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PROCESS FOR THE PRODUCTION OF A FATTY ALCOHOL FROM.
A FATTY ACID
The present invention relates {o a process for the production of falty alcohols. More
particularly, i relates to a process for the production of detergent fatty alcohols. Still
maore particularly, it relates to a process for the production and refining of fatly alcohol
products obtained by the hydrogenation of esters.

Fatly alcohols, or higher alcohols as they are somelimes designated, are moneohydric
aliphatic alcohols containing six or more carbon atoms which are derived either from
natural sources or are synthesised from petroleum feedstiocks. They ars often
classified by their market usage. As the primary end use of primary alcohols
containing between about 6 and about 11 carbon atoms is the production of
plasticiser esters, such alcohols are ofien termed plasticiser aleohels.  For higher
alcohols containing, for example, from about 11 up to about 20 carbon atoms, the
major use is the production of synthetic detergents, hence such alcohols are often
termed delergent alcohols.  The distinction belween plasticiser alcohols and
detergent alcohols is somewhat arbitrary and delergent alcohols may have from 10
carbon atoms. In addition, there is some production of phihalate esters from a Gy
"ox0” alcohol and also some production of, for example, non-lonic surfaciants from
Cy o Gy alcohols.

Although there are some natural products which contain esters which can be
hydrogenated to produce alcohols in the plasticiser range, these are more usually
produced synthetically from petroleum feedsiocks by, for sxample, the so-called
"oxe” process, a process which is also termed oxonation or hydroformylation.

Detergent range alcchols, on the other hand, are iypically produced by
hydrogenation of low molecular alkyl esters of fatly acids. Such esters can be
produced by transesterification of natural triglycerides or by esterification of the fatly
acids obtained by hydrolysis of the triglycerides. Examples of triglycerides which can
be used as raw materials include natural oils, such as coconut oll, rape sesd off, and
paim oils, and animal fals such as lard, tallow, and fish olls. As such nalural raw
maierials confain mixiures of triglycerides, the alcohol producis obtained upon

hydrogenation are also mixtures of n-atkanols of differing molecular weight,

One process for carrying out the esterification is described in US 5538856 the
contenis of which are incorporated herein by reference.  In this process, the
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estarification of the falty acid is carried out in a column reactor having a plurality of
esterification frays, sach having a predetermined liquid hold-up and containing a
charge of a solid esterification catalyst. The fatly acid flows down the column reactor
against an upflowing lowsr alkyl alcohol vapour stream such as methanol. The
supplied alcohol is relatively dry and waler of eslerification is removed from the fop of
the column in the vapour siream. The product ester is recovered from the sump of
the reactor. As the liguid flows down the frays it encounters progressively drier ower
alkyl alcohot which drives the sster reaction towards 100% conversion. The esler

may then be fed o a polishing reactor operated under liquid phase conditions.

Once produced, these esters can be hydrogenated 1o the desired alcohols.
However, as discussed in detail in US 5138106, the contents of which are
incorporated herein by reference, there is a problem in refining the product alcohol
mixtures because one or mors of the alkyl esters in the ester mbiure which is
subjected o hydrogenation will generally have boiling points close to that of one of
the product alcohols making separation of any unconverted alkyl esters from the
product alcohol mixture extremely difficult if not impossible,

The solution proposed in US 5138106 is to use a process for recovering a falty
alcohol or aleohols from a fatty alcohol fraction containing a major molar amount of at
lsast one fatly alcohol and a minor molar amount of at least one lower fatly acid ester
comprising subjecting the falty alcohol fraction lo transesterification to convent
substantially all of any lower alkyl fatly acid ester present in the feed mixiure by ssler
interchange with a corresponding amount of fatty alcohol or alcohols o lower alkanol
and to a wax ester derived from a fatty alcohol and a fatly acid. The lower alkanol is
then separated from the reaction mixture by vaporisation fo vield an intermediate
fransesierification product mixture that contains a fatty alcohol or alcohols and a wax
gster or esiers. This mixiure is then distifled o vield an overhead fraction that
contains the fatty alcohol or alcohols and is substantially free from lower alkyl fatly
acid esiter, and a distillation residue comprising fatly alcohol or alcohols and wax
ester or esters. This residue is then subjected o a second transesterification in the
presence of added lower alkano! {o reconvert wax ester or esters to lowsr alkyl faity
acid ester or esters and {o falty alcohol or alcchols. Unreacled lower alkanol is then
evaporated from the reaction mixturg, The falty alcohol or aleohols and the lower
alkyi fatly acid ester or esters can then be recycled.
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An alternative process for the production of fatly alcohols is described in US 5157168
the conienis of which are incorporated herein by reference.  In this process a {afty
acid or mixturs of fally acids is esterified with a lower alkanol o form the
corresponding Tally acid ester or esters. This esiter or esier mix is then subjecied fo
hydrogenation {o give a product comprising a fatly acid or alcohols which are then
refined. The conditions of both the esterification and the hydrogenation are selecied
such that the product strean is substantially free of esler.

A simplified version of one flow scheme for the production of falty alcohols is
Hustrated schematically in Figure 1. A falty acid or mixture of falty acids is subjected
o esterification in the reactor 1. The product of the esterification reaction is
withdrawn in line 2 and passed to vaporiser 3 where it s vaporised before being
passed in ling 4 {o the hydrogenation reactor & where hydrogenation to desired
alcohol occurs,  The grude alcohol product generally has a residual alkyl ester
content of about 2 to about § wi%e. Although higher conversions may be achisvable,
this is coupled with a significant reduction in yield.

As discussed above, any residual lower alky! ester can be pariiculary difficult to
separate from the product alcohol and its presence can render the product of
unacceptable purity for end users §f the amount present is greater than about 8.15%.
To address this, the product of the hydrogenation is then fed in fine § o a wax ester
reactor 7 where it is reacted in the presence of a liguid tania catalyst thal is added in
line 8. Here the residual esier, which is generally a methyl ssler, is reacted with the
product alcohol fo form a wax sster via a homogensously catalysed
transesterification mechanism,

The product of the reaction is then passed in fine ¢ 1 the alcohol refining column 10
where the product alcohols can be separated readily from wax ester by conventionat
distillation. Product alcohols are removed in ling 11, Lights are removed overhead in
line 12 together with an atkane purge.

