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and % gatetakold t he number of ngy of KOH required to saponi fy the esters
and acids in 1 g of alcohol. The 30 ester value (EV) is the nunber

obt ai ned by subtracting the acid value fromthe saponification value (EV =
SV - AVY). In all cases the |lower the value is (AVY, SV, or EV), the better
LS c%]si dered to be the quality of the al cohol product. Another neasure of
purity of saturated alcohols is the iodine value (1V), i.e. the nunber of g
of 12 absorbed by 100 g of the alcohol. The iodine value indicates the

et hyl eni ¢ doubl e bond content of the al cohol product. Again, it is
generally considered desirable to have as | ow an iodi ne val ue as possible
for gg35 saturated al cohol. 40 45 50 55 2 EP 0 454 704 Bl Exanpl es of
comercial fatty al cohol products are the products sold under the foll ow ng
.trade nanes: [err] The esters usually used as raw materials for the
production of detergent range al cohols are the nethyl esters. A problem
arises in refining of the product al cohol m xtures because the boiling

poi ntsoe of one or nore of the nethyl esters present in the ester mxture
which is hydrogenated will usually be close to that of one 3



EP 0 454 704 Bl of the product al cohols. Hence it becones difficult, if not
Inpossible, to Séparate by distillation any unconverted nethyl esters from
‘the product al cohol nixture. As ER0454@84 B3t on of the difficulty of

separating fatty alcohols frommethyl fatty acid esters, particularly from
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made to the following |ist of boiling points: Substance Boi | i ng poi nt
Pressure nm Hg (bar) 1qydodecanol [err] 20 (0.027) 10

met hyly | aurate [ et ] 20 (0.027) 1-tetradecanol [err]

15 (0.020) nethyl nyrigit&te [err] = ~ o # (0.020) 1-hexadecanol
[err] 15 (0.0 nethyl palmtate [err] 15 (0.020) 15
1 -octadecanol [erfo 15 (0.020) nethyl stearate [err]

15 (0.020) A m xture ntaining all of these conponents, such as m ght be
produmed by hydrogenatgon of a 20 m xture of nethyl esters of [err] to
[err]-fatty acids prog ced by hydrol ysiks ofg a ngtural triglyceride, is
difficult (if not Inpe sThle) tonsepar@ & sAtisactorily by distillation

W thout recourse to use of nultiple distillation colums. To avoid the
expense of multiple digtillation colums, one of two approaches is normally
adopt ¥d. The first apgf oach invol ves use of somewhat vigorous hydrogenation
condi tions, including lisg of high pressures and tenperatures so as to
ensure that as small & prepQitiog ef umcenvwerted 25 nethyl esters remains
in the hydrogenation gfoduct. At hough"t his larQely obviates the probl em of
separgti ng the nethylgesters fromthe product al cohols, the use of vigorous
swJhydrogenation conditi §s has drawbacks, particularly in that such
conditions also tend §p 4ncrease the yield of al kane and et her byproducts
which represent a sigh|{5#&R | @s~of potential+y val uable alcohols. In
addition catal yst congunp- tion is rather high and the use of high pressure
equi pent i ncreases tBp capital and running costs of the plant. The second
approach to the probl associ ated with the prgsence of unconverted esters
in the al cohol hydr og‘é gt 1%/ prdduct is to use | ess vigorous hydrogenation
condi tions, which reduces the | oss of alcohol product by fornmation of

al kane and et her byprg ucts, with subsequeni regoval of the unconverted

est ersopy hydrol ysis wath hot aqueous al kal i3 sugh as hot sodi um hydroxi de
solution. In this casgf the 35 r‘sangi ning efter ?s converted to a fatty acid
salt which is lost ing he=acg1eou§ ghasg. :-.-':}I FE addgtion this procedure
invol ves consunption -gf s@diGum hydg oxi de gors ot hﬁar aBkali. Finally, as the
sodi um or other al kal 8| megalg salg sgof Bhe@ fmttysaci§s act as soaps,
probl®¥ns may arise in separating the aqueous ph%se ®romthe al cohol product
due to formation of enulsions. In the esterific“gtio& of fatty acids perhaps
the nost widely used catal ysts are sul phuric aged and organi ¢ sul phonic
~acids, such as p-tol yginesul phonic acid. A ghou thss catal ysts are
vefficjent, they are - ggNeoys gat aLygt g, and,a ngugral i sation step is
necessary before esteg puRifg cad @ cap Befattegmptey. gTypi cally washing
with an alkali, such s s@diEum Igd;l'oxi';!e';'s@ utipn, #sdused in such a
neutralisation step. eBt&ifig8ionSi8 & eqiliprgum process, a

di sadvantage of this procedure is that the washing $t8p also results in
removal of any unreacged fatty acid in the wash ligtof. Normally it is
uneconomc to at t enptglt o 45 recover the unreacted %cPd fromits salt in
the wash liquor so tHdt this dmy represent a,significant |oss of process
efficiency. In additizn some & foera yo be Bod ‘agn this washing step. The

| osses of ester in tRg aqgeoug l@als @hﬁs& il I§ depend on the solubility
of tH8 ester in such-gol ugi ong l,gt&e,grrg?rg t&hé‘ di sposal of the wash |iquor
may present environ tal@prolw vglighmnﬁy'ﬁog agge avat ed by the presence
of the organic carbogjlicgaci @ $alg ¥nstfeowasiy | ideior. In addition,

particularly when long chain fatty acids are 1nvol Vved, problens nay arise
in the washing step due to formation of enulsions that are stabilised by
t re surface a
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t hus maki ng t he de5|gn of the organic phase/aqueous phase separation

equi pment difficult. Therefore it is difficult to practise an
esterification process with a Rh®EEMBI cat al yst on a continuous basis.
As a result batch processing is usually adopted a factor which may affect
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recovered fromthe esterification step is vaporised in a stream of hydrogen
and passed in vapour ‘form through a h dro enati on zone containing a charge
of a solid ester hydrogenation cEP& %der vapour phase hydrogenation
conditions such that the vaporous mxture in contact with the catalyst is
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water is fed at 1.3 bar by way of lines 12 and 13 to an upper part of an
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hi gh proportion of the nethyl esters is 45 converted to fatty al cohols and
met hanol . Accordingly there exits frovh hydrogenation reactor 110 in |ine
112, at a tenperature of [err] and at a pressure of 40.7 bar, a vaporous
reaction m xture containing fatty al cohols, nethanol, a m nor anount of
Unreacted nethyl esters and m nor anmounts of byproducts. This m xture is
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condensate drum 139 in which it accunul ates. Vent |ine 140 all ows any
volatiles to escape to the flare stack of the plant via a vent condenser
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The crude fatty al cohol streamin line 144 contains a m nor anount of
unconverted nethyl esters, 15 besides m nor anmounts of by-product al kanes,
unknowns and "heavi es". The crude fatty al cohol stream passes through heat
exchanger 145 in which its tenperature is adjusted to [err], preferably
[err] e.g. [err]. The hot streamin |line 146 is adm xed with a m xture of
fresh and recycl ed ester interchange catalyst (transesterification
catalyst), e.g. an alkyl titanate, supplied in |ine 147 and passes on in
line 148 into a first ester interchange reactor 149 which provides a first
transe#terification zone. 20 Reactor 149 is designed so as to provide a
residence tinme therein in the range of from 10 m nutes up to 120 m nutes,
preferably from 15 mnutes to 60 mnutes. The I ength of the residence tine
depends upon the tenperature of the streamin line 148 and in reactor 149
as.-wel|l as the effective concentration of the alkyl titanate supplied in
line 1%7. In reactor 149 the met hyl esters of the fatty acids present in
the feed streamin line 148 are converted to wax esters, i.e. fatty al cohol
esters of the acid noieties of the nethyl esters, by 25 transesterification
of the nmethyl esters with product fatty al cohols. Mst of the nethanol
formedgoy transesterification is recovered as a vapour in line 133 fromthe
vapour space in vessel 149 and is recycled for adm xture with the materi al
‘in line 132 as descri bed above. The product fromthe first ester

