Process The present invention relates to a process for the production of
fatty al cohols. Mdre particularly, it relates to a process for the
production of detergent fatty alcohols. Still nore particularly, it relates
to a process for the production and refining of fatty al cohol products
obtai ned by the hydrogenation of esters. Fatty al cohols, or higher alcohols
as they are sonetines designated, are nonohydric aliphatic al cohols
containing six or nore carbon atontrageisch are derived either from natural
sources or are synthesised from petrol eum f eedst ocks. They are often
classified by their nmarket usage. As the prinmary end use of prinmary
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the fatty al cohol fraction to transesterification to convert substantially
all of any lower alkyl fatty acid ester present in the feed m xture by
ester interchange with a correspondi ng anount of fatty al cohol or al cohols
to |l ower alkanol and to a wax ester derived froma fatty al cohol and a
fatty acid. The | ower al kanol is then separated fromthe reaction m xture
by vaporisation to yield an internedi ate transesterification product

m xture that contains a fatty al cohol or al cohols and a wax ester or
esters. This mxture is then distilled to yield an overhead fraction that
contains the fatty al cohol or alcohols and is substantially free froml ower



A further problemrelates to the al kane make. Akane is a by-product which
i's made across the hydrogenation reactor. As the heavies build so does the
tenperature required to vaporise the |iquids and hence so does the
tenperature of the hydrogenation catalyst. This can | ead to hi gher al kane
make and hence | oss of feed efficiency. The growth in demand for naturally
derived detergent range al cohols such as that derived from coconut or palm
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m nimsing the | osses fromthe system? The term"fatty al cohol" neans a
| i near al kanol containing fromabout 6 to about 26 carbon atons. Preferred
fatty al cohols contain fromabout 10 to about 20 carbon atons. Thus in a
preferred arrangenent, the present invention relates to a process for the
production of detergent fatty al cohols. Typical detergent fatty al cohols
i ncl ude hexanol, octanol, 1-decanol, 1-dodecanol, 1-tetradecanol,

1- hexadecanol, 1- octadecanol, 1-octadecenol and the like, and m xtures
thereof. The term"lower al kyl" neans Cl- to C4-al kyl, including nethyl,



In a preferred process of the present invention esterification of the fatty
acid or fatty acid mxture with the | ower al kanol (e.g. nethanol) is
effected by a procedure in 7 which the fatty acid or fatty acid m xture
and | ower al kanol are passed in countercurrent flow through a colum
reactor provided with a plurality of esterification trays nounted one above
anot her, each adapted to hold a predetermned |iquid volunme and a charge of
solid esterification catalyst thereon, |iquid dowconer neans associ ated
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condi ti ons campletevithseignificant tddacties treyidld.i cation in the esterification
reactor. The esterification conditions used in the colum reactor wll
normal Iy include use of elevated tenperatures up to about 160C, for exanple
a t enper at ue dispustddenbpeen gey Bfiddal eswerakn bt pAAGI4TY ditfioult tolebPate Bopf €rably in
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adm xture with | ower al kanol, in solution in recycled ester product, or in
sol uti on i n APkt of therepetion inthenipassed in lindBiogheaicohpl refisnpadenble t o
pre-react t ek ®BirodlckatMbis2Rnd h:?ar@t@& }éédiﬂpfr&n Qlax feﬁgrt% c%ﬁéfe%ti(mai(t ure prior
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formas is practicable wthin the relevant econom c constraints. The | ower
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| ower nost one of said esterification trays, the further towards 100%
conversion to ester the esterification equilibriumreaction can be driven
and the lower the residual acidity of the ester containing product
recovered fromthe bottomof the colum reactor will be. However, a bal ance
may often have to be struck between the cost of providing, for exanple, a
substantially dry | ower al kanol for vaporisation into the columm reactor,
on the one hand, and the cost of providing and operating any additional



catal yst particle sizes are nore difficult to maintain in suspension and
have | ower geonetrical surface area per gram it is expedient to use not
too large a catalyst particle size. A suitable catalyst particle size is in
the range of fromabout 0.1 mmto about 5 mMm Whilst a catalyst wll
generally be used for the esterification reaction, in one arrangenment it
may be autocatal ysed. One or nore wash trays nay be provided above the
esterificat memanerraayed iwith drdseotibh stn:fh&td ern:thaha),saida:f infiinedBiCih highQhoi@nt and/ or
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~ reduced mxtﬁdrrez oSb o} per }g% esgr%g ygg%&gx 1th§'gﬁnlsc%yf’d%%5%§<tur es
conpri si ng, istdfietie ﬂflfem-fﬁftlil@rﬁacwrayﬂr inrliom 1 abibwill £ wotambzmat!l a#@upeptent by
wei ght CQuO aad. alpantcad0stiOnAlRAWed 3A0PELGEN of oM about
65 to about 85Ipercecﬁtfl}syl v%? #B OP 3) ?ﬁy&dﬁkl’tg%veégbugtm% percent by
wei ght ZnO, therfgter e;porlﬁ%mTewouta BOblew aibibrrauiss thesxsemt tobe shet géMm each of CuO
and ZnO and &wtdibal%psooﬁﬁtclﬁ@Heﬂ&ﬁte‘ﬁ@xgmeanocte 1B W NFver gxgor% RSl d; copper
chromte cat aIE% (s are those containing from about out 45 percent
by wei ght of*h B‘étr OXR ANt BifFatsamovRothe éerz@ts}tﬁdtT@ano@méemcameam ght of
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as a feedstd@ksetitenﬁcah@nwydmomter tmthzdme; athyll e andiydecopeosisRa ol ar
ratio and a r e hydr.ogenati on zone can be used
than when a %11 hﬂﬁﬁ o ng C%SIE gfut%1 A FRSIOROR eV £ BAP SPRVESIA g e

hydr ogenat edheﬂl the yieaster wdl @t p¢ amtrted;aad witlore losmjromitistprécessHave hedveest r eedom t o
operate the C ng,.f Ci ed f di.fferent sources at

di ff erent tlpﬁfeés‘:s étﬁz%r Hgég e @E‘g%eﬁ et %%‘]il oaorﬁ‘éurcgztn “ét""‘ti?lpfpé?ﬂaht times

usi ng fatty e&&giensyf r om any of the commn sources, such as tallow, lard,
fish oil, coconut oil, rape seed oil or palmoil. A plant capabl e of

handl i ng such a range of acid feedst ocks nust be capabl e of hydrogenating

t he hi ghest boiling nmethyl or other |ower alkyl ester of a fatty acid that
is likely to be used. Hence it nmust have an ester vaporisation section that
can operate over a range of H2:ester nolar ratios and that can deliver to

t he hydrogenati on zone a vaporous inlet mxture at the appropriate
tenperature, i.e. a higher inlet tenperature and a hi gher H2: ester nol ar
ratio for nmethyl stearate, for exanple, than for nethyl laurate. The

