel s, '
esterification 20 is another field of application. Prior art processes of
esterification are reactive distillation processes allow I ng
continuous separation of the water fromreaction by distillation. See

e. g. J. Kraf k ' I , +.5i0 1994), p.
1372 and 25 TBE E?Eﬂ%ﬂ‘e‘r %.Qh{jg%aﬁ?la N{%%cfg?réaén% b oakbie g,“ IR
Ing. Tech., v8l regetienosplupn fiay the ehgpicml reactign jofhMubsdapcese

di Eti |l ation the reapeishubESwhilchhes afféotéedTbyren surofaddiaiblal lequi-
subst ance exc 0 ne . o] . ar t | L .poi nt. 30
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tenperature for separati,on 35 be equal to or higher than the distillation
t enper at ures reaction mixture by one or more auxiliaries.

15 In the past, reactive distillation proved successful in
processes wherein conversion is impaired by the position
of the chemical equilibrium forming the basis for reac-
tion. Besides the production of ethers which are used for
example as antiknock additives in fuels, esterification

20 is another field of application. Prior art processes of
esterification are reactive distillation ptocesses allow-
ing continuous separation of the water from reaction by
distillation. See e. g. J. Krafczyk and J. Gmehling,
Chem. Ing. Tech., vol. 66 (1994), p. 1372; and

25 C. Breucker, V. Jordan, M. Nitsche, and B. Gutsche,

Chem. Ing. Tech., vol. 67 (1995), p. 430. During con-
ventional reactive distillation the temperatures in the
column are such that all substances, except for the
bottoms, are heated to boiling point.

30
In the known processes, separation of the water from
reaction is effected by a reactant which, in most cases,
must be charged in high excess. It is therefore necessary
that at the given pressure the temperature for separationf

35 be equal to or higher than the distillation temperatures
of the reactants. The reactants employed. in said. pro-
cesses are an auxiliary and an additional substance. In
esterification processes the alcohol, if used in excess,
is both the reactant for the esterification reaction and



of the"reactants. The reactants enployed in said pro- cesses are an
auxiliary and an additional substance. In esterification processes the
al cohol, if used in excess, is both the reactant for the esterification
reactidn and - 2- the auxiliary
for renoving the water fromreaction. Furthernore, it is necessary to
determine the ratio at 5 which the reactanfs are used in order to achieve
ef fi- ~cient separation. According toe2C. Breucker et al., sepa- ration
of the water fromreaction, if the reactants are present in | ow excess,
Is a challenging task for process engineers. Up to now, this problen1has
been tackl ed tghQIhuxkinq;XxﬁQﬂ1nﬂmqm&gsaﬁéepWB§e§sésomnﬁﬁéwﬁkgpseveraI

reac- tOr s. purthe /¥ MiadiinE e Mdisahtyl £oVVBbkekiPHE tRetPgLAstats the

one- st age esterlflcatlon u3|n n enfraining agent and taki
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Ver |l ag der Vvssféﬁxﬂuépaﬁatith|Atq§halﬁg to Cp. BXéuckés. ePratessespd-or
producing est ef g [&0B£AMOater Widn 2ekdt 0fd. 3cefal sclbtineoniiguous

separation of condensed water in a col um ugi Nng entraining agents, such
20 as benzenePresemanit  lQWMEHRASA. ditShohadlengdag: tasl fAT PIOERSYH76 413
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n equi rea ns “an n-particul ar,
to renmove a suberance which has fornmed and nust be separated in a
conti nuous, gentle, and nost effective way in a columm by using an
auxiliary.

One embodiment which is well known in the art is the one-
stage esterification using an entraining agent and taking
15 advantage of azeotrope formation. See e. g. Organikum,
VEB Deutscher Verlag der Wissenschaften, Berlin (1977),
.p. 71 - 73. Processes for producing esters from carbox-
ylic acids and alcohols with continuous separation of
condensed water in a column using entraining agents, such
20 as benzene, methanol, and butyl alcohol are described in

DE 976 413 B. The entraining agent used according to
Us 2,384,793 is butane.

It is the object of the present invention to provide a

25 process allowing to enhance the conversion in equilibrium
reactions and, in particular, to remove a substance which
has formed and must be separated in a continuous, gentle,
and most effective way in a column by using an auxiliary.

30 It was surprisingly found that in columns with fixed-bed
catalysts permanent gases are particularly suitable
stripping gases serving this end. The advantageous effect
of the stripping process should be utilized to support
the reaction course and to prevent at the same time that

35 a reactant is present in high stoichiometric excess. Once
the auxiliary has fulfilled its task, it should be re-
turnable to the process in a simple way. By using the
present process it should be possible to avoid coupling
of the process parameters, such as process temperature -



30 It "was surprisingly found that in colums w th fixed-bed - catal ysts
per manent gases are particularly suitable stripping gases serving this
end. The advant ageous effect of the stripping process should be
utilized to support the reaction course and to prevent at the sane tine
that 35 a reactant is present in high stoichionmetric excess. Once t he
auxiliary has fulfilled its task, it shout.& be re- turnable to the
process in a sinple way. By using the -3- present process it should be
possi ble to avoid coupling of the process paraneters, such as process
tenperature - L. ) - 3- pressure -
distillation PERFERERUredisESLLRLIPD FRIPSFATIE — j@duGhfe @i o WHics art
processes. 5 is Aaherdnngtboprherpaeseptocewssd i on, the problemis sol ved
by a procegs carried out in a reaction colum for the chem cal reaction
of substanCes the reaction of which is affected by an unfavorable

equi | i bri um p@scoxgangf tphEheoPrREPATr dAYERbiCRr therereklien ieqEdlived um

wherein.duringy a phecesactheriefcolt IRIE BedStIAESolPEseRMHat ed are
continuously renmoved.from xture

f he reaction _m by one or re._ .
auxiliaries. e?nglaEEPE&éanb9%p3§§Fﬁ§n5¢§tF?%p??ﬁftloﬁﬁﬁfrthqg 1$
per manent gas adifegtedxbyr enoinfevpuabie €§uihbbrium geomitinmxidf arhe t hr ough
t he reactign ; ' i onMoirC | a ' rrﬁﬁéggg {1 xed bed
and adj lﬁst?‘%&%ﬁé@f éLto lﬂlre a%d?-)gré gégg?g %ﬁ%ﬁf%ﬂgfmgﬂ t he @%le'%ulcr%ds( are
present as |i diieuEeGCtions Ong P& TOge gpPrhances sk b feraratsthAfhce(s)
in the reacti wonmdnuously (emeyedl frpmedhal peattjofresebiré 'lby one or

oo urtrronied SR Tibias . SHGHDLAHREES YRR A Sorspreng
pl ace sinul - 9a@s, i. e. a permanent gas or a mixture of permanent
15 gases, as an auxiliary through the reaction column in
which a solid catalyst is arranged as a fixed bed and
adjusting temperature and pressure such that all the
educts are present as liquids or as solutions of solids‘
and that the substance(é) in the reaction column is (are)
20 . predominantly present in gaseous/vaporous form. The
stripping gas is preferably led countercurrently to the
liquid stream. Stripping and reaction take place simul-
taneously in the reaction column. The catalyst may be
arranged as a regular packing or an irregular bulk.

