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WO 2005/021697 PCT/JP2004/012876 DESCRIPTION METHOD OF
PRODUCTION OF FATTY ACID ALKYL ESTERS AND/OR GLYCERINE
AND FATTY ACID ALKYL ESTER-CONTAINING COMPOSITION 5
TECHNICAL FIELD The present invention relates to a method of
WHSHAAYFatty acid alkyl esters and/or glycerine and to a EftRFRHARH6

esters-containing composition. More 10 precisely, it relates to a method of
producing fatty acid alkyl esters and/or glycerine useful in such fields as
fuels, foods, cosmetics and pharmaceduticals, and to a fatty acid alkyl
esters-containing composition suited for use in biodiesel fuel or as a
surfactant intermediate. 15 BACRGROGNEPART Those fatty acid esters
derived from vegetable fat and oil are used as a cooking oil and, in

additionntheyorreuseddnsyeitlieldaascosmetios aod phiarmaceutisalss
2B:leciacent venrs alielionas beedpaidde iemas adithesda oo oy

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 emigEieHIBF CO2FGhjderine is mainly used in 25
such varinus fields@asta rawsnaterial fer te:praghictionafhbifraghycerin

apeligfusthgr y&@@f%{@%@é{ﬁri%§<ealaék>é%%§i98@ﬁ%@}%%ﬂ;f%&to a

faods and printing inks and cosmetics, It,is known that a8 method o

AR P T SO ESE S BRI O e RREEY P BotertiGifon 30
H¥GEeide, Whicrrisaham éomponehtof fatS anePeils: L aith e foweralkgl
atddhdl. kecamrgingrautsuchlgpsaduetion afiethodorsactommergial seale,

achemogengug Alkalh satalystds genesalyused, This, nowever, makesdt v+,

t t a 35 complicated st f ti d./ .
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biodigsel fusl or as a surfactant intermediate.

BACKGROUND ART

Those fatty acid esters derived from vegetable fat
and oil are used as a cooking oil and, in addition, they
are used in such fields as cosmetics and pharmaceuticals.
In recent years, attention has been paid to them as
additives to fuels such as light oil, TFor 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 materlal 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 methed 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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catalyst. Further, the alkali catalyst causes saponification of a free fatty
acid contained in a fat/oil to form soaps as byproducts, whereby it
becomes necessary to carry out a step of washing with large amounts of
water 5 and, in addition, the yield of alkyl esters decreases due to the

ShORSIFI8Y effect of the soaps and, in certain instances, thé YaRREHUEATS

glycerine purification process becomes complicated. Concerning the
conventional method of catalytic 10 transesterification of fatty acid
glycerides (a fat/oil), Japanese Kokai Publication S61-254255 discloses a
method comprisin reactin%fatté acid,gli)ilgeri es with a lower alcohol and

T E&Barating e et gie&riA Qi CHB5Rste and/or
sedrpn Hiregénsavbnatd keasda bevl Satibtersgendoes doliccdtalyses?

Itis deseribeddbat,de pamyingeshisimetaod; the aleabelds evapesatect

from dhesgagienmixtue and fhen thelayercontalging the ieg glycHne:
is s%parated 6?F?t?fj[j‘i_.r,emov tis, alhs% defcr ed, that when the reaction i
| e

cBRfed dlit SORtISLly, The J0Tred SitoRdrIMiciided in theTeacton:
nfigtuFE9s Fandy iduaierattf 868 thén Hhe heady §lyddne phase iein
sepatatedecand removedcskyphase sepasationy, gart bE fhelighthestercess

PRase s ketusngd 1o the transesterification step as a recycling stream and
the evapgrated alcoholt%nd freshe%lstgggl sm%f g Jeg%ta;nate% aa:@ Fic

. ongernin .Con 2,
S|multaneousﬁy |ntroguce§ m?o %ﬂe same Step. nowever,

triR3B SRR RtEACATEtRBd UsiHg SEh 2CstalkY RaE 15iBBlets, famehy -
tharadkals eatédystimayibel carniente & frito Zb4@ap whisrrad feees fattypacibd

cogxists inithe ravk materaktatioll, gk the §0redalygbmayihe elutedurthe
nalelpananer e faalorauhen e adlve spoclas Ao calabist is
eﬁjteg, the reverse reaction may proceed in the step of evaporation of the