i nterchange reactor 149 contains, besides a major nolar anmount of product

al cohol s, also minor nolar amounts of al kane by-products, wax esters and
"heavi es", as well as 30 traces of nethanol. It is passed via line 150 into
a product columm 151 which is provided with three beds of structured
packi ng 152, 153 and 154. Light ends, consisting nmainly of al kane
by-products, as well as traces of nethanol, are recovered overhead in line
155 and are condensed by neans of condenser 156. The resulting condensate
in lin& 157 accunulates in reflux drum 158 which is vented to a vacuum punp
(not shown) operating at 0.005 bar by line 159. Sone al kanes are returned
to product colum 151 via line 160, 35 punp 161 and |line 162 to provide a
reflux stream whilst the net production of al kanes passes via line 163 to
storage. Product al cohols are w thdrawn as vapour from product columm 151
inline 164 and are condensed by neans'®f condenser 165. The condensate
passes on in line 166 to product drum 167 which is vented to a



vacuum unit (not shown) by line 168. Liquid product al cohols are passed via
|l ine 169, punp 170 and line 40 171 to product storage. Bottoms product is
wi t hdrawn from product colum 1EP 045470481172 and passed via line 173 to a
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The plant of Figure 1 can be modified to operate using an alkali metal alkoxide as the transesterification

§6

catalyst in place of an alkyl titanate. In this case the temperature of the crude fatty alcohol stream in line

144 is adjusted to 45°C in heat exchanger 145. A solution containing 10% w/v of sodium methoxide in dry
methanol is added in line 147 so as to provide a concentration of 0.05% w/v of sodium methoxide in the
material flowing in line 148. In this modified form of plant first ester interchange reactor 149 is designed to

17
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110 has | the |l ets 32 iy t‘? Ctéagty

I t ° ing 329,
350 '35 gs W %s'g % %dgé?qwga' @amtnﬁg SR o
E‘ﬂ'ﬁé'r gesf &vf tsm d 1%:" h r en F‘?rﬁﬁ es X% I;‘:igfes dﬁ‘&%e”ce
char ge Stt'o a respectlve |n or ?2 |gu1r1g 8

i llustr at €Sy athef Msa.ft%e rdeaaplbff Figifb ARSE 43 lnt tamremetn@tap%ug RixiutePlo hydiegdnBiowhi ch
di scr et e rbdafdt YiooHa! ca® Bo varas, rkiRér Sha fthd Pt SRt Mlthi§ Rade FBactbd 110CKES alfimused 1N
sequenge shpletdhthrytifiéls @853 1306 tnd S22 EdnAdtteli 16 @ lirflet niiifbicesa] hriddiodwato Mbdctat Modie
accept ablcantioRasy valves' $20,C330,0331 aRTI3ILARSY hyBRESNIBYpése LI tidIéchRected i tis iasignto
nunber ofiling 318 [fIOWENrbuRh Vind 132€ Deidd TontrdBd, by3vkie 2830 Baldere momearale (B34 nditatei die 339
~whi ch comreeedatically digidbuldisbwithindatalfs? chakgeria1 8ath conenteritd 8 rdspecthe 1363 82526 G 327.

Suppl enent affigurd§ dlusigtes adutherreodified designtoh bydrageratio redetdd 1k0yinevhich discretp individeal 341
and 342. setiibnscef tel Gatalyst efgectin dee bevied in sequennertolsuif the\desited geaglipnrkinetiascand 110.
A typi caleqdhda aithimgn S5ceplable aange ofrjagetion lsad yapodsationgigmpdraturgsa Jhie has aymber gtp (
454 704 Bepreseptary Jings|33% 336,337 and 3¢, coppecigd to &line 339 which connects lines $4%and 313 Aine
345 34840 connegts/lines 33§.pgd 338. Supplementayy dyydrogen gan be feditgthejreactor 110 byeither of lineg
X >§41 and 35@. Valves 346 to 352 cap be used tc)(oontrol flou through reagto 110. A typicgk operating 0
X 56 (gequence n)'@ht be as se’s@ut in Tablg(z. 0 0 X 3 X 0
X X 0 X X X X 0 4 X 0
X 0 X X - X X X 0
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10 5 X 0 0 X X X X X

X , 06 0 X X X X X X X
X 0 Note: In Table 2 "O' ERA 44794 BIn open val ve and "X" indicates a
cl osed valve. 15 Figures 9 and 10 show one form of distributor or
collector 334 in part of a hydrogena#{?@% reactor 110. This takes the form
of a lozenge ring covered with fine to prevent entry of catalyst
part|c|gc As.can he seon frnmeignrn O cach distributaor/colleoctaor i g

i mrer sefl PhaseNe CadelveMa- charge 111. The invention is further illustrpted
in the R eiuqe shagt]t YasgT FORup) PReAYClaso

cont ai n -6 ' ¥ S

oy |
P 2F cbndi
m xture}lin &ontaf hag, afl
‘amxdufe of fatg t &rs|oly} ai
fatty afid ( hiyd(ol ysils d

videol odt an

& conHi

on
pi nt)

i] ed"

I used
i or

to use Medﬂr'[;dle2dptmﬂgﬁt98pnenhnoralvmnﬂf'&'hedl% aglosedivilveed t 0 r enpve
substantirally all the methanol produced as coproduct 1 n the hydrogenation

step.’® 30 Figured B'aff 165 8HOW lofs ot of diibaidP st Riticlor83aYin BB SiaNbrofdntifon Féakde1bat ty

al cohol Tﬂ?éﬁRBdQﬁe 191 & 298hg fo6\dreli vith ﬁﬁef&xeswt&'ﬂsveﬁt dhtr} bOGRIYstaRBeR AS ksh f Or
30 M nubesseironVFigite B dsch\tistriButblicBidYoM iMnttksed inl tﬁ@ésta&théhérbé #de mark of Tioxide
Chem cal Dhe/ingentin ifrtH3F Rilistratbd if itHeadliowh@Eampls.p. | . c. ). This material is
reported to be a m xed iso- propyl/n-butyl titanate. Subsequent anal ysi s
‘s_bo\/\éod Bhaple 1i n t he presence of a | arge excess of fatty al cohols and under
conditions allowi ng methanol to escape fromthe reaction system

Subst ant i &l drydefatty alebhal peadyek camaining it reinar amqunt lobenconveriad Sittyracid dnathyl estaxs was

est er s. Prapaeedrby wdregenating in 7 lahoratqly hydrogenstion reactoe rdlar veRout Rhase gonditiensdi.e; pnder
anougy scasflitionp such dhah tha deection )i ’@K'éﬁtcmtﬁ’t withgho\catalyst wasit all times@hove [ife devspaintr'a neans

met hyI wbsteecol fuyacd methy! §?‘ ed\fomp 8 " @Pped gnd rﬁ"rd"wefwe%qdem'ﬂufeamwgg@r '?:I Ve
ester” Dydrplya (—?ﬁf’wf"é’é e ¢ ' "@Brarré #fherPp ®H [err]
and [erf é'a] c’x ) ?:lcﬂ' ° ?é"@f é’ e é%‘?P"ﬁr'ﬂ"EFéﬂ'ﬁ'ﬂ"h dre
conpoun@gthangt riduged