(]

25

The continuously charged auxiliary is a permanent gas.
According to the present invention, permanent gases are
gases which cannot be liguefied at temperatures of grea-
ter than -30 °C. Furthermore, permanent gases as defined

- 30 in the present invention are gases consisting of 5 or

' fewer atomic molecules and mixtures theréof, including C;
hydrocarbons. Particularly suitable substances are those
the molecules of which consist of only one element,. such
as nitrogen (N3) or hydrogen (Hy), hydrogen being parti-

35 cularly preferred. Said permanent gases serve as strip-

ping gas for the product to be separated. This stripping
gas differs from a conventional entraining agent in that
it is already present in gaseous form, whereas the en-
training agent must first be converted to a gas.



taneously in the reaction colum. The catal yst may be arranged as a

regul ar packing or an irregular bulk. 25 The conti nuously charged
auxiliary is a pernmanent gas. According to the present invention,

per manent gases are gases which cannot be liquefied at tenperatures of
gr ea- ter than -30 [err]C. Furthernore, ,permanent gases as defined 30
In the present invention are gases consistiﬁg of 5 or fewer atomc

nmol ecul es and ni xtures thereof, includi4y Jerr] hydr ocar bons.
Particularly suitabl e substances are those t he nol ecul es of which

consi st of only ane el n . Itrogen { r r. rogen
(H2), hydroge B@ﬁﬁ&?ﬁgggi%vgégggrényﬁ%?gfﬁéré&éh¥£§€;{é#r%%*ga¥gﬁhses
serve as stripersionp Ngrgayeror ithéspesgertiab thatdpm anaducthito be
stripping s 83hdHaldneEsoh’ Qﬁéae?QMQBi:iGﬂa)be edl $&i prdderdda dhe t hat |
it is already present in aseou orm mhgreas t he en- tr%;nlm% agent

must first be EFt@haF%'a &azpe instant case it can partly be pre- -4
Consi der abl e eseaporast kol ilg@dti.is required for this con-. versi on.

Moreover, it is essential that the product to be 5 wthdrawn fromthe

equi libriumbe also present in the %aseogs phase. In the instant case it
can partly be T processpacgordimggirdthis inypatienckssohRIBYINRFQ 0 this
i nvention jos GhettH age ik0 iwlagmme it hsgi:gamﬁ;béeré&l:tm& at the

reactants or oduct.s kai | ng.poi nt .whi uld_resul t )Tpo-
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15 <Therefore, the instant novel process is particularly
‘suitable whenever natural or temperature-sensitive sub-
stances are to be converted. During this conversion the
continuous removal of a low-molecular reaction product
has a favorable effect on the course of reactions wherein

20 the reactants must not be heated to boiling point.

The catalyst is a fixed-bed catalyst. In a preferred
embodiment the reaction column is operated as a trickle
column of which about..30 to 60 vols, preferably 50 vol$

25 are utilized by the stripping gas as free gas space,
whereas 30 to 50 vol$%, preferably 40 vol% of the column
is occupied by solid substance, i. e. the fixed-bed cata-
lyst. The remaining reaction space, preferably 10 vol$ orx
less, is occupied by the trickling liquid. Irrespective

30 of other process parameters, high catalyst concentrations
can be chosen in a wide range. In contrast to prior art
processes, the ratio of catalyst : liquid phase is sur-
prisingly high.

35 When using a fixed bed, the residence time of the liquid
phase can be adjusted by the stripping gas velocity. The
residence time of the liquid phase is high with higher

velocities of the stripping gas volume. The stripping gas



stancés are to be converted. During this conversion the cont i nuous
renoval of a | ow nol ecul ar reaction product has a favorable effect on

t he course of reactions wherein 20 the reactants nust not be heated to
boi I i Ag poi nt. The catalyst is a fixed-bed catalyst. In a preferred
enbodi ment the reaction colum is operated as a trickle col um of which
about 30 to 60 vol % preferably 50 vol % 25 %re utilized by the stripping
gas as free gas space, wher eas 30 5 50 vol % preferably 40 vol % of the
col um is occupied by solid substance, i. e. the fixed-bed cata-

| yst. The renalnln reaction sp ferabl 0 vol % or,

occupi ed by tﬁBr?P RREF nGRP nﬁ%l?}‘??‘ﬁ‘?%‘gp’ébtﬁ \Yédlﬁ X395t I"i’élthBPé}cggé’mg

par anet ers, haghadetabgseffecteonrthe ovsurse afarpdveeastsosen in a wi de range.
In contrasf to prior art processes, the ratio of catalyst : liquid
phase is sur- prisingly high. 35 When using a fixed bed, the
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velocity. Theditiohagi deneelaryewnichheslammmtmals dhitgta iwiitky hi-gher
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t he subst ance the lopesatdingt ednddggéoher in the strlpplng column

When using entraining agents as auxiliaries in addition
15 to permanent gases, the amount of permanent gas in the

reaction column is greater than 80 mol% of the auxilia-

ries charge, while the amount of entraining agent accord-

ingly makes up to 100 mol%. The molécular portion of en-~

training agent is by at least the factor 4 smaller than
20 the amount of permanent gases in the reaction column.

Reactions for which this novel process can be employed
generally proceed according to the following equation:

s A+B+C+ ... ¥ U+V+W+ ...
At least one of the products -~ the substance to be
separated ~ can be vaporized under the reaction
conditions of the reaction stripper or can be converted

30 to vapor by the stripping gas. The reaction is an
equilibrium reaction or is influenced in its course by a

preceding equilibrium. The following types of reaction
are given as examples:

35 Aldol Condensation



with fhe entraining agent which is in gaseous form under t he operating
conditions in the stripping colum. When using entraining agents as
auxiliaries in addition 15 to pernanent gases, the ampunt of pernmanent gas
in thé reaction colum is greater than 80 nol % of the auxili a- ries
charge, while the anmpbunt of entraining agent accord- i ngly makes up to
100 nmol % The nol ecul ar portion of en- -t*raining agent is by at |east the
factor 4 smaller than 20 the anobunt of- pernanent gases in the reaction

col um. Reactions for which this novel process can be enpl oyed

general ly proceed according to the foll ow ng equation: [err] At
| east one of FRevEnadged: SoONdeRgatiiBlt ance to be separated - can be

vapori zed under the reaction conditions of the reaction stripper or can
be conver ted @3 o @ondRAsaltyohhesshr kpptDgl gésse THE & BEST i ¥ diSian

equilibriumr tio roi.§ 4i.nfl L its OKY y cedi ng

equi librium t'ehﬁéq”&%l g’% ﬁg—dngSgggfgggégé?%n‘“g g%%gg‘f(\g}té%o%%rﬁgsganpl es: 35

Al dol Condendwviigyg particularly high CH acidity, such as mglonic

Knoevenagel Guensaiiciic semiliestee)dpaiahienebte?, Sepahdacease of aldol

reaction . . . . '
acid, cyanoacetic acid ester etc., are reacted with

10 aldehy-des and ketones.