The residual wax ester could simply be removed. However, this would represent a
loss {0 the economics of the process. The residual wax ester and the titania catalyst
are therefore removed in line 13 and passed {0 a wax ester reversion reactor 14
where they are reacted with dry alcohol, such as methanol, added in line 15, In high
molar excess. The wax ester is reverted back o the lower alkyl ester, such as the
methyl ester, and product alcohol. The stream from the reversion reactor is then fed
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in line 16 to the vaporiser 3 where it is vaporised © separate the alcohol and the alkyl
ester from the titania calalyst. A purge of heavigs, including the Hilania catalyst, is
removed from the vaporiser in line 17.

An altemative process is described in WOZ013/072664, the contents of which are
incorporated by reference, in which the use of a solid transesterification catalyst in
the wax ester reacior enables the flow shest to be allered o use a liquid phase
hydrogenation on the botlom stream from the alcohol refining. By this means any
unconverted ester present as wax ester in the refining zone bolom stream can be
converted fo product alcohol and then be relurned o the distiliation zone for
recovery. In addition, the heavies can be removed from the liquid phase
hydrogenation step.

The process described in WQO2013/072864 for the production of falty alcchol or
alcohols comprises:

{a) subjecting a fatly acid or fatly acid mixture io esterification with a lower
alkanol in an esterification reactor mainfained under esterification
conditions to form a stream comprising the corresponding lower alkyl
aster or esters;

{b} vaporising the stream from step (a);

{c} subjecting the vaporised stream of step (b} o hydrogenation in a first
hydrogenation zone operated under hydrogenation conditions io form a
stream comprising fatly alcohol or alcohols and an amount of unconverted
lower alkyl ester or esters;

{d} subjecting the stream from step (¢} {o transeslerification in a wax ester
regeior maintained under transesterification conditions in the presence of
a solid transesierification calalyst thereby o convert at least a portion of
the lower alkyl fatty acid ester by ester interchangs with a corresponding
amournt of fatly alcoho! or alcohols to lower alkanol and to a wax ester or
gsiers derived from a fatty alcohol and a fatly acid;

{e) separaling fatly alcohol or fally alcohols and wax esler or wax esters of
step {d} by distillation {o visld a fatly aleohol or alcchels product and a
stream comprising wax ester or esters;

{f} passing said stream comprising wax esler or esters {0 a second
hydrogenation zone operating under conditions to effect hydrogenation in
the liquid phase fo revert the wax esler or esters to fatly alcohol or
alcohols; and
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{g) returning the falty alcoho! or alcohols 1o the separation step (e).

in one described arrangement a heavies purge may be removed from the sscond
hydrogenation zone. This purge may be passed {o the vaporiser so that any product
alcohol in the purge may be recoversd.

The use of a solid iransesterification catalyst in the wax ester reactor of step {d) and
a liquid phase hydrogenation in step {f) allows at least a portion of any unreacied
ester or esters from the hydrogenation step (¢}, and preferably all of any unreacied
ester or esters from the hydrogenation step {c}, to be converted inlo a wax ester or
asters so that the esler or esters is not removed wilh the product alcohol or alcohols
from the distillation step and then reverts the stream recovered from the distillation
zone comprising the wax ester or esters {o falty alcoho! or alcchols which can be
recycled to the separating step {(8). It should howsver be understood that the wax
ester or esters siream recovered from the column bottoms of the refining step may

comprise some fatly alcohol or alcohols,

This process offered various advaniages. One benefit is that the make of glkane is
minimised. In addition the wax ester or eslers formed is fres of melal and can readily
be reverted by liguid phase hydrogenation. A particularly important benefit of this
process i that the use of solid catalyst in the wax ester reacior means that TiQ,
deposits are not formed in the reactors. A siill further advaniage is that a lower
amount of heavies nseds to be purged thereby minimising the losses from the

system.

Whilst the process described in WGO2013/072664 offers various advantages, there is
stilt a need to provide altemnative processes which preferably address some or alf of
the problems of the prior ant and which preferably improve the process efficiency of
the reaction.

in particular, the growth in demand for naturally derived delergent range esters and
alcohols such as those derived from coconut or palm kernel cils has driven a desire

to provide improved processes.

in prior art systems such as that Hustrated in simplified form in Figure 1 the overhead
stream 12 removed from the alcohol refining column 10 can have a high, typically
around 50%, product alcohol content together with a mixture of alkanes and Hght
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components such as waler and the lower alkanol that was used in the eslerification
reaction, for example methanol, comprising the balance. The residual alkanes in the
stream are difficull, and in some cases impossible, to separate from the alcohols by
refining and thus the stream cannol be recycled to the system. Thus the purge taken
in line 12 represents a loss in the otal process sfficiency.

it has now been found that ¥ the purgs from the alcohol refining column is subjected
to transesterification with a lowsr alkyl ester or esters faken from the initial
esterification reaction to form wax asters the lower alcohol, water and other lights can
be readily separated. The wax ester formed may then be treated to recover the
desired alcohol.

Thus according to the present invention there is provided a process for the
production of fatty alcohol or alcohols comprising:

{a) subjecting a fatty acid or fatty acid mixiure o esterification with a lower
atkanol in an esterification reactor maintained under esterification
conditions to form a siream comprising the corresponding lower alkyl fatly
acid esler or esters;

{b) vaporising the stream from slep (a);

(¢} subjecting the vaporised stream of step {b) o hydrogenation in a first
hydrogenation zone operaled under hydrogenation conditions to form a
stream comprising fatty alcohotl or alcohols and an amount of unconverted
lower alkyl fatty acid ester or ssiers;

{d

o

subjecting the stream from step (¢} to transesterification in a wax ester

reactor maintained under transesterification conditions in the presence of

a fransesterification catalyst thereby o convert at least a portion of the

lower alky! fally acid esler or esters by ester inlerchange with a

corresponding amount of fatty alcoho! or alcohols o lower alkano! and to

a wax ester or esters;

{e} separating the siream from siep {(d) by distillation to yield a fatlty alcohol or
alcohols product steam; a wax ester or eslers stream; and an overhead
stream comprising faity alkanol or alkanols and alkane, and optionally ong
or both of water and lower alkanol;

{f} reacling said overhead stream from step {8} In a wax ester reaclor

maintained under transesterification conditions in the presence of a

transesterification catalyst with a lower alkyl fally acid esfer or esters

thereby fo converl at ieast a portion of the lower alkyl fatly acid ester by
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aster interchange with a comrssponding amount of fatty alcohol or alcohols
o lower alkano! and to a wax ester or esters ; and

{g} separating the wax ester or esters formed from the alkane, and any water
andfor lower alkanol present.