hydr ogenati on zone may conprise a single reactor operated under adiabatic




The crude product liquid containing fatty al cohols, wax esters, catalyst
and inpurities will generally be passed to a refining colum. The refining
colum wi |l be operated under any 14 suitable conditions. In one
arrangenent, the columm operates under a vacuum at about 0.03 bara and uses
structured packing. In one arrangenent the m ddl e sections of the colum
may contain a divided wall to separate the feed and product draws. A purge
stream may be renoved as a liquid overhead product. This stream wil|
contain lig ties such, as, al kane - products fromthe dr ogenat i on.
Al kanol d‘t‘l&”ﬁg&}) b@&ﬁ‘&‘éﬁ&oa%? anﬁr“é"'s]';“éngX %bgy “Pefychhig (‘:%‘Pi‘f%n feed may
be r em)ved acrosk hise h;ab@gﬂﬁatﬁhrreﬁmt ad the heaGesupnieyst @ th-Ehtleﬁl M@GUM system
wil | generall ?w de thﬁ qﬁm red,v cuumfé)r ttpe col um and may al so be
used to conJIHEE FheRerRadty Hardh Bpantenes sk {958 ¢ JFRREAEE| ¢ &%t i on

react or. |nh)mlr:geaatmangﬂmnt’rhlstcbleie@d/eﬂhgﬁdslkirreeﬁakébﬁuHieaéd Bi@ g@l utm nay be
condensed | Lo st ages with both exchangers providing reflux to the

col umn. Pr ot ucF“‘%ﬂ kanols will generally be renoved as a side draw. The
distillation residue is subjected to quuid phase hydrogenation in a second

hydr ogenat i ers enat e n a fixed bed of
cat al yst tygll%cél XY co%g}%?%rd'a ally (%Bb%le eége LERES g 03‘8&5&8?}‘ ik Gt
copper - chr ogriyed Gmindeconint dy peleciomath pils ]nmrdpmarﬂesmﬂmpbbvaﬁ afi lifgrovedl um ni um

iron, silic lin a enation wll be
carried outﬁ)@%esgﬁgc@%{%ﬁ go%oﬁﬁ qr%lgrﬁg?fa nOf g‘ﬁ'ﬁ%é?&if?%ﬁ'e the tenperature
will be from about 180C to about 220C and a hydr ogen pr essure of from about
40 to about r SCILi bed by way of
exampl e wi t Jhgp P@FJ gen%g%urﬁ t%%g[ﬂ% %Jgorb\f‘%;gnlu? Eansttenﬁlgz(t%lon cﬁa\xﬁ ur e 1is a
schematic r@ﬂmre?@e’m eitablss theffloay thabd;cebsalamdm dseragchml fhae lpdﬂo@e’naﬂfnt and

Figure 2is rocess of the present

i nventi on. Ig?ﬁl\%\nmi: E)‘Lét&ﬁlﬁll %ﬁ@ggé&{)!%?ﬂloé B Euﬁolfleaﬂs anﬁutnﬁonvgfetdeftﬁat t he

drawi ngs ar Breginhg amnester o Tamtfmimatmlﬁmlmtﬂqmrstmm:w lmfcomecpnmabdwuch as

ref| Ux drUMBico i ERPicy 86 WATHRURG. bOWRGS AUIS: RENSQT o RERSPYLS Sensors,
pressure relief valves, contr ves ow controllers

controll ersheaﬁkﬁﬁﬁnﬁﬁf‘twféffﬂ@ﬁlwrlmgépﬂlmﬁmdwmdlmh@I i ke may be required in
a commercial plant. The provision of such ancillary itens of equi pnent
forns no part of the present invention and is in accordance with

convent i onaltMeSHSFATEES Oéh?ngﬁ@é‘rleF@ﬂ@ﬂé@Fﬂmo\’ld%d agirorpdsifér teaprodrcgoron of a flow
scherme of t befaly &86H0t orl 2R ¢ é&r[bnlsﬁ illustrated schematically in Figure 2. A
fatty acid or mxture of fatty aci ds is subjected to esterification in the
reactor 21. The Bt Sthifetinest faity acid of &ty fapid sixigre tp egterificatipni withw tolsdr awn i n | i ne

22 and passed to vap&iol Sgr ax?%s%ﬁéaﬁoﬁtreh&orvﬂﬁf?ﬁéégdundpt Qgﬁregﬁcaﬂé heavi es may
be renoved in line 28, The vaporised streamis passed in line 24 to the

hydr ogenation reacf® IQSSRRHW%‘F%WWW&?Cpbespﬁéhfkgéwqreﬁw’aﬁmbhol occurs.
The crude al cohol pregu¢t generally has a residual |ower alkyl ester
content of about to.gbout 5 wt_ % Al though higher conversions may be

achi evabl e, thi s@fgapé’ﬁﬂbg stigamrom €eR(A%T i cant reduction in yield. As

di scussed above, (cRaybjdesd didalapﬁﬁé&%tr&ﬁﬂobﬁe;p@j)ttb%}hr@één){ndiil' hfd gt to
separate fromthe B({%duct al cohol agdd dt gdresence can _render the product
1 Fpdet R

of unacceptabl e puPYTSEPYIPREREC RS ogrBURe cprdidaptio ifrmgk eat er t han
about 0.15% To adstr@ss:otpiising fahg alpsitlbiCAicoRbls hfiPanGREE GaohRiel S then fed
inline 26 to a wax eségl rteactor 27 where it is reacted in the presence of
a solid transesterit VSRR st . Here the residual ester, which is
general Iy a net hd) sggdceng ﬂlestremﬁoedstw {ch td hamsesrt@ﬂ?dﬁtonah Gohad este@ forma wax
ester via a hetero ousl ta esterl i cation mechani sm The
product of the reaget%%rn%?%éf“ﬁ‘gn C{Sg ?f&f‘ﬁ o £onSHIopHIntRRPIeseRSIOBE 1 ef i ni ng
colum 30 where th@DI}ﬁrt@dmtenﬁMnmhcﬂtfﬂyscﬂﬁrebﬁto&ﬁﬁ%m Bt @aghioh ¥ fhe oM wax
ester by conventionpal, ql Jht%aﬂ D rPﬂOd ct aI ohol s are renoved in |line
31. Lights are rembved o a9 R Tine” 8 MR 4 FPEPRWEne pur ge.
The residual wax ester coul d si rrply be rem)ved However, this would
represent a loss to the econom cs of the process. The resi dual wax ester
are therefore renoved in line 33 and ﬁassed to a |iquid hydrogenation zone
34 which may be passed to vaporiser 23 to recover any product al cohol. Here
the wax ester is converted to product al cohols. The stream 36 fromthe

hydr ogenati on zone 34 is returned to the al cohol refining colum 30. A
purge 35 may al so be taken fromthe hydrogenati on zone 34. The present
invention will now be described with reference to the foll ow ng exanpl es.
Exanple 1



A standard 300 ml autoclave with a bottomdrain point was assenbled, with a
sanpl e bomb to allow the addition of liquid at operating tenperature and
pressure. Also a static catalyst basket was fashioned to allow the solid
catalyst titania on silica (TiS) known as catalyst-1 to be held in the
liquid contents of the autoclave. 2g of the catalyst-I was added to the
basket and 200ms of | -dodecanol (157.99g ex Aldrich) was added to the
vessel . The aut oc| ¥R SRERY of AscHbB S RURE kPl (20420 lor Tt Y|

| aurate (ex Aldrich) added via the sanp een pressurl sed
with nitrogen. Thésﬁﬁé@é@dﬁpﬂl@ég@rﬁl@h@%@mEﬁtf\‘lva@d>t hen vented and the

aut ocl ave seal ey smeatﬁg@gr@rmc%hmqa&ymha@rm&e,gx\egtff MrliReitisibel e bot L om
drain valve after first talngasma 23 epeat tests
were then perf or netfPdd) higdietHis %Wl‘é‘éﬁefﬁ%ys C@hla‘?fgeémh@mwét@aﬂd%s i denti cal
to Exanple 1 to c@%&&{prﬁhgg,gx@e@g;és%gtlon Exanpl es 3 and 4 used doubl e
the nethyl laurate concentration, Exanple 5 decreased the stirrer speed to
check for mass (9 dR&MEr Sd nilieam | GITPriSRE EXRaPSERPT 4e5te8s dmde Getrad 4 wt %

net hanol added to Hyb® a,-nlau&ﬂ e Qﬁ&atﬁﬁ'ﬂh&?%@ndﬁ%ﬁ@mﬂ%ct@ymgm%n grmed at
pressure (52psig) TabF -6 show the progress of the'reaction with tine.
Table 1 - Exanpl e e ﬂl‘ﬁé Fﬂ‘ﬁﬁen@)re@fzthEs‘t’?’é‘r Ot Y 8ISty ol Heoplors 2. 75 10
8.26 15 11.93 30 28:06815:68d

(g) returning the fatty alcohol or alcohols to the separation step (e).

