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DESCRI PTI ON METHOD OF PRODUCTI ON OF FATTY ACI D ALKYL
ESTERS AND/ CR GLYCERI NE AND FATTY ACI D ALKYL ESTER

WO TOENAe NG COMPCSI TI ON TECHNI CAL FI ELD The prPeF#rm04/012876

invention relates. to a nethod of producing fatty acid
al kyl esters and/or glycerine and to a fatty acid

al kyl esters -containing conpgsition. Mre precisely,
it relates to a nethod of producing fatty acid al kyl
esters and/or glycerine useful in such fields as
fuels, foods, cosnetics BRICPRBFAEBeuticals, and to a
fatty acid al kyl esters -containing conposition suited
for use in biodiesel fuel or as a surfactant

i nfErHH &tfe PROACKGRAEINS IARP THo $€ a sk e iE T2 AND/ OR

deYCERUNEr ANDVEgErEbherbahirnd RETERFEONSRUNANGACOMPOSITION
cooking oil and, in addition, they are used in such

fields as cosnetics and pharnaceuticals. In recent

years, attention has b&BAHNACHALt BIEhPm as additives to

fuel s h r t he added
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in such_various fields as a raw material for
PFeauEeiBn oF ﬁﬁ%ﬁ%gﬁyégrﬁnmahaoﬁsofupfﬁéwcaggdfaEta acid
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gtycdeaikelbysteanseshenifingt compoéitiogl yodtedefor use in
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met hod on a conmmercial scale, a honogenous al kal i

catal yst is generally uggterbing Aromever, nakesit
necessary to_carry out a conplicated step

separa?b%ﬁeaﬁﬂtﬁﬁra?éﬁn@?ﬁ@rﬁh@%ﬁ%&??s?romuV?H@Fab@ﬁefat
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aci d _contai ned ﬁ to form soaps aS - ceuticals.
Bybr Bage: Sn SHEPoB) oI obaRoRBe RbLEEcary Pharmacenticals
In recent years, attention has been paid to them as
additives to fuels such as light oil. For example, they
are added as vegetable-derived biodiesel fuel to light oil
at addition levels of several percent for the purpose of
reducing the emission of CO,. Glycerine is mainly used in
such various fields as a raw material for the production of
nitroglycerin and is further used as a raw material for
alkyd resins, pharmaceuticals, foods and printing inks and
cosmetics. It is known that a method of producing such
fatty acid esters and/or glycerine by transesterification
of triglyceride, which is main component of fats and oils,
with a lower alkyl alcohol.

In carrying out such a production method on a
commercial scale, a homogenous alkali catalyst is generally
used. This, however, makes it necessary to carry out a

complicated step of separation and /or removing the
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to carry out a step of washing with | arge anmounts of
water and, in addition, the yield of alkyl esters

wale@spases due to the enul sifying effect of theCHOR2064/012876

and, in certain instances, the subsequent glycerine
purification process becones conplicated. Concerning
t he conventional nethod of capkal ytic
transesterification of fatty acid glycerides (a
fat/oil) , Japanese Kokai Publication S61-254255
grbelyses FWethrd corprasingt reakrl vyt fadegeaci d
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into a soap free ty aci'd cgexists in the raw
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production puri
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the et tard firdd M and Ly SHRRIESSHOGHAR ey firated

reaction resulted fromthe elutlon of the active
?ﬁ&l@“%’fedal%/olﬂbfﬁs@dtsﬁ%a ion, part of the llght ester

phase is returned to the transesterification step as a
recycling stream and the evaporated alcohol and fresh
portions of the reactants are simultaneously introduced
into the same step. However, the transesterification
method using such a catalyst has problems, namely the
alkali catalyst may be converted into a soap when a free
fatty acid coexists in the raw material fat/oil, or the
catalyst may be eluted by the water contained in the
fat/oil or, when the active species of the catalyst is
eluted, the reverse reaction may proceed in the step of
evaporation of the alcohol, resulting in decreases in yield.
Therefore, there is room for contrivance for enabling the

production of high-purity fatty acid lower alkyl esters and
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to thereby carry out the transesterification reaction
with high efficiency. Further, regarding a continuous

w@e@doeieny net hod of fatty acid esters and gl yPer/irpe94/012876

Japanese Kokai Publication 2001-31991 di scl oses that a
fat/oil and an al cohol are preheated and reacted in

t he absence of catal ysts wherg the preheating
tenperature and reaction tenperature are not | ower

than the critical tenperature of the al cohol and the
pigheninagipresghref fschencyowey PhahongingpPhheafgtalyst
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at hi ghutehper ategesdand andenthngbupressdueing method of
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eedi n the reaction m xture contai nin
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car out at hi t enperat ur es gh
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aetbanal isl evapocantdi firng &hkhOeponden mmsmam@e@btained
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in~an a Y€ es the theoretical “amount
etodbbehay. ngugdephasﬁep@ntglgﬂpg|gﬁy§@¢ﬂ@ﬁ are separated

QR LueRCcehek .r epdeti Rg h@eg%s@QEBQQ%nC@EaQE% @%e of a
produci ng high -purity fatty acid._| ower algy %
ﬁéc 1OIl lS
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under supercritical condition of the alcohol, and feeding
the reaction mixture containing the unreacted materials
and/or intermediate products to a reactor. In this process
as well, the reaction is carried out at high temperatures
and under high pressure. It is described, in the examples,
that a methanol slurry containing a MnO, powder suspended
therein is fed and that the monohydric alcohol is fed in an
amount of about 17 times the theoretical amount to be fed.
However, there is still room for contrivance for rendering
these methods capable of producing high-purity fatty acid
lower alkyl esters and/or glycerine at low cost by
improving the conversion and reducing the energy
consumption of the production process in an advantageous

manner from the energy viewpoint.
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the presence of a catal yst, which conprises using a
catal yst containing a conposite netal oxide having a

W@eoswsicdt e-t ype structure. This conposite nmetBCT/opA06LZ012876

containing a perovskite -type structure is highly
basi c and preferably contains a cesium (Cs) conpound.
The cesium (Cs)-containing ong includes Ca-, Sr-
and/ or Ba-contai ning ones. However, when such

conposite netal oxides having a perovsklt
structEﬂ@iEﬂ@yLﬁﬁnﬁn¢ﬁ%ﬁK¢%%%t?%bﬂ%@#ﬁkﬁ%ﬂ%ﬁ@g}%94277
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(recovery of free fatty acids or
SUMMARY OF THE INVENTION

It is an object of the present invention, which has
been made in view of the above-discussed state of the art,
to provide a method by which high-purity fatty acid alkyl
esters and/or glycerine can be produced advantageously from
the energy viewpoint while reducing the energy consumption
of the production system in the production as well as a
fatty acid alkyl esters-containing composition useful for a
various way as a biodiesel fuel or a surfactant
intermediate, for instance.

The present inventors made various investigations
concerning how to produce fatty acid alkyl esters and/or
glycerine and, as a result, found that the use of an

insoluble solid catalyst favorably results in an increased
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renoval of soap conponents) . Further, they found that
hi gh-purity fatty acid al kyl esters and/or glycerine

w@amwshpeiepr oduced advant ageously from the ener gpCT/JP2004/012876

vi ewpoi nt when the node of production is such that the
fatty acid al kyl esters and/or glycerine are produced
using a reaction apparatus cogprising at |east one or
nore reactors and, after renoval of |ow boiling
conmponents or fraction fromthe effluent fromthe |ast
fettyvorcithelkult gsherd abkyknéstivrshandsgeycehine,ahence

p : 1 h Lk Lng (o] d;
rard Ssrae The ol it Ton or Re morlsE ourarreoie
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certain | evel. Thus, the¥ Eane fo realléﬁ that the
LBBOE2EbPECEORRNCBBPORPREFUN | yF R R | Shed TauRfethat
abghfpuamngrfa8ughaamd allhkel Ekndreganbdwve nawckednktocan be
co eti,on _of _th ent._i nventi o .
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Botler sTapdodhytéphnéscanche tprsdbbed fadtaneagdoadkyl esters
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of carrying out the reaction in oné step by usin

SPRBKé Siagcesr 1eBRE 8REORS| IPHCahcARGAKE WhEhi Afaer removal

§@eq%&Lgoﬁqmg@ eeﬁbghehh@ @@rF&%ﬁ@ﬁanf&@ﬁi@hgleffluent
raction IS recycl ed as ne o0 e raw terials or
F?PmiﬁhﬁhéaégséeBFteﬁrr§%ﬁgf85Fyiﬁ&lﬁeﬁgiy n S8 o 28°
Forecstieps ary webagapkdr d&romedtkolswHbolérings compenents

est er _phase par.at m_the .reacti m fter
e
eatponantf diromhéheedosiodnbile sikhd inexetedystti i $hep efdluent

??§EQQYf@%hV%h%h§e%§E%&iHEC%%EQQi%%%d to a certain level.

sesterification reactions to conpletion, Further,
The sdedibedd Carediiet &eaadr 28 theddrbed 2RAVENCRGEG s IGpn be
%kﬁquﬁﬁgi®n%k%bmﬁﬁ&@ﬂ@?ﬂEEW&H§Zfb%@@Chﬁﬁn%&e esaegygnd
ctauich o, Lhe Productl on whep doel et LN b, 1208 e
ieaetitdonstep or in two or nore reaction steps
cccor S0 il U0 BREAOL, BOLA -Gt BLUALRERLES AP acia
péiotli eisters and glycerine can be produced advantageously
from the energy viewpoint, for example (1) in the case of
carrying out the reaction in one step by using single
reactor, the alcohol in an amount within a specific range
and/or the purification residue fraction is recycled as one
of the raw materials or (2) in the case of carrying out the
reaction in two or more steps by using plural reactors in
series, the ester phase separated from the reaction mixture
after the reaction in the preceding step is used as a raw
material for the reaction in the next reaction step to
thereby drive the esterification and transesterification
reactions to completion. Further, the desired products can
be produced advantageously from the energy viewpolnt while

reducing the energy consumption of the production when a
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condi tions. Thus, an operation node nore advant ageous
fromthe production viewpoint can be selected from (1)

w0 b@sopesat i on node in which the reaction i s cBCT/irRd04/012876

out in one step to thereby reduce the energy

consunption of the production and the ester phase and

gl ycerine phase finally obtaiged are distilled and
purified and (2) the operation node in which the

reaction is carried out in nultiple steps
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F%o@lﬁ@%glo% ahoCahal ¥2ikag ?ﬁtd%@ faheabllgzge@me pasg Linally

ransesterification_sinmultaneously, unaff ecte
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effects as t noc% rre ce of .deco gitlon of t
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éﬁéﬂg?s¢ﬁéwﬁéﬁﬁ¢lWﬁlﬂé té@umangemh@fe@@ﬁgp @@@@@@ﬁup@nto
ohelrhe yPr AHekicoRnFRLLRLEBREE, ahly WAt thiat when

such an insSoluble solid catalyst Is used he active
REEAL 1E5IORePESCEES el uted little, the catal yst

life- tFagth%r$ﬁﬁhl@h@nbkﬁcbgﬁgoftE@m@%b@h?&toEe%ﬂéebYesent

st epcan be ch_si s _conpar.ed , W

IhP R oR obetal MBuRg ShAbnoqeneald SEathieinisgy a5 an

EBeeuaﬁaﬂysbnﬁantbenmsedtrépaatedhﬁ hertatlhe leeaatt erlected
oﬁh%het o ?5'%%Q1BEQQBCB§ ¢AR R%tgﬁogﬁgﬁ%nts belonging

vantage
to the Group 4 and the Group 5 in the periodic table is

capable of catalyzing esterification and
transesterification simultaneously, and unaffected by a
mineral acid or metal components contained in a fat and oil
and, further, capable of producing such effects as the
nonoccurrence of decomposition of the alcohol, and that the
use of such a catalyst makes it possible to carry out the
reaction efficiently at high activity levels and under mild
conditions and thus produce the desired products
advantageously from the energy viewpoint while reducing the
energy consumption of the production. Furthermore, it was
found that when such an insoluble solid catalyst is used,
the active metal components are eluted little, the catalyst

life-time is sufficiently long, the catalyst recovery step
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energy viewpoint while reducing the energy consunption
of the production. Thus, the present invention

wEe@sioekes? a nmet hod of producing a fatty acid aP&yiP2004/012876

esters and/or glycerine by reacting a fat or oil wth
an al cohol using an insoluble solid catalyst in a
reacti on apparatus conprising7yat | east one reactor,
conprising: (a) a step of obtaining | ow boiling
conponents renoved |iquid by renoving | ow boiling
€8RpbRetshopsimpddtfied msorranasket] wanh dhet harirast
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e
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d t al e W e_pr
mvent Fons’ ac g Phpeshf PAGRREEPE bR A b EREPY of
BEPAYCART Asdkible asoki dlkallabgsers| andiercadgcefrine by

@é@@@@h@gaf@bEYO%CleaMKXh ﬁﬁtﬁﬁ%ohgla@ghﬁboﬁn kB8 uble
Eects nentloned above, the fatty acid esters

tenFalAlRE &5t ér TARESEORs 2PRPraVES GoBPEESimg at least
bﬁareéaﬁEak | BoB@MISisigen and in recovery of the fatty

d alkyl f t he, gl i ne. ph th
e pu P11 Bab G B0stEaN bES) LOicBaL L Fapt REFDODRNERe

trhrmovenvéntiuddabyneehods ngf lpweblodflion usmpgnants or
QQHEQQBﬁoﬁéoﬁa%ﬁ'%%%1u%ﬂ% 8%9Eh8f1%§EaE%3Et%%”%%%F by

washi n beconmes unnecessary;
respec%b thesﬁﬁphéé éﬁphéathngnth@nfﬁétanaaddaﬁﬁ&géoasters

ane. glpcbhencageoaf tREOAUGLHLEM19HILYGSHNRA RS rMbled
ecovery of glycerine fromthe ester phase is inproved

ndUhFgh concentration and high purity |evels of
ghgeedihneni elthedgbycerenfephaseotpbnbetabtraithedinsoluble

ESE?&S alystnﬁge%ﬁgtgfgaugkku& %lW'o? teﬁ:eac or

amounts to a level not higher than 1,000 ppm.

DETAILED DISCLOSURE OF THE INVENTION

In the following, the present invention is described
in detail.

In accordance with the present invention, a fat or
oil is reacted with an alcohol using an insoluble solid
catalyst. In the case of producing fatty acid alkyl esters
in addition to the effects mentioned above, the fatty acid
alkyl esters content in the ester phase is improved due to
the improvement in conversion and in recovery of the fatty
acid alkyl esters from the glycerine phase, so that the
purification cost can be reduced. Further, unlike the
conventional methods of production using a homogeneous
catalyst, the step of catalyst removal by washing with

water becomes unnecessary; in this respect, the method of
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that the purification cost can be reduced. Further,
while, in the conventional production processes using

wa@2vsnpgeneous catal yst, the steps of washi ng PCEIES044012876

phase with water or/and neutralizing the ester phase
are carried out in some instances for catal yst renoval
and glycerine recovery and, therefore, the glycerine
phase has a gl ycerine concentration of 15 to 50% by
mass and contains a |arge anount of a salt, it is
phssiiBventiignadcordancsanitelseoie pnesentni hzentasn of

@ﬁc‘é@lﬁl@tﬁ%nt %f"%’l%&qn'en %L%l wehe h@e%ro%%@/e Qs g‘:ﬁ} rYL%te from

? used to_obtan a salt-free glycerine phase W

h&F LGty PO ER R PR N eﬁ%ﬁd%@@w@é&;@éwngwnd high
p@&ﬁt@Vl@hﬁQ@rbﬁeg@ydeﬁmn@oﬁh thier igheidrige hadRe can be

C %e.of nultaneoge producti qn ofgjg%t acid al kyl N

SEY e Dog Sy Prfe ™ PebEsoE ygter, so
ﬁhatréeﬁe©mki¢iebﬁemmsc@mﬁubﬁ@ﬂ@@u&bﬁudem,adﬂutther, while,
H%et%%t% nQ% %%.a%r%dﬁgkéb%a?f%ég%s Qﬁtﬁﬁgsfnt

|nvent|on tur but t ey nm 5180 be
@Oﬁglgene@r@ﬁom@d:@lmsﬁ,t rtéleprséepsC@fofwataﬁe_nm\tém ie@ted phase

thencase «of ok eduatian iis gc%‘hre' ed rQut p‘?l%é'égtaﬁre carried

reacti on apparatus constitute one reactor

PEAc oSO 4 TEAENGIES O Cak 2dlYEdh dlemoy adamride @ lgigerine

ma@rvergzt agel, amddedwegi kihrg gqume@crielrét l"%rsef 'h;h(‘st iz0N
romthe

conpr|5|n the al c oye
DR Rort it ot R Qe 5 598 Fondiscn i contains a
effrigee amoundmotthe Isadtt, r eactior potseifiles time accordance with

|t?i‘é(' % A% qoRRenaRs arc%\aﬁgyl 't%%%l Jhereaften.,

al kyl esters a cerine are sep arate
ffqe@mrplgenle@w@o |qam¢@yc§¢rrp@n asesl, r éwowid aliing @ @adm—aﬁneed

%&Qﬁbn%hh@%|wwﬂhb%!hh@%e§0 @Qﬁﬂﬁjﬂy dIrREN % 1l RMand
uent of the l[ast reactor in the present
Swémpﬁeﬁlucgf eéahwerétt@paéﬂﬁerémﬁg ek 5§ Stthe
ImwthfélrlrmOﬁi@ campameniciser offr aamudn ahic@mst hg-dRReticdN o f
Td%%ur%cﬁ%t%ﬁkFH_ %ﬁe-st%%%nreactlon in th eEabsence o%lble
49LEVaP e 2 e 5SS PEh G IFNEEé PSeparaicsitTst PIRE
é@t@EOQM@eet@@dr@epaaﬁiwe ﬁﬁé@@tﬁssumMDMNﬂéously. In
addition, the ester or fatty acid obtainable by the present
invention is generally a mixture, but they may also be
single compounds.

In the practice of the invention, in the case of the
production is carried out using a reaction apparatus
constituted of one reactor, the reaction of a fat/oil with
an alcohol is carried out in one stage, and low-boiling
components or fraction mainly comprising the alcohol is
removed from the reaction mixture after the one-stage
reaction (an effluent from the last reactor) to give the
low-boiling components removed liquid. Thereafter, fatty
acid alkyl esters and glycerine are separated from the low-
boiling components removed liquid obtained by removing the
low-boiling component or fraction from effluent of the last

reactor. That is, in the present invention, after the step
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In the case of the production is carried out using a
reacti on apparatus conprising two or nore reactors,

worensioornay be nmade of (1) the node in which PEEIP2004/012876

reactors are connected in parallel and/or (2) the node

in which the reactors are connected in series. In the

node (1), the operation is the sanme as in the
above-nmentioned case in which the production is

carried out using a reaction apparatus conprising one
ceapropingnderpElneatheohowtbaifangorcbmpbnknas akcdhmaktion

E%oﬁa&hbegeQHEle ﬂﬂ%gﬁ%@p E@e?afﬁeognéhgthga? a%¥18£ in

reactor. I n the node e reaction o
WenhaRAeRFRORSI 2i S2Ea wﬁéd BuBteR Fﬂﬁpéﬁsﬁﬁgepbﬁéges

kepabatlbngoEofmpeneBteropbhhkackhangigceemmyednhbkamikhe
eff@Pgnt of the last reaction step, and the tatty acid

§ters and glycerine are separated fromthe
| owboi [nngheoapsaearsthenpreduttgohdisbtarpedd dhatusing a

' ia th iny |on fter _the ste .
g%ﬁﬁ???%ng $é§§§H% CPRET ﬁ go?W|n8rcgﬁﬁsn§%?§t8FS’ mention
ﬁﬁﬁcbﬁomaﬂﬁonfthé)réhetmodennntwhecbfthberbastors are

eeaaEbeedsaﬁpp59a§m@1a95898§ Qb arfat AhUst 1 n wﬁE%

conpri si ng phase separation of ghe ester phase g the
gEFEEPFRe2pRaSBNNECERE| dBedeTiASa ph@f%m¢e@o@©délbf the

eperyingnots the abaxerBnihongd EBbBedpehtpPHAdHCHLAR, in

de an free fatty aci ds, separated and
W5ﬁ83e§ﬁ$:%ﬁ99H8 pPBduEt CRAFLGYatlE HFRPP Bstersting

gbypeeritne aomprés$ag bngekbettmmthahheﬁhammﬁabeﬁbglof a
0 By..s nglr eri,n e_unreacted raw
%QE/851 %ht% ¥n Sgéggggtg Eg gg%dlpeaglna el each

nt erme L&FTd
pﬁ EDQhPéUﬁahhéy Oftrbecbnes pbssth&em@dect&)dthetheactlon

BEOQU§Et981QO§Eth|Qn ﬂEBﬁoEVEEeéégglgE ﬁn two or more

procedure, the step of obtaining t
E5ABBRent QWr %ﬁb%é89|Pampanﬁptﬁeﬁﬁvﬁﬁgcth@n|@ﬁfbgmpwﬁg from

cnapaﬁemnsn@rBfaﬁheomaEEOtheﬁlgﬁfb@@pt thUtﬁeOEaﬂty acid
reactor |sdcair|ed out in the abgea g %g _
ca?gﬁyg? Shd/ 8Pt HeYSPEPREF 2EE8paFREFAGCENET PRt £HCadPy
bbkylingstemsonadtgl yeroivad itgmithebtawnbail iTigat is, in
EAEPODEDLA: | ERDYALIBhALLE-COMPELoES SR BLEB-901RI2 noving

separation o OW b I'ng ¢co
the low-boiling components or fractlon from the reaction

mixture of the last reaction step in the absence of a
catalyst, a step comprising phase separation of the ester
phase and glycerine phase is included.