X. o«
>=° + C'Hz —_—
\ "H20 . :

(X, Y = COR, COOR, COOH, CN, NO,)

15

Example of a Substance

The reactants are sensitive to temperature and have
higher boiling points than the auxiliary. The water to be
20 separated (substance to be separated) is removed by the
stripping gas, or the water to be separated plus an addi-
tional entraining agent, such as hexane, benzene, or tol-
uene, hexane being the preferred entrainer, form an azeo-
trope in which case the permanent gas leaves the reaction
25 stripper overhead together with entraining agent and wa-
ter. The product, benzal malonic acid diethyl ester, is
the highest boiling substance (186 °C at 18 torr) leaving
the column at the bottom. '

Reactants Boiling Point Catalyst Auxiliary

Benzaldehyde | 177 °C Bases, e. g. basic ion ex- | Stripping gas or
' changers, carbonates of | stripping gas +

alkali metals and alkaline | hexane

earth metals

Malonic acid {94 - 86 °C at 11 torr
diethyl ester

30



foll oled by al dol condensation: nethyl ene conponents havi ng particularly

high CH acidity, such as nal onic acid, malonic sem -ester, nmalonic
ester, cyanoacetic acid, cyanoacetic acid ester etc., are reacted with
10 al dehydes and ketones. [err] (X, Y = COR, COOR,
COOH, CN, NJerr]) 15 Exanpl e of a Substance The reactants are
sensitive to tenperature and have- highef boiling points than the
auxiliary. The water to be 20 separated-(substance to be separated) is
removed by the stripping gas, or the water to be separated plus an
addi - tional entralnln a such as hexane, benzene, or tol-

uene, hexane B@Fﬁ@' = epﬁgﬂlgﬁ?ralner forman azeo- trope in

whi ch case the permanent gas | eaves the reaction 25 stri pper over head

toget her wist h @ddfidid¥ RE-eAFRHmedNbyWaeactionebf AldeRyadsCand eezahedral onic
aci d di et hyl

est I S the i he oiling substan 86, [ ] t 18
torr) leaving™ eht‘c’ﬁ':'e é‘(ﬂa\ﬁ% m[l e %J(})lt?’ routd 18°3h Hggg%é‘?] S 8‘,% ?%g
Poi nt Cat al yshe formah»qﬂ|Qﬁ)}ntermEdB@msald@hyé@gémic[eynynﬁses Bages, e.
g. basic ion ex; oﬁ@{drpcp'ﬂﬁblgﬁ%forappllcatlon is the formation of ﬁ@@ﬂgers

car bonat es of %rl in alkali netal s
and al kal i ne H%&%ﬁﬁé¥gs£££§ioylng appropriate reactanten ptgal s

Mal onic acid 94 - 96 [err]C at 11 torr dlethyl ester 30
g _ -H20 NR,

Example of a Substance
15

Like in the example given hereinabove, the product f-
benzyl aminocrotonic acid ethyl ester is the highest
boiling substance (b.p. 140 °C at 0.5 torr). The
stripping gas or stripping gas plus entraining agent as

20 an auxiliary transport the water (substance to be
separated) to the top of the apparatus. The product
leaves the reaction stripper at the bottom.

Reactants Boiling Poidt Catalyst : Auxiliary

Acetoaceticacid| 68-78°C | Adids, e. g. acidicion ex- |Stripping gas or

ethyl ester at 11 torr changers or toluene sul- | stripping gas +
fonic acid hexane

Benzyl amine 70-71°C

at 10 torr




-7- 7 Preparation of Enamines 5 Enanines are formed by reaction of

al dehydes and ket ones W th secondary amnes. This route is an inportant
one for the formation of internediates for organic syntheses. An

i mportant field of application is the formation of het- erocycl es

enpl oying appropriate reactants. 10 [err% Exanpl e of a Substance
15 Like in the exanple given herei nabovE, the product [err]- benzyl
am nocrotonic acid ethyl ester is the'ﬁ*ghest boi | i ng substance (b.p.
140 [err]C at 0.5 torr). The stripping gas or stripping gas plus

entraining ag ' L1 agy, %?ﬁ&’ét (substance to be
separ at ed) toﬁghggigégoéﬁtﬁgé%%%géa?%é. e pvf}i)é(}ﬁcét@éeEH | eaves the reaction
stripper at the bottom React ant s Boi ling Point Catalyst '
Auxiliary s ReaAtéboacefi cagborylig8acid® yith |ahinesgitds fagm g. acidic ion
ex- Stripping Q3$oRy1ic acthnyhigsker at 11 torr changers or tol uene
sul- strippinmggas + fonrc—acid hexane
Benzyl amne 70 - 71[err]C at 10 torr
Formation of the acid amide is favored by the continuous

removal of water (substance to be separated) in the reac-

10 tion stripper. The water-enriched atixiliary leaves the
apparatus overhead, whereas the product is withdrawn at
the bottom. '

o

. . . 0
R—C_ + HNH, —» R—C /:
OH . 'Hzo NH2
15
Example of a Substance
Reactants Boiling Point . Catalyst Auxiliary
Capronic acid 205 °C Acids, e. g. acidic ion ex- | Stripping gas or
changer stripping gas + -
hexane
Dibutyl amine | 159 - 161°C
20 Guerxbet Reaction
Na or Cu :
~200 °C, pressure Aldol Condensation . R
/\/OH s
R R I — R l
-H - H,O

H]

OH



-8- 7 Reacti ons of Carbonyl Conpounds with Bases 5 Reactions of
carboxylic acids with amnes to form carboxylic acid am des

Formation of the acid am de is favored by the continuous renoval of
wat er (substance to be separated) in the reac- 10 tion stripper. The

wat er-enriched auxiliary |eaves the

product is w thdrawn at the bottom [erﬁf - 15 Exanpl e of "a

Subst ance

Reactants Boiling Poi%t Catal yst Auxi l i ary

appar atus over head, whereas the

Capronic acid 205 [err]C Acids, e. g. acidic ion ex- Stripping gas or

changer

tri ' - + . -
D butyl anin§5t%§gk¥§%?gPa?§f caraﬁxzbé?b%?liéaction
-200 [err]C, pressure Aldol Condensation R

10

15

20

25

OH ' o—~4<::j>——CHo
+  H—O CHO ——» —<
o O o )

Example of a Substance

Reactants Catalyst Auxiliary
Isobutanoic acid or | Acids, e. g. acidic ion | Hydrogen as a stripping gas, option-
pivalic acid with hy- | exchanger ally together with benzene, toluene, or,
droxybenzaldehyde _ preferably, hexane :

Reactions of fatty acids with fatty alcohols to form
fatty acid esters

It is an advantage of the process according to this in-
vention that when using permanent gases as an auxiliary,
ordinary coolers can be mounted into the condensers be-
cause the physical data of the permanent gases effecting
the separation of substance are often very different from
those of the substances to be separated (boiling point,
heat of condensation, heat of evaporation). Thus, less
energy is required for preheating because heat is only
required for raising the temperature of the gas to reac-

tion temperature, but not for héating a liquid entraining
agent to effect vaporization.