In one arrangement a heavies purge may be removed from the second hydrogenation

zone. This purge may be passed to the vaporiser so that any product alcohol in the

purge may be recovered.

The use of a solid transesterification catalyst in the wax ester reactor of step (d) and a
liquid phase hydrogenation in step (f) allows at least a portion of any unreacted ester
or esters from the hydrogenation step (c), and preferably all of any unreacted ester or
esters from the hydrogenation step (c), to be converted into a wax ester or esters so
that the ester or esters is not removed with the product alcoho! or alcohols from the
distillation step and then reverts the stream recovered from the distillation zone
comprising the wax ester or esters to fatty alcohol or alcohols which can be recycled
to the separating step (e). It should however be understood that the wax ester or esters

stream recovered from the column bottoms of the refining step may comprise some
fatty alcohol or alcohols.

This process of the present invention offers various advantages. One benefit is that
the make of alkane is minimised. In addition the wax ester or esters formed is free of
metal and can readily be reverted by liquid phase hydrogenation. A particularly
important benefit of this process is that the use of solid catalyst in the wax ester
reactor means that TiO; deposits are not formed in the reactors. A still further

advantage is that a lower amount of heavies needs to be purged thereby minimising

the losses from the system.



44.04 1440 100 Table 2- Exanple 2 Tine (mns) Cl2 Ester Conversion (W% O
0 10 0.48 20 3.79 30 10.48 45 25.24 60

The term "fatty alcohol" means a linear alkanol containing from about 6 to about 26
carbon atoms. Preferred fatty alcohols contain from about 10 to about 20 carbon
atoms. Thus in a preferred arrangement, the present invention relates to a process for
the production of detergent fatty alcohols. Typical detergent fatty alcohols include
hexanol, octanol, 1-decanol, 1-dodecanol, 1-tetradecanol, 1-hexadecanol, I-

octadecanol, 1-octadecenol and the like, and mixtures thereof.

The term "lower alkyl" means Cy- to Cy-alkyl, including methyl, ethyl, n-propyl, iso-
propyl, n-butyl, iso-buty! and sec-butyl. The preferred lower alkyl radical is methyl.
Similarly the term “lower alkanol" embraces C; to C, alkanols, including methanol,

ethanol, n-propanol, iso-propanol, n-butanol, iso-butanol, and sec-butanol. Methanol
is the preferred lower alkanol.

By the term "fatty acids” we mean linear saturated, unsaturated or polyunsaturated
aliphatic acids, such as linear alkyl, alkenyl, or hydroxyalkenyl carboxylic acids
containing from about 6 to about 26 carbon atoms, preferably about 10 to about 20
carbon atoms. Examples of such fatty acids are decanoic acid (capric acid),
dodecanoic acid (lauric acid), tetradecanoic acid (myristic acid), pentadecanoic acid,
hexadecanoic acid (palmitic acid), heptadecanoic acid (margaric acid), octadecanoic
acid (stearic acid or isostearic acid), octadecenoic acids (oleic acid, linoleic acid or
linolenic acid), hydroxyoctadecenoic acid (ricinoleic acid), eicosanoic acid (arachidic
acid) and docosanoic acid (behenic acid). Mixtures of fatty acids are 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 mixtures of acids can be
obtained by hydrolysis of naturally occurring triglycerides such as coconut oil, rape
seed oil, palm oils, tallow, lard and fish oils. If desired, such mixtures of acids can be
subjected to distillation to remove lower boiling acids having a lower boiling point
than a chosen temperature and thus produce a "topped" mixture of acids, or to remove
higher boiling acids having a boiling point higher than a second chosen temperature
and thus produce a "tajled” mixture of acids, or to remove both lower and higher

boiling acids and thus produce a ™opped and tailed" mixture of acids.

In a preferred process of the present invention esterification of the fatty acid or fatty

acid mixture with the lower alkanol (e.g. methanol) is effected by a procedure in

7



37.28 100 65.14 120 75.631 180 91.461 1200 97.77 1260 98.16 Table 3 -
Exanple 3 Tine (mns) Cl2 Ester Conversion (% 0 O 15

which the fatty acid or fatty acid mixture and lower alkanol are passed in
countercurrent flow through a column reactor provided with a plurality of
esterification trays mounted one above another, each adapted to hold a predetermined
liquid volume and a charge of solid esterification catalyst thereon, liquid downcomer
means associated with each esterification tray adapted to allow liquid phase to pass
down the column reactor from that esterification tray but to retain solid esterification
catalyst thereon, and vapour upcomer means associated with each esterification tray
adapted to allow vapour to enter that esterification tray from below and to agitate the
mixture of liquid and solid esterification catalyst on that tray, in which the fatty acid
or fatty acid mixture is supplied in liquid phase to the uppermost one of said plurality
of esterification trays whilst the lower alkanol is supplied in vapour form beneath the
lowermost one of said plurality of esterification trays, in which vapour comprising
lower alkanol and water of esterification is recovered from an upper part of the
column reactor, and in which a lower alkyl fatty acid ester or ester mixture is

recovered from a lower part of the column reactor.

In such a procedure the water content of the lower alkanol vapour supplied to the
column reactor should be less than about 5 mole % and the number of esterification
trays and the reaction conditions should be selected so that the stream of lower alkyl
fatty acid ester or esters has a low acid content of less than about 1 mole %, calculated

on a lower alkanol free basis, and an ester content, also expressed on an alkanol free
basis, of at least about 99 mole %.

The process of the invention utilises the vaporous stream of the lower alkanol to carry
away water of esterification produced in the esterification reactor but without carrying

with it significant quantities of the fatty acid or acids or of the lower alkyl fatty acid
ester or esters.

Any suitable reaction conditions can be used for the esterification in the esterification
reactor. The esterification conditions used in the column reactor 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 determined by factors
such as the thermal stability of the esterification catalyst, the kinetics of the

8



5.45 30 16.12 45 25.88 65 38.61 215 55.6 245 70.94 300 84.36 370 92.16 1500
98.34 Table 4 - Exanple 4 Tinme (m ns)

esterification reaction and the vapour temperature of the lower alkano} fed to the base
of the column reactor at the relevant inlet pressure. Typical operating pressures at the
vapour inlet of the column reactor range from about 0.1 bar to about 25 bar, A liquid
hourly space velocity through the column reactor in the range of from about 0.1 hr* to

about 10 hr”', typically from about 0.2 hr' to about 5 hr'!, or about 2 he may be
used.