In a preferred mode of carrying out the above-
mentioned method of production, the glyceride and free
fatty acids separated and removed from the product fatty
acid alkyl esters and glycerine are reused together with
the raw material fat or oil. By separating/recovering the
unreacted raw material and intermediate glyceride and
reusing them in such a manner, it becomes possible to cut
down the production cost. In a more preferred mode of
procedure, the step of obtaining the low-boiling components

removed liquid by removing the low-boiling components or
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renoved liquid into an ester phase and a gl ycerine
phase. By renoving the | ow boiling conponents or

wo ea@sowea7 i n the absence of the catal yst in surti/aP2004/012876

manner, it becomes possible to inhibit the reverse
transesterification of the fatty acid al kyl esters
with glycerine fromoccurring@nd, further, the nutua
solubility between the upper layer mainly conprising
the fatty acid alkyl esters and the |lower |ayer mainly
éampitionngrghy tbei Aéfdeensadésudnd ofhe depdr akiaorroaf is

Eﬁ%rﬁ%ﬁtbu@chﬁ 2hkybpesheks o gn@hgl grEQ%tfr9§V%§the step

ot her ere nprove In a
QgpéﬁQPFéﬁFPQCEéér§a§¢ygﬁVéér@é@yénésﬁﬁéé pact glaseddne

G&@mb@h@omdwebedl@ﬁ§lbbm@bn@h&%W&%%oﬁ%@SQ1§?E@f%bh@&lses a
| owi n

t h d gl
SEPh6r PRGSEoRRBRGHEL OO OF) G061 dr P BRagaRd AoSEghents
reswived ﬂuqhedomasopaasehhert@hp@@da@d hi gh ycputiiniey phase.
%giE%mg%' akh&'l%§t ilﬁg%/%%m§5%%%%%n%r {ﬁgcg%ggein the

antageod fr on1 he~en I"eWpoi nt
@@ﬁ@m§ﬁl@ﬁ thﬁocahél§§¢ennpﬁa§@.anmaQM¢¢ernmeb@ha$esis

poefkehakl OCQHﬁgngytﬂl|9@%@Qs%°t§%%@%ster flCﬂtlon of the
Centr|fu at|0n or using a settle or g One

§ﬁ&tdtﬁ€ﬂ§ a##Y#seéﬁ@éSpW§§beQYF@réﬁﬁ| @Cﬁﬁ@élm@ and,
hir¢heirt, icheakbiowad %BthhﬂQt@fbb%@@%nf&@@‘h@@e&ai%yer

t t wo a the ester
SRS e L S T ST, b rSorate Lover
dﬁykmamaunﬁylsomgmmweﬂgf@dwbeadhepH@Feeeﬁehhan@biaﬁce
I f t
S oraR S aBho ks e PR e A KGR B SR L Yeige
éép@|@§ph|ﬁthﬁé éﬁfth@mebwrampmn@edea©ﬁor1msadba¢spn, the
%bba@%leﬂ?r%@E@Er?OBQGQEQQEEQEeOEth%r%%tEﬁ% &B%@lds can

conponent eluted from sai cat al into the effluent
ProFPPAECFEdcPEF 1LY ﬁ&taﬁ#@Wépgtﬁéﬁsf gepappilothénto the

%bmb&dp&@%bvanﬂeb&bc@QEﬁ@nQﬂb@%aﬁ%lﬂBﬁlﬂ@twa9®@@m$H@
derlved fromt i nsol ubl e sol.id %atal Luteg Ento
REPPEERESoR i %?ﬁFéoﬁnﬁegﬁagﬁle P @e 9?“ ecomes

powsgbdeoms pabdhysths@bwpug1¢@téb¢t&taa¢ﬁlmukyll@sters
%&@9%%3§§§b%&gﬁg'88véﬂ% % o%%ﬁ%r' o&?Eh%”eB%?%& viewpoint.

eration“con
The phase separation into the ester phase and glycerine

phase 1s preferably caused by allowing to stand,
centrifugation, or using a settle or liquid cyclone, and
others. It is also possible to employ the mode in which it
is allowed that the effluent from the last reactor is
separated into two phases of the ester phase and glycerine
phase and a low-boiling component or fraction is removed
from each phase in the absence of the catalyst.

“The absence of the catalyst” so referred to above
means that the content of the insoluble solid catalyst in
the effluent from the reactor is almost nil and the total
concentration of the active metal component eluted from
said catalyst into the effluent from the reactor is not

higher than 1,000 ppm. The eluted active metal component
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The concentration of the active netal conponent in the
reaction mxture eluted fromthe catal yst can be

waledsomoened by subjecting the effluent from t heCT/&R004x012876

in the solution formto X ray fluorescence analysis

(XRF) . Wien further smaller elution is determ ned,

i nductively coupled plasma (I1GP) em ssion spectronetry

is used. The ester phase obtained in the step of phase
separation of the | ow -boiling conponents renoved
megoisd thet Bethé esmppnghisdeantedl Yeem fibephaseluble solid

EE%E@?%Q'Elﬁggﬁaﬁﬂ§on@hel?%%c%ﬁ@ﬂ %Qxﬁﬂ&%saﬁﬁ W%%%%ﬁe of

acl esters er arts
FﬁéVégﬂeﬁspﬁagémoge@epé§ep§taéW€¢ Ehaing saﬁaéyﬁyc

wetghhtytﬁﬁ e@ahgﬁsﬁeasﬁﬁebtqano&nah@rpé@%@%&EQ@atlon under
decreased to a satisfactory extent.

%é em, my %
F@aEFQPeF889§ tRBScontent level is not lower than 85
parts Byewepghtnandtsdnl bfmahe abeﬁeeahbyamotobpwaént in

£Ran .20 paLEs 9&tﬂ%‘9gﬁut£@¢f9 ?5‘”%a%%§§%g°b% '%
it he step op'pha Separation o oi 1
cetpsnaned b&nﬁubdebtqugdtbﬁeééﬁébbvtcﬁmbalﬁ@enaﬁda§ﬂi in

&h@nﬁzqu@aehsfexmm&bgﬁtrg &hﬁe%%@%%n%%rahgqyeart%xax

cerine ase. evel s | owner
éeaaﬁp§t8ﬁrmém§ﬁﬂertﬁéuéﬁ@ﬁgyscéﬁ§@ﬁﬁﬂm@ﬁroﬂnﬁW@tlvelY
@b@@méul@ma%matqut@myem@hsho@ @9@&%&%ﬁ@t&9 as used.

satlsf tor exteﬂ %g greferabl¥ content | evel

i s not ﬁ ¥ £haR"88°paPrelpyndPghteafbest Pl PRECE
pepherniboy Ddtthem&wabanl&ﬁgpabm@obﬁnWelgbmovbm liquid

r c h p ent [ h

s B bR SERC O v BYERE BRasklBresprphay
crRoskibisenodl Lescathbpst 5 mﬁm@ﬁ by W@ngatnei ifataly acid
%ﬁ&b@e%%tE&QHFEBelb@SbaE%écbgrweh%h%obf”QE% %@%%rlp%%%e

evel s exceedin becone
%ﬁpé@?ﬁ%ﬁelpwﬁﬁhFﬁﬁp Fﬁepﬁé¢ér§a W@aghton§h@oeaergy

gahisshdttohy o€Xthat prhanee ibh WW%EeﬁEmb@pQ@%lQbedb@reased
(5040815 S0 0Y SONSID!| 00 81 LDe.PLSHUCLL T L0, 2o
ﬂegbér1Bhant8@6wppwthanr65ppaﬁ¢sab&ywem@hhl@hdrsthan more
gggfgggb§9dn§Eih%wggr%han 90 parts by weight.

The glycerine phase obtained in the step of phase
separation of the low-boiling components removed liquid
preferably contains not less than 70 parts by weight of
glycerine per 100 parts by weight of the glycerine phase.
At levels lower than 70 parts by weight, the energy
consumption of the production system may not be decreased
to a satisfactory extent. More preferably the content
level is not lower than 80 parts by weight and still more
preferably not lower than 85 parts by weight.

In accordance with the present invention, the
concentration of the active metal component of the
insoluble solid catalyst, which is contained in an effluent
from the last reactor, is not more than 1,000 ppm. At
levels exceeding 1,000 ppm, it will become impossible to
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preferably not higher than 300 ppm Most preferably,
the effluent liquid fromthe |ast reactor should be

wauwshzwedT al |y free of any active netal conponBCi/JR004/012876

the insoluble solid catalyst. In the above-nenti oned
case of production in two or nore reaction stages, the
node is preferred which incluges a step of reaction of
the ester phase separated fromthe effluent of the
reactor wiwth the alcohol in the next reactor in the
prédbatetoe rheeirssolrebréisoki docat abyssfathosy extent,

R%%E%V§Q|wllﬁh§ C3hBbsBARTE kS SERRL %t%ﬂeagg Gover ed

fromthe reaction mxture resultin the
ﬁP@éé@Pﬁ@OPegét¢aﬁ pragecanant ke ﬁeﬁ@ﬁ#@ﬁaﬁﬁoﬁﬁeeﬁéﬁpt

Sh%galmitCaé&de1@Ubr@$b@§bﬂgen%%t%&gﬁ@%s%h%%C@%©r%§m, more
and _t he, al coh ants in the gp:sence of the

rea
PRSSCPABP YSGP% h&ﬁ?SFyg%anwﬁpg BPBf 8ifed tild 1t R@TRode
wireerabdlyudes hHhehstephah Bemoppng |l ewsboptéfgrably, the

t ract in.t bsence of t at al yst
B i A DL
Eﬁb§§aﬂ¢@ﬁﬂﬂﬁefﬁeacpioanwlqatdvafmetaﬂheompeuedtngf the

&g@gqhgqesggggd hﬁté%%@ta nmode, the separation of the
ester ghase and gl ycerine phase from each other can be

i mpr ovéd. the PH@VQBE@@té9§§d #RER PRoPEQEEEssPRelin two or

mneaet ireacstiagestages, akas hohe ¢enprdeeatkanyhtik® includes
edln reacti,on sta%S nmeans the reaction tagf th
AnEERD BT APACEAOBUD TS LPEt CORRT| BHPRE RERATEESA from the

stic¢deeditng fr ¢het reacsbageinkandct hé cotadt ianthkagext

t u & ¢ase of
P pk AP EhErrRsbach 8 c13"Tnsslubl®, KBTS okaipayet-
Féﬁ@bl@ﬁeiﬁagblﬁmdthhee§§e®n@hgsagQS|§epheaMeﬂtaod

%%%6%%%%@9f&%ﬁCEh@nl§Hﬁga rgac%H%n gﬁ%tﬁEetgégﬁltﬁhgg%rom

reactlons when the first and secon reacti on stag
Lhet REERePAPE EB8ASTdePaftafe eRE thestepshdpnoAnsthgenext

ksayke ipr ecediing beachkoAgstagecandrt BRaseCceREcTLR2EE8 and
or succiedlng reaction sta when t he

d
EggoﬁgcgﬁaatﬁﬁraePg éBFEn 18t @spﬁﬁéepgﬁeﬁ i hPE insoltible
conddderdbilgnt .t Hdoseconefstage 1s the po@eedhhgh includes

%EQCEEQB gkaggmBQQnghﬁo&hkgqlﬁkag%omponents or fraction in
the absence of the catalyst prior to the step of
separation/recovery of the ester phase from the reaction
liquid after the preceding reaction stage. In such a mode,
the separation of the ester phase and glycerine phase from
each other can be improved.

In the above case, when two successive reaction
stages are taken into consideration, the preceding reaction
stage means the reaction stage which is carried out first,
while the next or succeeding reaction stage means the
reaction stage which is carried out later. Thus, in the
case of two-stage reactions, the first stage is the
preceding reaction stage and the second stage is the next
or succeeding reaction stage. In the case of three-stage

reactions, when the first and second reaction stages are
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IS the next or succeeding reaction stage. By enpl oying
such a multistage reaction process, it becones

w@omsioblee7 t o drive the esterification and PCT/JP2004/012876

transesterification reactions alnost to conpletion

and, thus, it becones possible to sinplify the
purification step to be carrigegl out |ater. Further,

when use is nmade of the node which conprises phase
separation of the reaction liquid obtained fromthe
pr&eadilngor eaosilderstaga, i the dnrsppeecacajen whiagkyis the

ﬁQgﬁéﬁﬁh@gr%E%tQ%%'%%gg%sﬁﬁﬁstﬁ@ds@cbﬂwe t%%%e ”%h%lﬁext

nprisin ycerine and using the ester phase (uppe
PéyéPCF?&%lalﬁ sagtiaw miegei ahdi nvhRe KRt seeadd @ﬁd third
$bage¢onobt@@b£ e ghyeerineof ebaBddeyathi®n, the second

B5AEE: BT Phe PAN At EPLALoPar 6RF &R0 TRE liien stage
genehat eexftr om tshiecestiéniof ireaticapnokthyee fatty acids
o ChoYr Ry bt Qubhe b USes RS RNISE LIBHER-LRXEE) 1c

and t hu reacti
b&@@ﬁ&ﬁl@OﬁﬁémhﬁhéocﬁéﬁW@ath@q@Stﬁbﬂﬁuwa¢ﬂ@Wp@de and

thanBUkhbireati-an i69St-aaR 1HRYS ARGk %d%%e@omﬁﬁ%%lhgeand
roduction is carried out in the bove - nmenti oned

Hier 16f Peremssagespdliei &R, spmglaﬁguﬁpeopugﬁglcatlon step
gbcbhokatrarike bed flatethe reaehésp whene@beWithmade of the

f [ bl t 51 .the t t |

BAbGo i, BoRr She” phasY Behntani Crontl TOF theqtiRE
ﬂhquaétDb&bl@@duﬁmomthhef@mécbulagdr&bcah@h BEporROtinto an
ﬁgg%& W%&% e%%ﬁnﬁyg% 91@1% ﬁfa8E% e%x%%% %nghd a

ordin nve ot be I prove
é@Wﬁ§fé@ﬁ@ﬁym@%méﬁtComprﬂéﬂégsGﬁwgﬁéﬂnﬁha@dSUBﬂ@gsthe ester

bhasamupbeef 1ERRraheehaly)t asbg &%%0%%%%Q1%ﬂdlﬁe%ﬁ%|%%xt
I NnCr eases, hence t he energg@consu nption of the

BEEGHLO R tREF  bE O PRAY I GREd FLYCE TdAE §P§aeéir ypy the
extesksthe ilfawer ibnMmrkaics i6ar Bupr efiegcabhy kol stiures,

bl R 81 S5 300 k£ b3208 TosE PRl
gemesatsﬁlﬁkomotéepeetemaﬁh¢a¢16ntbﬁefra@dfmmiw acids are
8&%&?&%%E%d4 %F%'%%% gﬁy@%&§n8r§5%%%eqlo%%gel%%e} a%% thus
removed out of the reactlon system; this is favorable from
the chemical equilibrium viewpoint and the purification
cost can thus be reduced.

When the production is carried out in the above-
mentioned manner of one-stage reaction, the amount of the
alcohol to be fed for the reaction thereof with fat/oil is
preferably 1 to 5 times the theoretical amount thereof to
be fed. In amounts smaller than the theoretical amount,
the fat/oil and alcohol may not react with each other to a
satisfactory extent and, accordingly, the conversion may
not be improved to a satisfactory extent. At levels higher
than 5 times, the amount of the alcohol to be recovered and
recycled increases, hence the energy consumption of the

production may be not reduced to a satisfactory extent.
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1.3 to 4.5 tinmes and nost preferably 1.5 to 4.0 tines.
When the production is carried out in the above -

worensioorwed nmanner of nultistage reaction, the BODIR04xi12876

the alcohol to b e fed for the reaction thereof with
fat/oil in the case of production in two reaction
stages, for instance, is prefgrably the sane as that

in the above-nenti oned case of production in one
reaction stage for the first reaction stage and, for

tthe dewend liaddt iisn morggerefheakivuit. 1i stlpue@f,erssmw more

ROk rerabher 1t.hanr ithe thgonetic @&e%fé%}%tlyafid 5”% me%f 9efne

than 5_tines the theoretical anount
CRPEG At8d t lenmioke BsRFeraboN ﬂn8tﬁémﬁﬁnsﬁt§ﬂég@ore

@m@E@Eabh@ Me5l&Q&esaﬁﬁwﬂhﬁsﬁfpE@Qe&b%Q@er© anghefsr.een more
s _conpane

Lt cid A range.of 1.
aregﬁfggeFF@@' fﬁeqtﬁegpeélg %lﬁﬁ§Un§t&gltﬁ@r§IQ&ﬁgﬁrably
tlo 3bé&of dd5 $amesl endedotsa peeéemabﬂgaQSStma rAUmbermels .

ol es ?B ehhengl Qgghc%g ghlgo%%ﬁgggg £0:1LM81e above-

saponi fication alue can be
gh&doacdd raanesl lodwaulThesreei @alacfce@@,arb@@ntan(opagafch)af the

al@%ﬁb@c%babéN%e@h%ontﬁ%cggﬁkklén[E%%@e%%gﬁﬁkhp%at/01l in
/oil (kag/h) x saponification val ue

&€ 6PFFI 8 1@6pducﬁﬁophénaEUVereﬁgﬁﬂp@n§&a@ﬁ@,-§F§génstance,

ieaptriedrrabhe lh%|@a@k Bat tyhaaciie QEQYEb@&%@h%nkioned case
grefer bl y .not .l ower than 40@6 en it

| o
o PRy BedBmE A npORCIOE PUoFBWSPT hbe First Feaction
ptieigki ead;, ofocoshet geaondt rsbattiony séxigent thbre@mount is

%g%%%&%ﬁ gfnges%bgh%r'%hgﬁtthgmgbegﬁ%%lggf)%%% E'%Bd not

not lTower th rece
ﬁéé@??eﬁh§PaéetﬂWe@a¢hﬁl Qe@ﬁﬁtﬂﬁ@lr@@@mmﬁnhonhamfedraS

@@&@u&b@@@Sfrbﬁet%beE@nQErgﬁbhy1ﬁckﬁeakﬁ¥%te%%%@% bﬁd/or
% eferahly not |ower than 40% Wen it | ower

o TERS efogPtse@dciths ﬁ%@lcgﬁéfi@y@@ﬁséﬁ@ﬁ (fﬁtéﬁy acids
bbmppheduetlon raygeodbrbe. f utbysreduceds Morfiore preferred.

pref er y the eld is no than 50% and._sti_l
nor e p?g eF 6Py ofaﬁoﬁgPuP%aﬁ%m% §2F038#|30 be fed, so
peéemgedgtbh@eehﬁ@ctmeahsathabhambyrcafrmbﬂ@sooﬁ tthe

%?ggganWh éHN%ﬁ?Eﬁggﬁﬁdﬁt% eghetggp%h§%QCa%lon value of

the fat/01l and can be calculated as follows:

Theoretical feed amount (kg/h) = (molecular weight of
alcohol) x [feed amount of fat/oil (kg/h) x saponification
value (g KOH/kg fat/oil)/56100].

In the above-mentioned one-stage reaction, the yield
of fatty acid alkyl esters 1s preferably not lower than 40%.
When it is lower than 40%, it may become impossible to
lower the purification cost to a satisfactory extent. More
preferably, the yield is not lower than 60% and still more
preferably not lower than 75%.

In the preceding reaction stage in carrying out the
reaction in two or more stages, the yield of fatty acid
alkyl esters is preferably not lower than 40%. When it is
lower than 40%, the effect of reducing the energy
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nore preferably not higher than 85% In this case, the
precedi ng reaction stage neans the first reaction

war@ge2wat of two or nore reaction stages. ThePgi/aét2do40d12876

fatty acid al kyl esters so referred to herein, neans

t he degree of conversion of the effective fatty acid
conponents in the raw materialsfat/oil and can be
calculated as follows: Yield of fatty acid al kyl

esters (%9 = (total nolar flowrate of fatty acid
gorpumpstiens odt thise pagduet ioh meachoert/ beotfall hyplraduced.

Mogw b@%%e@%bQ&fe%%bV E@Hﬁﬁsa%b% ng@Q”%%%%.%b/I%%d Stlll
i ni et of reactor) he term"effective fatty aci

EoroRE kit abdy P@fterlloé’@rt Shirer 803, i herufeslyweEafncing
tthe rEZRICEe Lbeneekblthese cergangnbs tWiheh redttion in two

Bt 188 S0 PESent o Veriicon aRae LEpagiiel Calt yiider than 908,
mwwbu@eequhbyyammd friigileyc ehiade85%di giycehidesase, the
gﬁ%&%bﬁ% E%%%t %e%ta%tfék %sd%h%n%lr%kt¥e%%kgﬁ%.E@age out

sters contfail ne as well
1odc Fole @ It MMLreRreeicAlionTisgrdies,. the nolar flow rate of

an eff@ﬁ%‘&@eﬁ@tb& %%E@¥g%c1ﬁe Uﬁbgtegke&%agbo FRPrRY to

cal cul ated as fol tal nolar flow rat
SREEATY v BCPRS th?cld&gé@@p@ﬁeﬁtoéw@ﬁ@llpﬁl) of [theovvfrfacélve
Gbﬂ@yNaﬁﬂﬁebb@b%n%ht@thlﬂmﬁ v Medekrak1( Fah)/0dl and can
pom % nval raw materials at the inlet of
rcfléé‘ 681] éLoﬁﬁJrseferred node of carrying out
tYh,elplr @dfu<fla|tdtly mei:dabdllm‘ylt les tiemseni) oF, (ittotedmutdlses fd ow

$aeR ol dhet | @:Ehdo%l.l@yl' g b ) @88 IR JGeactor/
ester phase g cerine phase obt al ne§
éiloéﬁlofﬂoéﬁa”sél%a?raéﬁ of @fffteh:élrv@/\ff@@w wgileiorqm\mments at

reduged i gui danhelsi)n saty doeast one of the
purification resi dues is used as one of the raw

mat eri aP§ £6F™ h& tFeaddiven TaAltyo afier pPE@ried e FBde

ire Paftireld tloe halreqhg! 1In$:lﬁ1©1fé@\¢em&hf1h0Fﬁhteh@aéa‘i’WTi@0|t|heﬁ:@of
SRRl oghion, 05! s of oy, ol d P3Pl vers
according to the method of present invention and,
specifically, it includes fatty acid triglycerides,
diglycerides, monoglycerides, free fatty acids and fatty
acid alkyl esters contained in the fat/oil as well as in
the recycled raw material. That is, the molar flow rate of
an effective fatty acid at the inlet of reactor can be
calculated as follows:

Total molar flow rate of effective fatty acid components
(mol/h) = [flow rate of raw materials at the inlet of
reactor (g/h) x saponification value of raw materials at
the inlet of reactor/56100].