°pf5f‘i'%5gg%hyf ?J' or or tra
o hextad fo
amount s, I3 S ' ) Btinosphe S sa;o%; (ﬁy. ;7: (rade mark
visj f British Titan Products p.| Th rted t -

ol O r n Products p.l.c.). |sm2'|ﬂ%srepoe o%?f:ﬁr;n:@os

FEED TIOX o Cherhica
Runl E}U;ilf tyl fitdhkte? S Qhalysis showe that in the_presen
0 02 [ egq u r $6HAfkions allowin methanol to fom the redlctiérl systemVSubitantiallyCall % the Sathyl

kane esters had been transforme!f inf wax estef: resultdard Piotted i Tglﬂa B BLibd whbKRdlEates the
0- 31%  amddnt8%f the Om Bohents pkdseh® inl¥ wiw. In Table 3 "Ci2 Me estbl KA mbRPTRIBESES0ath, L O 6
1.34  whlisto®, Meleste?”, "Cic1MO@stor™| &Hdr 1C:14VMesstelT reprbsent respectively thel cof@dpondingd. 06
0.10 méhydesfersr of] thé\l Gs@nNe) and Cis carboxylic acids. There wereOdetbéted sixtbeR Jinidentifled)3
Unk nowneompauhds, listed as "Unknowns 1Go 183 in Table(8, & minor oOtraé®amoun8. 33 Unknowns 9 + 10
Q.87 trace trace trace 15 Cl12 Al cohol

57. 30 56. 97 55. 86 54.33 [err] Me Ester 0.21 trace
trace trace Unknowns 11 to 13 0.17 0.17 0.14 0.23 C14
Al cohol 24. 64 24. 86 24.94 26.52 C16 Me Ester
0. 09 trace trace trace
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20 Unknowns 14+15 0.14 0.03 0.03

0.08 [err] Al cohol ’ 9. 45 9.42 9. 66 9.47 [err] Me

Ester 0. 23 0.0EP04BA T B1 (0. 03 Unknown 16

0. 05 trace trace trace [err] Al cohol 0.35 0. 45

0.50 0.46 25 Wax Esters: (a) [err] ble.3 _ 2.78 2.60

3.20 (b) [err] ~ 120k 1.72 -7 1.68 (O [err]

_ 0.75 0. 80 Q67 30 e

trace trace . GIMRONENGnent s not| rREEBI|ved. |PRORMSTTe 3 t he wax esters

are idgntified varilously as (a) [err]|b) [errRLn((“) R[,,egr]ﬁapgj (d) [err].

These materials aré of—thetrr—gas—chmone raphi c

retention times, tq M@b“f‘ sent Tespect V%FZ: (% theoﬂstero%f a C12 al kanol
t

with a [err] fatty b) m xture pf °err]° | kanol with a
[err] fatty acid aroc‘bf“k%{‘r:[err] aIkaan°7th 3j)err' qtty..ag¢id; (c)
5
0

m xturg of esters ¢f al ka s01I gltho' aci pe:] d of a Cl6
al kanol with a [err . ste'a cf" R d}' qr : | 1 al kanol with
a[err] fatty acid. ‘le£% ull)s plotted’in Tag:ﬁ 3 ¥y @ oﬁga ned using a
Pye Uni cam 4500 Gas pgraph fitfegqgvft hggd Mg g Iqﬂg [Nor di an NB351
FAVE capil | ary col @dgﬁ?yw{dﬁ a flane pghilsahdeOr] fgbeqtedce |Ne carrier gas
was hetsi um at a coljugp gat pressur el @ysd- |[38sbAr| 5568 sgmal ¢ injection
vol unme was 0.4 m cr o¢1u\,re@§ter The col unp wes |t eseerijatratee |pkdegr gnmed as as
follows: 2 minutes |alinkhswns 31 8hser sanpl @17 nj ecaz dn,o0.fol|l cosd [by 45 heating
at [err] per mnutg ¢9Alcetor ], wher eaf | @4.64 hie 24.861jeedad4.r|e26:82s | nai nt ai ned at
thi s val ue. The injlecit MeEsport tenperpht 0.0® (aace[ dr trdcear|dtrdche |det ect or
tenperBture was [ er|rQnknodmsadmlse stream 8pdift 0.63ijo @93 40 Q8 30: 1 was used.
It is clear fromthe@eAkd®ul ts that, Ln8d§s [ he42 rff | Uehde B yhe
transesterificati ol @aMalEptet , t he met hyP2&sk €82 df @0k |[ 493 |and [err]
fatty acids are snyoémn ndBnverted to| wags ektrages | fracesHolac e not ed,
howevey, that the da@sledhat ogr aphi c| t 88hnj qf85 gnp?Bqd, %4 hough
resol ving the wax eng(gstd,gj total carpon nupber drder, |[did n¢t enabl e good
resol uti on between fwax cagcl S—Tomtarn ' TEEPYT arbon at ons.

£9%16 ¥ ester and a
[err]wax ester was |r ) EiY8ly poor. 5p _Exappes2 6 g')gra‘g'rg,cf crude fatty
al cohade product whi|c éd Been subj ec an eﬁ 'grifl&@glon under the
condi tions outlined e—vaettHA i n a sinple

| aborat ory di still atiQempenents notiréselvasoi | er of which was fitted with a short
packed colum to prevent droplet entrainment. The dinensions of the 21

EP 0 454 70g 18die Bafekas! o5t6rs aidTdenitlo8 variosC4® (B e TR, (ox c30- G (B @b - CRAdqs)
Wit h 4%nmg, Ras ¢ Ningke maitisls arI%u?h@%V réaBonddt thei® gﬁ"ﬁhfohﬁﬁﬂrapm: ré@itlor 8mék, BTeprésent
bel ow. Thespadiddiprsi s figures of Table 5 are again expressed as % ww. The

abbr evi at i qi)the 88EIChf b IC1sTaMaha? whh &CR fithacisame as those used in Table 3. 5
Tabl e 4 Fr @) wibdune of esters of a Ci2 alkarfobwith ar G4 in fatty aditt andwté Ci+ alkanol Wghea Chia dattiPaeidisur e

For exanple, the rgs ¥ achi eved 2

Gbar) (&) mbdudle of esters of a Ci2 @lk&hol with a Ci6 fattyadiiléhd Oa Cis alkanol with a Ci2 fatty acid; and
Tenper Bt ur &) thessiol df e @14 alkapol with § Grarfitty acifier r ]P Not Wei ght (g)
96. 1 Theggsults] plotted in Table 33were) olttgined using a Pye Unicam 4500 Gas Chromatograph fitted with

Tabl e 5 /R8metrsjiong MNordian NB351 FAME capillary column,agg with,#, flame ionisation detector. The caprisy .g!asr un
Product WaRdeljum a a column inlet pressure of 2.39 bar. The sample injection volume was 0.4 microlitres. The

column was temperature programmed as as follows: 2 minutes at 80°C after sample injection, followed by
heating at 8°C per minute to 230 *C, whereafter the temperature was maintained at this value. The injection
port temperature was 250 ° C and the detector temperature was 270 °C. A sample stream split ratio of 40 to
50:1 was used. It is clear from these results that, under the influence of the transesterification catalyst, the
methyl esters of the Ci2, Cis+, C1s and Cig fatty acids are smoothly converted to wax esters. it should be
noted, however, that the gas chromatographic technique employed, although resolving the wax esters in
total carbon number order, did not enable good resolution between wax esters containing the same number
of carbon atoms. For example, the resolution achieved between a Ci2 - C1¢ wax ester and a Ci4 - C14 wax
ester was relatively poor.
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50

55 Example 2

665 grams of crude fatty alcohol product which had been subjected to transesterification under the
conditions outlined in Example 1 were distilled under vacuum in a simple laboratory distiliation unit, the
boiler of which was fitted with a short packed column to prevent droplet entrainment. The dimensions of the
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Met hanol trace Unknown 1 0.84 -

[err] ,Al kane ' ' 1.22 0. 04 Unknown 2

1.53 25 [ er r EPA 464/764 B1 1.35 0.21
Unknown 3 0.91 - Unknown 4

g- ég packed colu% we © ébg cm de ameter x 30 cm 81 4 mm Rasct(?lg rings. EHI(e res# % [err
e st D] e gt ggf T o o RS 4