The wax ester separated in step (g) may be treated by any suilable means {o recover
the desired product such that the overall efficiency of the reaction is improved. The
recovery of the desired product may be a direct recovery or the wax esler may be
recycied to the process and recoversd indirectly or the wax ester may be trealed and

the product of the treatment may be recycled to the system,

in a preferred arrangement, the lower alky! fatly acid ester or esters used in the
fransesterification reaction in step () is a portion of ester produced in step (a) of the
DrOCEss,

The term "fatly alcohol” means a linear alkanol containing from about 6 to about 26
carbon atoms. Preferred fatly alcohols contain from about 10 {o about 20 carbon
atoms. Thus in a preferred arrangement, the present invention relates {0 a procaess
for the production of detergent fatly alcohols. Typical detergent fatly alcohols includs
hexanol, octanol, 1-decanol, 1-dodecancl, i-etradecancl, 1-hexadecanol, 1-

octadecans!, 1-octadecenct and the like, and mibxtures thereof.

The term "lowsr alkyl” means Gy~ to Cpralkyl, including methyl, ethyl, n-propyl, iso-
propyl, n-butyl, iso-bubyl and sec-butyl. The preferred lower alkyl radical is methyl
Similarly the term "lower alkanol” embraces Gy o Gy alkancls, including methanol,
athanol, n-propancl, iso-propancl, n-butanol, iso-butanol, and sec-butanol. Methanol

is the preferred lower alkanol.

By the terms "fatly acid” and “fatly acids” we mean linear saturated, unsaturated or
polyunsaturated aliphatic acids, such as linsar alkyl, alkenyl, or hydroxyalkenyt
carboxylic acids containing from about 8 fo about 28 carbon atoms, preferably about
10 to about 20 carbon atoms. Examples of such falty acids are decanocic acid (capric
acid), dodecanocic acid (lauric acid), letradecancic acid {myristic acid}, pentadecanoic
acid, hexadecancic acid {(palmilic acid), heptadecanocic acid (margaric acid),
octadecanoic acid (stearic acid or isostearic acid), ocladecencic acids (oleic acid,
linoleic acid or linolenic acid), hydroxyociadecencic acid {ricinoleic acid), eicosanocic

acid {arachidic acid) and docosaneic acid (behenic acid). Mixtures of fatly acids are
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of especial importance as raw materials from which the lower alkyl fatty acid esters
used as starting material in the hydrogenation step are prepared. Such mixitures of
acids can be obtained by hydrolysis of naturally ocourring trighycerides such as
coconut ofl, rape seed oll, palm oils, tallow, lard and fish oils. I desired, such
mixtures of acids can be subjected to distillation to remove lower bolling acids having
a lower boiling point than a chosen temperature and thus produce a “lopped” mixture
of acids, or o remove higher belling acids having a boiling point higher than a second
chosen temperature and thus produce a "tailed” mixiure of acids, or to remove both
lower and higher boilling acids and thus produce 3 "opped and tailed” midure of
acids,

in a preferred process of the present invention esterification of the fally acid or fatly
acikd mixture with the lowsr akanol {e.g. methanol) is effected by a procedurs in
which the fatty acid or fafty acid mixture and lower alkanol are passed in
countercurrent flow through a column reactor provided with a pluralily of esterification
frays mounted one above anocther, each adapled © hold a predetermined liquid
volume and a charge of solid esterification catalyst therson, liguid downcomer means
associated with each esterification tray adapied o allow liquid phase {o pass down
the column reactor from that esterffication tray bul o relain solid esterification
catalyst therson, and vapour upcomer means associated with each esterification tray
adapted to allow vapour to enter thal esterification tray from below and 0 agitate the
mixture of liquid and solid esterification catalyst on that tray, in which the fatty acid or
fatly acid mixture is supplied in liquid phase to the uppermost one of said plurality of
asterification trays whilst the lower alkanol is supplied in vapour form beneath the
lowermost one of said plurality of esterification frays, In which vapour comprising
lower alkano! and waler of esterification is recovered from an upper part of the
column reactor, and in which a lower alkyl fally acid ester or ester mixiure is

recoverad from a lower part of the colunin reacior.

i such a procedure the water content of the lower alkano! vapour supplied to the
column reactor should be less than about 5 mole % and the number of esterification
frays and the reaction conditions should be selected so that the stream of lower alkyt
fatty acid ester or esters has a low acid content of less than about 1 mole %,
calculated on a lower alkano! free basis, and an esier content, also expressed on an

alikanol free basis, of at least about 88 mole %.
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The process of the invention utilises the vaporous stream of the lower alkanol to
carry away water of eslerification produced in the esterification reactor but without
carrying with it significant quantities of the fatly acid or acids or of the lower alkyl falty
acid aster or esters.

Any sufiable reaction conditions can be used for the esterification in the esterification
reactor. The esterification conditions used in the column reacior will normally include
use of elevated temperatures up to about 160°C, for example a temperature in the
range of from about 80°C to about 140°C, preferably in the range of from about
100°C to about 125°C. Such operating temperatures will be delermined by factors
such as the thermal stabilily of the esterification catalysi, the kinstics of the
ssterification reaction and the vapour temperature of the lower alkano! fed t© the
base of the column reactor at the relevant inlet pressure. Typical operating pressures
at the vapour inlet of the column reacior range from about 8.1 bar 1o about 25 bar. A
fiquid hourly space vslocity through the column reactor in the range of from about 0.1
net to about 10 he'', typically from about 0.2 hr' to about 5 hy'', or about 2 hr'! may
be used,

The fatly acid or fatly acld mixture is supplied in liquid form to an upper part of the
column reactor or in admixture with lower alkanol, in solution in recycled ester
product, or in solution in an inert solvent or diluent therefor, 1t is possible o pre-react
the lower alkano! and the fatly acid or fatly acid mixiure prior to introduction {o the
column reactor. The resulting reaction mixturs containg a midure of lower alky! fally

acid ester or ester mixture, water, and lower alkanol.