R"'C\ - ¥ HOR® — . R_C’z
- H20 ) OR' -

hexane

Na or Cu



[err]~ -9- Esterification of

Car boxyl i c Acids 5 Exanpl e of a Substance React ant s

Cat al yst Auxi l i ary | sobutanoic acid or Acids, e. g. acidic
i on Hydrogen as a stripping gas, option- pivalic acid with hy-
exchanger ally together with benzene. t0|§f dr oxybenzal dehyde
preferably, hexane 10 Reactlons of f

ty aC|ds with fatty alcohols to
form fatty acid esters

Example of a Substance

Reactants _ Catalyst Auxiliary
Fatty acid Acids, e. g. acidic }Hydrogen or nitrogen as é
Cg - Cop. preferably Cg - Co, | ion exchanger stripping gas, optionally
together with hexane
Fatty alcohols
C4 - Cpp, preferably Cg - Cop (azeotrope former)

Advantageous embodiment of this process
(general, applicable to any reaction variant)

10 A particularly advantageous embodiment of this process is
-shown in Fig. 1. A mixture of reactants is charged to the
upper section of the reaction stripper. Chemical reaction
takes place while the liquid reaction mixture, as a re-
sult of gravity, flows down via the stripper packing. The

15 packing can be made of a solid or supported catalyst.
Also suitable is an at least partially inert packing. The
product obtained which is to be separated evaporates and
is removed from the reaction zone by a stream of an aux-
iliary which is preferably charged countercurrently from

20 the bottom. The auxiliary enriched with the substance to
be separated leaves the reaction stripper overhead. After
condensation of the substance to be separated, the aux-
iliary can be returned to the apparatus or, as a reac-
tant, to a subsequent process stage. The desired liquid

25 reaction product leaves the reaction stripper at the
bottom.

When separating the water from reaction by means of an
auxiliary, the reaction can be influenced to the advan-

30 tage of the desired product, e. g. fatty acid ester. As

shown in Fig. 1, a mixture consisting e. g. of fatty acid

and fatty alcohol is charged to the upper section of the

reaction stripper. Alternatively, the educts can partial-

ly be reacted by a preceding reaction which has the



It is“an advantage of the process according to this in- 15 vention that
when usi ng pernmanent gases as an. auxiliary, ordi nary cool ers can be
nounted into the condensers be- cause the physical data of the pernmanent
gases effecting t he separation of substance are often very different
from t hose of the substances to be sepaigted (boiling point, 20 heat of
condensati on, heat of evaporation). Thus energy is required for
preheati ng because heat is only reé&rred for raising the tenperature of

the gas to reac- tion tenperature, but not for heatlng aliquid
ent rai ni ng ent to

a ff vapor t]
Exanpl e of a gﬂﬁgpgﬁgg of Egie fR £%g e é%nv§£§1qn Jdp 2 shRrtem ary
Fatty acid reaction sgtkdppes. cglumrdm wleﬁdgeeaemrhmunmﬁgm drom
&6 - C22, pr eftﬁea?ﬂc@h% ] reaC€bh] i508n&XGERNGS the Sdd A0 FFSp-

optlonally ty al co ol s together with hexane
Cerr]- C[err]Peﬁkeferany Cerr]-Cerr] (azeotrope forner) 5
Advant ageous enbodi nent of this process (general, applicable to any

reaction Var'%%%berature and pressure of the reaction stripper are
such that both the two' reactants and the product, e. g.
10 fatty acid ester, are liquid, while the component to be

separated, e. g. water, evaporates and is malnly present
in vaporous form.

The stripping gas, e. g. preheated, dry hydrogen, charged

15 to the bottom of the apparatus flows to the top of the

| reaction stripper. While passing through the apparatus,

it entrains the component to be separated, e. g. water.
The hydrogen enriched with the component to be separated,
e.g. water, leaves the apparatus overhead and reaches a

20 condenser wherein it is separated from the component to
be separated, e. g. water. Optionally, the hydrogen can
be returned to the reaction stripper or may be employed
in a different way. It is also possible to charge one of
the reactants, preferably the alcohol, through a lateral

25 - inlet into the reaction stripper. This variant raises a
further possibility of influencing the reaction to the
advantage of the products. Furthermore, this process-
variant allows to control the temperature profile in the
reaction stripper by preheating the side streams. It is a

30 particular feature of the process according to this in-
vention that the educts, e. g. carboxylic acid or, in the
case of transesterification, the carboxylic acid ester,
and the alcohol can advantageously be employed in equi-
molar gquantities. If, however, overstbichiometric con-

35 version is desired, the alcohol is charged in excess
quantity. The product, e. g. the fatty acid ester, is
removed from the lower section of the column.



10 Acparticularly advantageous enbodi mnent of this process is shown in

Fig. 1. A mxture of reactants is charged to the upper section of the
reaction stripper. Chem cal reaction takes place while the liquid
reaction mxture, as a re- sult of gravity, flows down via the stripper
packi ng. The 15 packing can be made of a solid or supported catal yst.

Al'so suitable is an at |east partially i ner¥ packi ng. The pr oduct
obt ai ned which is to be separated evaﬁﬂﬁﬁtes and . is renoved fromthe
reaction zone by a stream of an aux- iliary which is preferably charged

count ercurrent, from,.2 . (o] AN ng ] e
substance to 'éﬁgt§§%§§£%na%g%1$§%§éggtﬁggyggégig%£¥t$i%%gp§g%%§%é¥§fl Af ter
condensat i on dthushe thehFreasidono rgseswharcht &8, alFeadyxaccelergted w¥xan be

returned tgq thﬁm@%ﬁ;ﬂizlgor?@ea@rree@an be fu2Bher! On8r&4HE@AUANN Pr OCESS

stage. The desired |iquid .2 reaction product leaves the reaction stripper
2 the | botaHoving Afietc, SAHAAYARS " R dat APE! FBnPPEREL FLTE By heans. of
an auxi | i spygcasm, ridacitsd @xpsdidnd itof hgenecgollddt heiddeancaBdlystage of

the desired pngL%:[ arf-adidid@lioh GichaaRfe?. 108 exchalg¥Psi BhftN cdn A
m Xture consistin

e. g. of fatty acid and fatty alcohol is charged to
the upper sect?HFP dpe t?*%Pl"Ye‘fé’é%/t‘P(%‘ FaSigen tﬁf“?éFﬁ&PF@@l 9% PRetRduct s
can partiale 230! 9cC here geatteicddard yradasible .- aterosenbichvbasatae
advant age of achigying the i i shart t] _
stri pper coIun%ysf%'tﬁi§§b£%gﬁgﬂggg¥§yué%pf¥%%§%?.Q?ﬁeagfggeg?ﬁé #gggtion S
charged to thetiemct¢am Rerygactivaggd by dryimg &fiedr seyggapr 6¥SLee of the
reaction strippRrofd€r to increase conversion.