In a preferred mode of carrying out the production
method of the invention, it comprises a step of
distillation purifying at least one of the ester phase and
the glycerine phase obtained in the step of phase

separation of the low-boiling component reduced liquid,
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material. By enploying such a node or nodes, it
becones possible to cut down the production cost to a

WG 200502181 ory extent. The process may conpri sePCIEP2004/012876

nore steps other than the steps nentioned above and,
further, includes not only the case where both the one
reacti on stage node and two org nore reaction stage

node nentioned above are carried out as sel ected
appropriately but also the case where one of the both
wbessinl ahelpgstappredfothe Porifheadioni Featdorsofis used

theogst gk Eﬂésﬁaﬁnﬂa95¥9§i%n@thQE@ @@Qc&?ﬁnﬁheAlso
recovery of the al caohol ose_met hods known in

PRET&FF Sfmy ShEPEpBPERr LAt @%ycénﬁh@yéé,coaﬁé flferecovered
@k&hlkhétﬂ@w BBQlﬁﬁgO%@mpBﬁeh@Hp@EaEHééﬁi@ﬁnd@%tllled off

gecteg %c d|n to su%h E E s .as
| R§F~e8 P¥§rF Be“Br8 u&éduéﬁ fRed Law
ab¢ehmhlsp@mu£mpIDYEngesw&@r&dmod@ @asmsd@@srftthecomes

ahgh o1 57 egevared Lram.iha Lowsai Ling aTRODERLS AL cory
PESFPLs SecErr B, P Shd at

1 oNn as” - nenti one a ove
paitensgf t%@ermmmm@ﬁédn@Yc©©@¢rlseu@@@ 1 moramsteps other

rRLEr kak., sképbsm@hkgwﬁgbeabevésgnat Eﬁ%%he&arﬁn%ﬁuﬁgg not

recovered al cohol as a raw material, and it
BRéVethBl 62668 WEBTS| POSEr LESoPNEhECRPEESPEY é&aa]ec@ﬁér—: and

&wodof-aworat eehak ibA %h@g@Cﬁﬁaﬁlﬁéht&bﬁ@@Obﬁbve'brbscarrled
ghio de5|ﬁable that the . alc
|

0 rif
PP SEn B e ABbR bR B b aEol ke CabEs BEFS: one
bd teeseotWWhandebeadbaehadlks tarheedeuaed as a raw

”Hter|ﬁbfcgﬂgaaﬁgaﬂﬁﬁgElohhSfykﬁgdegg Ehghgggtgngcgﬁﬁcerine
al kyl ers m n"sone I nstances due to €
Ph@gﬁe§§dof0ﬁy§helV@C@VﬁﬁYtﬁ@ thet plache lakkyl odstbose

i thB8s! ﬁaewhoansme amem\é@t 8e /gg&%g 1Iar&et1§,e eﬁb%%h and
is generally not |ower . not

E& ﬁﬁ-éftélléBltﬁfoﬁoPnFiO\K@Fof’ﬁéﬁnG I%ngﬁaaﬁ&ﬁreﬁl gﬁ@r be
Eh@@%%ﬂyﬂ@é@eﬁg%ﬁe§§6b¥dmﬁb F@W@UchPﬁang%%)&@dtﬁ@tfﬁtty

| er n 9 S [ conten ecr.e es,
B ket o SPBre SRanCb B oo BLR g g 12E% a1 tlRo1
ageantageoubky recometrkeel.equi | i bri um of hydrol ysis
V'emPothca ﬁg %ﬁgﬁé QBBtQQthgg ?é 98%8@%9695%%om the low-

however, energy is requlr
b01llng components or fractlon distilled off as mentioned

above and at least part of the recovered alcohol is used as
a raw material, it is allowable to use at least part of the
recovered alcohol as a raw material, and it is preferable
to use all parts of the recovered alcohol as a raw material
in the economical viewpoint. It is also desirable that the
alcohol be purified by distillation, for instance, to
remove impurities prior to reuse. When the alcohol to be
reused as a raw material contains water, the yield of the
fatty acid alkyl esters may decrease in some instances due
to the progress of hydrolysis of the fatty acid alkyl
esters in the reaction step. The water content in the
alcohol is generally not lower than 0.05% and not higher
than 5%, preferably not lower than 0.1% and not higher than
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the steps of recovery and purification of the al coho
hence the advantage fromthe energy viewpoi nt may not

wbeooskiey7 obt ai ned. At | evel s exceedi ng 5% t hPCEHMR00M/012876

of hydrolysis of the fatty acid alkyl esters into free
fatty acids increases and not only the yields

decreases but also a step of renoving free fatty acids
becomes necessary, hence the process may not be

carried out in a satisfactorily advantageous manner
Bfoniohe poafrerebhy npbwporar. thas PoBs thedpncuub@gbﬁr than

ﬂ%%'%é%ﬁ%%&ﬁ%&&&@&&@%%@-&é%&% Peicid alkyl

bat ch net hod or continuous fl ow nethod
BRpFE e THE @bi@ﬁnaédmpr@mﬁﬁﬁﬁﬁgaGﬁ@ugigférpadthe

aqnmglbtmams@fAh§dthysQQCb@éwb@lhe us%@ W{F?ﬂcébﬁ&ent
t1 oned tubu

Erod#c EOE nng Lh % £
BYELBr PPy Pr Ag® sl ?W?V EacPBF ShErP&acfi ﬁqRéFFFe or
thpesbaps, odnpagoother sndPpeterfiedtiont b€ phackilcehofl hence

hoa fi
S12 BRERRDLSLIAEOR' Ofc, Syt DS OIR bR £ 2-bLxeq Py
ehtalped. |9Am5kawékﬁ exrodiey i oh, aftk tdreodnt tyf agydrolysis

Ekihee§5§E§ Qegéoalgyxcgﬁkg§s'§n@50@98§dfatty aFldS

conti nuously. [ 0yi ng such node, the ste
éaﬁaﬁ?§?sséﬁﬁrQPFoﬁn%§cBhﬁsYaﬁﬁ@§e§§§F?aaﬁé bﬂtaaééo a step

b@CQEESVQQQSEbbé E@tﬁ?réﬁlaétbbb@m@éoﬂ@@bbgﬁrproﬁéﬁ&e the
on an |ndustrﬂg ?s cal e, a fixed _bed reaction
n

Bpp&raruL s ftenPPofied =4k e8u|slBsédsaFﬁéf3€ Pageti me

aﬂvaeSadenue ninthe Frqumi dheeactimencireXt uiewpninhe

feaCt'RQ %ﬂ%“ﬁrbéu?%?&ﬁr Eh¥ Eﬁft QO&ngtﬁggno% the

m nut e an an 5
@haﬁnilﬁﬁnuﬁéthay bbeuhguﬁhumeéhpdf@r agbhtwhngushélow

ﬁ@@ﬁbﬂoﬂayobgrgﬁﬁﬁggée a @@é'§I§§&Q5adefiﬁwtme¥@b&el§
er time ours may require a | arge-sized

Péag?FéﬁQppamﬁngOtﬂﬁFé pr%@e?%%l?ea@¢@¥r%%|@%h%%e@lh% such

aspmaﬂuahgbhemoahantﬁeﬁbnmhgsban&eﬁ@&oh@ag@ubhmaa 4eactor,
an

eferably not SFO£ er
ACRGEAREaRATHEY FORGGPOY nARa REGRACR ACK r 6H 6P B85
amdegobtbarsylng out the batch nethod

Preferred in the practice of the present invention is
the mode in which a fixed bed reaction apparatus packed
with the insoluble solid catalyst is used for a production
and the fatty acid alkyl esters and/or glycerine is
produced continuously. By employing such mode, the step of
catalyst separation becomes unnecessary and it also becomes
possible to carry out the production process on an
industrial scale.

When such a fixed bed reaction apparatus as mentioned
above is used, the average time of residence of the liquid
reaction mixture in the reaction apparatus is preferably
not shorter than 1 minute and not longer than 5 hours. A
shorter time than 1 minute may be insufficient for allowing
the reaction to proceed to a satisfactory extent, while a

longer time than 5 hours may require a large-sized reaction
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menti oned above, the catalyst is added to a m xture
system conprising the fat/oil and al cohol and,

w@emwsnzalehy, the reaction tine is preferably noPCHNRM004012876

than 15 m nutes and not |onger than 30 hours and nore
preferably not shorter than 30 m nutes and not | onger
than 20 hours, although the reaction tine depends on

t he amount of the catal yst used and reaction
tenperature. Now, referring to Fig. 1 and Fig. 2, sone
pPEREAtas - nidese opreftoeh hent theé téeipendectime hethod

ghotteri RnERAt boRianecdeashi Bed. 1bhgeees Wit 0%5u§%y'%%d
tha t he present invention is not restricte ese

fbd %.m@F&.pfe¢§réb§¥h€ﬁ§t§60F§§?e§@ﬁpaﬁl@ﬁn@¢e§n@n§fn0t
Lbagptefaaned hodes .of carrying out the production
proces§ aCCOYdIngFﬁé sent inventi

reaction &t8g&-h c§§r¥ﬁ89aPEgh5 Pﬁt§ﬁcweth°d
menbdenedhebpaw,nahercata&gshameladﬁeﬁedofaomnature system

pal:re \% :t0 r ia ine
CRhBRRSl p o SRy Bt/ 011 Opl] SRELE0NT A BhERB NG spe
6ﬁéCtAOﬂa¢A@ﬁllﬁspﬁééetﬁbﬁwanpétEbptt6€séha0|ﬂ52m1mmaes and

ﬁok'@%n%@% th@naS@eﬂHGangnﬁeﬁ%E%rF%ef@%%ﬁq A B8t shorter

t/oi.l is deprived of such inpurities as proteins an
ﬁﬁégpﬁglpﬁpngsaﬁHdtH@F #Pn9§rf§@aP029h@°M§§ct@ﬂtQO%QQ the
aebbm&ohoalmbndbbendeaéhothé whicehti & rpackedatatllysn used
qub .soli.d cata%ﬁr? t he net hanol and fat/ oi
he

cfeﬁf FORaEAmEERE liquid reaction nixture
thus oNb#i, nedfeontngnson®tibyl leahdr §iggl 2 cesbdesprefeered

fahky e%lgﬁboaﬁhgﬁeobf gh¥CelbRR AR DNREAAEL YRLer

anmong o hers the conte active
ﬁﬁﬁanté@ﬁpéﬁéntﬂeéﬂr@hédu nsbt upes sel tldoehat akysng that the

bresehh iisvaatiBhoher nbRanecl000+tRRM: o ThEckicdtictes .
reactlon mxture is fed fromthe bottom of the reactor

4 to aPe8Fuimls RoPSRETBBLRgrEPEeESRERLBBN| Phgone of the

bra@bm@@d(ﬁoﬁeghbfeadSrthgnﬁuﬁ)thbap&oHU&leﬂ4prb&ess
rea

B Pt SobPEy B aP RS NG CBnpBRencecyton staoe
ﬂsauglmntbanpdlssnghﬁeahanhblandlbyﬁmomuatm@aéerthanﬂaw
hBeek9WROLELRINo1 is fed from a methanol reservoir 1 to a
reactor 4 via a line 101, and the supply thereof is 1 to 5
times the theoretical one. A fat/oil is fed from a fat/oil
reservoir 2, via a line 102, to a degumming reactor 3,
where the fat/oil is deprived of such impurities as
proteins and phospholipids, and then it is fed to the
reactor 4 via a line 103. 1In the reactor 4, which is
packed with an insoluble solid catalyst, the methanol and
fat/oil react with each other. The liquid reaction mixture
thus obtained contains methyl esters, glycerides, free
fatty acids, methanol, glycerine and by-product water,
among others, and the content of the eluted active metal
component of the insoluble solid catalyst therein is not
higher than 1,000 ppm. The liquid reaction mixture is fed
from the bottom of the reactor 4 to a column 5 for
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conponents or fraction distilled off is sent to a
nmet hanol recovery colum 6 through a |ine 106. The

whp@hk/o216bDi | i ng fraction obtai ned by renoval oPCT/i2004/012876

| ow boi | i ng conponents or fraction fromthe liquid

reaction m xture (low boiling conponent renoved

liquid) is sent to a separatofg7 via a line 105. In

t he net hanol recovery colum 6, the | ow boiling

conponents or fraction is separated into nethanol and
Bipieedar wdatfer, lamwdbohd imgt faaoltios fled lighthends column
seaghar 54 1Mihd aglhine 109 and thus is reused as a

reactant raw material. In the separator 7, the hl%h '
_boi | i h§ tREcHLiighti Sndpl 6adEmRo Sst ARG, aRRFEeByanid reaction

mﬁﬁ@ﬁ@@eisp@@®Ql%%@abﬁtU@W bBﬁQl@@ eShPbnRAREe 0@ raction

%Perlne zgl ﬁﬁe est e i's sent to an ester
S FFr caton ceorn FREE1GRE Sini PBS; e Low-
@byden@neom@@aents eenﬁreotaoglwaethneeQUbEEi gat isedt to a

| len ter .purificati —
@%FE%%O ,%e%O%Srgn é%%hnalt%ro %t f&ﬁpﬁ &Q%G a?ﬂ high
botf.dingafeaghtiannedtbyngids byl ratiova 1t kifotgle é.olwrbelllﬁg

wembentenespee fflreettlleﬂ Feshdye el § ifed d Qe*aEgale%a&E%u%e

rou% | i ne for reuse as a reactant
ey SPllpﬁ Fﬁ@P@P§€§rFﬁ@OH§ﬂ1ﬁ#@ﬁﬂﬁénleoﬁ@ﬁﬁ o ghe

dephirattoli nalvipr adugheghyceri ng tBe 0t ahA8EH1 b¥ecovery

di tl||%t|%% tgroug q line 112, and the purlflcatlon
£oliMhe & s ed 1PY LR 1aBGURRTRGRFBACT OF SP¢%18M e

$$Baaauedeummb|medhasoa aedcbgpmoﬁmwtnwheemalandlmhe

ﬁ@?kgﬁﬁéprgf%rBQQOnQﬂ% 9 F%@ggdﬁ”%ﬁg tﬁﬁnglg%b 8 % hus is

i'S used &l SO € “met’hanocl “r ecovery “col'u
éﬁﬁsﬁﬁu§stﬁer@éﬁﬁaﬁﬁlrﬁ@cmaéeyl@élunn 6 is omtted,

and th@nbfﬁéog€95r§@5§r7'Sth%cH¥85930§H1E89F98EE96h°Es

the Ilghtends col umm . hi s case t ends
84l aHRYs tPs sEpefat WHeEsby At Haﬁerrgpeéopeeyecéeaﬁﬁatlon

andot he bﬁﬁé@dpﬁbs@abﬁﬂ q&chth%”PM@@e fornexagvée, phase
[ drati on,col um %ddl onal di sposed between

%ﬁeSSP§ é?lﬁg SGFFfi BREEGACE Fﬁﬁncﬁ UAG Sefafafor-te 107,
vhilwei theupladeirngeaphadehydr abhanto a glycerine

purification column 9 via a line 108.

In the ester purification column 8, the desired final
product fatty acid alkyl esters are obtained by
distillation through a line 110 while the purification
residue is fed to the reactor 4 through a line 111 for
reuse as a reactant raw material.

In the glycerine purification column 9, the desired
final product glycerine is obtained by distillation through
a line 112, and the purification residue is fed to the
degumming reactor 3 via a line 113 and reutilized as a
reactant raw material.

In another preferred mode of embodiment, the light
ends column 5 is used also as the methanol recovery column
and thus the methanol recovery column 6 is omitted, and the
byproduct water is recovered at the bottom of the light



10

15

20

25

30

35

colum, the byproduct water may be renoved fromthe
top of the glycerine purification colum 9 while

w@osO2we7 gl yceri ne may be obtai ned by si de- cuPCDIP2004/012876

partial condensation at the top of the colum 9 . Fig.

2 is a schematic representation of a preferred node of
practicing the production praoggess according to the
invention in which the production is carried out in

two reaction stages using nethanol as the alcohol. In
EeResf cgdan 'SFAVER Shandsaser tb@tyl@htdenéshyblumn 5 1is

%%b%%%edlﬁss%pRe%hﬁﬁgg r%@%v@%?b@%ﬁ%&hal t RO, hS- o duct

from a_ met hanol reservoir to a (IrSt Stg%l
Wéé@?o@613b@|ée@qveﬁe JOT. eAaMRlLoi FNi ¢ FedvPrefign column

&aﬁh@ubnﬁga@r N\;ﬂ@ls@olsbd ‘blegw@ehl RBe?2 Zycteglaltedwml@ﬁtlon
ctor ere | | S eprive I m 1 TI es

FEARR! o EnalaERaa s Thetr | Feghouhyaepung apvi Sepgration
aoﬂume 2@Be B@@rm@mhanwbtamdmbgtbelke@@&@ﬁ\ﬂﬁbﬁ.&a@htop of

Qh@e k%ﬁkggl B e soI|%§OEe§%&%®n1%hw lle 1%%¢d

cat |qu reactlon
mlw@rrén@bm@yn@@ obitedings it Hykieegtuér or glaydérildes,

toagchatiy oACids ’th'ée';t%%nglf’ tﬂ'e%%&'uﬂﬁ and water, anong
others, .and is sent fromt tom of the flrst st age

react oF 193 2014 §e§§h§ﬂéFl$4rﬁpée§epﬁﬁ§1204Oflﬁ preferred
&@ﬂ@g@&&%rh%tlhhﬁg[Q@%gp@@dﬁb&h@hep&%c@%bofﬁ%o&@lpg to the
tan er.eupon | er phase separation into an
PR A a PR ot B RECORELaOtTHS Catar ephaus e
seatttiona stecesd ustiage meehahol 15 th@ & lldoh@®1205InThhs
%ﬁyﬁ&epha Qn%%' f%%&y g%kgdgbﬁ m%%%@ﬁ e% ers.

erides; Tree
ot her Ban&bchhe @pﬁéerthé phas@a§QMﬂaﬁnmﬁ@hghydensnéed from

&ehg%ﬂ%hoqn@e@%&%@gﬂcﬁﬁM@be% E%r%%n%t%%eaﬂea@%o%013VW§a a

aline 2 23 second stage reactor 15, the ester
&H&@eé&#.ve@ #?B thelgepafafbpmi1a Fahéesluwrenervess 11,

rethan th%u mmlzl edd rodelghemiByhaealk toes QTZVOiwhelr% \iita is

t.he l.in The .li. UId eac xtur is sent fr

PRSP ool NG atang StageeT Lattof 16°e8 EH fhe e
éndstceltage Ieavitart A8 hinea2Qinet @9st.heThwi hbthhrol and
QE%?%E&”?e%E&S%i%%F%%%% E%ﬂgk in the first stage reactor 13,
which is packed with an insoluble solid catalyst. The
liquid reaction mixture obtained contains methyl esters,
glycerides, free fatty acids, methanol, glycerine and water,
among others, and is sent from the bottom of the first
stage reactor 13 to a separator 14 via a line 204.

In the separator 14, the reaction mixture is allowed
to stand, whereupon it undergoes phase separation into an
ester phase and glycerine phase. The ester phase is sent
to a second stage reactor 15 via a line 205. This ester
phase contains fatty acid alkyl esters, glycerides, free
fatty acids and methanol. On the other hand, the glycerine
phase containing glycerine, methanol and byproduct water is
sent to a line 207 via a line 206.

In the second stage reactor 15, the ester phase
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t he separator 14 nentioned above. In the Iight ends
colum 16, the |l ow boiling conponents or fraction

weosmtwdng net hanol and byproduct water is di BCT/i2004/012876

off fromthe reaction mxture, and the | ow boiling
conponents or fraction distilled off is sent to a

nmet hanol recovery colum 17 vim a |ine 209. The high -
boiling fraction obtained after renoval of the

| ow-boi | i ng conponents or fraction fromthe reaction
fiexiied Crowbdihlei sgrecapomentt remoked wiitquifad)e sihs medimanol

%@p@li%ﬁaﬁﬁbﬁrt%% %b%h%nbﬂn§egg§vo Q ﬁ@evq%tﬁ%%ohlne 201.
recovery colum 17, the | ow boil g% §ﬁ@ nmponents or

P&t 1Ps reepdrare B irts cmirhas Thypcodeitton of the

wakehd &?%gbhgeE%&BQSQB (%) Eedlggtt@%gklkﬁnu%ﬁaq% 5%5 the
react qr an econ t e reactor la a I ne
faRe; 207y chogetbey Maids bhe PAuchater; Rhase derdved from

shpasaparat8r e mleingifi onledi bbogef.raction is allowed to
stand. 1ANRREDY s ohoSERALALES (bt 962N LAS! 96,00399 30 2

glycerlne p Ster ase s senf to an~és
ﬁ@mppn@aﬁﬁo@rcét@@ﬁlpg.¢patalhnng 2eGhapeill enchéyproduct

Wé%%%rhgedﬂg%§Ql%%.%%&tfE%matQEy%% IoR8 RULIEIGR 0BG the
g.o um via aline 2 . In he ester purl I catlon

ewuﬁﬁlign% ﬁ@m@’é@e@&@ PtrnéPfaﬁfté@@cfilfsétJ{l)leéic|O§fallb§ylsent to
asherhaane @bb@W@@@ oy 16t 1Pl @tion thmRU@voa | TAE high-

3..while t t d co
Bt BB P e A B SRS ? e pvibed s
tbmpogbnﬁslomef%h@tam@.danmbeheemsadtasnanmaﬁmk@nu1bmw

el al e 49! LiRe c n
gg&%&ﬁg 8 EFi%%PBprodﬁﬁﬁﬁgF erlne Fé%b %aﬁn%@%%Qor 18
al§tﬁ|ﬂaﬂEOQOﬁhro@ghtbelmﬁéhaugl aﬁGOVheypqolﬂmEai7onthe

E%WLQBthﬁgf%@mb%n%&%sd%guE@h@%lﬁ%ﬁ%@o%eﬁ%f@t%da1'%%e
redse.as a reactantraw materi al . anot her

B‘Fé?léiﬂpéd 2REld 8 YBE O WRERE, BRE rt#l@hfneé#@@%ll@m#eﬁ to

t&eU$Q@s&|SQa@% &@acmb&haaobnae@@w@hw.%&b@@nr%%@tb&uas via
om,tted, and t.h

By DBuCT vdPr 16 FEEDReraA°ar SEREDE Co B HRdL

light In the separator 18, the high-boiling fraction is
allowed to stand, whereby it separates into an ester phase
and a glycerine phase. The ester phase is sent to an ester
purification column 19 via a line 210, while the glycerine
phase is sent to a glycerine purification column 20 via a
line 211.

In the ester purification column 19, the desired
final product fatty acid alkyl esters are obtained by
distillation through a line 213, while the purification
residue comprising glycerides, free fatty acids and so
forth is recovered through a line 214 and can be reused as
a reactant raw material as well.

In the glycerine purification column 20, the desired
final product glycerine is obtained by distillation through
a line 215, and the purification residue is fed to the

degumming reactor 12 via a line 216 for reuse as a reactant
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ends columm 16. In this case, the |light ends colum 16
is operated as a nethanol recovery colum, and the

whypsoeheer water may be renoved, for exanple, PCT/&P2004/012876

dehydration col unm additionally di sposed between the
gl ycerine purification colum 20 and separator 18 or,
Wi t hout addi ng any dehydrati o col unm, the byproduct
water nmay be renoved fromthe top of the glycerine
purlflcatlon colum 20 while purified glycerine is
BialREG B 1si de -cut or partial condensation at the

top OfIhhQn@@h@ﬂnp%@fe&@eﬁhﬁoaéaeﬁ'@ﬁb@ﬁlﬁ%ﬁt, the light
| nvent | 3)1 % reaction tel’rper ature action

6098 £3 if A58 @dRel agsichg Qﬁtbﬁ§ﬂlu§ﬁ§0§@KWdcolumn
eatialtysis thepmetababuyraaow@r§oao@umnAu7bgbowm§Qt€d and

A, £35Sl LoPRLLON L0 B0 T RUED0 8 it Tione
ﬁ@d@tcoﬁgmaslélcohulthesoopss;ttb@ hyhhoentig column 16 is
%@%k%%@&tgg'hym%Q %hl%%CﬁBE% er%& g'nosdh %ﬁ ypﬁgguct

enperature i s not [ower t
@@@eé gy Bepirefevall y fest ekewdl et han @o@e@ydm@tn@n column

Ridgher ohhan 2§Qs§ose5h%e%%@%h'Qﬂepﬁggﬁ%&gne P 1f1catlon
prﬁfera |y to 10 MPa bel ow rate

GP-H8%c |oﬁnﬁa§eﬁéﬁa$€r'%ﬁr@%edwﬂ8hﬁu§aﬁﬁ§ﬂ@@t@ﬁy
exhertratAoh abmmmnlotMBabyﬁkdauanth@ﬂSmﬁ®yb@rQ%ﬁ%@ed from

h di.ti ressyreresist
spéch appggstggyggrhgﬁagPE&flﬁgﬁ&gntﬁ@ﬁ : ?PI@ ile
vostifand plaoerang equpranedobylB&ﬁeﬁ@utberC@hrddﬂﬂ
E%n@eﬁ§5%§5ﬁ0%9r¥h%XE% L olEN L GErE ?hﬂmﬁa?han Mor e

prefera pressufe is not [ower 0.2 MPa and
not hléﬁe¥hﬁhﬁﬁagtwpa ofndhst invenbienpr éher abbytmon

E@m@érbﬁaﬁeof@rNEﬁea@@a@QEoﬂ|9@95 EB@VOWan1th an alcohol
Fur.t her nor e, ihe al coho e subjected t

FEABEI BRi ATEO HBéFcFP%FéaFa¥6%aﬁFuéﬁ PTﬁéeFéb#N 50 to 300°cC.
Asupeilowi 6D€al chmdirhitenbfreansttibae feki Aed @bahﬁpQBv@d to

somandabars LLe £ Lhigk, | STERLY SoR0t oL CRl

ressure-an énret hano
Fhaﬁtégnalasoalcnhpéadesompas1albanmeyahutebes not

EQ%@EfEB@Br@%?Cbéﬂgr@l@E8$sU§féferably, the reaction
temperature is not lower than 70°C and not higher than
290°C, more preferably not lower than 100°C and not higher
than 280°C.