0. 60 iy co‘n°‘°l 75.34  59.66
0.304 err] Me Ester trage 4 - - 35

Naknown 11-12 0.11 0.2 - [err] Al cohol

10. 24 29.51 . Estet - 8—63 Unknown 13
trace trace Fpsp.ryn; | Product Residgp )1 - 40
[err] Al cohol Pressure (bar) - 3| 8614 8.| Dlo13 6f 86ofer[] Me Ester

0. 88 Wax Esters: JcTempbreieldstler | 'Gpto 1416 | w1-170c | Ner” | o%0° _
0. 37 Ot her wax est]eWsight (g) 961 28 53018 813086 G her unknowns

0. 09 - 8. 36 50 ‘Because the transesterrircati on catal yst

remai ned active throughout the distillation and because the | ower al cohol s
wer e’rogressively renoved fromthe gygsem by the distillation procedure,
the wax esters remaining in the distillation residue were of higher

nmol ecul ar wei ght tam T mthesStartmy ngater—a—+rotter—yor ds t here was
conti nuous ester ijpterchange annngs MNESax esters during distillation
W|th a progressive| Fastbnof the nore oFcﬂéniuhe Petiicy | aReidel] conponents to
e distillate. Exf Gnop THE arstITIa esraue|of_tabiles 4 and 5 was
d| VI ded into two pagﬁt‘.gm1 One porti &4 fleated qo [err]l for 2 hours with
met hanol at a net hpgol AMax ester nol \;\?ﬁo of 039 | and the other portion
was 22 EP O 454} (o2 heated at fhe p tenpefatyre gnd for the sane
ti megbut at a net hpeol Ammg ester ratio of354( 1lo2HP9n quengh cooling
anal yses in % w w \Wahihowbs ai ned, usimg the gas chr pmatogr gphi ¢ techni que of
Exanpl e 2, as set pubknbwndabl e 6 bel pw. divwe jabbrevijati.ons|in Table 6 are
the same as are usgGisiAkad@bl es 3 and|5. Odwe |anabytical figures are
expressed on a nethénoebwis ee basis. b Tabsee |6 Portjon-No. 1 2 10
[err§o Me ester 3pVakhown B4. 56 [err] | Al codeol .17 - 0J13 [err] M ester
4.48 4.88 [err]| Sizddhkster + Ci2 Alkdne | 2. 0IBB [|er 0p1 Mp eBOEr 0.56 0.62
Unknown 7-10 0.60 0.40 0.04
Ci2 Alcohol 75.34 | 59.66 0.30
Ci4 Me Ester frace - -
35 Unknown 11-12 0.1 0.2 -
Ci14 Alcohol 1024 | 29.51 1.50
C1s Me Ester 0.03 .- -
Unknown 13 trace trace trace
. _ Unknown 14-15 0.01 - -
40 Cis Alcohol 316 | 891 6.86
Ciz Mo Ester 0.09 - -
C1s Alcohol 0.29 0.06 0.88
Wax Esters:
45 Ci2 - Ci2 0.02 - 0.37
Other wax esters 0.28 08 81.66
Other unknowns 0.09 - 8.36

Because the fransesterification catalyst remained active throughout the distillation and because the
lower alcohols were progressively removed from the system by the distillation procedure, the wax esters
remaining in the distillation residue were of higher molecular weight than in the starting material. In other
words there was continuous ester interchange amongst the wax esters during distillation with a progressive
loss of the more volatile fatty alcohol components to the distillate.

50

Example 3

The distillation residue of Tables 4 and 5 was divided into two portions. One portion was heated to
180°C for 2 hours with methanol at a methanol:wax ester mole ratio of 20:1 and the other portion was
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15 [err] Al cohol 41. 27 42.75 [err] Me
ester, 0.33 ‘tracé [err] Al cohol 7.85 8.16 Wax esters 20

(a) [err] 0.02 trace (b) [eFEP]0454704 Bt 0.33 (c) [err] 7.04
5.17 (d) [err] 2. 52 0 98 25 It can be seen fromthese results

that, in c I son 05|t|on of ue
t r eat nenf®? th%ﬁ ¥¥ p° rse aé'?q 1 1?' "°€ Ta ch 11 Bo'\/vax
T e “stﬂta‘i;%; g el e i P%:*‘t

aci ds. '2"“% {a ,on acle t|on of
further |tanat transesterl |cat|on cat al yst, thus dermnstratl ng
hat the transesterl fication catal ytifappetiVvity has survived the vacuum
distillation step of Exanple 2. 30 Exanpl e 4 A Iaboratory scal e col um
reactor with an internal diageter—of—7—2—mrmedejof gl ass QVF conponents
and having ten trays one aboleediBNrer [wad ke Fach tray had the form
Il lustgated in Figure 5. The |35, melestam | r32a@etjos458a$ | agged and wound with
external electrical heating tlafaeaicodohclh ©riay] hatd ijft s own tenperature
control system The top tray |c@anMaiesterd nd.%dsilhs&a d acted as a liquid
scrubbing tray to limt | ossgsCieficoliok aci2§4fleed4o] of the ester product.
The second tray fromthe top|dfisMeedon ai 968 ha09$2$i n and was supplied with
the a¢id feed. The renai ni ng |etghiconot a s41é’&ch4?féq a charge of Amberlyst 16
i on exchange resin which had b%eM°§Pt€fv d %38 | &A% ¢ beads with a particle
size less than 355 [err] and i d7c§§ten§16\/<ely wi th nethanol and
dried at [err] to constant Wal\ghcte.%}%e sh sf ze 01 t he stainless steel nesh
of skirt 254 and of cap 256 \ o T r](;J C hanol was vaporised by
passaffe through a coil immers flodn o Io'zﬁat [err] and the resulting
vapour was fed to the bottom g ‘coll ugiy o1 bel ow the | ower nost
il P

tray. Each tray held about 24 esin charge on each tray
45 corresponded to 14% by weilght—eatewiat-ed—as—e+y resin based on the

| i qui g5 charge on each tray. The overhead vapour fromthe colum reactor,
whi ch consftSarpe ggen Lfﬁ?‘é%&?? eﬂsu'ﬁét%amsqmpavw ajth RH|°E'HP‘?S§'° ?deﬂJff’é'E“GE‘ﬁ TP?I%5
cour se oea "I"thfmeﬁ'ﬁ B3 offagled ac n gthe, ?‘r ? tfl' Gt fy1and Crger |

was cond vi °§1’é ng FOTQOKeL, | ot ¢
of renmovAl 38?"8 \R'g Q% heég? "‘["Hé‘a T 1 E?Pﬁe .gn%??ﬁ;?a:’al aur ;Pgm'tfg:‘t'ﬂ at

col unmw r essurived T gettm Wen t he
nmet hanol W4and the terrperatures of the various trays had stabl lised a
feed of e%rrethyl | aurate, 40 nole % lauric acid, and 10 nole %

nyristic agi |£i>o%ﬁ/ 52410 Bdidnfittedcfor WitanGitbrhdi Biamdityl of 76 LRk ads b ifks GRP oéﬁdzhén?sf to

the m X1 dhdChalin loh riﬁysZSheOJboJ%l Sohé wasHsd) Efa&\alraynhariﬁe fofm fiisdiated @dﬁbﬁe 5 TRy 4

Wi th # ekl ackr wadUbggBd aRd Wouhd Chwithyéxtorrial BleckicallheatingCtabddy €hchOkay[ Ridr s &4t er

in the binpdtire REMALEbterh) THE thy1PayCodhteiil foSr8sii Brid bR aBRNigili@ BEGbbIAG ttiay toAlnit

equi | i briossss bfawehcidesd eridf eroetdr prdduct. TheOsetdhd Ay et Itheltoppaiso/ataiagbhoyesinl andThe

resul t s wasesupplistranith At adid) feddilihe réméiding bight trslys bévh Helday shaagecofnamiiaeyse d6 fisnom 1

{_o 10, tealanddresit whieh hgl bdae slewgd to remyove hehdé witly a [derticld Sizdhlessnttjart 358 upoaridothert r ay .
“E pwahetaktongvblyDyith Toethagol Andvkiad: ah105d Crio constaatt weight THS: mesh siz8 obthd stainless3: 1 5

ReS| dencees mesh of Bkt 254)and of cap 856 wap 390 um. Drpmgthanolwas Nporised by passage thuesgl a ogil

Conver si igmersed in apgoildath at 1605 Csand theomwsuiting @apour was fegbto the loptforn @f the Golume, repctor

99. 62 belpy thg lowaymposp dray Each dey gheld abogly 2405 ml of diqujdy The resin charge on each tray
o corresponded to 14% by weight calculated as dry resin based on the liquid charge on each tray. The

overhead vapour from the column reactor, which consisted of unreacted methanol, water which is produced
in the course of esterification, and a minor amount of byproduct dimethyl ether, was condensed. A constant
head overflow device was used to control the rate of removal of product esters from the column reactor.