The fatty acid or fatty acid mixture is supplied in liquid form to an upper part of the
cohunn reactor or in admixture with lower alkanol, in solution in recycled ester
product, or in solution in an inert solvent or diluent therefor. It is possible to pre-react
the lower alkanol and the fatty acid or fatty acid mixture prior to introduction to the
column reactor. The resulting reaction mixture contains a mixture of lower alkyl fatty

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

Generally a vaporous mixture exits the columﬁ reactor as an overhead product.
Provision may be made for scrubbing such vaporous mixture with lower alkanol in
liquid form in order to wash traces of fatty acid ester and of fatty acid back into the
column reactor. This overhead product from the column reactor can be condensed
and treated in known manner to separate its constituents, the recovered water of
esterification being rejected and the lower alkano! being recycled for re-use in as dry a
form as is practicable within the relevant economic constraints. The lower the water
content of the lower alkanol vapour that is supplied to the lowermost one of said
esterification trays, the further towards 100% conversion to ester the esterification
equilibrium reaction can be driven and the lower the residual acidity of the ester
containing product recovered from the bottom of the column reactor will be.
However, a balance may often have to be struck between the cost of providing, for
example, a substantially dry lower alkano! for vaporisation into the column reactor, on
the one hand, and the cost of providing and operating any additional downstream
processing facilities that may be required to upgrade the ester product to the required
quality if a less dry alkanol is used. This will vary from lower alkanol to lower
alkano! and will depend upon the interaction between water and lower alkanol (e.g.
azeotrope formation) and its effect upon alkanol/water separation. In any case, the
water content of the lower alkanol vapour supplied to the reactor is less than about 5

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

9
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The column reactor has a plurality of esterification trays. Although two or three trays
may suffice in some cases, it will typically be necessary to provide at least about 5 up
to about 20 or more esterification trays in the column reactor. Typically each
esterification tray is designed to provide a residence time for liquid on each tray of

from about 1 minute up to about 120 minutes, preferably from about 5 minutes to

about 60 minutes.

A catalyst will generally be used for the esterification and this will generally be a
solid catalyst. The solid esterification catalyst may be a granular ion exchange resin
containing SO3H and/or COOH groups. Macroreticular resins of this type are
preferred. Examples of suitable resins are those sold under the trade marks

"Amberlyst", "Dowex", "Dow" and "Purolite", such as Amberlyst 13, Amberlyst 66,
Dow C351 and Purolite C150.

Different solid esterification catalysts may be used on different trays of the column

reactor. Moreover different concentrations of solid esterification catalyst can be used
on different trays.

The charge of solid particulate or granular esterification catalyst on each tray is
typically sufficient to provide a catalyst to liquid ratic on that tray comresponding to a
resin concentration of at least about 0.2% wiv for example, a resin concentration in
the range of from about 2% w/v to about 20% wiv, preferably 5% w/v to 10% wiv,
calculated as dry resin. Sufficient catalyst should be used to enable equilibrium or
near equilibrium conditions to be established on the tray within the selected residence
time at the relevant operating conditions. On the other hand not so much catalyst
should be used on each tray that it becomes difficult to maintain the catalyst in
suspension in the liquid on the tray by the agitation produced by the upflowing vapour
entering the tray from below. For a typical resin catalyst a resin concentration in the

range of from about 2% v/v to about 20% v/v, preferably 5% v/v to 10% viv may be
used.

The particle size of the catalyst should be large enough to facilitate retention of the

catalyst on each tray by means of a screen or similar device, However, as larger

10



94. 54 Table 5 - Exanple 5 Tinme (mns) Cl2 Ester Conversion (wt% 0 O 15
14.45 30 33.04 60 64.79 90 82.18 120

catalyst particle sizes are more difficult to maintain in suspension and have lower
geometrical surface area per gram, it is expedient to use not too large a catalyst

particle size. A suitable catalyst 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 trays may be provided above the esterification trays in order to

prevent loss of product, solvent and/or reagents from the column reactor.

In the first hydrogenation zone of the process of the invention the lower alkyl fatiy
acid ester or esters are hydrogenated under vapour phase hydrogenation conditions in
which the composition of the gas stream is selected 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 260°C, such as temperatures in the range of
from about 140°C to about 240°C, and pressures in the range of from about 5 bar to
about 100 bar. Typically the hydrogen:ester mole ratio in the vaporous feed to the

hydrogenation zone is at least about 100:1 up to about 2000:1 or more.

Suitable hydrogenation catalysts include ester hydrogenation catalysts such as
reduced copper oxide-zinc oxide catalysts such as those described in GB2116552 and
WORB2/03854, and copper chromite, and promoted copper chromite catalysts. The
preferred catalysts are reduced copper oxide-zinc oxide catalysts of the type disclosed
in GB2116552 and WO82/03854. Such catalysts include reduced mixtures of copper
oxide and zinc oxide derived from mixtures comprising, before reduction, (a) from
about 10 to about 70 percent by weight CuO and about 90 to about 30 percent by
weight ZnO, (b) from about 65 to about 85 percent by weight CuO and about 15 to
about 35 percent by weight ZnO, and (¢) from about 40 to about 50 percent by weight
each of CuO and ZnO and 0 to 20 percent by weight of alumina. The preferred
copper chromite catalysts are those containing from about 25 to about 45 percent by

weight of copper and from about 20 to about 35 percent by weight of chromium,
calculated as metal.
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87.98 180 89.9 Table 6- Exanple 6 Tine (mns) Cl2 Ester Conversion (% O
0 15 9.68 30 20.09 45 30.14 60 35.45

The hydrogenation mixture obtained by hydrogenating a lower alkyl fatty acid ester or
mixture of esters contains, in addition to a fatty alcohol or fatty alcohol mixture, also
lower alkanol, such as methanol. The lower alkanol is separated by any suitable
means, such as by distillation in one or more stages, from the fatty alcohol or alcohols
to yield a fatty alcohol fraction suitable for use in the process of the invention. Such a
fatty alcohol fraction typically contains, besides possibly a minor molar amount of
methanol or other lower alkanol, usually less than about 5 mole%, a major molar
amount of a fatty alcohol or alcohols, usually about 90 mole% or more, and a minor

molar amount of unreacted lower alkyl fatty acid ester or esters, usually from about
0.5 mole% up to about 5 mole%.

In the first hydrogenation step of the process of the invention vapour phase conditions
are used. In order to maintain all components in the vapour phase two important
factors are (a) the hydrogen:ester molar ratio of the vaporous mixfure to 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 boiling point. Hence, for example, when using methy! laurate as a
feedstock to the hydrogenation zone, a lower hydrogen:ester molar ratio and a lower
inlet temperature to the hydrogenation zone can be used than when a higher boiling
ester, such as methyl stearate, is to be hydrogenated. In practice a plant operator may
wish to have the freedom to operate the process using fatty acids derived from
different sources at different times. For example, he may wish to operate at different
times using fatty acids from any of the common sources, such as tallow, lard, fish oil,
coconut oil, rape seed oil or palm oil. A plant capabte of handling such a range of acid
feedstocks must be capable of hydrogenating the highest boiling methyl or other
lower alkyl ester of a fatty acid that is likely to be used. Hence it must have an ester
vaporisation section that can operate over a range of Hy:ester molar ratios and that can
deliver to the hydrogenation zone a vaporous inlet mixture at the appropriate
temperature, i.e. a higher inlet temperature and a higher Hy:ester molar ratio for

methyl stearate, for example, than for methyl laurate.