The reaction pressure is preferably 0.1 to 10 MPa.
At below 0.1 MPa, the rate of reaction may not be improved
to a satisfactory extent. At above 10 MPa, side reactions
may proceed with ease and, in addition, a high pressure-
resistant special apparatus is required, hence the
utilities cost and plant and equipment cost may not be cut
down to a satisfactory extent in certain cases. More
preferably, the pressure is not lower than 0.2 MPa and not
higher than 9 MPa, and still more preferably not lower than
0.3 MPa and not higher than 6 MPa.

Furthermore, the alcohol may be subjected to reaction
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is not lower than 8.0 MPa. The operation tenperature
in the step of distilling off [ ow boiling conponents

wo@roosiashT on in the practice of the invention PGT/JP2004/012876

preferably not higher than 300 C . At above 300 C, it
may becone inpossible to distill off the | ow boiling
conponents or fraction whilesufficiently inhibiting
the desired product frombeing distilled off. Mre
preferably, that tenperature is not higher than 280 C,
andasﬁupﬁrﬁﬁlblpabf@@BdnylﬂotIﬂ@ﬁmﬁenmwﬁﬁuﬁmrqutlcal

EHEHB%Eon“hﬁQaEEetﬁéCHQ@Hnéﬁ RULLEI g€ §n905589¥8rggobe its

the | ight ends columm, as nentioned above,
56§§F6Pé EemBpER RS apNloGET Ll 6ApePAEEFEES aﬁé,twéen

ﬁ@@hahb@nlbeﬁﬁéﬁaégr@héSa@&@ﬁ@&@thaﬁotoﬁdﬂhﬁbnthﬁalcates

0.C re ferably not h| he a C and stil
EBRE b ERBPaBREUR: Th GG LOHER SRoncl35%8 fBR enaressure
@penati bowpreskanesg. OeMBaed pressure conditions or

or di nagy p%g&?&%foﬁoﬁg%ﬁ%?2§u§éelﬁe ﬁéa%£¥ge”?'8ngllllng

I ncrease . essure con ons nm
h&Revew bgnéhngheompempntﬁtogffredb@pnglnhéhenérgytlce of

¢aBsuARLhenoAf 1 EhﬁrQEQQHB& 0ﬂo§yﬁasﬂbrr%Haﬁe@o@bessuAE

conditions are preferred komever he insol ubl e sol
ekp¥Py$POF 6, betuBed PRCPRE &W@@ﬁﬁé@léftph@lﬁﬁﬁéﬁtPéﬁ the

mBy- belamﬁgoa@mgbﬁ@hﬁ@ bBSQkébththWhmlbh@uE@Wblently

TRLe by 2B e e R BrOBBF Eads o R BeRee Leg g Tt

Mayebpreﬁerhh&yngthathtampexhénteoﬂslnsulhbghetythhatZBO C,
hhg s&&%&ta09§hépsfei T pbBVRRLLED £A0,DSSBORIUCET ther,

or exa one ac I've neta
wbﬁpoﬁéﬁtel@ahOEandlpumefeedtéﬂd gsca¥arednad ab@vélght

aRdsWab&mnaf £8" mERREEHRA. aB@GebelEeﬁgvﬁgsEEBﬁth% operate
reaction systen1MAth ease fromthe industrial

#renpyPrnt tPEPpraEBERE, RUFL KBE, OPETrRElpPeferRBIratifgt 15
bh@fe@aBbeh@tsnhgﬂe@atabmsc5osca @@kaly3bf@@a@Q&en@E

GRHARYL Ao D5 8SLSE LERLAORLOL LB aLY, 2ELUR gnes then
adolGltyA$rfdmnﬁhérmperamB®mtpwe$$mﬁéjone@mc@ﬁypeesﬂese
@Bgdﬁﬁgoﬁ§t82ig&8§£599 Bgeg%ﬁgefgghﬁiéggﬂé g&%hgenerally
employed. Increased pressure conditions may also be
employed, however. From the viewpoint of reducing the
energy consumption of the production system, reduced
pressure conditions are preferred, however.

The insoluble solid catalyst to be used in the
practice of the invention may be any one showing
insolubility in the raw materials fat/oil and alcohol and
in the products (fatty acid esters and glycerine), among
others, and may be one having such an extent of
insolubility that the effects of the present invention can
be produced. For example, the one from which the active
metal components can hardly be eluted, as mentioned above,
and which, after reaction, can be removed from the reaction

system with ease from the industrial viewpoint is preferred.
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an al cohol to the fatty acid al kyl esters. By
enpl oyi ng such a node, it becones possible to cause

wo b@spemasesterificati on reacti on and esteri f i PEE/ITR204/012876

reaction to proceed even when the raw material fat/oi

contains free fatty acids, hence it becones possible

to inprove the yield of fattyacid al kyl esters

wi t hout providing any esterification reaction step

separately fromthe transesterification reaction step.
Farchess wheie areferableandaanthkcoheblabéer eadtiddcatalyst

wist B %Q%Bl9EEeEaH§b@9 BEechEQ&QShg %ﬁb'gsea&§%XEgtlon of

ment i oned above Tn the above tion process,
FFﬁﬁsééFéwlﬁpéﬁﬁl6ﬁnFéé@?ﬂoﬁno¢h§ ﬁﬁtgpycéﬁﬁdenémély one

Hebhﬁqobctﬁeﬁtynﬁhaﬁ6€h ﬁhée%rﬁagbxtagh@l&akaﬁh %%ters
formyl a gi ven bel ow.

eri ne, sho
ER ol e LR PR ARt L L Re s ol T B Ba i Skngs with
eachlreppésent shanfakkyl agidupleont asfieng.6 BP &rploying

Sacon ghaue 9f BcahKenyl gcgyR contaiaing.g to 22

on atomé and ne-or -more u fed bonds.
tHans@stCerRiChcat HoD CHactlom AndQelsterifiHa®iGH He@clthion to

E?EE@@@'e%@htwhéﬁ'ghgekgwlmE%EgﬁagHﬁatgbgg gﬁ %EE free

t and cerol (triglyceri
EﬁSEMcﬁFéﬁsprB§€§§ l?hbe§§w@§|ppéaﬂbéﬁ &P ﬂm@éowatﬁye yield

agi datproeeedsaskiul kaneedstywhbltt @ov1d1ng any
nsesterification reactl on even

tr
RGEBE TSI CRbL P, FoBhESinS TPPegoPaE Y ca¥i dEoRnlne
thheneteteritfheayiehdretctabhy saepd al kyl esters can be

i mprov i u vi di . e | reaction
top sthacarery pPEd enEBf AR SRTEh bIEDBAT, BER FaRReea
wi&p. epAht héhaboveipgodbet iipsoprbdessolidecatalyst

&%?E%??%?rbgg?étgﬁﬂth@aﬁbbgg B85 8 ¥Gep-BEe skO9@hReT
transeste¥1flcatlonyreactlon of a triglyceride and methanol,

for instance, gives fatty acid methyl esters and glycerine,
as shown by the formula given below. In the formula, three
R’s are the same or different and each represents an alkyl
group containing 6 to 22 carbon atoms or an alkenyl group
containing 6 to 22 carbon atoms and having one or more
unsaturated bonds.

I
CH,—O0—C—R CH,—OH
[ . i
CH—O—-S—R +3 CH;-OH —2 3R—C—0—CH; + CH—OH
‘ I Methanol Fatty acid methyl ester
Fat and oil Glycerol

(triglyceride)

Thus, in the above production process, the

esterification of free fatty acids proceeds simultaneously
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esters as shown by the above fornmula. In accordance
wWith the present invention, purified glycerine can be

wobisiozieselr wi t h ease fromthe industrial viewpoPCL/JP2aoui12876

such glycerine is useful as a chemcal material in
various fields of application. A s the above-nentioned

i nsol ubl e solid catal yst, there may be nentioned,

anong others, a titanium-containing conpound, a
vanadi um - cont ai ni ng conpound, a ni obium - containing
vaibolihe, taanareabuniicakianniegcténpoendn ahehajhe raw

ﬁﬁ@%k@%lr%%%Vbh@chﬁQHthnf%é%h§%%%y akﬁdé Lake eaktRrore,
ggerrent an ani En exch ange resin, a cobal -cont al ni ng

FpBuRAS RTnTEREY ACoRt a1kingesbrmeuRan Re improved
Wﬂﬁh@&ﬂt@t6wmglﬁ@naﬁynésaealalba@ao@oababﬁuaﬁ step

d. P S_a conpound containin as an
SSBBRAa VoorpOnERE FRERatP Logt teactognd pbrden Step. In
thenebbveebeotiedtfiponprheegspupheonsiaatiesgecafi fikation

g@%etclghergﬁ% Bﬁkxe@g}LHQ !rgggg%h@&o t# %n%ty*%cﬁf'd UR xy1

n the ound "con
aﬁt@§§eﬁ§|§howanbﬁn§hﬁ abpveeégﬁm@ﬁ@ nei@la@cen@amce with

%ﬁéeﬁk%geﬁ%oﬁhb@ﬁtgbﬁupﬁﬁ?@%h%ﬁﬁggy%%rlﬁﬁ @%ha%e obtained
elenents bel onging to t d the Goup 5 1n

pRER p@@ﬁsdﬁéowaﬁh@ ﬂgdﬁéﬁrﬁa#tW&@W@ppytpe§pﬁ|@p@@ ghycerine

meyubefamya@oap@u@ﬁleamtﬁaﬁbmga&UQh e8geBlkalfields of
onent. . Favorably, it is in the formof a sinple

8Pp i <8418%i'de, sulfate salt, phosphate salt or a
conpleks toe ahsVaﬂmentEunedeunsbﬂubﬁepseﬂedredthmysﬁe

ergomag,u d &n@n@ﬁgﬁga Ofm éegtg&@e W ttPLtgkl?Lan @%h%ammg

enment s e Si m Xe erre
§?ﬁ@P§HdeﬁeVéﬂéﬂéﬂ@bF9ntﬁhél@§n§9m@@uﬁdmtalHSObn@m-

EBh@ElﬁhﬁGeﬁbﬁﬁbﬁﬁHed fEgﬂkhﬁ%ngQH@aﬁﬁ@ﬁbskbﬁgoﬁBdT'a clay
Nb and.Ta, and still nore pref erably,

éBﬁFgFﬁsrsﬁélﬁéPa|féP@néﬁP §8rBaPEs W#Sﬁl?héaﬁﬁoﬁﬁrth
edssieati NgnobnTon ¥xchBhgandefan, ThecebBBY -Bentaining

S tEr 061 D BX T GEORERAPA I ORPHENSY | ity ARGG BT
ppxeduod ded ti landuopabbedbinm coreduoxi.dePréféanednis a
c¥ABBALEMBnELEAThYM LEM DA ¥ sHLXRY 29X L8RpoRBl A thereot, at
least one metal element selected from the group consisting
of the metal elements belonging to the Group 4 and the
Group 5 in the periodic table.

The compound containing, as an essential component,
at least one metal element selected from the group
consisting of the metal elements belonging to the Group 4
and the Group 5 in the periodic table is not particularly
restricted and may be any compound containing such
essential component. Favorably, it is in the form of a
simple or mixed oxide, sulfate salt, phosphate salt or a
complex, for instance. Further, it is preferred to use the
compound in a mode of mixed oxide with other metal elements.
The simple or mixed oxide is preferred, among others. More

preferably, the compound contains one metal element
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m xed oxide with other netal elenents. These forns of
conpound may be supported or imopbilized on a carrier

w@p@s/02891T he carrier or support, there may be PCT/JP2004/012876

menti oned, for exanple, silica, alumna, silica

-alum na, various zeolite species, activated carbon,

di at omaceous earth, zirconi umgoxide, rutile -type

titanium oxide, tin oxide, and |ead oxide. Preferably,

the above -nentioned catalyst further contains at
sebsttenefvbmrent gederteendiomttieofrBlp EonsYstipgand Ta,

QﬁdtgglfieﬂgP%SppngPQED tPtt8$nE£9H§ §me6me§a19eléﬁent
In the gerlodlc tab

%mialeq:’%\%@hﬁﬁ@mdt%ﬁdgr%lb%cwlil%]aﬂ%/ngt%E At a¥ ysib and Ta.

@@@f@L?éyoﬁé Rtepeshe8e! £61 edxinpne | hei BaOUAM oxide,
consi st n

RRR AP0 Qe s g e S5, FhanhoLih oFbis, FhEATLun-

cahadlysh mbxedpoeiéeabt ytavitminsolat uheaskednexitienent

peiegied LLomile, o us,eqnst sting, ofLhe sleuentsua

ongi ng
péxe@dosldabWethndthantmgh@ldelemﬁnteteﬂ@he&ﬁ forgns @f

858 56nad" fla pﬁg'ghﬁ?bk%egr§£e§ﬁﬁgbiﬁ99E&h8nC§t@£¥£E§r and,

activity I rovenent vi ewpol nt Such an elenent is
?ﬁdt@?09§F919§e9raéuﬁpgéEoth%Bﬁp@ﬁEnPeomeﬁﬁéoned for

@ﬁéﬁpléalsgmmeanealumﬂﬁatasmnm@ac@mnmuﬁa YAribius zeolite
case, the HE Q nEonent ngans a congg gﬁ

SRRt efentaF Ve Fﬂ B8Rt i 4 2EBRPEREHE on&grcenium
akode, andifbetgpsenitahiomnpehda; amnd setdad and lead
§%988nent each may conprise a plurality of species.

netal el enent selected fromthe group consisting
of thePnefarablygnehbs debvaghagtionedecarolpsi Hndthas

g%ﬁﬂglﬁs'Qttﬁ%a@%rbﬁg'%léﬁghg acecaksar et enr edet grasp

"essential conmponent atons”, and the el enent sel écted
ﬁ@@ﬁ%ﬁhéngr@ﬁptésngﬂgmﬁﬁesobeéﬁégén@néﬁt§hseﬁSHapnart8

bhe16 oup,316, 84,91518nd1lthel8rolp, 185iandhkhpetiodpc
Fable! BeaPoakhiiaghablcoandsl anbanold atecelspr, ooy
obnthénabowve- pipthconededectnd dmnmohhatgrsupotonsisting of
BartkeUl Bl Y cbeShR) Chigd: whukit Neupr 88enee 131 8n0 pp, sb,
Bi, Se and Te. BAmong these, the catalyst more preferably
contains at least one element selected from the group
consisting of the elements belonging to the Group 8, 9 and
the Group 14 in the periodic table and lanthanoid.
Concretely, Si, Fe, Co and Ce are specifically preferred
from the catalytic activity improvement viewpoint. Such an
element is judiciously used as a second component of the
essential component-containing compound. In this case, the
“second component” means a component supplemental to the
essential component mentioned above, and the essential
component and second component each may comprise a
plurality of species. The metal element selected from the
group consisting of the metal elements belonging to the
Group 4 and the Group 5 in the periodic table are also
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the second conponent atons relative to the essentia
conponent atons is generally not | ess than 0.05 and

wmoedosioree7 t han 10. If it is not nore than 0. O5PCT/he2004/012876

i nprovenent effect of the catalyst activity nay not be
sufficiently exerted, and if it is not |ess than 10,
elution of the active netal ixygredients of the

catal ysts (essential conponent and/or second

conponent) into the liquid reaction mxture may not be
seférredntbyasnhebberbiaTheorporenti atems4, repd the element

' Qé?é@ﬁé@'¥r9m1thén9r§ﬁb|&oﬂ@i@t?ﬁ&féfagh¥ Qlémehﬂs

tion, the upper limt is nore preferabl i and
%@l@ﬁghﬁgetarghérﬁﬁpyps3 TheSraPiolPs plef ?abﬂ§ 15 and

ﬂhéhGﬁothIGamﬁetﬁé Petib@ib, taplenvhe peetBEABEY 8r8 also
he a ove -{{Eht i oned % gﬁoun cont ai ni ng, as

ﬁﬁf%§§@ﬂtF8Ia§onﬁ8ﬁ8ﬂ CArPPRER g8Mfetal el enent
sel ect gdef contthe ¢fotpe cabsvstmnagt dbnetiesaedad component

FRePED, PabeAeNghnss' PrblP P oM Fulr Vpbn PPt eRerphio or
ébseﬁﬁpandc@nppneﬁntaﬁaomﬁerab@vgvenénttbﬁeé8§@@@mdl

EBHEBH@HE ateps ks %Hh&@QthanHtxﬁgsgx%ﬁﬁnob @5”hﬁHUh%t

e oxides, for instance, and a m xed oxid
@@ﬁ?a? PRg1lOhe Egsé%t}%ﬂmé%ﬂﬁﬁﬂ%n¥h%@o%so%ndt%%cﬁ%%rovement

egfpenRept aheneaitsipeef eetediagongyt hem peushfFixedntly

oxi d be ei_ther .cr i zed, ones or .
RSRCE 58t AP nd fonds L SALGE LERFI FhBA- 18y ner8tiPer 8FabRy
asédvanmetaﬁon@gtbdﬂentbosé tohensahaliysgsa (ssseatuné

%Bﬁg?hgﬂ% Eg%%§%ﬁ§§%eﬁh gBHP§E§PE a&%gg 3%% hﬁﬁhﬁ% reaction
m@nﬁumadmay mntab©ry@ﬁéupnzealeﬂnhlbhéedataT?@ubower limit

§%th8EEyp9@f%Q%b§?S@nﬁ'ahneogﬁgmﬁnhoﬁkog§ E%ra%ﬂ&h©r2 In
| mor oved becones possi bi et o inhi bit

BRELERAPY ot 6T UPRETadtIdE HEt BPTEoRpEAERRDLY &/ and still
satesbaetrerynbaxt ent . THaerd oo D§ ph@f@baygynwnth@nedhe

m xed oxi partlcula res
Fﬁ@gﬁdgg f&r%8x§Wp aiCh fBF%F a%ﬁ h g %ngéntla
conponé&nt tatoaband - aeaémonddconmpnand abolmeaneéng, as an

SAVELETLLY DORRLY, ar NOED gl B0 L Bt
&rom the group consisting of the metal elements belonging
to the Group 4 and the Group 5 in the periodic table, the
form thereof containing the essential component and the
above-mentioned .second component atoms is suitably a mixed
oxide or a mixture of simple oxides, for instance, and a
mixed oxide containing the essential component atoms and
second component atoms is preferred among them. Such mixed
oxide may be either crystallized ones or noncrystalline
ones. A crystallized form is preferably used and, among
them, those forms having a structure such that the
essential component atoms are in the crystal framework are
Judiciously used. When the compound is in a crystallized
form, the catalytic activity of the essential component

atoms is further improved and, further, it becomes possible
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and a second conponent atomis covalently bound to an
oxygen atony a conposite formconprising an essentia

w@eospoeat at om oxi de and a second conponent aPGHIP2004/012876

oxi de, and a solid solution formthereof. Mention may

al so be made of the formconprising a m xed oxide or

conpl ex, for instance, supportged or i mobilized on a
carrier. Suited for use as the m xed oxide nentioned
above are those forms including, for exanple,

tot anhibisi theonlnixed ofi tee &ttampumeiadngdinpanahxedo a

?{ng?%h§ﬁ?ngkeﬂkoblun1n1xed oxi de, titanium

ant a oxi de, iron-vanadi um nm xed oxi de,
cobal t The af@BEmuaf nikedabsveener ki pRAf- Panadi aimiApxag not

géw@cuﬂakyyd@egmlet@@ HHH”hﬁ@Qu@éb(ﬂefoﬂ‘Dle)éaﬁ@mém the form
ant al um m xed oxi d t ungst en -n%oblun1n1xed 0X

EOntBLER 2DaRESPRIn A xEATBRPABE SFAB- GaHad SRehTogomponent
axbilearni ekekleviangdbvmdatixedaoxhdexygeppertonyanadi dorm in

' d di - di
PhAaE, ShaaPaRttTen toprta 1ad BT, Ok B BhkdRn  compggent aton
anﬁde sbicsmit honpanadituatoinxéd orivde engdlyebioumd to an
?g@ﬂ' ?Fﬂ'xgdc%ﬁgggut%e%BQ% e ¥§%§9bu%hnb§%%ntlal

I con -niOobiumm xe I ron-ni obi um
nzpm@en@;arcaétoeﬁo@aﬂltda ainelb PuFERPREd cesap@élenctenait@m oxide, and

anls@@hamsem%qowlf%%m Z:'h%@re@*fObl M&h 85 ¥80nA%Yi Besonbekbde of
- ni obi um m xed ,oxi de, %ﬁer-nloblun1n1xe