Generally a vaporous mixiure exits the column reaclor as an overhead product
Provision may be made for scrubbing such vaporous mixiure with lower alkanol in
fiquid form in order to wash traces of {atty acid ester and of fatly acid back info the
column reactor. This overhead product from the column reactor can be condensed
and treated in known manner {0 separate iis constiluenis, the recovered water of
esterification being rejected and the lower alkanol being recycled for re-use in as dry
a form as is praclicable within the relevant economic constrainis. The lower the
water content of the lower alkanocl vapour that is supplied to the lowermost one of
said esterfication frays, the further towards 100% conversion to ester the
esterification squilibrium reaction can be driven and the lower the residual acidity of
the ester containing product recovered from the bottom of the column reacior will be.
However, a balance may ofien have o be siruck between the cost of providing, for
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sgxample, a subsiantially dry lower alkano! for vaporisation info the column reactor, on
the one hand, and the cost of providing and operating any additional downstream
procassing facilities that may be required fo upgrade the ester product o the required
guality if a less dry alkkanol is used. This will vary from lower alkano! o lower alkanol
and will depend upon the interaction between water and lower alkanol {e.g.
azsotrope formation) and its effect upon alkanolwater separation. In any case, the
water content of the lower alkano! vapour supplied o the reactor is less than about §

mole%, and even more preferably is less than about 1 mole%.

The column reactor has a plurality of esterification trays. Although two or three trays
may suffice in some cases, it will typically be necessary {0 provide al least about S up
{o about 20 or more eslerfication trays in the columin reaclor, Typically each
esterification tray is designed fo provide a residence time for liquid on each tray of
from about 1 minute up o about 120 minutes, preferably from about § minutes to
about 60 minutes.

A calalyst will generally be used for the eslerification and this may be a solid calalyst
aithough a lquid catalyst may also be used. Where ihe catalyst is a sold
gsierification catalyst, it may be a granular ion exchange resin containing SO5H
andfor COOH groups. Macrorsticular resing of this type are preferred. Examples of
suitable resins are those sold under the trade marks "Ambarlyst™, "Dowex”, "Dow”
and "Purolite”, such as Amberlyst 13, Amberlyst 68, Dow G381 and Purolite G150,

Different solid esterfication catalysis may be used on different trays of the column
reactor. Moreover different concenirations of solid sslerification catalyst can be used

an different trays.

The charge of solid particulate or granular eslerification catalyst on sach fray is
typically sufficient to provide a catalyst to liquid ratio on that tray corresponding to a
resin concentration of atf least about 0.2% wiv for example, a resin concentration in
the range of from about 2% wiv to aboul 20% wiv, preferably 5% wiv to 10% wiy,
calculated as dry resin, Sufficient calalyst should be used o enable squilibrium or
near eguilibrium conditions lo be eosiablished on the fray within the selected
residence time at the relevant operating conditions. On the other hand not so much
catalyst should be used on each fray that it becomes difficult to maintain the calalyst
in suspension in the liquid on the tray by the agilation produced by the upflowing

vapour entering the ray from below. For a typical resin catalyst a resin concentration
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in the range of from about 2% v/v to about 20% viv, preferably 5% wviv o 10% wiv
may be used.

The particle size of the catalyst should be large enough to facilitate retention of the
catalyst on each trav by means of a screen or similar device. However, as larger
catalyst particle sizes are more difficult to maintain in suspension and have lower
geometrical surface area per gram, it is expedisnt to use not oo large a calalyst
parlicle size. A suitable calalyst particle size is in the range of from about 0.1 mm to

about 5 mm.

Whilst a catalyst will generally be used for the esterification reaction, in one
arrangement it may be autocatalysed.

One or more wash frays may be provided above the esterification trays in order fo

pravent loss of product, solvent and/or reagents from the column reaclor.

In the hydrogenation zone of the process of the invention the lower alkyl fatty acid
ester or eslers ars hydrogenated under vapour phase hydrogenation conditions in
which the composition of the gas strean is selecied so that at all times the material in
contact with the hydrogenation catalyst is above the dew point, preferably at least
about 5°C above the dew point.  Typical vapour phase hydrogenation conditions
include use of temperatures of up to about 280°C, such as temperatures in the rangs
of from about 140°C to about 240°C, and pressures in the range of from abowl § bar
to about 100 bar. Typically the hydrogen:ester mole ratio in the vaporous feed to the
hydrogenation zone is al least about 100:1 up to about 2000:1 or more.

Suitable hydrogenation calalysts include sester hydrogenation calalysts such as
reduced copper oxide-zing oxide calalysis such as those described in GB2118582
and WOB2/03854, and copper chromite, and promoted copper chromite calalysts.
The preferred calalysis are reduced copper oxide-zine oxide catalysts of the type
disclosed in GB2116552 and WO82/03854. Such catalysis include reduced mixtures
of copper oxide and zinc oxide derived from mixiures comprising, before reduction,
{a) from about 10 to about 70 percent by weight CuQ and about 90 o about 30
percent by weight ZnQ, {(b) from about 65 to about 85 percent by weight CuQ and
about 15 to about 35 percent by weight Zn0, and {¢} from about 40 t© about 50
percent by weight each of CuQ and Zn0 and 0 to 20 percent by weight of alumina.
The preferred copper chromite catalysis are those containing from about 25 to about
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45 percent by weight of copper and from about 20 {o about 35 percent by weight of
chromium, calculated as metal.

The hydrogenation mixture oblained by hydrogenating a lower alkyl fatly acid ester or
mixture of ssters contains, in addition to a fatty alcohol or fafty alcohol mixture, also
lower alkanol, such as methanol, The lower alkanol is separated by any suilable
means, such as by distillation In one or more stages, from the falty alcchol or
alcohols to vield a falty alcohol fraction suitable for use in the process of the
invention. Such a fatty alcohot fraction typically conlains, besides possibly a minor
molar amount of methano!l or other lower alkanol, usually less than about 5 mole%, a
major molar amount of a falty alcohol or alcohols, usually about 80 mole% or more,
and a minor molar amount of unreacted lower alkyl fatly acid ester or esters, usually

from about 0.5 mole% up to about 5 mole%.