At start up the column reactor was charged with resin and with methyl laurate. When the methanol flow
and the temperatures of the various trays had stabilised a feed of 50 mole % methyl laurate, 40 mole %
lauric acid, and 10 mole % myristic acid was supplied to the column. This feed mixture was similar to the
mixture in line 20 of Figure 1 when that plant is supplied in line 4 with a mixture of lauric acid and myristic
acid. The level of Cys ester in the bottoms product from the column reactor was monitored until an
equilibrium level was attained. The liquid on each tray was analysed. The results are summarised in Table 7
below; the trays are numbered from 1 to 10, tray No. 1 being the top tray and tray No. 10 bsing the bottom
tray.
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9 99. 93 99. 75 99.48 10 ND 99. 81 99. 76 DME neke

3.0 . 2.7 ©1.515 In Table 7 and in the follow ng Tables "N D' neans
"not determned", whilst "DVE" BR-QAS4 TMi Bkt hyl ether”, the "DVE nmake" being
expressed as a percentage by weight of the acid feed. 20 Exanple 5 The sane
colum reactor as was used in Exarrpket1| was fed with a mxture of natural
straight chain fatty acids of the f f ng conposition: 25

Conmponent % by wei ght—f-err]—aci-d— 510 fer+r] acid 4.62 [err]

aci d 40.64 [err] MaglHeAcid mole ratips. |12 Sler ]3%1C| [ 311 9.57 [err] acids

25. 0] Unknowns Rysiggncefirge (hours) | 26 p 122 35 Pfe fesults are

summari sed in Table § Tab{r,gy ﬁ°40 Mole %I\&gg;sioﬁci d nole ratio 2.7:1
3.8:1 4.2:1 4. 1: . Restfence— e \ ours) 1.9 3.3

3.6 3.5 4.6
61. 22 66.54 68.8
6 10 ND ND

- 90. 16 91.78 92.3
95. 28 97. 46 98.1
98. 90 99. 30 99.6 . 2.8 2.5

2.7 2.7 2.8 Av r%élf'em*em;eraturg B r 215 107 104 111
112 % 113 55 24 EP 0 454 704 Bl Exanple 6 The procedure of Exanple 5
was 1 epeah ¢abid!# bitlin the Idliofing! Pablbs ANIDH nid&dsShotWBtefnineat, iwpilst EBVIE™ Fhadhs! FdimetiICh 2
M Xt Ur @therd/ thee" TIMEH&ke" beihgdxpryssbd-ddla dereflagdiby weight of the hiiRed0 Of Figure 5. The
acids used were a mxture of 5 natural straight chain fatty acids

corrprl Ekampled % by wei ght [err] acid, 25% by weight Cl4 acid, and 10% by
ATY=] gﬁt Cl6 acid. The results are shown in Table 9 below. In this Exanpl e

t he anourithe serhe caiwinreantor as Wes/uded i1 Example @ was fasbwaith & mixdprecad matarslsiaidecheio  10%
by wei @gtty atidexab the fqliewing dempesitiqesi d r et ai ned for each of trays Nos. 3 to 7 and
to 5% by weight on the same basis for trays Nos. 8 to 10. 10

. I.
4.7 Tr ay No 5| 9832 | 9653 |6538 |\l of Conversion 5

8 92 50 4
§ ‘39

97.68 981l \p

20 89.74 91.78
D 96. 22 98.07 9
. g3 98. 77 99. 12

Tablg 9 MeOH: Acid nole ratiol componentl| % byweight [2: 1 Resi dence tine (hours)
2.5 2.5 15 o 510 Tray No Mol e %
Conversion 3 70. 08 5 Cmfg'md 162
C12 acid 40.64
30 Ci4 acid 14.12
Cis acid 9.57
C1s acids 25.01
Unknowns 0.77
H.0 0.17
36

The results are summarised in Table 8.

Table 8
0 MeOH: Acid mole ratio 271 | 381 | 4214 | 411 | 471 | 671
Residence Time (hours) 19 33 36 35 46 47
Tray No Mole % Conversion
o 61.22 | 6654 | 68.89 | 68.01 | 69.02 | 79.82

ND ND ND ND ND ND
8620 | 89.74 | 91.78 | 90.16 | 91.78 | 92.38
9250 | 9462 | 96.14 | 95.29 | 96.22 | 98.07
9528 | 9746 | 98.15 | 9768 | 98.11 | 99.20
9753 | 98.77 | 99.12 | 9890 | 99.30 | 99.64

DME Make 20 28 25 27 27 28
Average Temperature (*C) 112 107 104 mn 112 113

CQwoo~NOO,

50

55
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4 83.10 79.21 5 91. 59 88.48 6 . 96. 4 94. 46 20

7 98. 55 ©97.39 8  99.13 98.24 9 99. 49 98.87 10
99. 68 - 99.27 25 EP 0 454 704 BWE Make 2.1
1.3 Average Tenperature [err] 110 107 30 Exanple 7 Using the

col um reECtOf of Exanple 4 the followi ng esterification reactions between
the speci I d and the correspondi ng al cohol conponent are carried out

with sim | any,80agesP Jzeeddm G 5Y8hal LA.aees{e% mafée  $idee
bei ng SUpg;%fed:o‘rgs Eﬂ% (fel;:tprh Jeei@ 6230 ¢f'FighhaR) th srUs@dq Et"m

vol ati e ,,l, o By weidit't, Qré?,%td}de (ﬁ?ﬁ@&‘ ’fo%’byo
the react gLgn ac?& hé Pe@ult@%l’ th in 1256 93fow. th i BaM tﬁé ﬁﬁJu ®f re iR)on a dry
pal mtic %ls s &iflech BE\Qhredpanddl Y 10908) WoiGH bed (,5&. 1Y Rl rtbiRedat6r shobil

net hanol  jes. wmﬂat@Sea%&awetattenth(adémabae.b%r&sysdaoamo go- propanol to yiel d
| so- propyl ol eate; 40 (e) ricinoleic acid and net hanol to nethyl

ricinolgate; and (f) isostearic acid amsbleet hanol to nethyl isostearate.
Exanpl e 8 45 An ester mxture obtained by esterification of a "topped"
coconut fatty acid m xt Bnol S,y ar pge tedLi n a | aboratory
reactor under vapour ph%@s'g& ﬁ@g@s’)‘um 1902% reduce '§op er oxide/zinc

oxi de cat al yst obt ai ned RS-88/32tatals+ precursor

(obt ai n@abl e from Davy MtKee (Lar@wm Li mi | edMele %5R0NPrs9uske, 68 Hanmmersnith
Road, London, W4 8YW according to thegshppbiogr' b id¥sior ugti ons. The ester
m xture had the follow hg anal ysis in %4by vesight| nmtdhanpl 0.16; [err]
ester 1.63; [err] ester |50 54.60; [err]s pstoase 20| 24s84gery] ester 10. 34;
[err] ester 10.74; [err]} acid 0.09; [erms]|aced 0. pP5;9448rr] acid 0.05; [err]
acid 0242; "unknowns" 1}61; and H20 0.07.| Ttess6i2: pster38no| ar rati o was