OXI
§88ndPHR CRIGBIGHR Rel GRT8xFt PrufCTh i Sagtance,
@Xip@e r tkanbhanmmobiilakiedmoni xedaexiide,. tin- n|ob|um

m xed l.ead- ni ohi_u Xi a
_n|ob|gﬁ%gﬁgegogxp e aglgnutﬁ§gﬁ§ogggng&%egq ge?bove are
siloeri Wormsi dbialmdiingsd foxd @etamélel,urt«mnwnbmummon mixed

el oxiider ;9 &LH%%Eg?%%FE&&%@ e, O%hQ%mlumrnloblum

iron-tfantalum m xe cobalf -tantal um m xed

o6, oxddieumtiammaumtentedsn gdxes mecident AR Honediv
Riixdey oxicke! domtial-WanH e axixdes o@@mer cetxa:ninawarnadlum

m,xed %%H\ vxgﬁgégF%%l-tant%gyn1n1xed g$ ¥%i#§6gnnum_
(Eémﬁaluhimmb@wﬂzﬁxﬂﬁdn)Gﬂﬁgwhemanﬂcéadnntmwnedlﬂnﬂde%ed
X deqeﬁxnmttr% xg%‘ %ntx%&Jm)@d?éed q} Al nbidsﬂm t?ndlxed. é)dee,

oxl sSel eni dm umm xXe
mmdhmﬂﬂmnnaduamtaummquxyﬂanuqmppﬁﬂtwangdmwmamﬂﬁﬁd oxide,

A RE N 0S8 F A Mixed oxide, lead-vanadium mixed oxide,

antimony-vanadium mixed oxide, bismuth-vanadium mixed oxide,
selenium-vanadium mixed oxide, tellurium-vanadium mixed
oxide; silicon-niobium mixed oxide, iron-niobium mixed
oxide, cobalt-niobium mixed oxide, cerium-niobium mixed
oxide, zinc-niobium mixed oxide, nickel-niobium mixed oxide,
copper-niobium mixed oxide, scandium~niobium mixed oxide,
yttrium-niobium mixed oxide, lanthanum-niobium mixed oxide,
tin-niobium mixed oxide, lead-niobium mixed oxide,
antimony-niobium mixed oxide, bismuth-niobium mixed oxide,
selenium-niobium mixed oxide, tellurium-niobium mixed

oxide; silicon-tantalum mixed oxide, iron-tantalum mixed

oxide, cobalt-tantalum mixed oxide, cerium~tantalum mixed
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conprising these conpounds respectively supported or
i mobi | i zed on the carrier or support nentioned above.

wee@beereetd anong them are those conpri sing PCT/JP2004/012876

titaniunmsilicon m xed oxide, iron-vanadi um m xed oxi de

such as FeVO, cobalt -vanadi um m xed oxi de such as Co

V Ov, cerium - vanadi um m xed®xi de such as CeVO

nol ybdenum - ni obi um m xed oxi de, nol ybdenum -t ant al um

m xed oxi de, tungsten - niobium m xed oxi de and/or

buﬁ@&bemintambakaﬂmmﬁxédedxbd&deThaéekw&yﬂaaUaMHm mixed

%XQQey Qb g e %En%%ﬁ %%%n]gﬁﬁebes%%%%lhﬁ.tan alum mixed
at’i era

conbi i Mor e e 4bove-nmenti one
|O¢F9d|eubwét§@mndt@attallyd§t m|l§e|dn ogadleor lanchmbivrattioot agum

R eer ofBke,f el aneh 10d) riked exmaef, @é@dﬁﬁﬂﬂﬁglum mixed
-contalnlng "oxi de cat al yst whose annett aci d

eI 0 RN émO@YOtaﬂtﬁiLzlmzml&fi Ord-9ear ﬂ?]l&FﬂU&h tantalum
eriysballiige , t Isb&@nd”hﬁté@ﬁaQ&hﬁ ai&aldaloysidephitel 1urium-

SRR U RIS Bt G2t AL corms
amd@uusangryabah|qmmpuam@ﬁom@a$em¢umehm se@cainystd or

GQN }3?)'1'1' %.)%dt 'otna'%'hlémcvgrrxll'e'} toliLe %%%OXI des %‘ﬂ%@( abov

and the formconpri S1 ng ose cryst
struct @’rcafﬁgr@ﬁ BRENOY | enma@esﬁiélpém Cpmptrhalal@o\tetanlum-

-sTaAtdoaned kar rax(l%s)e & Adnt-RRnAAiunt aﬁtx@mloeawls%h as
catalyst whose Hamret t acidity functlon is -3.0

87027 i sohr el VaneAl the™t tRet PBA ?sSPEESthQHZVZ@V@ cerium-
tv?aaﬁidmldlle mﬁﬁtaldo I@xd_fdeglsyﬁﬁhr iaze cmwrdyh 4prmbm9bdea9ﬂpﬁsbbmm

Q t al.Cono roce s .the r.eaction eratyre

i ieat o S oA RS R e Ll SR [ e TR Rl
shmﬁn&mewld@@.D@ndﬁqauy/qm thevelteneteeddilng #iXe?] axide.
%te%ley 'irfa‘izalbley u%%td \é%n%qu%'}e'%ﬁﬂon@f: I?ﬂ%r% thfecth%%l &{)}131 be used

reaction"tenperature reases, hence a step may
ridqWored N oFat al yst separation and/ or renoval and/ or

't ”HYMB%éoﬁgeE@E%%i | @ nic0 amRivat-gich thik@ ACiindduk solid
glyst .at a sufficient |level. The Iomer limt
prefidr Sy o 2 ﬁtﬂl‘@’lﬁﬂ%ﬂ@‘a& tp SD%HHP%% ifiqrm (s
mﬂ e(lpr efher dolryh 6F 3 tilidrg uhhe cnppem ingrdx el uataSyst
RiefQ" #lkett acidity function is -3.0 < H, < +12.2, (2)

the form of a crystalline titanium mixed oxide catalyst

which comprises a crystalline microporous material catalyst
containing titanium within the crystal framework and/or a
crystalline mesoporous material catalyst containing
titanium within the crystal framework and/or (3) the form
comprising of oxides whose crystal structure is of the
triclinic system.

In the above-mentioned form (1), a titanium-
containing oxide catalyst whose Hammett acidity function is
-3.0 £ Hp £ +412.2 is used. When the function is less than
-3.0, the condensation of glycerine and/or the
decomposition of the alcohol may proceed as the reaction
temperature increases and, further, the catalyst life-time

may be shortened due to coking. At levels exceeding +12.2,
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+10, nore preferably +9 and still nore preferably +7 .
A s the above titani um -containing oxide catal yst,

wo b@se2xeny be nentioned, for exanple, anatase PCY/@R20T4/62876

, rutile-type TiO, titania -silica, titania

-zirconia, titania-mgnesia, titania -calcia,
titania-yttria and titani a-bgyg a and, anong them

anatase -type TiO, rutile - type TiOand titani a

-silica are preferred. In the above-nentioned form
eé2ratalytysealyi metiveanpuponeredmneyi be edtiskgstswhheh
FQABEI8EStanGLYSLALLI RACHLELAROT AUACERLELLRL falabLS!

cont ai ni_n antumw thin the crystal r _
aRdrored gpysﬁatﬁﬂﬁétnégﬁaéagegnnaﬂé/pélr@@pﬁﬁ}sﬁnd/or it

magtaeabma &mpaﬁsyﬁléntblma&h@a@hyﬁhalaE&@ﬁﬁW9r6flﬁhe
cryst Illne an|§n1n1xed oxi de”

}Vég £b abdy flﬁéﬁﬁ e¥p staTm?z%ﬂw%¥x%Hmb§lﬂ%lue is
pmeﬁamabmg P&tambua1pteﬁsrablyhelegsenﬂlaklaanmoment
at al LG agtiv [
R e
adpuvmpyeaprafeaahﬂys&9usndnptm&édmOPeepeefeaabiyswah
a CrysA@'kh@eaﬁb%éntﬂﬁhﬂhﬁﬁdc8ﬁ£9§n§ﬁ8 BQQ&% bB%thbﬂg

coval ent bonding o t ani um at om and anot
5@@ﬁﬁvmaYaheo%9@§hoaﬁéw1fpar@ﬁémpla,saﬁﬁ§a8ﬁstaﬁ@ T1Og,

E@%umg @y@érm@by;etﬁ@&ﬂléhgilﬁcijt@ﬂt@ﬂi@£@ﬂt@@ﬁy£§ in

& S stal franem% E elutlg 4
CLPVA n@?gPeébﬁp éﬁ??léaﬁa &1Pul Iy CeBpRr & §6&aaﬁ&
theaaﬁaﬁbpruheadedambngntpemceasatasebey@enﬁhcﬁ;eﬂutlle—

t e criyve mponent
ara?e% iﬁ%g%%Pﬁ?%é gl ?9 %£ a%Pgégﬁgég over a long
per|odlbfthén@b¢NerW§ﬂ§ﬂbnﬁé torandgi Vi eatzyssadldvea

@ﬁ%%%ﬁﬁﬁdmﬁﬁéﬂ‘Bﬁlﬁaecg%ﬁiyéklWﬂgch'E@ﬁb%q%gbx%dcrystalllne
oxi de. The crystalline titanosilicate has a structdre

@&GHOPﬁépuﬁumaﬁﬁaﬁaétsﬁﬁaéwétegeﬁtﬁa@éﬁgu§ltﬁpéu@ within

shlel eepsteamevwenkwyira aﬁdvbygancay@&bluhnaam@bbp@&b@ﬂs
ti%an u atgn&elgt on.,and.is Etle susc ﬁa 1
MBSERLAg ARG LYRE: GPBEE i taRed LEATGHTs LB LPD DR prya
draoeiwbrkhésstiepdof catal yst separation or

The “crystalline titanium mixed oxide”, so referred

to above, means a crystallized mixed oxide containing
titanium atoms as the essential component and showing
catalytic activity. Since it is in such a crystallized
state and has a large surface area, its activity as a
catalyst is improved. Preferred as such a crystalline
titanium mixed oxide are those involving covalent bonding
of a titanium atom and another metal atom via an oxygen
atom. Further, a suited is one having a structure such
that a titanium atom occurs in the crystal framework. With
such, the elution of active metal components can be fully
suppressed and, therefore, the production process can be
simplified while omitting the step of active metal
component separation, hence the catalyst can be used over a

long period of time.
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renmoval and, further, to maintain the activity as a
catalyst for a long period of tine. The

w@bwse2xsent i oned crystalline mcroporous mat erP@Ei/JP2004/012876

containing titaniumw thin the crystal framework is a
material containing titaniumatons as the essenti al
conponent within the crystal §ranmework constituting

the crystallized catalyst and belongs to the class of

a crystalline m xed oxide having snmallest pore size as

cl assi fi edyatebt éhagtibanheiporetei ze sisacaupeefenrad form

EeEﬁér@Qy&@éﬂllhaetﬂtShQBﬁfﬁlQba”B&QHe'S ?ﬂ@léf§sﬁgﬁflne

nm A s the crysta I neé m Cropor ous mat e
EéﬁﬁapﬁﬂﬁéCFF?aHPEnﬁmFFHPﬁtPﬁé éﬂyétahaﬁrﬁﬁéﬂ@ﬁwm atoms are

bhehet&&ﬁnbapnfﬁtboﬁeﬁllﬂﬁaﬁgf@bﬁ%h?rka¥QEY?hab&y@@n atom;
m.cC ous erra avi n e | te structur

T ol AR S TUL L A TN SRy S
sUsaepMnbleNEb 1Eyph1hgtandalmnbmeibkecamekewEht bypeible
|t a 2 - p

Ebt SRRBNAEGRE, phTECknenEreD PP Raralyst, separatigpaor
?yﬁévaﬂtandal@nrhbgtb|tat@aiﬁbaintybe ectanésyl ecake,

RYTa1yky¥peoti Langa Uﬁb??%ﬁlb%aEgmeNVWVtype
titanosilicate, ype titanoal um nosilicate,

ETS- 4 FQEeaPPYanﬁgﬂFF@B?@ SRYSEFS Loet jperoporous material

tbhanesatihpcat eanans al@hiﬁt@hble@y§t§a0595ﬁ@&o&&tQ%la
ofta chstaI ine, tlt% %alunlno hosphat e. such as TAPO -
BatPRPeY | FORRRTTARD Cahan REnfSTSPE fypgential
totmpposinki satbinstheeteysédl fhamewpskabbneeltutlng the

ggEgpﬁgéeﬂaESEéﬂ& s£onLal pi.Ag B't%B'%Hk c&g 8 the

a material “contal ning anli um
éﬁaﬁﬁaéélnheméggénpxaﬂecbﬁw@ngnﬁmaﬂﬂﬁsﬁ prheecrsygeaks

EE@Q@%@&EdCQE§EkHth”EOtEﬁecb%§Ea|'béeg%éhékﬁ§% angh a
bel ongs to the class of a crystalline m xed oxide

REGERGTEAe TpETe §DSeTHEROPOECaHORBE RENLFoRBALLET than 2 nm.

crystaAblaﬁentﬁy@@@L@uﬁenﬁt@kbpbraasChaﬁékﬁa@dcontalnlng
estructure refterre

di t th
PR LR B RS RO &1 e B ko EhBEE! RaY Pan
mentandedotagoegtetheham 20cmystAlilaacmlcmypbabhsnmaterlal
Ha%eagrQU§eB§&%g'gkrgeeh% nigigpt Liagium within the g 1)

cryst franme
having the MFI- type zeollte structure, MFI-type

titanoaluminosilicate, MEL-type titanosilicate (TS-2), MEL-
type titanoaluminosilicate, BEA-type titanosilicate, BEA-
type titanoaluminosilicate, RUT-type titanosilicate, RUT-
type titanocaluminosilicate, MWW-type titanosilicate, MWW-
type titanocaluminosilicate, ETS-4 type titanosilicate and
ETS-10 type titanosilicate; and a crystalline microporous
material of a crystalline titanoaluminophosphate such as
TAPO-5, TAPO-11 and TAPO-34. Among them, TS-1 type
titanosilicate is preferred.

The crystalline mesoporous material containing
titanium within the crystal framework is a material
containing titanium atoms as the essential component within

the crystal framework constituting the crystallized
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be mentioned, for exanple, Ti-containing MCM -41
Ti contai ning SBA-1, and Ti-containing SBA-15. In the

wabwso2tepent i oned form (3), the triclinic systROT/IR0&/012876

crystal systemin which all the three crystal axes are
not at right angles to one another and the | engths of
the crystal axes are unequal 30 one anot her and which
has thus a triclinic lattice. The one conpri sing
triclinic is preferred anong others. Also preferred as
¢aiea kol eambrive loveg | s othub| @laws el cat@rystahl eng 4)ixed

<S>E1fdé %i%# Jeaneof, SR $4 Ngean %'%M@n@fdﬁé@' i's

nposed an octahedral skel eton fornmed
%%?H@%Ja%m%ﬁ“quw%%éﬁﬂ%ﬁl%t%ﬁ %Jo%%%h%h%dm%ordmg to

Y gSdr- &t §NBe |§‘t3§hc§’¢1¥re§00rldi e G oTeR ef>c>rnf Or’dl‘iengaore
nner. Npre ed are, articu

th
bifethote & %ﬁ %t??%t%ﬁ%i@ cﬁh?%e r%T dt§§g,greater
‘ahnaain(;ﬁo xtntne mmmmm@ﬂme amardcesEsisamaterial

8859 g ?kgéﬁt&h %@ Eﬁ €?£#§fsf9aﬁéwgfﬁd t?ere may

OXI de res rom east one
behementacbﬂ@ekrlonﬁow e:halmpldsea@t @w@t@%enghléwn@l AT &0

eéﬁfcsﬁﬁfﬂg aé@z?lfe 1085 LesHEL i RO E T OBA COBDI natl on of

two or nore those forns nenti oned above. t he
above I%Bﬁ@?oﬁ@ﬁv$ﬁ¥%¥¥ﬂ9ne@h%O%%sé%k1a?h%eF%}CllnlC system

€ONROREPE 4 O §Ps Bdin OCH afiRdeR| asketigé othineéhcbyoxyleaxes are
at ons, as Ilgands si tuated at Vﬁ%tlces 0

BREaRbdf bHRT | PG §F eF Br PRE FBY S reRdokBh FARIRBELPT the
coppbaenixeés docatedqadlt he ceat enobheraghdowhabnbdhea thus

th£lﬂglfﬁ£§2 Qgei%éke'ﬁeorbnﬂ%]{%%ﬂaet@ &HEPP&‘%V@ is

I's surroun ands conponént
haeﬁEyreduaEQMGAogh%nah crystal structure of a

cat al y&1 5o U REL £ FRYA DEs MBRL | SPEFLREN F UEhEQSTHYEI WP e s0lid
corundum structure and il nmenjte structure,  anon

SeRRlESCanBet he) r Hof| BORP LEhAFBOF SCHRBFoFiBE AR gxide

ﬁH@Becatyby§1,1gh@@ﬁpaa¢db@fnaﬁtbeﬁaﬂeauaulekeuypen formed
m.xed, 0 armngrl gers

8V, CRaras e n oo hneRrrEREaer o pL) BERRERERE

skygetuaetoms ancaysiatcsbrdihace bemphgxﬁ@otmlnbemanner
%SEEa99Q§Er§¥8tSﬂéangnfBEQEchXa? cegpound EERLESGAbLE
crystal structure is of the rutile type, and (6) the forms
whose crystal comprises an octahedral skeleton and which
comprises a layered oxide resulting from bonding of at
least one pair of the octahedrons with at least one edge
sharing. Also preferred are the forms resulting from
combination of two or more of those forms mentioned above.
In the above-mentioned form (4), the essential metal
component forms an octahedral skeleton with 6 oxygen atoms
as ligands situated at vertices of the octahedron. 1In a
preferred form, the essential metal component is located at
the center of each octahedron of the octahedral skeleton.
Since the metal component is surrounded by 6 ligands, the
metal component is hardly eluted. As such crystal
structure of a catalyst, there may be mentioned the rutile
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AB (A: positive atom B : negative atom, typically.
In such crystal structure, each A atomis octahedrally

weowmstewat ed by B atons and the resulting oct ah€ToE064/012876

forma skeletal structure as a result of each

oct ahedron sharing a vertex or edge with each

nei ghbori ng octahedron. Such ggonpounds having the

rutile structure can be obtai ned by cal cining

conmpounds havi ng the anatase structure. The

eﬁgecshaéL ngoochaheds atutayeeedndxitieenntehetabovere, among

PROLLONeda o (01118 L. BhaLe SUEhobBRLebNe As such

essen onen
oetahgdtonth%ermﬁm]@e wensfioppdsivhihardvpeodéypPs mixed

deeh?o§d981§aagb@9t9@ﬁ ) I eplshgt Bengxisde stable. The
ove-nentioned Tayered oxide has a Iayered structure

f or medPasradrEdsl thef 2BoperechE1gnedt fPFRe (PhyeF8eofutile

QEkd@tuEéeﬁgréedr95€alh§$@ubeﬁﬁbtb@goﬁgﬁﬁgatbltaeof

g gets of _m xed oxi ont a ng_at | east .one ht b
PEEbAPRedl SYEba% Pom ERBNEroRs Borerer hg BErFRsented by

nBt alA el poeht svded ongi My: twe el Ge calport) andypheaGd pup In

2l thes@%&'ggkﬁckag étegEh'i_QE%ﬁ R%eE%Eﬁgngggﬁythe

PhS6l GBME "85 i cata F'i SES ayered oxi
reprdsented by Bhétbmsl@de@hgeﬁ@ﬁaﬂtﬂ@gnﬁpﬁabfﬁronﬁ|form a

QF%ﬁ%kaWh%E?h@tﬁr@eQ%eéeQE%uﬂthﬁqr%Q%ﬂ aLeAhedrdh sharing a
al kali netal atom Mrepresents a niobiumatomor a

VEATEFuMratoFrald tR PECE RELIPRCTHENDEC T RECIGPRat er uch
EB&@oﬁndsThﬁvﬁh VehA iraitalkydregertuaicodadr ban odltikdnied by

atom P b h t
R Go GO AR SBOEaCH o PEe gt e
preferahbyedgé shaalhgdbcgahedtaﬁllayetedabkydeSGthhe
[ [ - t
SR hehpdGen Bkl Y 1R 1003, FeRnd g e
E@ﬁe@xamﬁlgetﬁilN@@ponmand@ COOST in fhe Rsahedron.
@%@réﬂgge ﬁgﬁ%wb@lus%gn M%lejagﬁcdﬂg?aanHNQHQaed§@3

CSTITaO HNbMb O |
ﬁﬂ@%ﬂ@g qaﬂu h@w@Xl

The above—mentloned layered oxide has a layered
structure formed as a result of a pile of sheet-like layers
of oxide. Preferred are those resulting from a pile of
sheets of mixed oxide containing at least one metal element
selected from the group consisting of the metal elements
belonging to the Group 4 and the Group 5 in the periodic
table.

It is also preferred that the insoluble solid
catalyst comprises a layered oxide represented by the
following general formula (1):
ATigMO (2x+3) (1)
wherein A represents a hydrogen atom or an alkali metal
atom, M represents a niobium atom or a tantalum atom and X
is a natural number not greater than 7.

The above A is a hydrogen atom or an alkali metal

atom. Preferably, it is a hydrogen atom or a lithium,
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CsNoWO , HTaMbO , KTaMbO , CsTaMbO , HTaWwo , KTaWo ,
CsTaWwD , and titani um phosphate. These may be used

w@R00ghy160T two or nore of them may be used i n PCT/JP2004/012876

conmbi nation. Anong them HTiNbO, HTi NoO, HNb O,

HNoMbO and HNoWO are preferred. The fat or oil to be

used in the practice of the pgfgsent invention contains

gl ycerine esters of fatty acids and nay be any species

that can serve as a raw material for fatty acid al kyl

estiens,, t pgehiser umi bln aasabmola(hbm ThéisrethosEegengéyal Ly is a
a d o e I

BTarereei ol uee heT MY of Trhe thrTsada Bt 1o @

@éﬁpﬂlymn@owtuagmy@gr Iléa@r@tir mésedr 9xdflehi gher fatty

aci ds withegl If@%r 18e) adsthRi abqupqa%trédaaghde are, for
conta|n|n%isnal anmounts of diglycerides and

REABEILFe e FiTddSCand bt ifePs ¢ s & 1pipdri tGEL2Nb07,
@mgnbbp,e mimgpfcéanwo@gci dsls 0 RSbid, olo%msoa,y HTiTaOs,

B aPS n250aaraen e nitodch Ry oL o ACr,  ENlhg oo,

GBNbW§@ybHﬁaMoOIh KMo, | CsSaiologyweHTaWh, Felai@d,| CsTaWOs,
I I ut S I il s Lihnse

ARl hyosERARL] Phipetlhl BUPLBY p1hUI96E o or

mr@alofouuhegummbeb@éedf atfl qoamnafﬁlm oi fmard Ghale

errh N d ﬁTym@;usHII%@@B edieo®) lan(Ee i@ Obke preferred.
wast es)évh anong ot hers, e or two or _nore of .these may

be usedBe F3¢a8&sOwfete PReUSEEyETY ARG hée

pirespng llmmtlpmotcemamrs e dddi@ cas sty idd exttyhneicids
fat or_ oil referabléhﬁﬁed after _a dsgunnin

5. Rlaso s PReb SEER LGS FrAtnGrY SEEE Soo ool el for
&f@ltdty ricdid @l¥gild espleasphiogiethaa didh Iwr iad cadiad. .t oThus,
ttl?l% fat e‘H ‘l‘aillfyo 1%‘&““%9 fta%e ArfP it “?a%r %f%‘?i“ At is
S % CIOV\BT al coh | S pree eto

@@mr}ahléfmr@afe&geldowh@& isigg o Mgsire mifs the fhadctarsh oil

B&’oﬁmﬁr@\’ﬁrngmt%@équdé%&'d caned NYRidyd ea‘ferrﬁgtrférarfatty acids
% hol contalnln% 1 to 6 carbon atons

f er abl
Tt Iﬁ:ém@oé)c,eﬂtcse tCE)él 1SiEdt Oeﬁnall
b@@uﬂﬂyﬂuﬂ digylycerides and monoglycerides and other

components as impurities. Glycerine esters of fatty acids
such as triolein may also be used.