in the hydrogenation step of the process of the invention vapour phase conditions are
used. In order o maintain all components in the vapour phase two important factors
are {a) the hydrogen:ester molar ratio of the vaporous mixiure {o the hydrogenation
zone and {b) the temperature thereof. In general, the higher the molecular weight of
the lower alkyl fatty acid ester is, the less volatile it is and the higher its bolling point.
Hence, for example, when using methyl laurale as a feedstock {o the hydrogenation
zone, a lower hydrogenester molar ratio and a lowsr inlet temperature to the
hydrogenation zone can be used than when a higher boiling ester, such as methyl
stearate, is {0 be hydrogenated. In praclice a plant operator may wish to have the
freedom to operate the process using falty acids derived from different sources at
different times. For example, he may wish o operate al different times using falty
acids from any of the common sources, such as tallow, lard, fish oll, coconut ofl, raps
seed oif or palm oil. A plant capabie of handling such a rangs of acid feedstocks must
be capable of hydrogenating the highest bolling methyl or other lower alkyl ester of a
fatly acid thatl is likely to be used. Hence # must have an ester vaporisation section
that can operate over a rangs of Hyester molar ratios and that can deliver o the
hydrogenation zone a vaporous inlet mixiure at the appropriate temperalure, fe. a
higher inlet temperature and a higher Hyester molar ratio for methy! stearale, for
example, than for methyl laurats.

The hydrogenation zone may comprise a single reactor operated under adiabatic
conditions and containing a single bed of an ester hydrogenation catalyst, such as
copper chromile or a reduced CuC-Zn0 catalyst. in this case, however, the bed of
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catalyst must be sized so as to enable hydrogenation to be completed so far as
possible by a single passage of the vaporous mixiure therethrough at the design feed
rate when operating at the lowest design temperature, In addition provision has o be
made in designing the plant for any calalyst deactivation that may occur with ageing
of the catalyst. If this approach is adopted then, with a catalyst charge that is sized
for operation at a temperature suilable for a relatively low bolling ester, such as
methyl laurate, it will be understood that, at the higher operating lemperatures and
higher hydrogen:ester molar ratios needed to maintain a high boiling esler, such as
methyl stearate, in the vapour phase, hydrogenation occurs faster so that it is mainly
the front end of the catalyst bed that is plaving a part in the hydrogenation reactor,
whilst the back end of the catalyst bed plays essentially no parl. A disadvantage of
this design approach is that, when operating with a high boiling ester, such as methyl
stearate, the hot reaction mixture remains in contact with the catalyst for a significant
time at the back end of the catalyst bed, although the hydrogenation reaction has
effectively gone to completion, with the result that the conversion o by-products is
correspondingly higher.

To address this, the first hydrogenation zone may have a plurality of beds, or
sections of catalyst bed, of hydrogenation catalyst arranged in series which can be
brought info use as required. in one arrangement the first hydrogenation zone has a
main inlet and a main outle!, a plurality of beds of hydrogenation calalyst in the path
of gas flowing between the main inlet and the main oullet, and one or more
secondary flow connections each located between a respeciive pair of catalyst beds.
The vaporous mixture containing hydrogen and lower alkyl fatty acid sster can be fed
to the hydrogenation reactor by means of the main inlst whilst the reaction product is
withdrawn either via the main outlet, so that all of the calalyst beds are used, or via
one of the secondary flow connections, so that one or some only of the catalyst beds
is or are used, depending upon the volatility of the ester, and hence upon the
hydrogen:ester molar ratio and the inlet temperature of the vaporous mixture.
Alternatively the reaction mixture can be withdrawn from the main outiet whilst the
vaporous mixturs is fed to one of the secondary flow connections. Any catalyst beds
which are not in active use are mainlained under an appropriate pressure of
hydrogen. in this way the plant operator can readily select the appropriate number of
beds of catalyst to suit the nature of the Talty acid feedstock currently being used.

The product of the hydrogenation is then passed fo a wax ester reactor where

fransesterification fo the wax ester occcurs, The reaction is carded out in the
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presence of a sofid transesterification catalyst.  Any suilable transesterification
catalyst may be used,

inn one arrangement the fransesterification catalyst may be a liquid catalyst or a sold
catalyst.

Examples of sultable catalysts include alkyl tilanates, skali metal alkoxides, and
metallic tin and siannous hydroxide, sulphuric acid, suiphonic acids, bases,
compounds of alkali and alkaline sarth melals, waler and metals such as zing,
cadmium, lead and their compounds. Acidic resins confaining, for example, --SO3 H
andfor —~COOH groups or basic resing containing, for example, basic substituted
ammonium groups can be used as transesterification catalysts.Other examplas of
fransesterification catalysts included the alkall metal alkoxides, such as sodium
methoxide or sodium ethoxide or an alkall metal alkoxide derived from the fally
alcohol product iiself, or from one or more of them if a mixture of fatly alcohols is to
be produced.

Further suitable catalysts include tilanium silicale, catlionic resing, zinc lanthanides,
tungsien oxide on silica, zirconium sulphide, titanium based catalysis supporied on
cerium oxide or magnesium oxide. Further examples of suitable catalysis include
“Amberlyst 157, “Amberlyst 18" or in the acid (R-80:M) and salt (R-SCsNa) form of a
sulphonic group or a carboxylic acid group. Further examples of suitable catalysis
can be found in US4881867, EPOS23461, EPOB4a567, USS561205, USH438357,
WOO08/28256, EP(BB487, EPOTRITHS, WORL/MTABS3, USB204424, USB316654,
USE3s8157, USE833388, WQO0B/028655, USE378701, US8743842, WOO7/043062,
WO03/020782, WOOT/M116804,  USTO30087, WOO4/085583, UST211681,
£P1640358, WOO0G/070661, WOO0S/100306, USBO79748, USTO78560, UST122688,
US2008/0021232, WOOG/120438, WQOT/074592, WO06/133437, WOOT/025360,
EP1785478, WQUOB/050025, USSB088483, US8147188, WOO7/006568, and
WO08/13080 which are incorporated herein by reference.

The tranesterification conditions will, to a largs sxtert, depend upon the cafalyst
chosen. I ons arrangement f may be carried out at a temperature of from about
150°C fo about 280°C. A pressure in the range of from about 2 psia {o about 100
psia may be used with a pressure in the region of about & psia to about 50 psia being
particularly useful. In one arrangement the catalyst may be in a fixed bed with a
residence time of about 1 o about 5 hours,
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The crude product liquid containing fatty alcohols, wax esters, cafalyst and impurities
will generally be passed {0 a refining column. The refining column will be operated
under any suilable conditions. In one arrangement, the column operates under a
vacuum al about 0.03 bara and uses structured packing. In one arrangement the
middie sections of the column may contain a divided wall {0 separale the feed and

product draws.