15 The process temperature is from 20 to 300 °C, preferably
100 to 230 °C. The process pressure is below atmospheric
down to 50 bar, preferably 1.5 to 15 bar. It is surpris-
ing that during esterification a cross-sectional load of
the liquid phase of < 0.48 kg/m2?s has no perceptible ef-
20 fect on the fatty acid conversion, whereas at > 0.48 kg/
m2s the conversion decreeses, as is expected, as the
cross-sectional load increases.

It is understood that any other reaction meeting the re-

25 quirements described hereinabove can advantageously be
carried out according to the novel process described
herein. This process can be employed whenever the educts
or products are higher-boiling; temperature-sensitive
substances, e. g. in the production of intermediates for

30 detergents, pharmaceuticals, and cosmetics. The reactions
mentioned herein are only few examples of a large number
of syntheses which can be performed employing the novel
process presented herein. '



such that both the two reactants and the product, e. g. 10 fatty acid
ester, are liquid, while the conponent to be separated, e. g. water,
evaporates and is mainly present i n vaporous form The stri pping
gas, e. g. preheated, dry hydrogen, charged 15 to the bottom of the
apparatus flows to the top of the reaction stripper. Wile passing
“through the apparat us, it entrains_ the ¥onponent to be separated, e. g.
wat er . The hydrogen enriched wit h~tHe conponent to be separated,

e.g. water, |eaves the apparatus overhead and reaches a 20 condenser
wherein it is edef onent to be separated, e. g.

wat er . Cptiong??@?i?%egﬁygggsggﬁ%gﬁgp be returned to the reaction
stripper or nmay be enpl oyed in adifferent way. It is also possible to
char ge onesof Expertihenteawezaat sarpied epubl in thebat o meactidy duglerderat er al

25 inlet intoybhe heanki @ReSkihBREEs IR BaVey i £0ia 'éd R8s B catidnlidnler
possibility of |nfluenan the reaction_to the advant age of the

products. Fur 9§& §S5E4PPiRPs CpPetisns . FYSFhermore MPTHIEIS de e
t enper at ure preafddied Butthén a labastaba setacppen dyripmheati ng the side
streans. It is a 30 particular feature of the process according to this in-

vention that the educts, e. g. carboxylic acid or, in the case of
t r ansest ertof i d@tichn Regigkor; EFpRyAPentsi d ester, and the al cohol can
advant ageously be enpl oyed in equi - nol ar quantities. If, however,

over st oi chi ONMBi{{iG GRITd ¥nd' FatitYNalecesi wefe LHEr§&0P!a isatdiar ged in
excess quanti ty. The product,, atty acid ester, 1Is

e L. g. the f [ .

‘renoved from tHRETRE%r @skerification frAction was carried out in
-12- The tlsagiresente iqfper sud tabdel cadalysh.aThel adidht atatsdlyst Thus,
the reactign ral&, Vil GhdgeA) 1eAhAEHe 2688 PRaschig rings was ar-

ranged as a fixed bed in the reactor. The reaction volume

of about 400 ml was filled with about 85 ml of solid ca-

talyst. The liquid phase volume was about 230 ml. The re-

maining volume was the strippihg gas volume. Nitrogen was

.20 employed as a stripping gas. This batch reactor simulates
a section in a reaction stripper column.

The volume ratios of catélyst ¢ liquid phasé ¢ gaseous
phase chosen herein are not applicabe to a reaction

25 stripper column. Despite the unfavorable parameter, i. e.
the relatively low catalyst concentration in proportion
to the liquid phase, the experiments proved that the pro-
cess of this invention offers some advantages. Reaction
temperature, feed ratio of the reactants, and volume of

30 +the stripping gas stream were varied in these experi-

ments.
Reaction Time {min]' Fatty Acid Conversion [-] at Equimolar Feed Ratios
0; 17, 60 1 N/h | 120 I N,/h (Volume of Stripping Gas Stream)
20 =02 0.5
40 =~ 0.4 ' 0.7
75 R ~0.62 0.8




5 the stripping procedure can be further increased. Wen enpl oyi ng

acidic catalysts, e. g. for an esterification process, it is expedient
to use a solid acid as catal yst, e. g. an acidic ion exchanger. 1lon
exchanhgers which can al so be enpl oyed at high reaction tenperatures of
up to 10 230 [err]C are particularly suitable. Water-sensitive cata-

| ysts, e. g. catalysts which adsorb the wat®r from reac- tion, can be
reactivated by drying after several cydes in order to increase

conver si on. 15 The process tenperature is from20 to 300 [err]C,

r ef er abl to 230 rr r Suge e heri c
Doen o068 Lt ]bﬁcgfnee gﬁpa[% o Enafltnl! AR BERoUE gbtef 19&@4{1@@ i
duri ng esterléngmtﬁmardlldr odidhs ddve aegictiiond time if {ihethﬁq%ﬁ@e p‘h’e!%% of <
0:48 kg/ nlser rdse G5 AP gﬁq@otnéa & rfougd0 theCbagent beatabty dkid is

conver si on, whereas t > err].,s the copversi ecreases, as
i s expect ed, %EP%?%?éi Qé%ﬂnguﬁgﬁ ﬁc$8§s§¥ proguclea?
under st ood t hatcerding hey thxannnnennﬂan|hy’Whanseof25hqustenppisgd@@@r|bed

her ei nabove Cétgr%ﬂ(a”flﬂ%%@é/r n inddeRd a%“tth%C%‘EEﬂggg V\g(’%&@e novel

process descr reln S process can ever the
educt s or s RN CERCERRSOF JRikh Hoing nfhe @ff@ck Qlfef‘é@H%FFP9@us

subst ancegy estfipping NEn M AskIEEh afeddtdmntiay MR FeAt When3emgibeiggnts,
e s
enpl oyi ng t hepaovkour). %h%c%%@e¥#m§nﬁﬂeﬁﬁrnﬂﬂgIQUt in a batCh reactor
- 13- Exﬁgpéﬁﬁe@ftﬁ%@eétnﬁnféactlon temperature of 110 °C and at-
mospheric pressure the stripping gas stream (in this case
15 nitrogen) should be greater than about 0.025 kg of nitro-
gen/(m2s). The reference area is the cross-sectional area
of the empty reaction stripper. The experiments were car-
ried out in such a manner that the by-product to be elim-
inated, water, is obtained at a point above its boiling
20 point. From process engineering aspects, this is the more
advantageous variant of evaporation stripping.

In the second series of experiments the reaction temperé—
ture was 80 °C at atmospheric pressure. In these experi-

25 ments water was obtained below its boiling point, i. e.
as a liquid. In this case, too, it could be proved that
the conversion increases by simultaneous stripping. '
However, the stripping efficiency was lower.