Usable as the above-mentioned fat or oil are a
vegetable oil such as rapeseed oil, sesame oil, soybean oil,
corn oil, sunflower oil, palm oil, palm kernel oil, coconut
oll, safflower oil, linseed oil, cottonseed oil, tung oil
and castor o0il; an animal oil such as beef fat, lard, fish
oil and whale o0il; and a various used edible oil (edible
oll wastes), among others. One or two or more of these may
be used.

In cases where the above fat or oil contains
phospholipids, proteins or the like as impurities, the fat
or oil is preferably used after a degumming step which
comprises adding a mineral acid such as sulfuric acid,

nitric acid, phosphoric acid or boric acid to the fat or
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preferably one containing 1 to 6 carbon atons.
Enpl oyabl e as the al cohol containing 1 to 6 carbon

warese2mee, for exanple, nethanol, ethanol, preEEMN004/012876

i sopropyl al cohol, 1- butanol, 2-butanol, t-butyl

al cohol, 1-pentanol, 3-pentanol, -hexanol, 2-hexanol,
and so forth. Anpong them netdwnol is preferred. In
the practice of the invention, a polyol can also be
used instead of the alcohol. One or nore of ethylene
gliiycobyr peopyliegethkytobprgkyeer ctherefentaerythritol,

sorbitg% and %Egohbke gan,He ugfgaﬂgﬁsgghggg ggble to be

g cerine 1s rererre ucti on
TS ysra@@@edu r§ tevthellapencooponsoirs @@nﬁ@sﬁ@ﬁﬂon The

ebher Eﬁ%@hbﬁemEﬁE&@hEd akeahal rardrcatal yst sARBHBE
resent the reaction Sy stem The resent i nventi on

8P§5aéBﬁF§|ﬁstQ éoﬁﬁB@PPl8ﬁoﬁﬁtapﬁ€§eﬁ?bﬁﬁe r &8¢t GRTOON
atoasfat or oil with an al cohol using an insoluble

[id i ch [ I h 98 %.
by maseianiinBr o Eot RAnCH6. SVRRY hfes thE ALPAREY Lo
acedeakbkylly eskecsnsindnnoy less tthaar®od ppomand Fmoployable
ggr%h%hgﬁc%hgqoceﬁghgg%kgeﬁ Egt%yc%%%%% aE%?ﬁe Qe for

onposition I's suUl b1 odi esel S 6r
axsuipflget awthancdr medhanel, | pre@eniodul asoprepvs alcohol 1-

prekenabl y-usednon, bk°9h%g§|aﬁ%%b%l Mhe%ek&%%oﬁatbypentanol
aci ds content |ower than ppmis to attai ned

LR&eFarPil c 4cP6%RA  wasHi i SO&FE- afBARY ot heRs, methanol
c¢anpetfleersidnpl i fi ed, hence any satlsfactorlly gr eat

advantggetbﬁonkth . ener |e oig% %anno ol can also
obt ai n e R R R Ll S AR e
teeseskendns¢ eadr odsitbe mdyohotl .beOhal by mohebofedtbylene

' I [t he
%%%g%ﬁseﬁﬁb%yﬁ%&%”§%9ggg?ggﬁg¥e%g&.VO%%%E%e g%%rhtdi,

peebditgBl pnt Gbe ppie The @@p@{seldu @ist syghy@oilyol. Among

Rhefer 3kye3i0Q0 ippR-ciekepr.ef erably 2,500 ppm When
cid alkyl ,esters content is Iomer

the fatty
98. 00%'By %ﬁs?‘-’oﬁiHét&BHp%PFFéﬁ E&RORGPEnder tB@ geygntion,

some component other than the fat/oil, alcohol and catalyst
may be present in the reaction system.

The present invention also contains a composition
obtained by the reaction of a fat or oil with an alcohol
using an insoluble solid catalyst, which comprises not less
than 98.00% by mass and not more than 99.92% by mass of a
fatty acid alkyl esters and not less than 800 ppm and not
more than 4,500 ppm of free fatty acids. The above
composition is suited for use in biodiesel fuels or as a
surfactant intermediate. In particular, it is preferably
used in biodiesel fuels.

When free fatty acids content lower than 800 ppm is
to be attained, the purification and washing steps, among
others, cannot be simplified, hence any satisfactorily
great advantage from the energy viewpoint cannot be
obtained. When that content is above 4,500 ppm, diesel
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whol |y satisfactorily in various fields of
application. Wien it is above 99.92% by nass, the

wWEe@sess9T or preparing the conposition i s no nPCEJIP2004/012876

whol | y advant ageous fromthe energy viewpoint. The

lower Iimt value is preferably 98.50% by nmass, and

the upper limt value is prefgsably 99.90% by nmass.

Such fatty acid al kyl esters -containing conposition

is preferably produced by such a production process as
éegdnbbedrhes&bnamayenofhbe foddposnhibisedsefruldeicmeases in

EEB%Snthlg m%& ?%%8?%598 QgguE% pr?ﬁgcf?wer limit

vantageous e ener
veduei g pﬂr@f@ﬂr@bgy O6RSHRPY | mr@f pcrleéepnabdwctlu,@r@o RPE! -

trh% pbhed 16f1¢0RLN Akl kBRI F-EER rfa@tlg,y 33@lods pgﬁnt aRt-el N
t he range nenti oned above in pro u0|ng Sa

PERHESAPIN 2by COn@PProduct i on process nentloned above,

_there wménbeh@emht@gedcwe?gﬁymlo@s?ﬁm@r b&hlﬁgnt is lower

I, NCre usa et nano e net

CoRhr Eo R0t BERaa | R rBRESoE Mol SATc B dCRggT e used

Whelﬂawsmmuﬁﬁamtaran@ tihe vaetibod ddrpdiss iofg aprdlicagiiog .

%ﬂ%nrgﬁca'O%P%%%?9@C%5La%&lﬂg % hbnp %e%%s%o%f'yﬁﬂﬂring
Fon) nst'ance £hé ¢ roduct

éhe p@al@pusgrtls;magé b g pulelias wh@léa's@d@fanme@@@w dromm the

VR ok, RRg c@@ﬁi'oﬁhétﬁgﬁér ihgse Gﬁlﬁed§snﬁﬂéfeﬂﬁgly
abové as we as the nethod conpr|5|ng i ncreasi ng the

S8nvErsiPan Hiaﬁstfhémﬁ toe $PRGE, LEHd thditld@® donmpricdiergoly
919G 199&S IbYg ndaldes .nunber  of reactlon stages (nunber of

t
oot obhd SRR a LD sl ror TR B o
dea@meiﬁrakdqeprb@mqe@sbansacﬁhe.m&t@m@t&bnpmaww@sa;as
fRto el il B3RS 0dLor GhyGes 98 acaareng;ho
e i nvention, e’ cons ut’i on descr

Hoaveus §islsst Md a@nolplc@du@mng:am de- paadaeefdat ty aci d

Al tRRR S 13N Hrn FHNEC BLlcRg AMIMERIRAUSINY 1l B8 ng the
ener gy vi ewpoi nt, whil e reduci'ng the energy, consunpti.on
SRERY SEORYERTERR &fd tHke PFP Ncanh % {}@e{gegﬁod of

hit@dd 1fing) dx<ef fapply eatiden coh®ergxdnplttd fange mentioned
bkpdleﬁ%!p&%ﬁudlﬁ%o%%id %%%E@Qﬂ%ﬁ6%“%§ﬂ¥ygn%¥%ﬁﬁé%¥6%
process mentioned above, there may be mentioned the method
comprising increasing the usage of methanol, the method
comprising reducing the amount of water contained in the
raw materials and the method comprising prolonging the
reaction time (contacting time in the case of flow
reaction), for instance, in the case of production in one
reaction stage and, in the case of production in two or
more reaction stages, those methods mentioned above as well
as the method comprising increasing the conversion in the
first stage, the method comprising increasing the number of
reaction stages (number of reactors disposed in series) and
the method comprising increasing the usage of the alcohol

in the last reaction stage, for instance.
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BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a
schemati c representation of one of the preferred

wepdst2went s of the production nmethod of the | PWEMA061012876

to be enployed in the case of production in one
reaction stage. Fig. 2 is a schematic representation
of one of the preferred enbodients of the production
net hod of the invention to be enployed in the case of
production in two reaction stages. EXPLANATI ON OF
SYMBOLBh&, mé@hoNebliapobdnesegvdricty2acld: adklAf asters
%ga?ﬁ¥oﬁﬁyc% 1%% a%%QQQEhagyﬁe@ﬁEOEnv%ntlo%achﬂﬁchShas the
it Yénds “Coltm hanol recovery
@@lﬂﬁﬁﬁ utlomdez-s@rl@@éalabpw/ 85 aomeddogr of producing

Bﬁ@hﬁbﬁ%Ek9nf%QE%”%c1% aalegeg%%&@n%nBvB&fEQ%th&ne
columm; 13: firsf -stage reactor 5: secon sta

PENERbRICRYS Y1 T O%Ihfléneffgﬁe vigEgpiptpEg iferreducing the

CABRY NG TmPHE ohNYENEheNp Theuteli bew @@dek@@pb@@ducts can

| lustrate the.presentinvention in further
PR R o es B SHaVePT BpPidomeany) e RURls 1n
bhedsespé dluetlise mmmdmblonsm@hhessammh@mwnmaceutlcals
specified, part(s)" means "part(s) by weight", and %
means % by mass”. In the exanples, the yields of fatty
aci d nmet hyl e&RdEd MMGCHIYIeONWOFWTHE PRAFINGSed as

fol I owgs gYi el d s0f %@h@maagbdr@b&%%e%%%%&%n(6?'%he—of the
(total nDIar flow rate of fatty acid al kyl esters at

PRETEETRE: SBRAEHERSS) OF F@@tQFoﬁﬁﬁ§ﬂ°P|@ﬁ?@&@boéfthe

ghfveative fat be asipd gepanehs aksthefi prelduweftion in one
re%p&g%% %'x 100 Yield of glycerine (nol %9 = [(tota
his] tPgCs of

Fig. 2 is a schematic representation of one of the
preferred embodiments of the production method of the
invention to be employed in the case of production in two
reaction stages.

EXPLANATION OF SYMBOLS

1, 10: Methanol reservoir;

2, 11: oil/fat reservoir;

3, 12: degumming reactor;

4: reactor;

5, 16: light ends column;

6, 17: methanol recovery column;

7, 14, 18: separator;

8, 19: ester purification column;

9, 20: glycerine purification column;
13: first-stage reactor;

15: second-stage reactor;
101-113, 201-216: line.

BEST MODES FOR CARRYING OUT THE INVENTION
The following examples illustrate the present
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free glycerine at the outlet of reactor) / (nolar flow
rate of effective glycerine conponents at the inlet of

wo e@svzrsy7 ] x 100 The term "effective gl yceri nBCT/JP2004/012876

conmponent s" neans those conmponents which can provide

gl ycerine when the nethod of the invention is applied.
Specifically, the effective gigcerine conponents

include fatty acid triglycerides, diglycerides and

nonogl yceri des contained in the fat/oil and glycerine
invehéipacyol €édrtawrndeenial. . ﬂh@s@oaiampleé etépchovever,

E yﬁSfhesngog&%ﬂ%ﬁ%iv%aBFb%hge%85§%”8? § th%v%n%lon
romat o fee Cerine forde
§aé@ﬁsfp hﬁKUnS@fSpﬁ@lﬁaEﬂelPp@réésﬁénmpanSIﬁpahé( s) by

@égggkes,agdpakwmﬁbangaVbng amgggenlflcatlon value of
195. ree fatty acids conyent of 5.1% by nass,

nn.stuF% EBft exelBied, 06be LY AALS aﬁdfaﬁt§fﬁ@éﬁ|m@thyl
ngé@EIaﬁdCQEQQQQﬁheCQ@E@nbaQEulaté%)Eﬁ Fasgowas used

S e reactant ra eci al Catal Pre ara ion
%%S%gl8f1%é%?¥|€§ﬁgkg3& §556F Gt i'B ﬂ epar 8tB§ molar flow
dassobyfi igt2y. Eélg.aﬂkgﬁnastamsnatathﬂadateetnoEOO g

9%a9k§%)9 gggﬁg%séggt%gg gﬁitgdg%de?%%EWh%% 16286914
?pm§ﬁn@ﬁtdeatAth@rl@ﬂ&ﬁopétreﬁctordﬂyﬁeé@o t he residue

vas18r gkl gh @%kﬁ%ecﬂhﬁun@g at Q%gtgluﬁggﬁraEﬁow te of
at nospheré for 2 hours and then cal ci ned Cfor 5

ﬁéﬁ?sgﬁacﬁFééeaaﬁlﬁéﬁlQﬁﬁégﬁaeﬁuﬁﬁﬁFiéé d%m@éaéaﬁépvs¢ate

beakdlfgstite) glXceay ndi thhpeheansanal ¥sies in@veabedreactor) ]
thié the catalyst A was a mixture mainly conposed of a

8 oxi de of the rutile -type Ti VO structure and
smal | ﬁheuhérmf“eﬁmadtmnEpgmyogrdae €atmabyehtB”: means those

Coh R AT o8 20neLen 19:9,8) 183t 338 KB B mecyga of
the. dngeptana ﬁﬁoﬁp@&ﬂ@ﬁJdeSm$@ﬂilqa¥Qﬁ‘6t@¢ @€fective

?@@rﬂﬁe'ﬁoﬁp@ﬁ%h%%’1%%@uﬁ@ef89E§S§bH@?%@E%@%@%@ldes,
tion,was added to the m xture. The whol &€ m xtur

e OSIER EEp moROgey5RE IHERDGERESEESS] ditr Fheafpdy oil
d4dhglyge@fine in the recycled raw material. The content of

effective glycerine components can be determined by the gas
chromatography of free glycerine afforded by saponification
of the fat/oil (reactant).

In the examples, a palm oil having a saponification
value of 195.9, free fatty acids content of 5.1% by mass, a
moisture content of 0.06% by mass and an effective
glycerine component content of 10.7% by mass was used as
the reactant raw material.
Catalyst Preparation Example 1

Catalyst A: To a solution prepared by dissolving
25.74 g of ammonium metavanadate in 700 g of distilled
water at 90°C was added dropwise 169.66 g of a 20% aqueous
solution of titanium(III) trichloride. After evaporation
to dryness, the residue was preliminarily calcined at 350°C
under air atmosphere for 2 hours and then calcined at 750°C
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drying at 120 C, calcination was carried out at 1,100
C for 3 hours to give potassiumtitanoni obate

W@ kDsAGEs) . This was subjected twice to i on eRCharege/012876

in a 6 N aqueous solution of nitric acid (150 nL) ,
foll owed by washing with water and further by 2 hours
of calcination at 500 C to giye | ayered HTi NbO
(catalyst B ). Catalyst C: Ammoni um net avanadat e
(14.04 g) was dissolved in 700 g of distilled water at
gorC5( bolursi o Aive A stdh:ahllum/ veepaiet i xdids sadivieng

%%téﬁ tOfcaE%ﬂy%EIh) %rgﬁ @95?@%85?&3 ég é?sgsoisvealed

ed wat er “was adde W se
&hatt keenicritadey siad taen aemagf@mﬁee@atl@ldfr woaps swict bt a

slibdeldl B84 dENS £ %?1' dye thag - @g@@ mlmr@rl k¥yrGetGhBedng small
under alr at nosphere, at 35 hours and then

CH e @ TalV 275616 HenSoRdGes t o glve an iron-vanadi um
m xed osicdeyeat al: yspote:@@ahxyséa&dnaﬁ%r ay3dof &y agsson

I [, h I
e Shesied it LSS 3% C 63 BEL0LBS! LY ansim
Caxtigley dfl 6D0: gA ambi@acmowmebx@ﬁ@ dNbgas) mMxed, dy were

Q%%@]%%nlW%%hg%r% t%%ﬁ ngpggﬁgsgﬁ Qh Q§QS%%%|%olutlon

| SSO 'vanad ate n
r@swdgle@r tior Gﬂ?e( MR uiet. r aTJ@e n@lnghydmax‘éurﬁ wes h&n@aded

amd 11he Mot MRS RMeARENA! 8d ukedr YResa Wbl hhours of
stlrrln%It The residue was prelimnarily cal cined

G derYai &@%%h@@éc%@tégﬁ B30 CaF IHEG $n@ Tt Herd 00°C for
Gaheumred tat gw(é Gofterssiuhotisbaogiv®ate (KTiNbOs). This

P, S SRR ) Jon VNt xe 9105 Gt et
S@d@édoaabélpstr@catmhyht150)mmas dbﬂammamlbw'mhghaa@ew1th
RI%%%" 223 tt?a%)rc 3£ 2°fho Io3fs§agcg>ﬁ%ecq Elg:t 5D Jc7

g of cerium nrtrate exahy Pate s s &0 et sad
@‘f-Wer daveiredati@iNkOsaycdtra#tyaetBbn anal ysis reveal ed

that t bgta@ty@lty@t Ea@sn D Nhyt £04R988€ 0f 18ebh ug) (Y3
xed oxide qf .the CeVC>4 structur

Io&l §F R ggbaﬁto 9&5&9&&@ﬁ1W€&66X@Jé5%h§hlf§QUtlon A)
@cabdhyrdbn) predaakicaibied iiseotlhe ngads . mBNRe o A roh (g )

3%Fate nonahydrate in 40 g of distilled water was added
dropwise to the solution A, and the mixture was then
evaporated to dryness with stirring. The residue was
preliminarily calcined, under air atmosphere, at 350°C for
2 hours and then calcined at 750°C for 5 hours to give an
iron-vanadium mixed oxide catalyst (catalyst C). X-ray
diffraction analysis revealed that the catalyst C was
principally a mixed oxide of the triclinic FeVO, structure.
Catalyst D: A silica powder (10 g) was mixed, by
kneading, with a solution prepared by homogeneously
dissolving 7.49 g of vanadyl oxalate n-hydrate and 13.45 g
of iron(IIT) nitrate nonahydrate in methanol, and the
mixture was evaporated to dryness with stirring. The
residue was preliminarily calcined, under air atmosphere,
at 350°C for 2 hours and then calcined at 750°C for 5 hours
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of the catal yst C except that 35.64 g of cobalt (I1)
nitrate hexahydrate was used instead of iron nitrate.

woeoap2dt fracti on anal ysis reveal ed that the PaEl/at296t012876

F was principally a m xed oxide of the Co V Ch
structure. Catalyst G: A vanadi um oxi de catal yst
(catalyst ) was obtained by capcining 21.06 g of an
anmoni um net avanadat e powder under air atmosphere at
500 C for 3 hours. X-ray diffraction analysis reveal ed
ttieatgitvige ac étléll)@@:‘ sGHpointeidp dlroy -vemadised miaeatiomnde

Q%&%Q&@@e cGakalyst $)H and | © Niobi um oxi de (No Os)
obt ai ned fron1 ko Pure Chem cal I ndustries was used

as cat SPFSLYRE, Eandt @At Aranyaxidiun Tex tdp-basafnedtalyst
mmau@%tsawew@nmla@dcahaltyﬁat skhme GRSty 1n the case

ar.bonat e nd 19. 96 of ni obi
o1 GRTON oG BB Tt S 3 Tn S AT A n Frate
aanmamnydmfabmamrs waedadaet.eaand ft Heonesulddatg .m xtuke
r t hor.oughl e, xture wa ied
SR, eI BRI Y el RIS L
Jaliodys CtO@lP@lS\@el pdt asgiiom t(Ivii oate deKkRimd0a8) mikeds ox:Lde of

Was suRigctedutw;¢ee.to ion exchange with a 1 N aqueous
solution of nitric acid (1 L), followed b y washing

with werERLaEE Furt Rerobayt 2vapadiunfnenpdi antdencatalyst
?%t@lty%tglwe Waay et iy @ edlealsysle Hanndeatad St the case

N R —
atexadpyeate Tast hrsercbsuisi‘tlemgi 2l littio@zn_mliaﬁ:aaihiedx—ray
Qir (:H]}.\Qda%et 1%910 a%aq_ %Qr%v%%li%%u ScJAq?at thlfo g&fal yo%t F was

tetrapropyl anmon urs
mmwm@lazt ag@lgedt I@éihﬂ@(tq,f-r & hwa otV adis fedimuedt ure .an

aut ocl e t S
5y L3308, Ul RIORBAISHITL BB DEBLEUES ERLELGE: o

siagr O tRd &0 Ive GedF 15y e Rtk iu gattifo il SIS UM t h
wRiterraaRdatad gonetd ratunzk@ @ﬁxon—itﬁlo@%re%éﬂad@Gcme for 3

LBPheL ;0 O ¥e AN HEL SLupe.{Ltenostl oot e (TS )
lrad ad yEY/ 8 patiomipaldty @oofori/s2d vanadium pentoxide.

Catalysts H and I: Niobium oxide (Nb.0Os) obtained
from Wako Pure Chemical Industries was used as catalyst H,
and tantalum oxide (Ta;0s) obtained from the same company
as catalyst I.

Catalyst J: Potassium carbonate (3.47 g) and 19.96 g
of niobium oxide (Nby,0s) were mixed up in a mortar, a small
amount of water was added, and the resulting mixture was
further kneaded thoroughly. The mixture was dried at 120°C
for 4 hours and then calcined at 1,100°C for 3 hours to
give potassium triniobate (KNbsOgs). This was subijected
twice to ion exchange with a 1 N aqueous solution of nitric
acid (1 L), followed by washing with water and further by 2
hours of calcination at 500°C to give layered HNbsOg
(catalyst J).

Catalyst K: Tetramethyl orthosilicate (96.8 g) and
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Catalyst L : A silica powder (20 g) was kneaded in a
sol ution prepared by honbgeneously dissolving 3.56 g

w@Roosi2m@maT um t et rai sopropoxi de i n isopropanol BOTIR2et/012876

m xture was then evaporated to dryness with stirring.

The residue was calcined at 500 C for 5 hours under

air atnosphere to give a silig@a-supported titani um

oxi de catal yst (catalyst L). Catalyst M: 80.99 g of
zirconyl nitrate (1V) dihydrate was dissolved in 1 L

6 8dPsPif| Feiraatayl Arsbpitenapreparedmbyedi spolini ag
ﬂl%iogeﬁfatmbéﬁMbr§U|f?éetﬂé\Qeé@lgﬁnQ Q£1Q£§5hg%§$ added

ter was a ed dropwi se thereto, and
§9Wéﬁﬁoﬁ6 ﬁa?érawé§°aéaééoaﬁoﬁﬂﬂgélpa Pfecipitate a
$etrdpr$b§labmahmaﬁ ﬁgﬁmdxmaé Wﬂﬁﬁ@@rWBtmo@QQ éfofeflux1ng

stibl.e 120 C o [
g% gb Ebf vanaﬁ?lu§ﬁIW3?e EﬁgffFﬁfFah§8rﬁpe H %e' and
@h@stdedtharmslgsghtdesuslWad wateledkneadad mnﬁhctﬁer 48

88lii-d 0bﬁﬂé”@@u§gﬂyﬁalﬁgg ﬁﬂf@gr§i§9r$ Wgé ffeg%éd by

stirrin he resul fant relimna ' ned at
§59t€ﬁfégaﬁlﬁ6ur§a§h§drWath Hﬁﬁ@gphédecaéﬁdnedeat 550°C for

Qah6u9§duﬁ8ez5§h§ E@hoépﬂ@?éstgoggb¥eah'M@@L%?b

-V conlun1terna X m xed oxi de (cata ¥
Egaﬁﬁﬁé fa Re (faralyseta E?Epé?é@aﬂﬁséaﬁélys
EiEQabatEmﬁaEéaﬁbtelﬁeﬂﬂﬁaGOEDTQ$Sh08tgﬁ?@egggﬁ@|b@“@dZZ.
b hin tal in size 0 m
rgagtrlu%nta%%gg Zgh%%/\ﬁlcfahﬁf? Vs S a]ﬁrbeaade in a
spiatghn pnbpaaedrbachomogémenaaéyoﬁi5581v3ﬁ@ 3. 52 g of
a .