The hydrogenation zone may comprise a single reactor operated under adiabatic

conditions and containing a single bed of an ester hydrogenation catalyst, such as
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90 49.64 120 57.43 150 63.42 180 67.52 210 71.35 1200 72.75 Exanple 7 192
g dodecanol (Cl2 - QL) and 8 g nethyl laurate (MeL) were charged to a 500
nmL round-bottonmed flask, nitrogen purged and heated to the desired reaction
tenperature, at which point 20 g catalyst was added and the reaction flask
sanpl ed periodically. Methanol was continuously removed fromthe m Xxture by
means of an overheads condenser. Methyl laurate renpval test using Ti S
catal yst. ComBItshewdte o1 rocucaorBr@ citplyer In tidese, NewevBetild besl @dir e set out

in Table 7 calaft @nuét d 8Bed( SHhND) edfBle BREREenation to be completed so far as

possible by a single passage of the vaporous mixture therethrough at the design feed
rate when operating at the lowest design temperature. In addition provision has to be
made in designing the plant for any catalyst 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 suitable for a relatively low boiling ester, such as methyl
laurate, it will be understood that, at the higher operating temperatures and higher
hydrogen:ester molar ratios needed to maintain a high boiling ester, 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 playing a part in the hydrogenation reactor, whilst the
back end of the catalyst bed plays essentially no part. 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 to 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 into
use as required. In one arrangement the first hydrogenation zone has a main inlet and
a main outlet, a plurality of beds of hydrogenation catalyst in the path of gas flowing
between the main inlet and the main outlet, and one or more secondary flow
connections each located between a respective pair of catalyst beds. The vaporous
mixture containing hydrogen and lower alkyl fatty acid ester can be fed to the
hydrogenation reactor by means of the main inlet whilst the reaction product is
withdrawn either via the main outlet, so that all of the catalyst 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 outlet whilst the
vaporous mixture is fed to one of the secondary flow connections. Any catalyst beds

which are not in active use are maintained under an appropriate pressure of hydrogen.
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In this way the plant operator can readily select the appropriate number of beds of

catalyst to suit the nature of the fatty acid feedstock currently being used.

The product of the hydrogenation is then passed to a wax ester reactor where
transesterification to the wax ester occurs. The reaction is carried out in the presence
of a solid transesterification catalyst. Any suitable transesterification catalyst may be
used. Suitable catalysts include titanium silicate, cationic resins, zinc lanthanides,
tungsten oxide on silica, zirconium sulphide, titanium based catalysts supported on
cerium oxide or magnesium oxide. Further examples of suitable catalysts include
“Amberlyst 157, “Amberlyst 16” or in the acid (R-SO;H) and salt (R-SO;Na) form of
a sulphonic group or a carboxylic acid group. Further examples of suitable catalysts
can be found in US4681967, EP0523461, EP0646567, US5561205, US5436357,
WO98/28256, EP096487, EP0781758, WQ99/47483, US6204424, US6316654,
US6359157, US6933398, WO06/029655, US6376701, US6743942, WO07/043062,
W003/020782, WOO07/111604, US7030057, WO04/085583, US7211681,
EP1640356, WO06/070661, WO05/100306, US6979748, US7078560, US7122688,
US2008/0021232, WO06/129435, WO07/074592, WO06/133437, W007/025360,
EP1785478, WOO06/050925, US59088463, US6147196, WO07/006569, and
WO06/013080 which are incorporated herein by reference.

The tranesterification conditions will, to a large extent, depend upen the catalyst
chosen. In one arrangement it may be carried out at a temperature of from about
150°C to about 250°C. A pressure in the range of from about 2 psia to about 100 psia
may be used with a pressure in the region of about 5 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
to about 5 hours.

The distillation of the substantially lower alkanol free mixture to yield a product alcohol
stream and a distillation residue and optionally with lights removal, is normally effected at or
near atmospheric pressure or below, for example at a pressure in the range of from about

0.005 bar to about 1.2 bar. The reactor in which the distillation occurs may be of any
suitable configuration.

The crude product liquid containing fatty alcohols, wax esters, catalyst and impurities will

generally be passed to a refining column. The refining column will be operated under any
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77.72 Exanple 8 Transesterification testwork that required el evated
pressure was undertaken in a 300 nil, static basket autoclave with a
gas-induction inpeller. Catalyst was nomnally charged to the shell of the
static basket and the autoclave fitted with an overhead condenser to renove
nmet hanol fromthe reactor. 15 g of catalyst was charged to the basket al ong
with 144 g C12 - OL and 6 g MeL and the autocl ave nitrogen bl anketed.
Reacti on ti fratde eopdieds. whhene irhegeaatiold @inen bpach etket hecdesiihed: g@act i on

t.h | aur at e
ﬁgg\e/; at ur g?@@ugfgsgg gnq@lmrecgaamgt Iq.g%r%@#ﬁgen}éhﬁ@%@m&e& oPsrorféhIg comr}{n w7 B00s g H.

Details are ¥&t"? fde‘ldﬁaul"ampéra%th?’&ﬁq%dgoq‘i"‘rﬁéﬁ“ﬁm ns) C12 Ester Conver si on
(W% 0 0 60 1.69 120 7.92 210 14.73 280 31.80

A purge stream may be removed as a liquid overhead product. This stream will contain light
impurities such as alkane by-products from the hydrogenation. Alkanol and other non-
condensables present in the refining column feed may be removed in the vapour stream to the
vacuum system. This vacuum system will generally provide the required vacuum for the
column and may also be used to condense the alkanol rich vent from the transesterification
reactor. In one arrangement, the overheads from the refining column may be condensed in

two stages with both exchangers providing reflux to the column. Product alkanols will

generally be removed as a side draw.

The distitlation residue is subjected to liquid phase hydrogenation in a second hydrogenation
zone.  The wax esters are hydrogenated on a fixed bed of catalyst typically consisting of
components such as copper or copper-chromium oxide with secondary components such as
zinc, aluminium, iron, silicon, and alkaline earth elements. The hydrogenation will be carried
out at any suitable conditions. In one arrangement, the temperature will be from about 130°C

to about 220°C and a hydrogen pressure of from about 40 to about 100bar.

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; and

Figure 2 is a schematic representation of the process of the present
invention.

It will be understood by those skilled in the art that the drawings are diagrammatic
and that further items of equipment such as reflux drums, pumps, vacuum pumps,
temperature sensors, pressure sensors, pressure relief valves, control valves, flow
controllers, level controllers, holding tanks, storage tanks, and the like may be
required in a commercial plant. The provision of such ancillary items of equipment

forms no part of the present invention and is in accordance with conventional

chemical engineering practice.



350 41.70 460 55.94 660 70.90 875 87.16 Exanples 9 and 10 192g dodecanol
and 1 g catalyst were charged in a 500 mL nulti-neck flask with overhead
stirrer, condenser and |iquid thernocouple (standard transesterification

gl assware setup) and heated up to 180C under a nitrogen atnosphere and
stirred at 300 rpm Wen it had reached the desired tenperature, 8 g nethyl
| aurate was qui ckly added and the test started. A sanple was taken shortly

after addi t hoamplifistetdiyidn ol 8b@ Lcferre O thel Bt%gﬁ%aflﬂv%ﬁno%aﬁp 118 raYL@r e taken
every 15 mnutes. for the first hour, then every ha hour, hourly and every

four hours ﬁ’??¥m§55@6%%m9@rsﬁ0%WMé%dPé&Eﬁ@H0f§§ﬁbﬁé§lﬁéﬂéﬂﬁﬁdpysed by GC.