The overhead siream from the separation in slep {e} is passed 10 a wax ester reaclor
maintained  under transesierification conditions where # is subjected o
fransesterification with a lower alkyl Talty acid ester or esters {o convert at least a
portion of the lowsr alkyl fally acld ester by ester interchangs with a corresponding
amount of falty alcohol or alcohols to lower alkano! and to a wax ssler or esters, In
one arrangement, the lower alkyl fatly acid ester or esters will be a stream taken from

the esterification reaction in step {(a).

The transesterification reaction will generally be carried out in the presence of a
catalyst. Any suilable catalyst may be used. The reaclion may be homogeneous or
heterogensous. Examples of suilable catalvsis are dsilailed above. The catalyst
used for the iransesterification of the overhead stream may be the same or different
o that discussed above in connaction with the wax ester reaclor located between the

hydrogenation reaclor and the separation.

The lower alkanol, water andfor alkanes from the overhead stream may then be
separated from the wax ester or esters. This separation does not suffer from the
same difficuities as noted with the prior art processes. Separation may be carried out
by any suitable means. Suitable means include via one or more of a flash or
distiliation step, optionally under vacuum conditions, by crysiallisation or by

membrane separation unit,

in one arrangement, the overhead wax ester will be frealed with a lower alkanol
such as methanol, such that it is reveried © a lower alkyl sster and fally alkanol. The
lower alkyl ester and fatly alkanol may then be recycled o the vaporiser and hence {o
the hydrogenation reaction.  This arrangement is particularly suitable where the
catalyst is @ homogeneous calalyst such as a fi{anale catalyst. In this arrangement
the lower alkanol added {o the wax ester reversion will generally be a dry lower
alkanol,
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in one arrangement the residual wax sster from the alcohol refining column may be
passed 0 a residual wax ester reversion reacior where they are reacted with dry
alcohod, such as methanol The dry alcohol will generally be used in high molar
excess. The residual wax ester is reverted back o the ester and product alocohol.
The dry alcohol will generally be methanol. Following reversion, the stream may be
recycled to the vaporiser and hence o the hydrogenation reaction. This arrangement

may be particularly suitable where a homogeneous calalyst is used.

Where the residual wax ester from the alcohol refining column is subjecied to this
raversion reaction, the overhead wax sster found in the process of the present
invention may be subjected to reversion in the same reactor or in a separale reaclor.
Thus in one arrangement the stream from the overhead wax reaclor may be
combined with the residual wax ester stream from the alcohol refining column before
baing passed 0 a single reversion reaclor.  In one altlernative arrangement, the

streams may be separatsly fed {o the single reversion reactor.

By "dry alkanol” we mean thal the amount of waler present is about 1 wi% or less,
and preferably less than 0.3 wit%.

In an alternative arrangsment for the overhead reversion reaclor, which is parlicularly
suitable where a helerogensous catalyst is used, the residual wax ester and lower
alkanol, preferably supplied in high molar excess, are passed over the calalyst and
reverted back to product alcchols and methyl esters which are then re-vaporised in

the hydrogenation vaporiser.

An  aliermnative  arrangement, which is  alse particulady suileble where a
helerogeneous calalyst is used, the residual wax ester and excess lower aliyl ester
are subjected fo a liquid phase hydrogenation and is converled {o product alcohols

which are then fed into the alcohol refining column and /or the ester removal reactor.

The reaction may be carried out in a continuous reaction or batch wiss. A semi-balch
wise arrangement may also be used. In one arrangement, where a balch wise
arrangement is used, the overhead is collected, and then fed to a balkch
transesterification reactor. The reaclor may be a stirred tank reactor charged with a
suitable calalyst, such as aliyl fitanate or an acidic lon exchangs resin such as

Amberyst 18, The reaction may be carried out at any suitabls temperature. The
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temperature selected will depend on the catalyst selscled. Generally the reaction
temperaturs will be in the region of about 100°C fo about 300°C. In one
arrangement, the temperature will be in the region of from about 160° to about
240°C. In any eveni, the lemperalure will be selecied fo be sufficiently high to

vaporise the lower alkanol liberated in the reaction.

The product from the balch reacior can be treated by any suitable means. In ons
arrangemaent, the product from the balch wax ester reaction may be heated in situ
and distilled to remove light components such as residual lower alkanol, alkanes and
atkanols before the wax esier is reacted in situ with lower alkanol to revert back {o

the alkyl ester or esters which may be fed to the alkyl ester vaporiser.

in an alternative arrangement fo the overhead wax ester product to the alcohol
refining column and the wax esler may be recoveraed from the bottom of the column,
A small purge of overhead will generally still be required to prevent a bulld up of
alkanegs in the system.

in a still further arrangement, once the wax ester is formed, the lighls may be
removed and the wax ester fed lo a hydrogenation unit which hydrogenation,
nraferably a liquid phase hydrogsnation, is carried oul {o the convert the wax ester or
sstars o alcohol or alcchols.

The aforementioned treatments of the overhead stream from the alcohol refining
column may be applied fo conventional processes in which the distillation residue
which comprises wax ester is removed from the alcoho! refining column and
subjected o wax esler reversion in a2 wax ester reversion reaclor in the presence of
dry lower alkano! with the product optionally being returned o the vaporiser before
heing passed o the hydrogenation reactor.

in aliematives, the distillation residus from the alcohol refining column may be
treated as described in WOR013/072864 in which the distillation residue is subjected
to liguid phase hydrogenation in a sscond hydrogenation zone.  The wax esters are
hydrogenated on a fixed bed of calalyst typically consisting of components such as
copper or copper-chromium oxide with secondary components such as zing,
aluminium, iron, sificon, and alkaline earth elements. The hydrogenation will be
carried cut at any suilable conditions. In one arrangement, the temperature will be
from about 150°C lo about 240°C or from about 180°C o about 220°C and a
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hydrogen pressure of from about 30 to about 180 bar or from about 40 to about 100
bar.