630: 1. The results are $unmarised in Tall b 891355 259824 HP 0454704 Bl TabI e

10 Run No. 1 2 3 9949 4 98.87 55

Reactor Tenp. [err] 215 215 10 p19968 | 219927 215 LHSV [err]
0.22 L, 0.25 0. 25 DME fakg0 0.3p Rressufe (far) 42. 36
42.70 42.70 42.70 Cotrv &c - QB.6 99. 2

99. 2 98. 6 98. 0| dprage Topperature (*C) | 110 ool 5 107 "hg°3 99. 3
99.4 99.5 10 Conv. J[err] 99.8 97.8
97.5 99. 6 99.7 Sel. [err] 98. 1 98. 2 98. 2
98.7 w0 E@pb7Conv. [err] 99. 7 99. 8 99. 8 99. 7
99.9 Sol. [err] 96. 6 96.9 96.9 97.8 98.5

Conv. [err] Using the column reggordof Examplegothe followingasgtefication repctions between ¢@ sgecifigd acid

Sel . [ err pnd the corresponding alg@hol gomponend) aregsarried oul yitly similarly goeg rgsults withothe momalﬁt!yq 9
20  Fol | teasteny in pash tcé%?dPﬁ"\Q PRYpd fo tapnbptiomgofcthe: Fpagier ip yapous fopp gnd,) the Jess vglatile
accor dlsﬁgc‘IWB(‘h'Pﬁ!ﬂgé"F}p"%f’dB 'q fS’ H}ed‘ AFyP e i ng to the general

rocedur e ren t he hydrogenati on
P {b) palmitic acid wnth ethan to ethyl pa mltate y 9

{c) arachidic acid with methanol to methyl arachidate.
i (d) oleic acid and iso-propanol to yield iso-propyl oleate;
e 40 (e) ricinoleic acid and methanol to methyl ricinoleate; and
(f) isostearic acid and methanol to methyl isostearate.

Example 8

45 An ester mixture obtained by esterification of a "topped” coconut fatty acid mixture with methanol was
hydrogenated in a laboratory reactor under vapour phase conditions using a reduced copper oxide/zinc
oxide catalyst obtained by reduction of PG 88/32 catalyst precursor (obtainable from Davy McKee (London)
Limited of Davy House, 68 Hammersmith Road, London, W14 8YW) according to the supplier’s instructions.
The ester mixture had the following analysis in % by weight: methanol 0.16; Cio ester 1.63; Ci2 ester

50 54.60; Ci4 oster 20.24; Ci¢ ester 10.34; Cyz ester 10.74; Ci2 acid 0.09; Ci+ acid 0.05; Cis acid 0.05; Cis
acid 0.42; "unknowns" 1.61; and Hz0 0.07. The Hz:ester molar ratio was 830:1. The results are summarised
in Table 10.

25



product is subjected to transesterification by the procedure of Exanple 1,
followed by distillation as described in. Exanple 2, and then the
distillation residue is submitte&Ptoodss z0d@ind transesterification step as
25 taught by Exanple 3. Simlarly good results are obtained. Clainms 1. A
process for the production of fatty alcohols in which a fatty acid or fatty
acid mixture is esterified in 30 TahedQterification step with a | ower

al kanol to formthe corresponding |ower alkyl fatty acid ester or esters,
in which the respltingudmaser a kyI1 fattye acji d gster ar gstegs |s or are

subj ected to hyd SarcLmgely ré TE 0 5;1 g FTRL OJYITEIuS ster
hydroﬁenat I on caf aﬁ%&%} p§ (gl ifpééﬁ té% d? n&td qr % conprising a
9o 5 |

fatty al cohol or )F and Q r h f£9en oh product is
subj ected to prodlég,gv Pn efoyghy of t1 Y g8 Ccqh 500" al cohol s
therefrom characgarcfged in that ggit e%grlfl )n9§ el igaGl udes

contipuously supplcy,mg"t he fatfygegi § @raf at tgyaacidegpxtjurg7 n| 1iquid phase
to an esterificafisancgone nui nf apged|uder |esged i 11 gayi qn ga@ndj ti ons and
contai ning a chaf genwtsa sol i dj egd.erif f igggt i jlonggzat @l ygy dordgai N ng sul phoni c
aci d groups and/pseicessboxyl i c pcasls gyowps i[n gsmin| epeyr rlergast of a vapor ous
st ream cont ai ni ngCoapoisr of the bedty ablsanolge.d hit gbhe jesoarilfi cati on zone
is supplied with| 8lf@ed strean] 0919 o\veo2al Kangde vapeus Hawsag fa wat er
content of less than 5 nble % that a vaporous 40 EXT T SUTeam

contai ning | ower al kanol vapour and water of esterification is recovered
fromthesfgederification zone, that a lower alkyl fatty acid ester stream
is recovered fromthe esterification zone that contains at least 99 nole %

of ) | her - atoliowing! 186 tekctitg & Bhile 8 bitRlor ke VéRfers3prépatedf sRbdrdingfol Ekafib 97 abtVe €St €T
M Xt ur e hydesienddesbebraingts 8 RRErAI dréde8ué idBriBSdCIA ExBmME BOsNdSRéh e hidrédeh&idin Of
hydr oge produttl i adtjserddit trangasterifichtioh Byt 6 Qrigbdure ot/ exagpRn &t lolwed By Cdigtifdibiiagli NQ
a char gdesofibee irs Bamglie s areirthen)ytisk digitatiai reSiduecia tsanyittdd t¢b second tebstRterifitaivn dlepRBASE
hydr gge teaght by Exaopisi 3. Sinilgrlygeadirebiita tretobteinecapor ous ni xture in contact with the
catalyst is always above its dew point, that the resulting hydrogenation
product Cjameo| | ect ed and contai ns at Ieast 0.5 nmol e % of unreacted | ower

al kyl fatt acid ester in addition to product fatty alcohol or alcohols,

that thé éf?éfﬂed?my?tﬁa gtfetty glcoblp inowhichp fatly eqicyerJettytacidinixtera is esterified in
firstot ra ‘ial' c%?ﬂ Wit idﬂ‘l‘@’ ﬁ'ﬁ?“ﬁ't‘&lf?f&j‘ha (FaErsPending dewer alkyltfattysacidogster or
condi ti onSStefh E‘gﬁ oStes \RE PSters 18yar afe subiocted ip fydsegepation

t he hydr 0 ﬁ o cfﬁt% °9°H'a o foayiel Ieét?hBYd"‘Eﬂe“a“"

al cohol s | F&f:y © e havq5ees| Py _E‘ESH%I or
a product fih ?oJ v ry t i B it S g neg
-t %g,éﬂlm hra f"?%ﬁ’%“q?ﬁ% S

0 i liphoni s d/ 0
t hat contabasasohﬂsaf Lta.ﬁhgoifebro%e QkAn?, 15k the lesterfiit g’ h 2406 f Wit

m | onera feédsttearh dt loWwerddiakol 98308¢ hawingl a (Wate! chtel St 1bds 1 1590l 95 ! §vaporous
&Igrpr | Si NGt Btréayh Bontrig lowdr AikaRd NApsur ARG WaRK of S5t6rficalibn @ teRbvarod FmP the Fos-
proc&Ss acetcaiibmepns,ahdtladiwsr allyl fatth acideéta strs @l isi rcobdiad frdnhie @bterificatib@bdnd That
resi due (icodtainsatdeds} o€ ol % @f tawanaliys fatty iabid Gaot, alat loweit &Iyl RHkE 268 &Ster0dr s3@Eled
| ower al kanbgirerecogered: fram dhet estenifi@tidnested isomborised oK Straami of-hytragencahd pasked in
t r ansest ervipdug ferm trougl adivdrogenation zéne rcetitginioga ickargenaf @rsblid/ester Byiragenation exdlyat S t O
| oneys al kyndar Mepaur phase hypipgeatiph/conditipng Buchathitethe (vapious Noixture in contact with the
2 :g:arlalyst is "always above its dgwrpoint, that the resulting hydregepation Podugy .is [celleetpd and215

215 ntains at least H45-m ole % of gg_rsaqt_qngyv alkyl fatty acid ester in adgitiorpto product fattp gicohol
0. 25 or ge:hols. M gg% x bject d to traasesigyification in affirst transgsperifigation
42 70 ’&LW se catlo cond ereby to e unreactegg: r atkyl fatnacid
98 Ossel . the rog atlon reactuon w duct fattygglc?ol or alcghgls gpto a wax r gr
Conv. [err rsdenved from Igra 0l an

I alkanol i i

a acnd ted
e OW%'l%) tgn lo [ﬁ}(an
ins the product Ioo

[er—H— mlxture is furth8Pdi Iled to yi (i)%n overhe g
(u) Sdidtilation residuse comprlsn :§

andis ubstantla?ﬁ fr%e from lo%%r kyl fatty

. 96 955 QReotl or alcolidls dhd wax este?