I n Exanpl e &tehlﬁeatﬁﬂ-hﬂhé’ﬁbct&m Thé £8dRNSF thdbsieXAMRbLredQioh ReviftRERLY ST Was
Ti/My. The r suI £ %3 le 9 are summarised in Table 9. Table 9 Tine,
mm  MeOH, éal_ PafReg CY2ReE R ¢ S er@/&tc@aw&seésﬁemwfwawes may

be removed in line 28. The vaporised stream is passed in line 24 to the hydrogenation
reactor 25 where hydrogenation to the desired alcohol occurs. The crude alcohol
product generally has a residual lower alkyl ester content of about 2 to about 5 wt %.

Although higher conversions may be achievable, this is coupled with a significant
reduction in yield,

As discussed above, any residual ester can be particularly difficult to separate from
the product alcohol and its presence can render the product of unacceptable 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 a wax ester reactor 27 where it is
reacted in the presence of a solid transesterification catalyst. Here the residual ester,
which is generally a methyl ester, is reacted with the product alcohol to form a wax

ester via a heterogeneously catalysed transesterification mechanism.

The product of the reaction is then passed in line 29 to the alcohol tefining column 30
where the product alcohols can be separated readily from wax ester by conventional

distillation. Product alcohols are removed in line 31. Lights are removed overhead in

line 32 together with an alkane purge.

The residual wax ester could simply be removed. However, this would represent a
loss to the economics of the process. The residual wax ester are therefore removed in
line 33 and passed to a liquid hydrogenation zone 34 which may be passed to
vaporiser 23 to recover any product alcohol. Here the wax ester is converted to
product alcohols. The stream 36 from the hydrogenation zone 34 is returned to the

alcohol refining column 30. A purge 35 may also be taken from the hydrogenation
zone 34,

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

16



0 0.097 94.838 4.048 0.067 15 0.101 94.515 3.467 0.953 30 0.126 94. 140
2.957 1.802 45 0.162 93.774 2.464 2.619 60

Example 1

A standard 300 ml autoclave with a bottom drain point was assembled, with a sample
borb to allow the addition of liquid at operating temperature and pressure. Also a
static catalyst basket was fashioned to allow the solid catalyst titania on silica (TiS)

known as catalyst-1 to be held in the liquid contents of the autoclave.

2g of the catalyst-1 was added to the basket and 200mls of i-dodecanol (1579g ex
Aldrich) was added to the vessel. The autoclave was heated to 215°C over 1 hour and
2g of methyl laurate (ex Aldrich) added via the sample bomb which had been
pressurised with nitrogen. The excess nitrogen pressure was then vented and the
autoclave sealed. The contents were then sampled with time via the bottom drain

valve after first taking a small purge.

Examples 2 to 6

Repeat tests were then performed using the same catalyst charge. Example 2 was
identical to Example 1 to check for gross deactivation. Examples 3 and 4 used double
the methyl laurate concentration, Example S decreased the stirrer speed to check for
mass transfer limitations and Examples 4, 5 and 6 had 4 wt% methanol added to the

initial pot contents. Example 6 was performed at pressure (52psig)

Tables 1-6 show the progress of the reaction with time.

Table 1 - Example 1

Cyy Ester
Time Conversion
(mins) (wt%)
0 0
3 2.75
10 8.26
15 11.93
30 25.69
60 44.04
1440 100

17



Table 2 -~ Example 2

Cyo Ester
Time Conversion
{(mins) {(wi%)
0 0
10 0.48
20 3.79
30 10.48
45 25.24
60 37.28
100 65.14
120 75.63
180 91.46
1200 97.77
1260 98.16

Table 3 —- Example 3

C2 Ester
Time Conversion
(mins} (wt%)
0 0
15 5.45
30 16.12
45 25.88
65 38.61
215 55.6
245 70.94
300 84.36
370 92.16
1500 88.34

Table 4 — Example 4

Cu Ester
Time Conversion
(mins) (wi%)
1] (0
15 11.18
30 31.37
60 63.55
90 83.06
125 91.38
i85 94.07
240 94.32

0. 186 93.452 2.034 3.330 90 0.211 93.035 1.380 4.355 120 0.220 92. 602 0.958
5.165 180 0.201 92.148 0.518 6.030 210 0.189
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92.094 0.368 6.216 240 0.172 92.034 0.298 6.341 300 0.174 91.887 0.192
6.544 360 0.170 91.825 0.127 6.630 420 0.163 91.698

1260

l

94.54

Table 5 -~ Example §

Ciz Ester
Time Conversion
{mins) (wt%)
0 0

15 14.45

30 33.04

60 64.79

90 82.18

120 87.98

180 89,9

Table 6 — Example 6

Cy2 Ester
Time Conversion
{ming) {wt%o)
0 0
15 9.68
30 20.09
45 30.14
60 35.45
90 49.64
120 57.43
150 63.42
180 67.52
210 71.35
1200 72.75
Example 7

192 g dodecanol (Cz - OL) and 8 g methy! laurate (Mel) were charged to a 500 mL
round-bottomed flask, nitrogen purged and heated to the desired reaction temperature,
at which point 20 g catalyst was added and the reaction flask sampled periodically.
Methanol was continuously removed from the mixture by means of an overheads

condenser.

Methyl laurate removal test using TiS catalyst. Conditions: 170°C, {00rpm stirrer,

under N2, Details are set out in Table 7
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0. 100 6.745 480 0.127 91.657 0.082 6.808 720 0.105 91.545 0.051 6.914 960
0.081 91.445 0.040 6.971 1200 0.065 91.445 0.031

Table 7
C2 Ester
Time Conversion
{mins) {(wi%)
0 0
30 15,10
60 27.04
120 42.30
180 48.21
240 54.61
300 62.79
360 69.12
440 75.80
480 77.72
Example 8

Transesterification testwork that required elevated pressure was undertaken in a 300
mL static basket autoclave with a gas-induction impeller. Catalyst was nominally
charged to the shell of the static basket and the autoclave fitted with an overhead
condenser to remove methano! from the reactor. 15 g of catalyst was charged to the
basket along with 144 g Ci;- OL and 6 g MeL and the autoclave nitrogen blanketed.
Reaction time started when the autoclave reached the desired reaction temperature

and periodic samples taken vig a dip tube.