Reaction Time [min] | Fatty Acid Conversion [-] at Equimolar Feed Ratios
129 I No/h (Volume of Stripping Gas Stream)

20 0.07
40 0.13
75 _ 025

30



5 BXdperinments were carried out in a batch reactor in order to exam ne

the kinetics of fatty acid esterification un- der stripping conditions.
Furt hernore, experinents were carried out in a |ab-scale reaction

stri pper. 10 Batch Reactor Experinents Fatty acid and fatty al cohol
were charged to a batch reactor. The esterification reaction was
carried out in the presence of a sui t abfe catal yst. The acidic catalyst
15 (ion exchanger) having the forn1of'ﬁé§th|g rings was ar- ranged as a
fixed bed in the reactor. The reaction vol une of about 400 m was

filled with a Lﬁll%erﬂtsofmsgl hdpC8cale F[Egu%n g fléﬂ[)gyl d phase vol une

was about 230 mal ni ng vol unme was t ripping gas vol une.
Ni t rogen was 20 errpl oyed as a stripping gas. This batch reactor sinmnulates
a section isn & reastddd « trdapfdiont @ltitipper was d8eeloped®in abidsr ofo

catalyst : liquid se asequ as h re not . appl |cabe
Lo a Teacti on PErE B Loty or RNEC 8. RIBRTNGBFELS Selita Be' |
the rel ativel ytd dvhxmtm\ya;ttmcehtar alqlolmm nTheopoluimpnhad antbntépnal qui d

phase, the expgfif@d,s ﬁcw%ﬁ hastozt hﬁleorﬂrst expeﬁﬁeﬁfcstal Bik&yepdlon
of fers some advant ages.  React,j o rature, ﬁ?d rati ¢ of, the

reactants, andt¥bYSimPest c%’t?’tﬁﬁ”‘:ﬂ rquﬁi‘ﬂéhﬁa§°§t PESHPREPES VAR ERCi n t hese
experi - 10 nshidpe of Rasclfh;\cnngs Wame mplolyed. Phet gafailgsCobedrbadn [ -]

%}efﬂf} h””'(f‘/gl Eﬁgfoﬁéﬁ.“ £ b m- he solume of th& c%?al?%%cl\lhgééiﬁe f28 ,
0.5 rings packing wqys@bout 5 iters. Equjmplar quantitiesrof
=0. 62 fatty acfd8and fatty alcohol were charged to the top of
the apparatus, while the stripping gas was fed counter-
15 currently from the bottom. In the first experiments ni-

trogen was employed as a stripping gas.

Cross-sectional load with liquid phase (fatty acid + alcohol) 0.24 kg/(m?3s)
15't cross-sectional load with nitrogen stripping gas 0.049 kg/(m?3s)
20 2" cross-sectional load with nitrogen stripping gas 0.085 kg/(m?s)
3 cross-sectional load with stripping gas : 0 kg/(m?s)
Reaction temperature 110°C
Reaction pressure . atmospheric

25 Conversion of the fatty acid increased as the stripping

gas stream increased (at least with small-volume to
nedium-volume streams).

Conversion [-] as a function of the volume of stripping gas stream after a reaction time
30 of 90 minutes at V| oo = 5.1 Vh, T = 110 °C, and atmospheric pressure

0 NI No/h 3) 0.15
1,500 - 2,000 NI Ny/h V4] 0.27
35 )



-14- ¢ It becane apparent that the conversion of ester increases
significantly with the reaction tine if at the sane tinme 5 stripping gas
is led through the batch reactor. This is achi-eved by the inproved
repoval of the by-product water according to this invention by neans of
the stripping gas stream The conver5|on increases as the stripping gas
streamincreases with tinme. The effect # nul t aneous 10 stripping in a
batch reactor is not felt when enploylhg very small stripping gas
streans (< 60 liters of nitrogen per hour). The experinments carried out

in a batch reilet%s al56VEAE L Ble AdRACUHRAN TR 2hir Br8huddl [err] C

and at - mosSpheric pressure the, stripping gas stream éln this case 15
ni trogen) shodparsasgfeads cbhe B BRARY a5 sy ipcregsed (at least

gen/ (nferr}s) withelorfieobune v aemedbur-eo nings Btaecinsgnali .akeathe goa-t he

enpty reactiolr% %tl’l Ber he experinments were car- ried out in such a
manner that thé&“g g‘ ‘to be elim I nated, water, is obtained at a
poi nt above its b0| i ng 20 point. From process engineering aspects, this
Is the more SRS ARG U ISackeH i dr 88 imiRNARPVALI 05.19h 1 PPI NQ. I'n the
second seri es-rcg“gxgegnurgaﬁusghgnbgregmtlon terrpegr a- ture was 80 [err]C
at atnospheric pressure. In these experi- 25 nents water was obtai ned
below its boiliTng point, 1. e. as aliquid. Inthis case, too, it could

be proved thato.25wt.%d @ coavigsoei 2000 RN grases by (i mul t aneous stri pping.

However, the stJrl ef L y was | ower. Reaction Tinme [m n]
Fatty ACI d Coz’végr“g%o I“()C'l"g't‘ﬁfg‘l nol ar Feed Rat‘al)os

129 N err]/h (Vol une of Stripping Gas Strean) 20
0. 07 15 Further experiments were cafridd out employiffy hydrogen
0.25 30

as a stripping gas. The start-up behavior of the lab-
scale reaction stripper was examined at two pressures.
The pressures were chosen such that at a low pressure the
water was obtained as a gas, while at a high pressure the

20 water was obtained as a. liquid. The other process para-
meters were:

Cross-sectional load with liquid phase (= fatty acid + alcohol) 0.48 - 0.54 kg/(m?3s)

15t cross-sectional load with H2 stripping gas at 2 bar 3.15 - 103 kg/(m?3s)

25 20 cross-sectional load with Ha stripping gas at 0.35 bar 1.42 - 103 kgl{m?3s)
Reaction temperature 110°C
18t reaction pressure - 2 bar above atmosphenc '
2nd reaction pressure 0.35 bar above atmospheric

30 Like in the batch reactor experiments it became apparent
that the stripping efficiency achieved by this evapora-
tion stripping variant is higher than in a process where-
in the water is obtained as a liquid.

35 Conversion[-}Jasa fﬁnctioﬁ of the volume of stripping gas stream after a reaction time
of 80 minutes at Vj gos ~10- 11 Vhand T=110°C

300 NI Hy/h at = 2 bar pressure above atmospheric ¢))] 0082
40 300 Nl Hy/h at ~0.35 bar pressure above atmospheric 2) 0.118