%E@hﬂhﬁﬁsté fgéségg En%%gg §HCEQ§ngP%h?EEEE gLS QilMire
UéﬁaF?@ﬂ ﬂVFEQGaEFd F@rdémaassnylbhe§§mrélngntrﬁme téeidue

weactalcostliektwagoeguirgped wbhbsauhhkiehi8NdtAosphere to
backpressure regul at or v%a an air-coal ed condenser.

Palf 8i PLohdenEtRBAGFeheFtaRiimas®ife FaeLynt raatalyst
materials . Palmoil was deprived of proteins and

phosphgl j a by ddln hfs oric aﬁhg to
cause %%%%%ggFatlogﬁfheré% iﬁﬁ} d
gahpdoetewassudiédsbdvetihen 1 L of distilled water
solution prepared by dissolving 9.21 g of titanyl sulfate

st M).

(IV) in 23 g of distilled water was added dropwise thereto,
and then 150 g of 6.5% ammonia water was added dropwise to
precipitate a solid. The obtained solid was washed with
500 mL of distilled water 6 times, and dried at 120°C
overnight. 8.46 g of vanadyl sulfate (IV) tetrahydrate was
dissolved in 25 g of distilled water, kneaded with the
solid obtained above, and evaporated to dryness with
stirring. The resultant was preliminarily calcined at
350°C for 2 hours under air atmosphere, and then calcined
at 750°C for 5 hours to give titanium-vanadium-zirconium
ternary mixed oxide (catalyst M).
[Example 1]

The catalyst A prepared in Catalyst Preparation
Example 1 was compression molded, followed by crushing to
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reaction. Using high -pressure constant delivery
preci sion punps, the palmoil (205 g/h) and net hanol

W@ 259216y7 were m xed together in a line and  PCT/JP2004/012876

conti nuously passed through the reactor downward from
the top. The pressure within the tubul ar reactor was
adjusted to 5 MPa by neans of41 he backpressure

regul ator. The supply of nethanol relative to the palm
oil was 1.8 tinmes the theoretical amount to be fed.
ThéeaLDHETRABI Gézeenpdr 30Gr 8onds Oatiust Bee t beaobianb y

axbaraguky sheahi na the. tqbwbéru%@actahdpgrghgalgﬁttt%bular
houriaaft 5 stabilization of th enperature an

pras h&agst QiF PP w3%§tétaﬂn#§§ﬁy55@ﬁ& gechypving an
gsseds duambee@ubﬁeaooﬁmﬁbadreaﬁéﬁ@thasflazoghﬁ,wﬁ@epacked

| | f f fatt 2.76 t hat
LR, R ARS Oty 3 LEACLS 1o 2B oy el
gPgltyeéri dbs wasCG064o@tgbh wabusguti ppedheliéhaspdifl tefr and
Efbghk§§ébgﬁ§eh?%gﬁﬁﬁ%o%oQﬁansﬁ aIQecBEQQHr%éﬁg%EFeEee Palm

cerine at th of the reactor
Pﬁﬁtaaﬁ rethanell wese19s8dgpk, thadreratant E?WrQ@@@ElalS

@@Eﬁroﬂ@swgs6a§pgﬁQedTB% ﬁk%k@lﬁ% Eﬁﬁt?h@%bQOEE?EWS in
mol % and

ters | ycerine vwere
P§¥688F 5¥|9d3%ﬁ3 %ﬁaGP&OFégc?Féﬂ ﬁPxFéPée|ﬁr€ﬁéPP¢ﬁ§lon
thespofiasasdnmhed thas-HeBuanaby pasmt eidetvasmuged Fer the
el E n.of active conponents of the catalyst. In the
upper Payer no Ti conponent was detected and the V
conpoﬂéhngcbhGbnprasSumemasnﬁbanhighéivehanpreppauandpumps,

EHE %Qleeﬁﬁr b@Eeﬁ/hth%ng'mEQHQHBEnt §089ﬁnt%%E§oﬂlxed

m and nponent concent ratron
Eﬁﬁﬁt#ﬁrslefﬁ|&éﬁﬁ @ﬁg coRtipueuUsSly Pagsedt thgough the

aecht@bt aﬁdﬁwéﬁﬁuﬁﬂoﬁ5kheaﬁ6 nEt@@@Q$r@@§uf§Cﬁ¥€ﬁ§§ the
% g gher MAtE r oduct ST flash distillation.

He"oper &ERGRCFe éréggPé 5 Fﬁe b¥PRoRYomeBRs Pifghbe
badiprebammewasgl48tCr . anthé heupey ad £ ahe PHASSUr EeV@Sive to

%ﬁekB§1§68§1”ﬁhEgl g {0% QEEHa”%he%%%;ﬁ%%@f%ﬁ%@g&aﬁg be fed.

aséous 'State, Tt 68
Ebﬁuﬁﬁb€6}nﬁﬁdﬁ1th@pegptgte was adjusted to 200°C by

externally heating the tubular reactor portion. At 3 hours
after stabilization of the temperature and pressure, the
total flow rate of fatty acid methyl esters at the outlet
of the reactor was 192 g/h, the total flow rate of free
fatty acids was 2.76 g/h, that of monoglycerides was 10.4
g/h, and that of diglycerides was 0.646 g/h. Thus, the
whole amount of triglycerides had been consumed. The flow
rate of free glycerine at the outlet of the reactor was
19.9 g/h, that of methanol was 19.3 g/h, and that of
byproduct water was 0.658 g/h. The yield of fatty acid
methyl esters and free glycerine were 90 mol % and 91 mol %,
respectively.

The liquid reaction mixture in the line (104) was
sampled for ICP analysis to determine the elution of active
components of the catalyst. In the upper layer, no Ti
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the light ends colum. The nethanol recovery colum
was a 23-stage distillation colum; the reflux ratio

wor®s025697 t he operation tenperature at the botPONMIRAG:E2876

C, and the operation pressure was 81 kPa (608 nmm Hg)

Met hanol with a noisture content of 0.7% was obtai ned
fromthe colum top at a ratea®df 19.3 g/ h, and that

nmet hanol was reused as a raw reactant material. The
heavy fraction continuously drawn out fromthe bottom
6PMPREShEghE SeAg cesrdminfasheoNt CRTBASER LT egnicengration

@ahattom(;ﬁ)aratth@nf |10F¥ Enabﬁd‘)f £327 t@kh 1Bwerph%§;%r, the Ti

E@ratlon The up %ester ﬁgsi dramn out of
REPSBERFaCORCERF r@&ﬁf’% é& 35Ppy @
ﬁbhb%ht@&t&b& e, BEuppher glycerldes and a snaH
proportion of Th| crude es phas
continEhﬂ§l§ng§eP% gaFaFPQ 8“8 ur| ggﬁ?gh to a
dalgbrm el b@dupurlﬁncabmdnmethenbétMwsamawqyanad together
%H%Efb%%E'gﬂc 'ﬁ% yaf%%s%tﬁg%tQEigkhbﬁk'o@he operation
'um he re the bottom

W@%la@hlrﬁeﬁﬁeft@teulb@t\m@ pf3thend ighé epecatdodmmn was

RURSSUr @R sHQ. 4pePatidnMPridgkurePWalsl isad wipat tyscacingh Hg)
rrethyl esters were obtained fromthe caolum top at a

r&e m@ﬁthf@i’lg/aﬁl.d é’r@% GESTWHIEE é@é\/eﬂ@d & [gReous

t‘sﬁ%ﬂ@m tt@mﬁaﬁ%tm%uﬁﬁld r@&o@reel yofcotl ugnnr a(W)rr&tr@m ajk& t@p of

t.he an owe aye cerine

B B Sl ine SYSEn by PR EBE e B Bl umg was &

eglsyrege mesdmdlafmm@mluwlprct@@ctre\m rartdcsrmals! 0.5, the
QRO oS el ACH R Yt Gles NG GUllng the

conponents su phospho is crude g %éerlne

PPese hies @é@ﬁsm@wss fédd ktP@ d 6§18y @&y iHea puMiefC apilonith a

@c@llélfﬁhx@)con’ﬁ%@ltgbﬁcﬂ 738 Wl IohtGahie@dn Ghd\Vas 1dmn top
sta&e di stillation_colu and the reflux ratio S

G 2 B Dot dri Cefidhraftice TS PSERESd ke reused as a

Qe atda@it spite ssilies IWAS. O 4 kPa (3 mHg) . Gycerine
vas di sti Led of fo Logether it buproduct el er and 3ne

smal | afunt anol ron1 J G top
frertttioad loyf ménmnd: &3 Codnehnt h@rseba,orde-pruwm}offed to a

3R32QUS JPeLINAL and MRl &t MYLC R IRPINGL  Bifhse

separation. The upper layer (ester phase) drawn out of the
separator (7) contained 93% by mass of fatty acid methyl
esters and, further, glycerides and a small proportion of
methanol. This crude ester phase was continuously fed to a
fatty acid ester purification column (8) for purification.
The fatty acid ester purification column was a 23-stage
distillation column, and the reflux ratio was 1, the bottom
operation temperature was 213°C and the operation pressure
was 0.4 kPa (3 mm Hg). Purified fatty acid methyl esters
were obtained from the column top at a rate of 191 g/h.
The glycerides were recovered from the bottom and reused as
one of the raw materials.

On the other hand, the lower layer (glycerine phase)

drawn out of the separator (7) contained 98% by mass of
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gaseous form Purified glycerine was thus obtai ned at
a rate of 19.9 g/h. The fatty acid nethyl esters and

w@eesozsponent s recovered fromthe bottom wer ePCT/JP2004/012876

subj ected to degunmm ng, and the degummed fraction was
reused as one of the raw materials . [Exanple 2] The
catal yst A prepared in Catal ygs Preparation Exanple 1
was conpression nol ded and then crushed, followed by
classification to collect grains with a grain dianeter
of.y8edire 880, mfurthersahwpreduritomasppararusmad lshown

b@o bgtlgnﬁﬁ%fu§%@t§xg%ﬁﬁ h@%ﬁyﬂteg%@rgoﬁnbn%bﬁp o%%%nents

anol recovery cOl umm ( he reactants "use
§&ﬁ€ Bélﬁh@ﬁphﬁﬁép#éﬁhan%hl%SCFHdExﬁkﬁF@rln¢hEhP$?sWaS

wohagaubeagto lfe(il%b éstg&@b@h_*hnbu Berredeaefi c8USudn (9) .
%hglnless ste % i.n inside di aneter and 500 nm
i PH&& ed

S GhgCRY Thes 2fOR CRAVIDI 888 Eatdryde 9400
giistThéateaat codumenpeanat the waslset rat-ibSwaE, cand tthe

%5%%%ﬂr%e Fera¥8§e %%'nQS%b hah &Yl %ﬁ%%&%ﬁ%h%re%§ure was

iver eci si on punps, e pal moi
r@eﬂhéﬁal (34mmelqr)) me@éymmnletwget fdestihladl PAE, ahdgether

%QQEFB%@%%Bﬁc%e%a%%rtgﬁ'f'r%halit%%%uﬁ%a%%o ey %%a from

downward fromt op. e supply of nethano fi've

ff&et K& lparmter ams pfrg:l@lﬁcys copslepigest aiti &1° %mtthereby

U@p&@v@@dofT@@sﬁb@bdm@&hﬁ@bﬂya@@!@a&%&UYthikﬁ&%H@ﬁ%ed in a
g_ycer In t age reactlon wer e

AFe8 %, P g?pec??§éﬁ§edTﬂ Y ES&FSrW?EbEhHésoBEBFBﬁ@dat a
attiehefouwl. et o/her ebhe Wethyaatiqumdthi/igastdegepandt gum

%%ﬁ?o%%%t%n %b%v%%@d?%g%%n@%%ﬁ ot 309 S '?&gﬁxhﬁ%F

at a rate
weiglugmrRion t amm ﬁ@et lole ouimepeidd Lrlaicdpdionh ﬁAf@tSerIfEaJ@@dataSa one of

eoRstant H-eveli.;1Ehe upper |ayer (224 g/ h) was fed,
together wi_ith nmethanol (16 g/h) to a second -stage

rl&Zerele( £8) . The supply of nethanol was 2.9 tines the

t heor etrh@aba@&w@tt o p&@pfa@@dr ehatcate 1kt I@ﬁ:e@@&%rtlon
ST TR RN e L Y
&0 aiasisi flieadgtion was cpddked grains with a grain diameter
of 300 to 850 pym. The same reaction apparatus as shown in
Fig. 2 was used except that it did not include the methanol
recovery column (17). The reactants used were same palm
0oil and methanol as in Example 1. The first-stage reactor
(13) (straight tube made of SUS-316 stainless steel, 26 mm
in inside diameter and 500 mm in length) was packed with
the molded catalyst (400 g). The reaction temperature was
set at 150°C, and the pressure at 2.5 MPa.

Using high-pressure constant delivery precision pumps,
the palm o0il (205 g/h) and methanol (41 g/h) were mixed
together in a line and continuously fed to the first-stage
reactor (13) downward from the top. The supply of methanol
relative to the palm oil was 1.8 times the theoretical
amount to be fed. The yield of fatty acid methyl esters

and glycerine in the first-stage reaction were 64 mol % and
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with the nol ded catal yst (220 g). The reactor tube
outl et was equipped with a filter and a backpressure

WO e@aloztedT via an air-cool ed condenser, and t hBCT/JP2004/012876

pressure within the reactor tube was set at 2.5 Mra.

‘The reaction tenperature was set at 150 C and, at 3

hours after stabilization of fhe tenperature and

pressure, the effluent fromthe secondstage reactor

was m xed, at the outlet, with the |ower |ayer

Q@Imoér?nerph@@@k1ﬁ@dy1thEhsepaaat@r tdde. whﬁ éheibppaéd, at
ot.al W f tatt r :

%%g Eggﬁe} E%e 5 gétgﬁE I%mgﬁg% ?ﬁgglge ara}g&d%l4 via

W@s alrgmogﬁﬁd cloadenfs empneyly taei d@@eméa&eﬁ (gllycearide

bﬂ%%lewﬁbgbxg%&!%%% WQS Or%%% g/ch2oThys, dﬂfﬁéﬂﬁyﬂ%talnlng

amount, of triglycerid had been consuned

c&fe léﬂuﬂfjeélﬁﬂuyléjerlinﬁ@r\ﬁ@§629t4 agFRIStRAT e Visdt-haRBp upper

wasez3.(22a/ @/handzatsh&fedof ta)g@rt@@btcmwt alret\r@&oq 4@45 g/h to

%sh Th§n ¥Frall %ld of ? ative f a0|g Ty

£EFOIENE P PEe THIAFEEN e n t ]%efFW%P g]&e fgnol was

Qe@omdmesta@e ré@otrietn s ale aaodh tmilo %eaﬁ@dB&ethr%e to the
cti Ly | UI ctlon m xture in the line

%%;%% la§% 11§E§ d&éﬁ ana%y3|s to determ ne the

el uti oﬁnofchactsevc@ndoﬁrt@gemtgbuﬂanfhe“eaazttalrysimadlen otthéUsS-316,

@@p%& hayehsite HifMReNeRH a9 9§$§%IQ%n%Q%.tm%s packed

onent concentration was not hlgher t han 0.

HHGD Fof FRecRGwerteApet. (A8 ) -coRpBnERRCtor thbe outlet
@@%C%@bﬁ@bb@an@ﬁl%.&ﬁ&t@&dahﬂeéVbackpressure regulator via

conponent concent r on _was pm This effl yent )
Bt ag eyt Geniarohse. ety S08 P taRee o he
@b@bto&nﬁubethﬁWKﬂseMaatrécﬁvMPEd b?hélﬁshctlon temperature

% %t%%%a%%°ﬂ50£g? r%&i%nhggg%e s abfriégﬁ Sﬂnof the
Of t K€ S € operati
ptree@@@rraéuw&s agd m@s(smg@ mt]mqg)efflw@mrtarfmmmtthe asecond—

%tag" ‘?c%%tc%%t Yz sl nﬁ%’e@’ RS %h‘éa%u“cQ%GtVeRﬁCEhatth% naffer

hi s V\ﬁS reused as a raw rraterlal in

. and t
tlifgem rl rgt%YC@t rAge Pé’é‘étq o FoPhéhfe SPPARAON dif4) . In the
Qdriel ROTYS k- ed - 10 W] gl thfeh@fb@tatt@:rp efcildhendtght esters

AL 50 U, e conuinuanely Led 9. & 3ePAANY AR vas
1.94 g/h, that of monoglycerldes was 3.57 g/h, and that of
diglycerides was 0.248 g/h. Thus, the whole amount of
triglycerides had been consumed. The flow rate of free
glycerine was 20.4 g/h, that of methanol was 33.9 g/h, and
that of byproduct water was 0.494 g/h. The overall yield
of cumulative fatty acid methyl esters and free glycerine
in the first-stage and second-stage reactions were 95 mol %
and 93 mol %, respectively.

The liquid reaction mixture in the line 207 was
sampled for ICP analysis to determine the elution of active
components of the catalyst. In the upper layer, no Ti
component was detected and the V component concentration
was not higher than 0.6 ppm and, for the lower layer, the

Ti component concentration was 1 ppm and the V component
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separation. The upper |ayer (ester phase) drawn out of
the separator (18) contained 97% by mass of fatty acid

woredolprieest ers and, further, glycerides and a BOEII2004/012876

proportion of nethanol. This crude ester phase was
continuously fed to a fatty acid ester purification
colum (19) for purification.gdghe fatty acid nethyl
ester purification colum was a 23- stage distillation
colum, and the reflux ratio was 1, the bottom
cpecanitoatienperst G0eprwas 205 C and t he operation

pressu&ﬁlgaéfglﬂe%%a 63 EHEE?%gﬁPgEgi frlad B@t&ban'dto a

¥ esters were obtai unn tO
#éﬂé ofngg1 CelmmnTHA 6¢ | y gafi Beshaged W@@oﬁ@ﬁ@&eﬁﬁdwby flash

Hﬁ@t@@&b@&b@nd Tﬁ@sgﬁéeﬁé@tm @émﬁ)@ﬁafé%”ﬁ%e’ﬁh@ BotfBm of
ower glycerlne phase)

th hand, the
%P*g 180t 60 hgoéé]ﬁ‘&r&’taérzfj% r c BRCaithEd OF PRl ORa B eSsure
WESQ%VCQPBHG4fﬁ?nmfG@mhegmebwﬁm@ﬁuwitMB&GWgaeﬂ 8oRtént of
r opo of fatty acid .ne ter gu :
gd%%o%& ﬁggguc eéﬁ §§BRSI b %ﬁlg%b%§dg &V@ceﬁﬁﬁethls
whaseewasdc@ﬁtBnu@MSMytbedaﬂ01a ghﬁcéﬁkﬁé—ﬁ&ﬁbbimahbmnon
col urm1h@0heaty® AOLYESEANECRYE hGLER OB CORBIENASCR the

O-stage distil tion CO e re UX rati o
@Ottomh@fbé@@o#ﬁgéﬁp@pdﬁuﬁ@lwa@ veP Coafrdnilpasly fed to a

epphaki-oR QNBISUREe MaES ol 4akBaokE3 2o Hyh 0@ Yeekicne
was dlitl||ed off, to iher Wi th g¥product water and a

SRRPF2&iBlint bR nBPR&hOF2YET oftt hET cBRaRR) t 8p2WRJOUL of the

paphiraktby daﬁdensaﬁgahe509@ sapg ﬁh@@ebfdﬁammwe@cQH methyl
S th I n t ich remained.in_ a

SRR o, P WLy (MO R Le TR o Blpoytion of

aeithpeodf. ZDhﬂSgﬁhudéhestertgha@edwaethghtesueuslanﬂed to a

@H@E%OEEQHGQE &e%%&%%ﬁéaEQBH‘Egguﬁﬂﬁtﬁ )WE purification.

bj ect ed eguim ng, egunmmed ‘fraction was
Fé@séat5§ éﬁédoﬂ6¢ﬁ§lrsﬁ¢ﬁﬁt@ﬂraﬁécaFE@@nﬁpéugp Was a 23-

sahaky gt sBiWas G OMP I3 Sinal) gaud%gea&@fQngr%&q%h%@s 1, the
n O CO

oLhared; by claselcatl on, (0,0l Lacl ralis Wi S on
appasateswas ShdwkPan (Bi gm Hgyas bsetflfiaddfatsyracglitmethyl
esters were obtained from the column top at a rate of 201
g/h. The glycerides were recovered from the bottom and
reused as one of the raw materials.