AR DI eSaRtR A e RASRE iF REtd™ THETERIERFE 18 66 mitor 1S as
centrivberedoremabling he 3Badrobvetion thigh-pigityfakgdcidwerin
alkytestets anct WA 20004021697 BCET/AP20R410128 %6raborated from
the reaction mixture and then the layer containing the free
glycerine is separated and removed. It is also described
that when the reaction is carried out continuously, the
free alcohol included in the reaction mixture is partly
evaporated and then the heavy glycerine phase 1s separated
and removed by phase separation, part of the light ester
phase is returned to the transesteriflcation step as a
recycling stream and the evaporated alcohol and fresh
portions of the reactants are simultaneously introduced
intc the same step. However, the transesterification
methed using such a catalyst has preblems, namely the
alkali catalyst may be converted into a scap when a free
fatty acid coexists in the raw material fat/oll, or the
catalyst may be eluted by the water contained in the
fat/oll or, when the active sgpecies of the catalyst is
eluted, the reverse reaction may progeed 1n the step of
evaporation of the alcohol, resulfing in decreases in yield.
Therefore, there is room for contrivance for enhabling the
preduction of high-purity fatty acid lower alkyl esters and
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glycerine in high efficiency, by prolonging the catalyst life-time and/or
suppressing the reverse reaction resulted from the elution of the active
species of a solid catalyst to thereby carry out the transesterification
reaction with 5 high efficiency. Further, regarding a continuous producing
WHSMEHH Tatty acid esters and glycerine, Japanese KokaPPlidReddn2876
2001-31991 discloses that a fat/oil and an alcohol are preheated and
reacted in the absence of catalysts where the 10 preheating temperature
and reaction temperature are not lower than the critical temperature of
the alcohol and the preheating pressure is not lower than 0.7 MPa, and
tHeN @8 1aieohbl isleVasoraicd FeRY the ledtiorempédnee sbtairéd 2 olfdw
hyiligghtdiguid phage:contaiping fattyatideesters=1s andereayoliquid phased
Ceptaining:olyceringareseparaled: fromgach: iher-Thergisine catalyst
descriplionof the use o2 catalvstin canving uihis method 1oy, s
réaction’Is’ carrie olit at ig ?emperatures an undercﬁlgh pressure.
PuttHerRicreCIapatese Kokai Publication 2003-104935 20 discloses a
method élyprduicing fatar déince sterswhichi o prisesirsauyinged fatoib £
with-2 nerehydie aleohal Jrdsicaupersyiticakeansitonekthe algohokation
2fggeesing iha castian nigile conialing ineHareacted malslay .

and/or intermediate products {o a reactor. In this(%r]oce gﬁgg s well, the
i'

BAERSHE AR GRS Rgh Pt aftteE Efd Unde, 2sUlRE Gt e
desetibad i rothecaxmnpley; ethpitd mMeAsdRcIs|Geprontdnifg aMno2t
powvier suspendes drareinis feckapd thatithe monchydea aldobiol is e e
i}{grgﬂé%%tlﬁj ahqut 17 .fimes thethegretical amountiofs fedi 39 then the

louever, there s L room far cantivance for,rendering, these methads
capg Yé of ptsoaeucu?g Jantn-purlfy Fétty Scid “fower éflk?l est[ers and/or '
ghreehmie aohtebst By IistoirRStP e BHRISIBR%GARd Fédl dfig théstexs
emedgy:consumption ob the praductimproress yeariadvantageeps 3o ed
Manherdiem the-enRergyndewpointaWQ@2005/021697 0 the use of a
F§%Q§E§Q@4ﬁ¥%éi%jﬁng out this method; the reaction is
carried out at high temperatures and under high pressure.

Furthermcre, Japanese Kokal Publication 2003-104935
discloses a method of producing fatlty acld esters which
comprises reacting a fat/oil with a monohydric alcchol
under supercritical condition of the alcohol, and feeding
the reaction mixture containing the unreacted matexials
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 alcochol 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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Further, Japanese Kokai Publication 2002-294277 discloses a method of
producing a lower alkyl ester by transesterification of a fat/oil with a lower
alcohol in the presence of a catalyst, which comprises using a 5 catalyst
containing a composite metal oxide having a perovskllte-ztg@% stg%cture.

s composite metal oxide containing a perovskite<tyBe atructure is

highly basic and preferably contains a cesium (Cs) compound. The
cesium (Cs)-containing one ipcludes Ca-, Sr- and/or Ba-containing 10
ones. However, when such composite metal oxides having a

perovskite-type structure are used, high reaction tgr_nfgeiatwe is required,
Sl Sire PERAARAS iSTOWHin Htivity 2Righ reaction Wniperatures allow

disclotesehitivamfothe dctivethgredierts bbtfe catalysts aWkRR Gilcium 15

+ ranseQXide:and/or 8 GesiiM-CormpeRent aceils £xternally 4Q thecperovskite

che p:Jysiallalles the oty ngreases.and the satalyst allqus the reacton
e to proceed even at ordinary pressure. However, agroﬁlem arises; such
catal V5SRO R@AR SO poreiE 88'CH At Cs até lecguetea into the liquid reaction
perovs20 eixtynesn frgecqiatitie SIS IN-RARY OF THMEINVERNTON it is an
contaidim §f the embedimests:-obthesptesent invention; yihich hasbeendhade
oregednfow of the ahove-discussed state afthe @y 25 toarovde axmethod by
e v?/ﬁlc%_hlg%-purlty fatty aCEQ alkyl esters and/ r IT_ycgriQe é:r@nag% Plrl%duced
(Cs} - IEEGRE U S From “tHE 3ﬁefg§f\’/ie\7v1f)6inatr%/_v8hi?e reducing the energy
ones. cénsemMptionwbEthesHrodUCEBRSYSEEMNA tHe pPodd@omad Wil &s a fatty
perov@@@@l@@@t@@mﬁa&m@ﬁe.mmzsﬁtio.mmgmut_é@rcs;SOwarious way as a
cempe:fi0giosel (el grasufactant datesmiedialer fydnstauces Thepresent