-15- ~ Experiments in a Lab-Scal e Reaction Stripper 5 A lab-scale
react:i on stripper was devel oped in order to prove the feasibility of
the stripping process according to this invention in a colum. The

col umh had an internal dianeter of 80 mm For the first experinents a
fixed ca- tal yst bed consisting of acidic ion exchangers in the 10
shape of Raschig rings was enpl oyed. The eéfalyst-bed had - a length of 1
m The vol une of the catalytic Raschig1 = rings packing was about 5
liters. Equinolar quantities of fatty acid and fatty alcohol wer e

charged to the , | & the st s fed
counter- 15 tﬂlr]'”(r%g‘ﬁﬂnorfa(o gﬁgé‘]{' ‘fméf hcgffﬁ lf({ per| men %Z \r%%
trogen was enwndy@ﬂa§§ éoéﬂrpﬁpﬁﬁga fanction ofrehe-vekune i Yigaddait h
l'iquid phage (ralsky s@&bamwalsceh@hinedo ﬁﬂeﬂi%lﬁ@[ﬂtﬁdf& load Jlst the

cross-sectional load with.nitro trip 049 s) 20
2nd cross- secfﬁﬁﬁélopoﬁﬁrﬁPPﬁr ??osgﬂ’ ?b?gﬁgﬂé 5%§wa% ﬁ%%rr]s)
3rd cross-sectdmasle,l ehdlei thesrespgengegtime Oikgréaged r |with lovRela(g;-t on
tenperature l;zléi loads the res]}deﬁce tH\Q Lf“éﬂx& ll Zﬁﬁéé@ dERP HE

at nospheric nversion o aci d ncreased as the stripping
gas stream i ndrdadencest Sllgaétflﬁﬂpﬁlé’nﬁm the| vatupg of theefiTiRRAUNe
. streams). 10 gas Gureamnsi Thel rhagsianf BBeipparotahhsmyothIP @ferstwitipi ng

gas stieam af Lfad JSAGiol L2 oA 196u8 hAH' Tndhe LS logcy it L L1

T = 110 C, and”atToSphéric press (3)
0.15 1, BOBKpeLm:S ) er'hﬁ[ é'Prl}lFﬂﬁ of2yhe sgripping gas stream,

too, could be varied in-a very wide range, i. e. from 0
to about 1,000 1/h, without resultlng in process stand-
15 still for hydrodynamic reasons.

Further experiments for the esterification of fatty acids
and fatty alcohols using an acidic ion exchanger (Amber-
list) and hydrogen as a  stripping gas were carried out in
20 a pilot plant. The fatty alcohol was used in 10 % excess.
In order to determine the maximum conversion, several
runs were performed at constant reaction parameters, the
esterification product being returned to the process.



35 -~ - 16- It was al so
found.that the water content in the products decreased as the stripping
gas streamincreased (at least 5 wth | ow volunme to nedi umvol une
streahs), i. e. the qua- lity inproved. Water content after a
reaction time of 85 mnutes at V[err], ges = 5.1 [err]/h, T = 110
[err]C, and atnospheric pressure 10 0.¥5 wt.% H20 at 1,500 - 2,000 NI
Nerr]/h (2) 0.39 wt.% H20 at O0-MB-Nerr]/h (3) 15 '
Further experinments were carried out enploying hydrogen as a stripping
gas. The start-up behavior of the | ab- scal e reaction stripper was
exam ned at tm%ﬁ—essures. The pressures were chosen such that at a

| ow pressure the wat er was obtained as a gas, while at a high pressure
the 20 water i as a liquid. The other process para- net ers
wer e: : 5 &\Agigsrgg;é?th{%ﬂ'al |l oad with liquid phase (= fatty acid +
alcohol) 0.48 -_ 054 kg/{nferr]s) 1st cross-sectional load with H2
stri ppi ng gas |atxperirhent No.3] 15- Chfleeston][%kg/ (fferr]s) 25 2nd cross-sectional
|l oad with H2 gtripping gagp & O. 3R bgdr ) 1.42 - 10[err]kg/(nferr]s)
Reaction tenpgrature 536 | 62.3 62.3 110 [err]C 1st

reacti on presgure— 2 bar above atnospheric

2nd reaction fdressuke 76 87 81.9 0. 35 bar above atnospheric

3 89.8 90.6 89.6
4 | 944 90.9 92.8
5 96.6 93.3

10 Table2

Parameters (Volume of Stripping Gas Stream: 900 { Hy/h)

Experiment No. Pressure Temperature
(above atmospheric)
1 " 0.35bar 140 °C
0.5 bar . 160 °C
3 bar 180 °C




30 Like in the batch reactor experinents it became apparent that the

- stripping efficiency achieved by this evapora- tion stripping variant
is higher than in a process where- in the water is obtained as a
l'i quid. 35 Conversion [-] as a functiﬁ¥ of the volume of stripping gas
stream after a reaction tine of 90" hyutes at V[err] ges = 10 - 11
I/h and T = 110 [err]C 300 NI Herr]/h at = 2 bar pressure above
at nospheric (1) 0.082 40 300 NI Herr]/h at = 0.35 bar pressure
above at nospheric (2) 0.118 -17-
Furthernore, the residence tine of |Bapemt Wadmsand |ig- uid phase
hol d-up as a function of the volune of liquid 5 phase stream was exam ned.
When the liquid load in the reaction stripper was |ow, the hol d-up was
found to dé- crease, while the residence time increased. Wth low |iqQ-

uid | oads the 1esidenGardde®s @daridied owt dnpaaireaeeubd 66lumn féf | tiesced

significantly by the_vol.u of t e strlppl tream  The reaction
stripper ran snnotkﬂip rni loﬂmo e %%ngfg g? FﬁchL%U|° | oad

(about 1 : 300 in thfduch J@(p?érﬁmﬁds)by ﬁmeumaun@abﬂet Rausiibppumg gas

stream too, &siﬁd&ﬁrdiectﬂé’ nél‘{ﬁrﬂéa‘@tq_%nr ar.}gs ecédlﬁ(?oaapgl_ to
about 1,000 1/h, MAI out resul.ti i n,_process stand- stil
hydr odynami® r easonstibrium s yh 2 P F@FCFHBHeQPﬁrPFlﬂﬁf?on of
fatty acids and swibd aratexo ol Soal siepptesiciadiec contisxnohahygerendvadr -
i st) and hydrogen agrdy S{d ARG GA° WiSHGRAYY BAcOU: hBraladxpLlaL plant.
The fatty al cohol was usedt{éln 10 }cSexcess b";} 5 g er tg dgt}érmiﬁe t he
maxi mum conver si on, ¥&®%r al runs were perforned at constant reaction
paraneters, the characterized in that :

15 through the reaction column wherein a solid cata-

lyst is arranged as a fixed bed
- a stripping gas which is a permanent gas or a
mixture of permanent gases is led as an auxiliary
and .
20 - temperature and pressure are adjusted such that
in the reaction column all the educts are present
as liquids or solutions of solids and the sub-

stance(s) to be separated is (are) predominantly
gaseous/vaporous.

25
2. A process accoxrding to claim 1,
characterized in that
hydrogen is employed as a stripping gas.
30 3. A process accofding to any one of the preceding

clainms, _
characterized in that

an entraining agent is additionally used in order
to remove the substance to be separated.

_—

RE) ) D 0



esterification product being returned to the process.

-18- = Table 1 5 Conversion per Run Experi ment No.
Conversion [% (1) (2 (3) 1 53.6 62.3
62..3 2 _ 76 87 _50-81.9 3 : 89. 8
90.6 89.6 -4 94. 4 0.9 92.8 5

96. 6 93. 3 10 Table 2 -¥ parameters (Vol une of
Stripping Gas Stream 900 I Herr]/h) Experi ment No. Pressure
Tenper at ure (above at nobspheri c) 1

0. 35 bar 4. 140 dr@¥jdese according to élaim 3, 0.5 bar

160 [err]C

ch aSr acter i3z ebgr in t ﬁ a1§0 Lerr]C

5 the substance.to be separated is additionally re-
moved by employing hydrocarbons, such as hexane,
benzene and/or toluene, hexane being particularly
preferred,'as entraining agents.