Methy! laurate removal test using TiS. Conditions: 170°C, 250rpm stirrer, under

50psig Hy. Details are set out in Table 8

Table 8
Ciz2 Ester
Time Conversion
{mins) {wt%)
0 0
60 1.69
120 7.92
210 14.73
280 31.80
350 41.70
460 55.94
660 70.90
875 87.16
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6.944 In Exanple 9,

t he catal yst

reached >95% (95.26% conversion after T

= 300. Only one run was performed and no repeats. The results of Exanple 10

are summarised in Table 10. Table 10 Tinme, mn.
Ester, wt % C24 Wax ester

3.661 0.703 30 0.107

Examples 9 and 10

MeOH, % C 2 DL, w % C12

W% 0 0.028 94.764 3.931 0.154 15 0.101 94. 494

192 dodecanol and 1 g catalyst were charged in a 500 mL multi-neck flask with

overhead stirrer, condenser and liquid thermocouple (standard transesterification

glassware setup) and heated up to 180°C under a nitrogen atmosphere and stirred at

300 rpm. When it had reached the desired temperature, 8 g methyl laurate was quickly

added and the test started. A sample was taken shortly after addition of methyl laurate

(T = 0), thereafter samples were taken every 15 minutes for the first hour, then every

half hour, hourly and every four hours until >95% conversion was reached. Samiples

were analysed by GC.,

In Example 9 the catalyst was Ti/Ce and in Example 10 the catalyst was Ti/Mg.

The results of Example 9 are summarised in Table 9.

Table 9

Time, MeOH, Cl2 OL,|C12 Ester, | C24 Wax ester,
min. wi% wit%o wi% wt%
0 0.097 94.838 4.048 0.067
15 0.101 94,515 3.467 0.953
30 0.126 94.140 2.957 1.802
45 0.162 93.774 2.464 2.619
60 0.186 93.452 2.034 3.330
90 0.211 93.035 1.380 4.355
120 0.220 92.602 0.958 5.165
180 0.201 92,148 0.518 6.030
210 0.189 92.094 0.368 6.216
240 0.172 92.034 0.298 6.341
300 0.174 91.887 0.192 6.544
360 0.170 91.825 0.127 6.630
420 0.163 91.698 0.100 6.745
4380 0.127 91.657 (.082 6.808
720 0.105 91.545 0.051 6.914
960 0.081 01.445 0.040 6.971
1200 0.065 01.445 0.031 6.944
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94.213 3.211 1.344 45 0.171 93.875 2.812 1.998 60 0.142 93.810 2. 446 2.620
90 0.194 93.288 1.811 3.694 120 0.209 92. 865

In Example 9, the catalyst reached >95% (95.26%) conversion after T = 300. Only

one run was performed and no repeats.

The results of Example 10 are summarised in Table 10.

Table 10

Time, MeOH, C12 OL, 12 Ester, C24 Wax ester,
tnin, wit%o wit% wi% wtlo
0 0.028 94,764 3.931 0.154
15 0.101 94.494 3.661 0.703
30 0.107 94.213 3211 1.344
45 0.171 93.875 2.812 1.998
60 0.142 93.810 2.446 2,620
90 0.194 53.288 1.811 3.694
120 0.209 92.865 1.317 4,567
180 0.301 02,348 0.676 5.531
240 0.264 92.004 0.355 6.151
300 0.184 01.918 0.200 6.461
360 0.152 91.982 0.124 6.475
420 0.218 91,749 0.115 6.502
480 0.136 91.922 0.072 6.570
720 0.099 91.898 0.047 6.591
960 0.063 91.790 0.040 6.651
1200 0.052 91.796 0.030 6.611

The catalyst of Example 10 reached ~95% conversion (94.88%) after T = 300. Only

one run was performed, no repeats,
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1. 317 4.567 180 0.301 92.348 0.676 5.531 240 0.264 92.004 0.355 6.151 300
0.184 91.918 0.200 6.461 360 0.152 91.982 0.124

Claims

1. A process for the production of faity alcohol or alcohols comprising:

(a) subjecting a fatty acid or fatty acid mixture to esterification with a lower
alkanol in an esterification reactor maintained under esterification
conditions to form a stream comprising the corresponding lower alkyl ester
Or esters;

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

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

(d) subjecting the stream from step (¢) to transesterification in a wax ester
reactor maintained under transesterification conditions in the presence of a
solid transesterification catalyst thereby to convert at least a portion of the
lower alkyl fatty acid ester by ester interchange with a corresponding
amount of fatty alcohol or alcohols to lower alkanol and to a wax ester ot
esters derived from a fatty alcohol and a fatty acid;

(e) separating fatty alcohol or fatty alcohols and wax ester or wax esters of
step (d) by distillation to yield a fatty alcohol or alcohols product and a
stream comprising wax ester or esters;

(f) passing said stream comprising wax ester or esters to a second
hydrogenation zone operating under conditions to effect hydrogenation in
the liquid phase to revert the wax ester or esters to fatty alcoho! or

alcohols; and

(g) returning the fatty alcohol or alcohots to the separation step (e).

2. A process according to Claim 1 wherein a heavies purge is removed from the

second hydrogenation zone and optionally passed to the vaporiser in which
step (b) occurs.

3. A process according to Claim 1 or 2 wherein the fatty alcohol contains from

about & to about 20 carbon atoms.
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6.475 420 0.218 91.749 0.115 6.502 480 0.136 91.922 0.072 6.570 720 0.099
91.898 0.047 6.591 960 0.063 91. 790 0.040 6.651

4, A process according to any one of Claims 1 to 3 wherein the esterification
reactor is a column reactor and esterification of the fatty acid or fatty acid
mixture with the lower alkanol is effected by passing the fatty acid or fatty

acid mixture and lower alkanol in countercurrent flow through the column

reactor,

5. A process according to Claim 4 wherein the column reactor is provided with: a
plurality of esterification trays mounted one above another, each adapted to
hold a predetermined liquid volume and a charge of solid esterification
catalyst thereon; liquid downcomer means associated with each esterification
tray adapted to allow liquid phase to pass down the column reactor from that
esterification tray but to retain solid esterification catatyst thereon; and vapour
upcomer means associated with each esterification tray adapted to allow
vapour to enter that esterification tray from below and to agitate the mixture of

liquid and solid esterification catalyst on that tray.

6. A process according to any one of Claims 1 to 5 wherein the temperature of
the esterification in the esterification reactor is up to about 160°C, or from

about 80°C to about 140°C, or from about 100°C to about 125°C.

7. A process according to any one of Claims 1 to 6 wherein the pressure at a

vapour inlet of the esterification reactor is from about 0.1 bar to about 25 bar.

8. A process according to any one of Claims 1 to 7 wherein the liquid hourly
space velocity through the esterification reactor is from about 0.1 hr to about

10 hrl or from about 0.2 hr' to about 5 hr'! or about 2 hr.

9. A process according to any one of Claims 1 to 8 wherein the esterification is
carried out in the presence of a solid esterification catalyst comprising a

granular jon exchange resin containing SO3H and/or COOH groups.