On the other hand, the lower layer (glycerine phase)
drawn out of the separator (18) contained 97% by mass of
glycerine and, further, byproduct water and small
proportions of fatty acid methyl esters and gum components
such as phospholipids. This crude glycerine phase was
continuously fed to a glycerine purification column (20).
The glycerine purification column was a 10-stage
distillation column, and the reflux ratio was 0.1, the
bottom temperature was 161°C and the operation pressure was
0.4 kPa (3 mm Hg). Glycerine was distilled off, together
with byproduct water and a small amount of methanol, from

the column top and partially condensed at 50°C and thereby
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tubul ar reactor (4) made of SUS-316 stainless steel
and having an inside dianmeter of 30 mm and a | ength of

wG®snmewas packed with the nol ded catal yst (5BOT/g92004/012876

For enabling pressure control, the reactor outlet was

equi pped with a filter and a backpressure regul at or

via an air-cool ed condenser. Msing high -pressure

constant delivery precision punps, the palmoil (205

g/ h) and nmethanol (68.8 g/h) were m xed together in a

Hepe ized ofniyaRuwous! yepassed thuoughethe whdatt eemained in a
downwar d fron1t Th ressure MA int t ubul a
CARET e, Pl  SPea \phvBEFRRA SRt G ODEalS! BE -
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éieg)?@@legby aagk diealdeguRBRE; Agachd onub@isareusgst g6 one of

ROkt ek mAtte3iRauwr s after stabilization of the
t enper tur and pressure, the total flowrate of fatty
a&rad hyl! esters at the outlet of the reactor was

194 g/ Ithet I&ettaatyalt Bl ewsr abapetskieea ir@tltiysda@in@s thas
1.31 t of nogl cerlde was L 10. and . .
Erleede ooy G TR B A o ey WiSige wite
alrr@lmllnofdltameg:lqzc@rﬁ &9 lrad 8&5@ermmon§hﬂedaméheeébbmpn
I (i e t he t f %atgga

!S?%r%t %% el at o?l r?%%ghagol"\’%lé u%gp tnh)ﬁ qﬁ[at
6ﬂ1bw@rroc¥@@tcm e naede. P50 S@ﬁl’r“‘ﬁhé%ﬁl@lﬁsﬁ sfteerly and
gl%lvgn@etalﬂlylll’%it(ﬁ{ ﬁil%ﬁféftfeﬁe o %@eﬁrﬁmt%n\eﬁrae l%tllg’BH o ?mb mm

qrspec:|e i qui eact i m xture in

"ase PRGA ST %é}r#@dnpid agﬁ% y“; q“Jthc? d?éter FrPﬁeePﬁgllng
@lrlétsis@rreafcoaﬁind&e, dmm&m@t@rofod’dl%tca\taai yefuidgde®l with a
g‘)tlac' o e ﬂt rb%&:'konr ol 3¢ 'r‘ée '1%% RAGE A ﬁTooal%%

e upp ayer and YSwer ver Was

tdqmdenamo ppm Further nore, when ICP anal ysi s vvas

perfo%@g%‘ ééy%r%pQ%Esﬂgﬂﬁ'dEYiJé¥%3pﬂéﬁﬂ§ion pumps,

nei t her T| nt nor nponent was “dét ect

ﬂlﬂeslo@f L%ri{ @Hﬁt.@@&@l@;ﬁh@@@ a6 8o aZh) V@r@ mixed

R RS £ @ Unthd Jnd A HTRERARAlY Wit JLL A RGh the

t%%égy¥‘&gdﬂ%é?g” é&?ﬁjﬁ?ﬂ%&> b%he %ﬁgsghigluh%hagnthe

tubular reactor was set at 3.5 MPa by means of the
backpressure regulator. The supply of methanol relative to
the palm oil was 3.0 times the theoretical amount to be fed.
The tube inside temperature was set at 200°C by externally
heating the tubular reactor portion. At 3 hours after
stabilization of the temperature and pressure, the total
flow rate of fatty acid methyl esters at the outlet of the
reactor was 194 g/h, the total flow rate of free fatty
acids was 1.31 g/h, that of monoglycerides was 10.4 g/h,

and that of diglycerides was 0.646 g/h. Thus, the whole
amount of triglycerides had been consumed. The flow rate

of free glycerine at the outlet of the reactor was 19.9 g/h,
that of methanol was 46.9 g/h, and that of byproduct water
was 0.750 g/h. The yield of fatty acid methyl esters and
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operation tenperature at the bottom of the |ight ends
colum was 247C, and the operation pressure was 81 kPa

w@ e@3/omeby) . The net hanol and byproduct wat er POEEIR2004/012876

fed, in a gaseous state, to a nethanol recovery col umm
(6) fromthe top of the Iight ends colum. The

met hanol recovery colum was g;23-stage distillation
colum; the reflux ratio was 1.0, the operation
tenperature at the bottomwas 83C, and the operation

mm&sm&m&@M&Ee QGO&om Bohnd et hanoly wirtelsp@ctlvely.
nolstu&% nt ent, of 1W was btalned % e %
° shenaft Wi
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Ia@)aerlom&t el (y@&a%)s dbawaoeut ekt he o%@p%@t or Fﬁﬁhermore,
e

nt ai ned 94% by mass of fatt aC|d rreth sters an
1W el @Wﬁ|1&e§’a§n&e£ QﬁﬁHeI rprdp &G ho upper layer
mfdha][@mer Ilaqzeef,u@hele&teer Tﬁhmp@a@rﬁomolxnwsioynpfoe@nt was
t.0 12 at e rificati n Co o
s G 2 TN DR S At R IR
wai1@h23e$w&g@odMQMIIEabl@mdcNGMManodndmmhaemdvaLed

0 a

SORETRNES it B RO MR A PGP I it The
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We recover ed Lron%£ﬂe tto and r d as one of ,
trgé’ r I Atleri & tRel ofRer PHRAAS uF e"P ﬁErWF’é?eifed' in
Eglgpeioue spjma&e) tdr awmealtfanofl trke:csepar Mun(n?) from the
%ont al u?t evvgl rms né:]oll%n%cer& g an%hfl t%:ecbveay column

propor tToh acl
rmtshw %m%mmml@amp@nmmmcwm reflux ratio was

ﬁhQJthc‘Hel Qip%ﬁratg%% Gl eex%ltXﬁ%r e Fothdbh w als 83°C, and

contlnuous ycerlne purl lcatlion co
(e Wa@%@mrﬁéwﬁ fiecatdilork ol (Lﬁﬂw‘? wits Hg)o- sMagéanol

it 1d addiot @l Wantcatd dfthe nef hiks IoHd-0 R ok HHe
DOLLAM YO YR R A RC A "SR A A s
reused as a raw reactant material.

The heavy fraction continuously drawn out from the
bottom of the light ends column was continuously fed to a
separator (7) at a flow rate of 226 g/h for phase
separation. The upper layer (ester phase) drawn out of the
separator (7) contained 94% by mass of fatty acid methyl
esters and, further, glycerides and a small proportion of
methanol. The crude ester phase was continuously fed to a
fatty acid ester purification column (8) for purification.
The fatty acid ester purification column was a 23-stage
distillation column, and the reflux ratio was 1.0, the
bottom operation temperature was 223°C and the operation
pressure was 0.4 kPa (3 mm Hg). Purified fatty acid methyl

esters were obtained from the column top at a rate of 194
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0.4 kPa (3 mmHg) . Gycerine was distilled off,
together with byproduct water and a small anount of

woreioiaeweh7 fromthe columm top and partially chodaroed 12876

at 114C and thereby deprived gaseous of nethanol and
wat er, which remained in a gaseous form Purified
glycerlne was thus obtained agfga rate of 19.8 g/h. The
fatty acid nethyl esters and gun1conponents recovered
fromthe bottom were subjected to degummi ng, and the
éégunnﬂdefg:ayéé@mwsﬂémss@lcmem@ pfotihehe awottom and

glags % % 4L tocl ave was charged
grlg|8 gg g? Aet hi anoFlﬁgﬁ ‘g) and the catal yst

A (leOn)tbe.stgﬁr ABnhdr nher dgenrr épiacenghycetrhoe phase)
H?Q%h'gﬂtw%% ?h%gg@?aEQEQEOQQ?dCQBt 15%@pb©enby mass of

enperature 0 hour s I nter
gLyErrAge The, yifarghet, nbwﬁypd@péaWQtﬂﬁsamdwﬁmaﬁé t he

ﬁt@bérﬁﬁoa%yggrEa%tgaécﬁé%ﬁexﬁ§1a@@&£§@saw@sg@ﬁr%@h@%%ents
and. ensur Egt the total concentration, of ahtlve

RECH) aéoﬁ%@ﬁ@ dipidsng VPRasSTHOE bYeSThan RResd ¥pm
Eontheusorsey waen tbCB @Ul@‘bf&ll&eW@Strﬂeﬁ.E@ﬂ:HBdl caQumn (9) .
huti n._was E s .t he vanadi %lc%ntent in

The' e nRo BB S kst T, e WA, R0 G -2
fCesmpadatiive Exdmphe apdTmeereaéﬂmznrwasocwmﬁl@dlouthe
h&g&gﬁ.%@ HBROSE @% 'ﬁ%éa%p%%d4t%éc%ﬁ%r%ﬁéb grefsure was

rotalcite was used as the catal ys
RethyPaol (Saf@ Wa's - 77@6Y@ﬁ§lﬂﬁew§$e@ésbiléPQC@fﬁnetﬁﬁ§ther

£3%n 6%p%o%%%%'%aQEfXBEda%a%w%ﬂ§ %hfhﬂ% %&t%bt@%%%@ from
Wwas .reve a al no ole a
oI S, PR, PRG Rt APERL A PO fa PRt heTeby
tle@ raveidntg acie oalsu wifn et had o e em de watted:, asmde&cm@hadmam in a
fadel Llarphes,p.Lg d2) The cengli o uaspearriad., o
u t he "Same™ manner a ﬁ We 4 excep one
@rhtteh@fcéﬁaISys;V@ C Tblewatyuaeddl mstewll ebtehe and gum

%% Aopsh +A reE%‘%re %%U'ftz%nf?‘ﬁ:%es '%%‘M?:o&rﬂ w‘éf?n%' Sub ddtdd®o
uti on"™ col um neans he el ution
degummlng, and the degummed fractlon was reused as one of

the raw materials.
[Example 4]

A 200 mL autoclave was charged with triolein (60 g),
methanol (20 g) and the catalyst A (TiV0,) (2.5 g). After
nitrogen replacement, the reaction was allowed to proceed
at a reaction temperature of 150°C for 24 hours with
internal stirring. The yield of methyl oleate was 79%, and
the yield of glycerine was 51%. XRF analysis was performed
and ensured that the total concentration of active metal
components Ti and V was not more than 1,000 ppm.
Furthermore, when ICP analysis was performed, no elution
was observed, that is the vanadium content in the ester

phase was not higher than 1 ppmn.

[Comparative Example 1]

The reaction was carried out in the same manner as in
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| evel
of met hyl

DEx. 6 (FeVOZSiO) 6 6 31 Fe:N. DV :
Ex.7 (CeVO) 6 5 24 Ce:N. D
15 Co: N D(Co VO) V:
8 327 0 Catalyst H Ex.

is not higher than 1 ppm Table 1 Catal yst Yield

ol eate Yield of glycerine Elution (ppm (96)
W@ Hos@0ateat yst A Ex. 4 (TiVO) 7 9 5 1 Ti:N D WwaI/JiE004/012876
Catalyst Ex. 5 (FeVO) 6 6 20 Fe:N. D V :130 Catal yst

¥5250 Catal yst
. D Catalyst GEx.9 (VO) 8
(Nbo O) 45 14 N D Catal yst

13 Catalyst E
F Ex. 8 43

Hxdnpld T et kthaN HYydEaftallysitte) s s €@ )the Ta@ralyst.

Booo (i o1y 5%

(ﬂﬁé%.@%%fsg%&¢Ehé

e reacti'on was car

el S

gl tdeer Sarevamriier. adsi anresult of XRF analysis of the

ester phase,

it was revealed that almost the whole amount

of magnesium constituting hydrotalcite and about half of

the amount of aluminum had been eluted as described in

Table 1.

[Examples

5 to 12]

The reaction was carried out in the same manner as in

Example 4 except that one of the catalysts C to J was used

instead of the catalyst A.

1. In the “elution” column,

level is not higher than 1 ppm.

The results are shown in Table
“N.D.” means that the elution

Table 1
Gatalyst Yield of r?;?)\yl oleate | Yield o{ 0/g{)h)/cerine. Elution (pprm)
o | e | v | | e
Ex. 5 ?;t:{‘/’f)tf 66 20 i N
Ex. 6 (Feg/act)alﬁts?oz) 66 31 e -
| wmer | = | = | eme
Ex. 8 o) 43 15 CoiN. D
Ex. 9 C?\tfz"g’:)a 88 32 70
Ex. 10 %ﬁ;’:gts')" 45 14 N. D
Ex 11 ?$2a2§:)1 50 18 N. D
Ex. 12 (Cj,t\,ag’asct,:) 49 2 N. D
ComparEx. 1| Hydrotalcite 77 63 Mpﬁ gggo
[Examples 13 to 16]
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Exanpl e 4 except that the catalyst B, K, L or Mwas
used instead of the catalyst A and that the reaction

wo esppeebUr e was changed from 150 Ct o 200 C pahar2004/012876

results are showmn i n Table 2 . In the "elution”

colum, "N. . " neans that the elution level i s not

hi gher than 1 ppm Table 2 Catal yst Yield of nethyl

ol eate Yield of glycerine (%9 (% Elution (ppn EX.

Catalyst B (HTiNbO) 8 5 6 NN D Ex. Catalyst K (TS - )

7 6 5 Thi\.rdaddatal yes Lledixe idd i XSO Yheg gaRe Indhndr as in
ty T, e 9 ide

Igéen% %)Fée%‘étﬁl%n o hé éé@éi’ tSB ulg{ld P%}é l\q w)l%g—hﬁsed
mstqq@) Qf otlﬂ%tp@af@a%Y%t F%t@m@ w@@t th@aremhlm tegpgrature

§955§§éﬁ§édlf§b@ PYIUSt+ 2908903 . qrRNtrddd11& hire shown in

ATTYACI D ESTER, _S' Japanes e
Pap et 2 ppg it i @rquﬁlorés cofqg £ N Red” pcdHbhdrhate, the
2008ion endvd 1 eds "M HODEIe PRORLC 1\|Q>§1A\TTYAC| D ESTER, S"
Japane s e Pat ent Appl ication N. 003- 42 14 f i | e
d Decenber 18 , 2 003 , enti t | e d "METHODOF
PRODUCI NG FATTY ACI D ESTERS, CATALYSTSAND DI ESEL FUEL"
and, Japane s e Patent Appl icati on N. 3- 4 471 f i |

her 24 2 003 enti t | o d "
b FATTYACI D LOWERY At ethy! BiSdERGel ABD¥ YRR ine .
| Th&@¥%fitent [s o f(who s e| appl (%) cat i|drigion(pPm)
meFEFﬁETE* Ty T fE[ence
atalyst
(HTiNbOg) 80 56 N. D
Catalyst K
Ex. 14 Tso1) 76 53 N. D
Catalyst L
Catalyst M
Ex. 16 (Ti-V—Zr ternary 45 °} N. D
oxide)

The present application claims priority under
35 U.5.C. 8119 to Japanese Patent Application
No.2003-307589 filed August 29, 2003, entitled
“METHOD OF PRODUCING FATTY ACID ESTERS”, Japanese Patent
Application No0.2003-418666 filed December 16, 2003,
entitled “METHOD OF PRODUCING FATTY ACID ESTERS”,
Japanese Patent Application No.2003-421448 filed
December 18, 2003, entitled “METHOD OF PRODUCING FATTY
ACID ESTERS, CATALYSTS AND DIESEL FUEL” and Japanese
Patent Application No0.2003-427471 filed December 24,
2003, entitled “METHOD OF PRODUCING FATTY ACID LOWER
ALKYL ESTERS AND/OR GLYCERIN.” The contents of those
applications are incorporated herein by reference

in their entirely.
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I ntheir ent irel y .CLAIMS 1. A nethod of producing
fatty acid a esters and/or glycerine by reacting a fat

w@eroosiokieni t h an al cohol using an insol ubl e sol PAI/JP2004/012876

catalyst in a reaction apparatus conprising at | east
one reactor, conprising: (a) a step of obtaining

| ow-boi | i ng conponents renoveg |iquid by renoving

| ow boi | i ng conponents or fraction froman effl uent
liquid of a reactor and (b) a step of separating the
fatty acid al kyl esters andl@gli¥cerine fromthe

| ow boj | i ng t

eIuteg‘act|$gQ&B?ﬂ$§é%E onaq%£¢d§%é§%%wgf<§lgl€% eSterS
gad by stlyeet hee dbY | veactingue dfat @rr@abt@tthn@un@écohol
19idg ! gyelns9t bl ghes1ihapsida Qtppﬂ1azreagﬁﬁoﬂeaﬁﬁgratus

of producing the fatty acid alkyl esters, and/or
Pyt F Hed ok ot &R Al %ec;a%#qr WRSFRT hSiRE st ep of

obt ai n(amg 4 @té@%b%ﬁtmwﬁxm@w@mm@m% by
renovi ng. t he, | ow boi or fraction, fro
FEROLr AP eRRL 1 R oBe Vg albereaer bRy, SbBEPRBRCORF
fnathEoﬁbSEomeanfefﬁbueatalquldSOfTheraathod ahd

pr OdUC %h&é;gté&’ 5‘%1!%955‘&%%@1%&% £ déé?ld%i’ﬁ?i'é@ters

accord iml

se@aghycaglnheframt yhaciLGWaquyl i1pgt @@@pahdn‘gsyﬁémpﬁ@d
frgmyhe | ow boiling conponents renoved |iquid
comprises a step of phase separatjon of the

| ow deW?%%l%oﬁ%oﬁ%%g%dr%%\é%l e et dc?lﬁ?%nalﬁt eefefhe
phaseupnd Qoghlle@étBEy@BaSﬁ the ahglﬁ@hhodlqﬁld of a

d th | k d/ '
i e A R e
reacti on of an ester phase separated froman effluent

of ar act orq q I ' t t n
t he pr%sence %% ﬁ%gﬂ?ﬁséfng%%&g%%ggcggélf£?9§ géla ﬁlkyl
pethod ahdpeodativagrine peceydaeddta Géaémsland/or

gl ycer{;Rer8¢80LHENGLEP SFabPr3ining the low-boiling
components removed liquid by removing the low-boiling
components or fraction from the effluent liquid of a last

reactor is carried out in the absence of the catalyst.

3. The method of producing the fatty acid alkyl
esters and/or glycerine according to Claim 1 or 2,

wherein the step of separating the fatty acid alkyl
esters and glycerine from the low-boiling components
removed liquid comprises a step of phase separation of the
low-boiling components removed liquid into an ester phase

and a glycerine phase.

4. The method of producing the fatty acid alkyl
esters and/or glycerine according to Claim 1 or 2,

which comprises a step of reaction of an ester phase
separated from an effluent of a reactor with an alcohol in

the next reactor in the presence of the insoluble solid



10

15

20

25

30

35

wherein the glycerine phase obtained in the step of
phase separation of the | ow boiling conponents renoved

wo p@aiogieeont ai ns not | ess than 70 parts by wei BOT/JRM004/012876

gl ycerine per 100 parts by weight of the glycerine
phase. . The nmethod of producing the fatty acid al kyl
esters and/or glycerine according to Claim3
conprising a step of distillation purifying at | east
one of the ester phase and the glycerine phase
obtaiyped. in the step of phase separation of the

| ow- boi | i ng conponents renoved |iquid, wherein at

| east one of the purification residues is used as one

of thedraw rnMtermatkod ovf theodieatn ¥ orhe . fTahey neehd R bEYL
Qé@gyglQﬂdy8fc§§§&¥r§ﬁédaéégyal§§t@58c§a§ﬁoe glycerlne

according t aiml , wherein the al coho

recovéW%%r$¥%n¥$ﬁegibﬁﬁ%b$$|R@a%%n%%ﬁ%ﬁ?§do%an%%t?Bﬁp of

§h§§é| &@ﬁaﬁﬁflaﬁdo@t theasbwpesilohgt bempeneresedemoved
coh IS used as, a.raw

ter The et
}Sﬂﬁ RERERERFalPy LEFT gﬁﬂ?l5QSP3F§Saﬁglg?laﬁgcgrlne
gmyeéﬂing berClabnpartwheyewvaighe bfsthebbéysekide phase.
catalyst is a catalyst capable of catalyzing the
esterification of free fatty acids contained in the
fat or6oil. BheThethedhol pfoprotngi hget Rettut egidcadkyl

%E%mﬁ eéhﬁ/éraB§§gérgh¥C§Eb8ﬁdéﬁﬁotg'@Qa&ﬁ g, abam§r@elng

erein a fixe reaction aratus packed with
the i nd3oPtBPecofiateatabyer p@rﬁggangoe alpreHuBRPoRT the

éB@eEhﬁhéaét Mntacﬂ:ﬂeablﬂjbe@&h@r §hae@{ @bgghfyl@ar Ilglethe step of
r oduced ntl nu nme 0 0 Loau n

PRBSRarepaxaraon b thb: PU-BRaLsR o, oterrel TR cartiag

tlaqgGtiajm 1, wherein thg i nsol ubl e solid catalyst

contal HRer@ind.e388at '§h80§%D9ﬂgngu&E%&%9E10ﬁtrggéahes is

one e ement romt group consi sting
okethhesnmenal oél shentrevwbepsagiiag st §orhéher sepcAignd t he
Goup 5 in the periodic table.

7. The method of producing the fatty acid alkyl
esters and/or glycerine according to Claim 1 or 2,

wherein the alcohol is recovered from the low-boiling
components or fraction distilled off and at least part of

the recovered alcohol is used as a raw material.

8. The method of producing the fatty acid alkyl
esters and/or glycerine according to Claim 1,

wherein the insoluble solid catalyst is a catalyst
capable of catalyzing the esterification of free fatty

acids contained in the fat or oil.

9. The method of producing the fatty acid alkyl
esters and/or glycerine according to Claim 1 or 2,
wherein a fixed bed reaction apparatus packed with
the insoluble solid catalyst is used for a production and
the fatty acid alkyl esters and/or glycerine is
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11. The nmethod of producing the fatty acid al kyl
esters and/or glycerine according to Caim1l or 10,

wob@se2re9t he i nsol ubl e solid catal yst conpri sSeBCEHHIP2004/012876

oxi de whose crystal is conposed of an octahedra

skel eton formed by coordi nati on of the essential netal
conponent with oxygen atons isy a six-coordi nate
conplex -formng manner . 1 . The nethod of producing
the fatty acid al kyl esters and/or glycerine according
pyodigierh TOntuheosisdyt-he i nsol ubl e solid catal yst
conprises a |l ayered conpound represented by t he

foll owi ng general formula (1): AT NC% % wherein A
represefts aTh?dméééﬁdaP§nP6Pdﬁﬁlﬁgk B #etay aeéﬁ1a&kyl

eeme@eeaha/@rn@Q@e@&u@boabebralhgntel@qbahoqland Xis

a naturﬁ nunbgg 8 gher tE E t&# N

conmposl'tFoRBb |né8S @u & PRALHI 6ATELYS f&PnSPlB§P as an
wbEhn&ﬂa&lcoh@bnﬁﬁtngh&mebﬁsohmbﬂeasalb@ecababﬁsblement

@gl%gt% g&gg&g%&sg S%o&@%@F%E@yO%)% e%aﬁnelé% nts

nore t acl esters,
ardongtnbess th@nG8©@Ppﬁnaaddth@tGW@M@ 6ham.¢h50©egpmdlc
eLphikee fatty acids.

11. The method of producing the fatty acid alkyl
esters and/or glycerine according to Claim 1 or 10,

wherein the insoluble solid catalyst comprises an
oxide whose crystal is composed of an octahedral skeleton
formed by coordination of the essential metal component
with oxygen atoms in a six-coordinate complex-forming

manner.

12. The method of producing the fatty acid alkyl
esters and/or glycerine according to Claim 10,

wherein the insoluble solid catalyst comprises a
layered compound represented by the following general
formula (1):
ATiyMO 2x+3) (1)
wherein A represents a hydrogen atom or an alkali metal
atom, M represents a niobium atom or a tantalum atom and X

is a natural number not greater than 7.

13. A composition obtained by the reaction of a fat
or oil with an alcohol using an insoluble solid catalyst,
which comprises:

not less than 98.00% by mass and not more than 99.92%
by mass of a fatty acid alkyl esters, and
not less than 800 ppm and not more than 4,500 ppm of free
fatty acids.