Alkane removal will generally occur at the same or higher temperature o the wax
ester formation. However, i will generally be camied oul at a reduced, vacuum,
pressure such as at about 10 fo about 500 mbara as alkane vapour pressure is much
lower than that of the wax esters. The optimum pressure will depend on the chain
lengths of the product alcohols being processed; a lower pressure will generally be
more appropriate for a higher chain length. In may als¢ be beneficial o reduce the

pressure as lighter material is removed from the syster}*a.

The present invention will now be described by way of example with reference to the

accompanying figures in which:

Figure 1 is a schematic representation of a process according to the
prior art;
Figure 2 is a schematic representation of the process of the presaent

invention; and
Figure 3 is & schematic representation of an alternative process of the

present invention.

it will be undersiood by those skilled in the art that the drawings are diagrammatic
and that further ilems of equipment such as reflux drums, pumps, vacuum pumps,
femperaiure sensors, pressure sensors, pressure reliel valves, control valves, fliow
confroflers, level controliers, holding tanks, slorage tanks, and the like may be
required in a commercial plant. The provision of such ancillary Hlems of equipment
forms no part of the present invention and is in accordance with conventional

chemical enginesring practice.

A simplified version of a one aspect of a flow scheme of the present invention is
flustrated schematically in Figure 2. A falty acid or midure of fally acids is subjecled
to esterification in the reactor 21, The product of the esterificalion reaction is
withdrawn in line 22 and passed to vaporiser 23 where it is vaporised. The vaporised
siream is passed in line 24 to the hydrogenation reactor 25 where hydrogenation o
the desired aloohol ocouwrs. The crude alcohol product generally has a residual lower
atkyl ester content of about 2 to about § wt %. Although higher conversions may be
achievable, this is coupled with a significant reduction in yisid.
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As discussed above, any residual ester can be particularly difficult to separate from
the product alcchol and its presence can render the product of unaccsplable purity
for end users if the amount present is greater than about 0.15%. To address this, the
product of the hydrogenation is then fed in line 26 to & wax ester reactor 27 where il
is reacted in the presence of a transesterilication catalyst. Here the residual ester,
which is generally a methyl ester, is reacted with the product alcohol o form a wax

ester via a heterogensously calalysed transesterification meachanism.

The product of the reaction is then passed in line 28 to the alcohol refining column 28
whers the product alcohols can be separated readily from wax sster by conventional
distiflation. Product alcohols are removed in ine 30, Lighis are removed overhead in

fine 34. This stream includes alcohol, alkane, lowser alkanol, and watsr,

The residual wax ester could simply be removed. However, this would represent a
loss to the economics of the process. The residual wax esier are therefore removed
in fine 31 and passed to a bottoms wax ester reversion reacior 32 where it is reacied
with dry alkanot such as methanol. The product of the reversion reactor is passed in
fine 33 to the vaporiser 23, In an alternative arrangement, the residual wax esler is
passed directly to a Hguid phasse hydrogenation zone where the wax aster is at least
partially converted to product alcohols and lower alkanol. This product is then fed
directly {o the wax ester reactor 27.

The overhead is passed in line 34 t© an overheads wax ester reactor 35, Where a
fiquid catalyst is fo be used this may be added in line 48, Following reversion the
contants are passed in iine 38 to the separator 37. The lights including lower alkanol,
and alkanes are removed In line 43. A small portion of the product ester from reactor
21 may be Ted in line 42 to the wax ester reacior 35,

The wax ester from the separator 37 is then passed in line 38 to a wax reversion
reactor 38, H will be understood that the wax ester reversion reactors may be
combined. However for clarity they are Hllustrated separately. Dry alkanol, such as
methanol, is added to the reversion reactor 38 in line 40. The product is passed in
fine 41 fo the vaporiser 23.

An alternative arrangement is fllustrated in Figure 3. Hers only the system afler the
hydrogenation is shown. In this process the wax ester is converted directly fo
alcohols via a fiquid phase hydrogenation unit,
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The product stream from the overheads of the alcohol refining column may be
combined with the wax ester stream exiting the bottom of the refining column prior o
the liguid phase hydrogenation.

in this embodiment, the crude alcohol product following the wax ester reactor 27 from
Figure 2 is passed in line 50 to the alcohol refining column 51, Product aloohols are
removed in line 82. Residual wax aster is removed from the columin 81 in line 82.
The overheads in line 53 are mixed with lower alkyt ester added in line 55 before
being passed {0 the wax sster reactor 54, This will generally be a helerogeneous
wax aster reactor. The product is removed in line 56 and passed {0 8 separator 57.
The lights are removed in line 83, The wax esler is passed in line 58 to a liguid
phase hydrogenation reactor 59 where it is contacted with hydrogen which is added
in added in line 81. The hydrogenation will generally take place over a suitable
catalyst. The product from reactor 58 is then fed back to column 51 via line 680,

The present invention will now be described with reference o the following examples.

Example 1

To simulate a transesterification of the commercial refining column overhsads
stream, reactanis were charged o a round-bottomed Hask fitted with a condenser,
overhead stirrer and nilrogen purge. The flask was heated using a mantle and
packed with insulation fo maintain a constant femperature. When at temperature the
catalyst was introduced o the fask and samples {aken al ime intervals of §, 15, 30,
45, 80, 80, 120, 180 and 240 minutes. The samples were analysed by GC method.

Due to the potential inaccuracies in weighing out small masses of catalyst for these
experiments, an excess of catalyst was diluted inlo an appropriate mass of
dodecano! and this mixiure added to the heated reaction flask {o start the experiment
{t=0). Full composition data for each run is set out in Table 1.
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Tabie 1. Summary of C8TR reaction rate data for transesterification of 3 simulated

ights purge stream from refining.