2. A process according to claim 1, characterised in that the distillation residue {ii) is subjected to
transesterification in the presence of added lower alkano! in a second transesterification 20ne main-
tained under transesterification conditions, thereby to reconvert wax ester or esters to lower alkyl fatty

—

26



Conv. \9‘8‘5\\

Sel .

99.9
91.9

99. 3 99. 3 99.7

92.6 94

[err]
[err] '

20 Fol | owi ng the teachings of Eﬁ%ﬁﬁﬁé7ﬁ4§&ch of t he esters W I
according to Exanple 7 above is hydrogenated according to thé gen ”
procedure described in Exanple 8 anq tftl|h1%n t he hydrogenati on product i's
subjected to transesterification by e procedure of Exanple 1, followed by

~distillation asrdescribedin 2—andthenthe distillation residue
is submitted to]a seBerNp-transester|fi @atijon3tdp ab tlught by Exanple 3.
Simarly good [ @aitdr Ferfld. B (9 3ighed] o4 al fByqd. Pis0CEBSS4g OF | t he production
of fatty al coho| gngnmwhy ch atgiag pCighso| fabsy aelag Migasrp is esterified
in 30 an es| PrdséureC@ar) ON s ep s [ hamzd owap 7l |ka@ab |t o4d48r M t he
correspondi ng | Jwalliv.elzkyl fatityooxci i ess e| eop2edt esss, | ngadhi £h t he
resulting | ower| @bkgy. fatty i gbes| epg.®r |egberd igw4or| ages sphbjected to
hydregenati on i phCbiveCqar esence] odo.ea hedzs ogevesuy emiser| hgadr openati on

catal yst to yie| @elaBsest er hyjdr@ggenpt 8 pr edact] c8mpr| s$ag h fatty al cohol
or al cohols, anpdComv.Ghi ch t he e87r| h9a8 ofedd8i qn $ﬂogluc99.9 s| subj ected to
product refininpgStlo®isr ecovery| o6& af t 98-l ¢0MBP qr 8AIBcho¥85 t her ef rom
characterised i nCP'PYa91835 t 8%t P93 i ¢ad®dn [st9¥dF inc¥fdep continuously
supplyi ng the fhSehCacid or flat¥P abi 84 xt 828 iln MBqui ®hafe to an

esterification zone maintai ned under esterification conditions and
containing a charge of a solid esterification catal yst containing sul phonic
aci d gresame @ind/ or carboxylic acid groups in countercurrent to a vaporous
stream cont ai ni ng vapour of the fatty al kanol, that the esterification zone
4.8 suppl i Fotlowingt the eathingsl ot Examplen 8odach of/ibe estérk prepred agoarding aiamgle ¥ atatecis

cont enthydsbgenaters aqcbrding %o the|geneysl pracedureadasarbed druBxagwlet 8 sid' thenthe dybgenationg

| ower ®radugids s

© f r ongst FRUOSY Exampiacd, Bimijarly Agerbretutinere @

al kyl

rto Araepesterification oy dher progedire oof | Example 1y éadjonedr kyddigtillgtion tahe es-
terifi datcribad iy Byamplei2nand then|the gistillatiorkrpsidupds submitted 19 aseeand transestasifigation stapever ed

ik ns at

d ester, that |ower alkyl

| east 99 nol e % of
fatty acid ester or ester

| ower
m xt ure

fatt ci
recovercgﬂ ¥rom t he est eri fication step is vapori sed i n a stream of hydrogen

gpdapggfzénm @ fr%:g( Cind (A g?m ﬁt"%' D ogna i 2" 9
owgr al n rm the spondin wer or, or

hydragen etewn . ;*ka? r if.at.v(?th the

cat al yst .hsth roge on

product '|§f0

EHh@l' &Salébhol %ﬁ

wer

al kyl fat§pjested 8 ﬁ&fu&rreﬂnﬁlg Gbdobei of thtprI& Q:F al%d'l%lk Yhe ra&éns S,
that the Wy esaeena tepindiidesisthtinubisly SUtplyifg iR Gatly il bPRAER

firsP trapunebeificition dére MEInkAHAE uiddr BiteHAELE6h wﬂ fidns Taﬁdiéb‘ﬁﬁﬁﬂng fal d‘hhrgétu é)Qond

condi t i onasferifidatignealyét GComtaingEulphotly SRICGrELBs brihd barBdxifilé! aciti yfduls i Ebshterddrrent

ester in thoaiyas stmadohtaining vapol f thé Yatty elkanbll that tvd dsterifivatiol .z6ie i§ aippledalits 0hol

or al cohod wed stteamanf usver aligihal ivapour having & whier cnigtrof 1eegithéin ® mole (e, thit @desvioudl cohol
oF g, pr odexittstrednt cbridiningndwérr alinal vpout winchwatek, oft dstetificationeia cécpebrddofren timl ésanol i s
evapor at elgrificationzenacthat @adover alind) fafty aeidiester stgach is regoveteH drom dhw estelificationtzormi thay | ower
al kanol f9osiging b east 8 melef% of fower Rk falty peid estey, thatdpwer @lkyl fatty agidcasteeardester act i on
t hat contB¥H® "P‘F?é"'fﬁ 6’%6‘!9 efesiinatian stap is verorieaddn riireqns ok ydepper endapassedfin ee

froml owe‘fa"‘?;H‘r h&‘lf?Q?"%'g'! é?"e &?R!a' ']9| "&'95 o2 paligl geterdwdrpgenatiop eatalyst

conp&i si n drog, ‘?" %heeﬁpérP“’t)F‘"‘E’éat By contactowith the,
process at ? hr %?%ga tfg‘;‘lﬂ'Fts qleg{ep@ﬁd

Ire5| due (Jra Ho% qugfg tggnf?o i °é"§f H};f tf?@ 8”8‘@‘ iﬁﬂig‘%dded
t(r)ansesteg o i pr Ve | |’reaa dl?:é?%% r;}ers to
| owe® al ky, td¥r|v'%g from tﬂ% r%@ g o g i 1idd Ghrdaltod AL LY

al cohol QBwe?'aﬁQBﬂ Svapbri¥ad fr n?%rresal ingHhi m'aﬂdﬂ\‘éﬁﬂé’ﬁ@&g nﬁlngJ;}gfﬂ rgoh
react i on dikileld fartieP divtied 18 yidid () GH brbrHeBS irabtiéh thal Rbntdirs t Yaldoh@€ from

| ower al ke @ substshtiaily aee frdrh tigwer bikyD RBY aéid ostdr GAE @) & dﬁﬂlgtlothe Bbrifiising Rk Y aci d
ester or sashdbsalqohdsaatwak Sstdrbot esteks. qui d resi due are distilled to produce (a)

an SVer head product containing a mxture of lower alkyl fatty acid ester or
est er s 2arAl pfoagss yactording to elhimot)odharacterizbd: &nh thiats tha rdiktilfdiion eesitied @i iisv &lbjeclet el at i | e
resi due. transesterification in the presence of added lower alkanol in a second transesterification zone main-

tained under transesterification conditions, thereby to reconvert wax ester or esters to lower alkyl fatty
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3. A process according to claim 2, characterised in thatmﬂal kyI Trtanate

is used in the second transesterification zone as transe /f”'}/m ,”l

catalyst. 10 4. A process accor PrY484704IB% m 3, characte

transesteri fJ cat | on at al st th r'eflrorn R guce er head ur%tre and
relatlvely H erye d(r |derat|: ubOégl drna fa
claim4, cH ?Pt'@ 9. tile

liquid residue is distilled without prior separation of the
|u aelle

15 reS| sa"d °w re d’re%'(; for
use ing the ,g’ gﬁn tﬂgq& ss accorc?l ng to any

Qne of clalms cterlse Int at an aI kyI titanate is used in

“the firsg tg %Fb%&‘s%t &Eér&h&@& lclaith_ 20 Biftradforidoll AR Rt LT iyt GRhdOs Gsbldth YiRd soctd 7.