10. A process according to any one of Claims 1 to 9 wherein the hydrogenation
conditions in the first hydrogenation zone are such that material in contact

with a hydrogenation catalyst is above the dew point.
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1200 0.052 91.796 0.030 6.611 The catal yst of Exanple 10 reached --95%
conversion (94.88% after T = 300. Only one run was performed, no repeats.
Clainms A process for the production of fatty al cohol or al cohols
conprising: (a) subjecting a fatty acid or fatty acid mxture to
esterification with a |l ower alkanol in an esterification reactor maintained
under esterification conditions to forma stream conprising the
corresponding | | : (1) IS .stream from
step (a); (Q)' su jgcg'?s iajéngdrcthﬁ%&\%rg%gﬁ f?dﬁ é?%&%%%@?%%%%&%%ﬁﬂgdr ogenat i on
in a first hydr dgdnstyénzoeins zopeis stlededirraercdinpd eogersideamessiddi t i ons to
forma stream cQERLLSOGef é&&éﬁte?én‘&?’fﬁ?ﬁotéarc @%e?&@ﬁch{%e c%ﬁlsé.” amount of
unconverted | ower al kyl "ester or esters; ? subj ecting the stream from
step (c) to transesterification in a wax ester reactor maintained under

t ransest eri ¥4 cat’t BAcesvIrgEing s anyrpoe ke Claressletadé vdrrein o fepperature in

transesterificatiOfCatdlghstiol RSk SRS 8 HAREHC, 8t hRABLud4PeRr i on of the

| ower al kyl fatty aci ] ester by ester interchange wth a correspondi ng
anount of fatty 2aPWéHBC or al cohols to | ower al kanol and to a wax ester or
esters derived froma fatty alcohol and a fatty acid; (e) separating fatty

al cohol or f{attys gbecsddRdo WaXon8 Dt Elaird 1 19808 VARLE! Be PessBieqR tHed) bY
distillation toéyl eld a fatty al'cohol or al cohols product and a stream
L3

conpri si ng wax d&ttdydipgengtiqnapee is fromghaud b Ry te ghoyt Kobatam conpri si ng wax ester
or esters to a second hydrogenati on zone operating under conditions to

ef fect hydr egena h@best Rechiighg! b @b SheRd@Rfind Drol 1BRekeid A8 hVWBYeeRSL& Or esters
to fatty al cohol or al cohols; andéég) returning the fatty al cohol or

al cohol s to t he RYHRAALM 1B vaperoys {ead to'the firy hydrggadationzopss af 1Rt $86%a ai m |
wherein a heavi ei$ouh@Eatosit 208000 EGokr om t he second hydrogenati on zone and
optionally passed to the vaporiser in which step (b) occurs. 3. A process
according to. Cajm1 or 2 wherein the fatfy al cohol contains fromabout 6
to about 20?%ar nprél‘fedsrrszfccc\’,\r,g‘.ngAtopr"B%e%‘@ S OPEEng b YUnyveiE dfe dains 1 to
3 wherein the estadskiifi@tib®n da@adiodt ini the PreSedbdibMa Eidid alabdestaifibagat eri fi cati on
of the fatty acid or f ttdgcid.m'.xtur.le with the |.ower a&kg}nol is effected
by passing the fcélfafy? éeg P FOPLHARUR C§IFAN SRUTPE RS | el RPRASSol i n
countercurrent ftumsteh hoxideg font biticas Ofitetiiuh ealghide, titanium based catalysts

supported on cerinm oxide or magnesium oxide.

16. A process according to any one of Claims 1 to 15 wherein the
tranesterification is carried out at a temperature of from about 150°C to about
250°C.

17. A process according to any one of Claims 1 to 16 wherein the

transesterification is carried out at a pressure of from about 5 psig to about 100

psig.

18. A process according to any one of Claims 1 to 17 wherein the transesterification is
carried out in the presence of a catalyst in a fixed bed with a residence time of about 1

to about 5 hours.

19. A process according to any one of Claims 1 to 18 wherein the distillation is carried

out at a pressure of from about 0.005 bar to about 1.2 bar.
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5. A process according to Claim4 wherein the colum reactor is provided
with: a plurality of esterification trays nounted one above anot her, each
adapted to hold a predetermned |iquid volune and a charge of solid
esterification catalyst thereon; liquid dowconer neans associated with
each esterification tray adapted to allow liquid phase to pass down the
colum reactor fromthat esterification tray but to retain solid
esterificatjpon g_agr@cleag%zcomgtoeaqp;)ne%@élai\é@@wg HBEANRL IR ARR. AR RE! At ed with
each esterification tray adapted to all ow vapour to enter that
esterification 783 PREEPHED GWe dpertsd SFoRgrettecortidingPhaoperogrR-qui d and
solid esterifi catbaimeatialstncomntitiad, irbd, &jiconAr gralieessh ageekdi ng to any one
of Clains 1 to 5 wherein the tenperature of the esterification in the
esterificatyon re r,.J1.Si : . bout 80C t o about

| 40C, or fr%h1aé%@§&%dﬁ%ﬁ%%gggﬁhﬁg%ggééggsb&8%?%%gg%qg%ggwgfﬁ§wto any one
of Cains 1 to G°RMEPEPFtiaRze b &am povidf0) Ww@pEdr0°tnl et of the
esterification reactor is fromabout 0.1 bar to about 25 bar. 8. A process
ac?:or di ng LZQ anya ﬁl‘ﬁlﬁss&f:co@ir@}tﬁ%y];né & Claih el Iihh&rflﬁ the ihﬂ:l;&gén Pk BF? space 5

vel ocity through, t terification.reactar,.isS about 0.1 hi' to about
10 hr', or fromh}éeﬁgcﬁ?ﬁgflrgéeﬁ?tmfz n(ejlsaof)éou a%%u ﬁ?{oa%or"{@ l?)alrjt 2 hfl. 9. A process
according to any one of Clainms 1 to 8 wherein the esterification is carried
out in the presence of a solid esterification catalyst conprising a
granul ar i on exchange resin contai ning SG83H and/ or COOH groups. 10. A
process according to any one of Clains 1 to 9 wherein the hydrogenation
conditions in the first hydrogenation zone are such that material in
contact with a hydrogenation catalyst is above the dew point. | [.A
process according to any one of Clains 1 to 10 wherein a catal yst present
in the first hydrogenation zone is selected fromreduced copper oxide-zinc
oxi de catal ysts, copper chromte, and pronoted copper chronmte catalysts.
12. A process according to any one of Clains 1 to 11 wherein the
tenperature in the first hydrogenation zone are up to about 260C, or from
about 140C to about 240C. 13. A process according to any one of Clains Ito
12 wherein the pressure in the first hydrogenation zone is fromabout 5 bar
to about 100 bar. 14. A process according to any one of Clains | to 13
wherein the hydrogen:ester nole ratio in the vaporous feed to the first
hydr ogenation zone is at |east about 100:1 up to about 2000:1 or nore. 15.
A process according to any one of Clains 1 to 14 wherein the
transesterification is carried out in the presence of a solid
transesterification catalyst selected fromtitaniumsilicate, cationic
resins, zinc |anthanides, tungsten oxide on silica, zirconium sul phide,
titani um based catal ysts supported on cerium oxi de or nmagnesi um oxi de. 16.
A process according to any one of Clainms | to 15 wherein the
tranesterification is carried out at a tenperature of from about 150C to
about 250C. 17. A process according to any one of Clains 1 to 16 wherein
the transesterification is carried out at a pressure of fromabout 5 psig
to about 100 psig. 18. A process according to any one of Clains 1 to 17
wherein the transesterification is carried out in the presence of a
catalyst in a fixed bed with a residence tinme of about 1 to about 5 hours.
19. A process according to any one of Clains Ito 18 wherein the
distillation is carried out at a pressure of from about 0.005 bar to about
1.2 bar. 20. A process according to any one of Clains 1 to 19 wherein a
catalyst is present in the second hydrogenation zone sel ected from

catal ysts consisting of copper or copper-chrom um oxide with zinc,
alumnium iron, silicon, or alkaline earth elenents. 21. A process
according to any one of Clains 1 to 20 wherein the tenperature in the
second hydrogenation zone is fromabout 180C to about 220C 22. A process
according to any one of Clainms 1 to 21 wherein the hydrogen pressure in the
second hydrogenation zone is of from about 40 to about 100bar.
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