Cataly Es:ter fom Wt % Cy; alcohol conversion at time / min
Test| o Alcoh | p 24

g S | 15 | 30 | 45 | 60 | 90 | 120 | 180 | ©
1| 082 | 100 1180 oo el ero | 917 | ans 954 966 |97 O
2 | 082 | 200 | 180 oo go4 |09y 994 | 094|994 | 904|994 5
3| 082 | 300 | 180 | g0 gon oy | 004|995 | 095 | 095|098 | 5
4 | 0088 | 100 | 180 | o101 o1a o5 | o7 | 983 | 901 094 | 00a | T
5 0081 | 200 1180 | ous | gy 97 | 006 | 999 | 995 | 999 999 | 0
B 0082 1 180 | 200 40 950 | 065 | 974 o83 7
710086 | 100 220 |1yl ano o5 935 | 940 966 | 974 | 982] 6
8 | 0087 105 | 220 785 | 893|932 | 049 959 987 974
9 | 0018 | 100 | 180 | oo 4o 6oy 7a3 | a52 | 021 046|972 2
10 0028 1 100 | 280 | 55 i aay i1 | 848 | 014 | 982 | 980 | 992 gﬁg°

friitial tests found very high reaction rafes resulting in catalyst loadings being reduced
to between (.12 wi % {0.08 g) and 0.03 wt % {0.02 g} with respect to the methyl ester
charge. Inconsistencies observed in the resulls were thought o be due fo errors in
measuring the small masses of catalyst charged to the CSTR during the test work

and so lalter testing used an appropriately dilided stock solution.

calculated in terms of $12 aleohol conversion rather than the more conventional C12
methyl ester conversion measure due {o the use of sxcess methyl ssler in some of

these experiments. The CSTR composition during a typical run (Run 8) is set out in

Table 2.

Conversion is
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Table 2 - Reactor Composition with Tima Tor Run 1385/08
Tima {min}
Froduct
Analysis wi % { 5 15 30 45 &80 80 120 180G 240
{12 Aldehyde | 0.01 .01 0.01 | 0.0 .01 .01 | 0.01 (.01 .01 .03
C12 Alcohol (3142 | 2880 11845 111821 883 | 465 | 248 | 188 | 0.88 {(3.55
m%if:;hyg 41961 3287 2258 | 1448 | 819 | 547 | 277 | 178 | 679 | 081
16 Alkans FEOD 2501 | 28268 | 2587 [ 2582 1 2555 | 2548 | 2807 | 2438 2287
14 Aloohal 0.08 | 0.07 1 0.05 1 .03 | 0.02 | 0.01 {3.01 0.01 .01 (.00
C2d Wax Ether | 0.00 [ 0.038 [ 0.060 i 0.084 1 0114 1 0124 | 0132 ) 0135 | 0.138 | 0.148
C24 Wax Ester | 088 | 1405 | 32.85 4712 1 BB.41 1833318825 7648 | 72.83 ¥5.13
268 Way Ester | 011 G008 018 L 027 0 034 1 038 | 0.42 0.45 3.47 (.49
Others .87 | 087 0.58 | 0.5% 0.47 | 048 | 045 | Q.42 .44 0.47
Conversion (Wt
%: 12 Alcohol | 0.00 [ 1532 1 4128 | 6207 | TR25 (852019212 8464 | 9725 1 8824
basis)
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CLAIMS

s

A process for the production of fatty alcoho! or alcohols comprising:

{&) subjecting a fatty acid or fally acid mixture {o esterification with a lower
alkanol in an eslerfication reaclor maintained under esterification
conditions to form a stream comprising the corresponding lower alkyl fatly
acid ester or esters;

{b) vaporising the stream from siep {(a};

{c) subjecting the vaporised stream of step (b) to hydrogenation in a first
hydrogenation zone operated under hydrogenation condifions o form a
stream comprising fatly alcohol or alcohols and an amount of unconverted
lower alkyl fatty acid ester or esters;

{d} subjecting the stream from slep (¢} to transesterification in & wax ester
reacior mainiained under fransesterification conditions in the presence of
a transesterification calalyst thersby o convert at isast a portion of the
lower alkyl fatty acid ester or eslers by esler interchange with a
corresponding amount of fatly alcoho! or alcohols to lower alkanol and to
a wax ester or gsters;

(e} separating the stream from step (d) by distillation {o yield a fatly alcohol or
alcohols product steam; a wax esier or esters stream; and an overhead
siream comprising fatly alkanol or alkanols and akans, and optionally one
or both of water and lower alkanol;

{f} reacting said overhead stream from step (8} in a wax esiter reaclor
maintained under transesierification conditions in the presence of a
fransesterification calalyst with a lower alkyl fally acid esler or esters
thereby to convert at least a portion of the lower alkyl fatty acid ester by
esier inlerchange with a corresponding amount of fally alcohol or alcchols
o lowsr alkanol and to a wax ester or esters | and

{g) separating the wax ester or esters formed from the alkane, and any water

and/or lower alkanol present.

The process according to Claim 1 wherein the wax ester separated in step (g)
is treated o recover the desired product.

The process according o Claim 1 or 2 wherein the lower alky! fatly acid ester
or esters used in the transesterification reaction in step {f} is a portion of ester
produced in step {a) of the process.
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4. The process according o any one of Claims 1 t© 3 wherein the
transesterifeation reaction of step (f) is carried out in the presence of a

homogeneous or heterogeneous catalyst,

8. The process according to any one of Claims 1 fo 4 wherein following
transesterification in slep (T} the lower alkane and any alkanol and/or waler

from the overhead slream ars separaled from the wax ssier or esters.

8. The process according to Claim § wherein the separatlion is camisd out via
one or more of a flash or distiliation step, by crystaliisation or by membraneg
separation unit.

7. The process according to any one of Claims 1 {o § wherein the overhead wax
ester is treated with a lower alkanol such that it is reveried 1o a lower alkyl

ester and faity alcohol.

8. The process according to Claim 7 wherein the lower alky! ester is recycled t©

the vaporiser and hence o the hydrogenation reaction.

8. The process according fo any one of Claims 1 1o 8§ wherein the residual wax
ester from the alcohol refining column is passed o a residual wax ester
reversion reactor and reacled with dry alcohol o revert the residual wax ester

to the ester and product alcohol.

10.  The process according to Claim 8 whersin the ester and product alcohol are
recycled to the vaporiser and hence to the hydrogenation reaction.

1. The process according to Claim 7 wherein the residual wax ester and lower
atkanol, preferably supplied in high molar excess, are passed over catalyst
and reverted back fo product alcohols and methyl esters which are then re-
vaporised in the hvdrogenation vaporiser.

12.  The process according to Claim 7 wherein the residual wax esler and excess
fower alkyl ester are subjecied to a liguid phasze hydrogenation and converted
to product alcohols which are then Ted info the alcohol refining column and for
the ester removal reactor.
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13. The process according to any one of Claims 1 o 12 wherein the reaction is

carried out balch wise or semi batch wise.