10 5. ‘A process according to ahy one of the preceding
claims, '

characterized in that
the reaction to be carried out is a condensation
reaction and the condensation product to be se-

15 parated has a molecular mass of less than 100 g/
mole.
6. A process according to claim 5,

characterized in that

20 carboxylic acids are esterified with alcohols to
form carboxylic acid esters.

7. A proceés,according to claim 5,
characterized in that
25 carboxylic acid esters are transesterified with
alcohols to form carboxylic aéid esters.

8. A process according to claim 6,
characterized in that
30 Cg - Ca2 carboxylic acids, particularly Cg - C32
' carboxylic acids, are esterified with C; to Cjyp al-

cohols, particularly Cg to Cg9 alcohols, to form
carboxylic acid esters.

R



-19- 7 Patent laims 5 1. A process
carri‘ed out in a reaction colum for the chem cal reaction of
substances the reaction of which is affected by an unfavorable
equi librium position of the naiQ reaction or a preceding equi- 10
librium wherein during the reaction one BF.nDre substances to be
separated are continuously renoved - ¥fromthe reaction nmixture by
one or nore auxilia- ries, ' characterizedin
t hat 15 t hrough the reaction colum wherein a solid cata-

lyst is arranged aSAapéééé§EtEEEording to dlé%n§hnipping gas which is a

per manent gas or a m xture of perpanent” gases is |led as an
auxiliary Ch@e2p a c t e xfaherdittrd dhdg‘prhe§s6'-re are adj ust ed

such that s carbdxy hic r&eid i esr e Waviald d g edwest;s azlia present
as liquids or solutj

of | i nd the sub- stance(s) to be
separated is (are) %$£§%h1%%ﬁ%}§ﬁiékf& éb qﬂﬁ%@é%ﬁ%fbéﬂoﬁﬁhsﬁ QE 2.
A process accordi ngcebot| growg, are transestemified arigh Gy tad Cpoe d i nt h
at hydr ogeBoh81€PpaYEfc@barlPid] PR r@g,asbo foi%h cdr- A process
C

according to any ong oflthe rgced'ng _ al s, - c har a
cteri zedi nPPEE-4Ctactad e8LerSy, entraining agent is additionally
used in ortder to renove the substance to be separated.

10. A process according to any one of the preceding

claims,
characterized in that

an acidic solid catalyst is employed in the reac-
15 tion column.

11. A process accbrding to any one of the precedihg

clainms,
characterized in that
20 double bonds are simultaneously hydrogenated in the

réabtion column by using hydrogen as a permanent
~gas and catalysts known in the art.

12. A process according to claims 6 to 11,
25 characterized in that
| a multifunctional catalyst supporting the esterifi-
cation and hydrogenation and/or isomerization reac-
tions is employed in the reaction column.

RO AL



-20- ~ 4. A process according to claim 3, character

i zedi nt hat 5 the substance to be separated is additionally
re- - noved by enpl oyi ng hydrocar bons, such as hexane,

benzene and/or tol uene, hexane being particularly preferred, as
entraini ng agents. 10 5. A process-&écording to any one of the

pr ecedi ng cl.ai ns, chaf acterizedinthat
the reaction to be carried out is a condensation reaction and the
condensati on product to be se- 15 parated has a nol ecul ar mass of
less than 100 g5, A pr oceé@”éﬁcordln Qo arfy RIRETS (M’ PirdcBihg Claim s,
character.i d %2 carboxyliCc acids are
esterified with alcoﬁb?§m§o form carboxylic acid esters. 7.

A process agccording éOhcdaarnaa; terized damatchhaetr i zedi nt h
:I E:oﬁ(SJI s to fo(r:(r31l1r gg)r( ??%i‘g%ﬁgé eé§%$r§pé{&{‘§ﬁ§} ej’dl,&{tq&o\geitsésﬂ acgofai-ng to
claimé, ctﬁaanmsi agente, ris (axe}y qow*ww*srrtergdy led 5 - 22
car boxylic acids, pathtsm;ﬁrtueqéaéhon @6Tdnn from the bdtAROEW itheaci ds,
are esterified mnth C:Lptothe sgﬁstance to be separated is removed from
10 -the stripping gas and, optionally, the entraining
agent in a condenser, and the stripping gas and,
optionally, the entraining agent, or part thereof

is (are) returned to the reaction column.

) ) O



cohol®, particularly (err] to C[err] alcohols to form

carbdkyllc acid esters. g, e . -21-

9. A process according to claim?7, characterizedin
t hat b5 carboxylic acid esters having a (Jerr] - (CJerr] acid
group, particularly Cerr] - Cerr], and23-Cerr] to Cerr] al-

cohol group are transesterified with C6 to. €22 al cohol s,
particularly Cerr e , Lar - ho i | esters.
10 10. A pr oc%séea%o?é#naﬁgo( a @iéﬂ‘é %%A?'ﬁﬁoﬁr%ge ]%ﬁ\ﬁ&ééj

cl ai ns, char actmiia REAGSION coroMy @ ¢ an acidic
solid catalyst is enployed in the reac- 15 tion colum. 11. A
process according to any one of the preceding cl ai s, ‘C
haracterizedinthat 20 doubl e bonds are

si mul t aneousl drogenated in the reaction col um by using

hydr ogen as a%ﬁ ¥ g gas and catal ysts known in the art.

12. A process according to clainms 6 to 11, 25 characteriz
ed i n & hA@p&ocess carrléd”yﬁﬁ'iﬁn§tfé55ﬂldﬁ“dﬂDﬁﬂh.%%EpQBE'EHeﬁbe
esterifi- g g% enation and/or isonerization_reac-
tions is enpl&?@drﬁﬁcﬁﬁgnrg cFpBst %ﬁnphe reaction of which is af-

fected by an unfavorable equilibrium position of the main
reaction or a preceding equilibrium, wherein during the
reaction one or more substances to be separated are con-

10 tinuously removed from the reaction mixture by one or
more auxiliaries. ' '

FIGURE 1



-22- - 13. A process according to any one of the preceding

clains, 5 characterized in that t he
stripping gas, optionally jointly with the en- training agent, is
(are)< countercurrently | ed t hrough the reaction colum fromthe
bottomto the top; the substance to be separated is renoved from
10 the stripping gas and, optiona11&¥ t he entraining agent
in a condenser, and the stripping gas and, optionally, the
entraining agent, or part thereof is (are) returned to the

reacti on col umm.

Reactants or product
obtained from pre-
reaction of the

reactants,
preheated
(fatty acid
and fatty <
alcohol) R I
) Auxiliary Coolant
(hydrogen)
-
—
o Substance to be
separated
(water)
—
A Hydrogen, preheated
Reactant,
preheated

(fatty alcohol)

P

Products
(fatty acid esters)

FIG. 1 Reaction Stripper Operation
Taking The Production Of Fatty Acid Esters
From Fatty Acids And Fatty Alcohols As An
Example