A process afnsk@ifiestioh Sond ladirahsébtorifidafiondetalgst! SED i n that the internediate
transesterification product fromthe first transesterification zone is

di stilibed. W iplosts detdrdnig ®E@dmas, i charadidrisddnin thiitathes dqice Fesiduec &t distilled: aritr@lity prior

t her ef r om tsapgp4tionl oCihe trareesterificalicnachtalysioitieraftom( to)pratinch dviasbeadii Bodutt (alt and nelatiegly due
(1i1). 8. A imomatiessidac®dprding to claim?2, characterised in that an al kal i
nmetal al koxide is used in the second 25 transesterification zone as

t ransest &r i A procas$ angording tel ojaine 3 ooclaim, 4p¢hexacterisechinthat efileast 2t rert of the felatively involatile
char aos er i sresiduerb)isyatycipthte pravige transestesificetion dalglystier yiagjin ﬂﬂ?r‘%ﬁﬂ‘s%ﬁteﬁ@‘éﬁ%fm%

aci dic ion exchange resin conta|n|ng err] and/o
neutral i $e 4 REecess Recpidingir 2 oY af YA ??-iﬂ@%ﬂiﬂé_ﬂﬁth aé‘tﬁ"‘lyﬁ ta‘t“F'an 'ésP%ﬂ‘ L&)
produce ovéFﬁé’ﬁHeﬁ"ﬂﬁﬂ@tmﬁ%ﬂs stprificatiof %ﬁ"ﬁ?' invol atile resi due 30 (b).

10. aAl ce s accorcdrllrrtI a ccPal m2 or, o |taesire sed in i Jc;fo
e Srd iR P e e i R

char acteri se | n he | n | on product m xture

fromthegli Shoodss %&%ﬁdﬁtg% f h\cﬁtchﬁgbt&l% n it naaﬁaﬁdnaét LRMEHS i#udd8F B s8nd
Tl

aci di ggi on &¥ ['or - COOH groups to
neutralise the aI kaI| rretal al koxi de prior to the distillation step to
produce fhea piEdsH 8aerding @eigm 8 tharaclboll hand itrfeliiqlill Adsid@dis passbditA®ugdH 4 Ded of@n 12.
A process afpiR' idh lfchatyecidsin @orRaitig tSTBH [Hn@/6IC BOTH Grlodpsd, neQifeizen e Clkal ebtdl N

t hat the | onyaroxiée priok tof thd distiliation etege Bt Réducs ovehbar [Boduét (8)rand retativelyiataiatile résitué v
“acid ester . esters and in which the |ower al kanol is nethanol. 13. A
process according to any one of clains 1 to 12, characterised in that the
est eri fi dotA process agroiding doociaim @toe diaimB, gharastetised in thaten @lkalipnetaliatienide\is tded p the
plurality ofrstéransestériiication Jonmas transestenification ealalyshe above 45 anot her, each

adapted to hold a predetermned |iquid volune and a charge of solid
est er % dkt A Frecesstageayding Ph‘?!?"@o‘r? E'EES‘[]&MMI: t°’ Qﬁg "3%%88’!"8‘!"@’&1 PIRAY

h est 'f“?dE'QtfPB'th? T' ffication 60"3 9 pagpad; ty
Corn 1 ok AR el e ol S i tﬁ’”"’umn
esterifi cat’t‘?ﬂPBQ %Pﬂ?tw‘fr 8'89" 3&'8'(!'? ﬂ|5°35’ ) reans assom ated with

Q@Ch eSt I Catsls (a)cr}:ort {na adat[\)e oq(t!h ! O cg‘dl c | Ql?'?' eFlged(? {hg thel ac|d
esterifi caté po {’ gﬁrj ﬁgglj
and solid esteritication ca ray, t at the atty ac or

fatty acig mpmggeacbo?d.@unpénteo@le 'of‘ cut.tngun g 1) 3Rfactoflse R tHaP Bie" dilRAcat Sepfis Sai d
plural ity ofonie8 it bl coRlnh Bactol PvIdeH WithSa plufafity oD BRBrnEHBARSYs rhounfolORé ste i N
vapoursf or nrghete8ich dabied &wm&tredemu&ﬁ IRl Vollrhe! il b ickargd of&dIi@ lebtbiifieatioh ON
trays, thatcae@oméresh? iguid SdwhonferinfbansOasedciattd kath Glachestbrinéitioty trayf adapted to allow
esterificatliqid phase G&C paser ®nfthe rtolamn LERRF fRMI thatObstdriflcationO trayTButr Badtadr soliend
t hat a | owesstesitidatidn datalystythevesn;l asds VapourOupcasdr aneans xdsucialed withr each \estodfitation dray a

| ower part amptédid aloV vapour teentdr dhat edidsification tay fromdeby aad tooagiikitathe mixtuenyf liquie of
cl ai nsol t candl3plidcastarificetion icatalesti on that tragt that the faty\eeid otfataaeisl mikture iscsunpliad in liqdidy

EP 0 454 70ehagito 1§ uppermest oneof said plwplity of gsterdicatiomirays whilst e lowercalkanal issupplied ip hat
“the wat er cyspeusfarm bpnegthdherawaraesh preyef seje plueslity of esterfficatipnttrays dhal YaRPHY CRRRIEBY | S
| ess than 1sajfdewer afkangland wateyqf etesificaliercip rageviargd frem am yrrahrartof the colympsreqotoriagd 15
char act er i sB#l ajiqyer aligf fafty,acidqsfe(; o psterixis is recoverpiiron @ [gwey part of the,golunn reactor.

te erséture of from/[err] and at a vapour. inlet pressure of from bar to
e bar 4. A Rropteh St folany e ciee 1 3 13 phateltenn B iR i g aand) B ogtafotor | o

in that the esterification step includes adm xing the |ower alkyl fatty
acid ester recovered fromthe first mentioned esterification zone with
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addi tional |ower alkanol and passing the resulting mxture through a _
further esterification containing a 10 fixed bed of a m u UUIIJU l :
esterification catal yst. PatentdFRB4B4E0BL. Verfahren zur I g :
Fettal kohol en, bei dem eine Fettsaure oder ein Fettsauregem sch mt 15

oei nem eren Alkanol r‘ter Bi | dun es entspr chenden edeL n
A kyl T e0Peh : 5&%@%@%@“\9 (et g e e,
Wi ré ?n d%ﬁgﬁzgﬁ%@"&lr@“@hﬂﬂﬁ LR, édereneAI kyffet?)iaulrjeeste; derr

Hyd“ er“n@? p[&%ﬁ‘i‘c %g %19%%%%%%%& %%r?JE&ﬁé{éde' nem
ei nengFett gl #e1Y
un/erworfen W T zw vve en %und dem as Ester ydr| erpro
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