~ _ Inventors made various investigations conqeirningcﬂgwetgu[%rgggcggatty
3CEIVHEd alkyEstEREamd/o? &%@grgﬁég%ﬁ?%saa"recsmlt, found that the use of
the acihi8s iASCIUBRLSAlieEcatalySt tarSrablyfdstitts Mratirtfedssd' wo |
oxide 2005/02169% PG THP20GAOERR7 & Jatty aicikalkyhesteys eBntert in the
perovEsierphaseence, in reductionsinuification Gost Jaevementsn
catalyst allows the reaction o proceed even at ordinary
pressure. Howsver, z problem arises; such active metal
components as Ca and Cs are eluted into the liguid reaction

mixture in large quantities.

SUMMARY OF THE INVENTIONW

I+ is an aim of the embodiments 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 enerqgy viewpoint while reducing the energy consumption
of the production system in the production as well as a
fatty acid alkyl esters-contalning composition useful IZor a
various way as a biodiesel Zfuel or a gurfactant
intermediste, for ilnstance.

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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isolated yield, and omission of the steps of neutralization and acid
precipitation (recovery of free fatty acids or 5 removal of soap
components) . Further, they found that high-purity fatty acid alkyl esters
and/or glycerine can be produced advantageously from the energy

WaQz8HWeIAt When the mode of production is such that the &}/ AEI0ANKE76

esters and/or glycerine are produced using a reaction apparatus 10
comprising at least one or more reactors and, after removal of low-boiling
components or fraction from the effluént from the last reactor, the fatty

acid alkyl esters and glycerine are separated from the low-boiling
Tomporents emvved diguit andfdrahe eloticief thetactivewmetal Isnce
compenent:fram the ipseluble selid catalyst,in the efflueniriquid:from the
g%%‘ité’{é%r %Q%ﬁd 0.8 certain, Fa‘{!?'-ori ?ﬁet@eé/e ame fo feglize that the .,

ove aim tan be skillfully accomplis In_the above manner. Such and
BifreAfindings Wﬁ&mgya t0 TonpiEtién of tHe preseht 20 RG&AT0A In

semh e productiorPpreeeRsnRighspurity fatt acid skglestersanghat
iglygernereary be-progdusedadvaniagestsly sframdheenergyviewpointfobe
Sxampled1) pthe-case of 1AreBa out the reactioninQne step Ry, sing.

Sin le 2 regctor,me alcohal in an\%mgupgjwitﬂlgln a specgic range. gnd/&grs
W@gf)u?l CRUGH TESITE fFAction s reciCled ss ORe “of the Faw materials of
Yifrthet e 5 BENHIRY SRARECFSACHDHIR vorGrmblE R teFBY B5IHY
pluaktedaiorsin setes, thesesterphase:separates feom, thefeactiormoval
Drixtpe 30 affer the-reactionindhe.preceding-step ioMsed asax FaWent
BeEREd PIBIEER CHP B ot FadvanthgBoasyFroth tHeBr gy -
viewepaidt White i35 esdiscing the eagvgyi consuimptien of the prodiction
when-a WO 2008/021697:R61{3R20@4/01284£6+ 6 selaction isnnade asitont
rhelher e production d casniad QUUDANGGACIGN SRR ALININO e
more reaction steps ,

Thus, they came to realize that the above aim can be
skillfully accomplished in the above manner. Such and
other findings have now led to completion of the present
inventiocn..

In such a production process, high-purity fatty acid
alkyl esters 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 alcohel in an amount within a specific range
and/or the purification residue fraction is recycled as cne
of the raw materilals or (2} in the cass of carrying out the
reacticn in two or more steps by using plural reactcors 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
raactions to completion. PFurther, the desired products can
be produced advantageously from the energy viewpolnt while

reducing the energy consumption of the production when &
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according to the insoluble solid catalyst species, the raw material fat/oil
and alcohol species, and the reaction 5 conditions. Thus, an operation
mode more advantageous from the production viewpoint can be selected
from él) the operation mode in which the reaction is carried out in one

B thEreby reduce the energy consumption of the pro8GciBRCAHY HE

ester phase and glycerine phase finally 10 obtained are distilled and
purified and (2) the operation mode in.which the reaction is carried out in
multiple steps advantageously from the chemical equilibrium viewpoint
while separatlng the by-product water generated from esterification and

e PRI e s festittifng oM A= akSes AR RTtheSmaRke! of
phise sepanatior & therely rprovel theteonversionrand simyplifyithe teps
pudficatumgracess. Ut inthe racessaf completigpof the Pr%%%mraw
wgygglpnait Was ;%Lil’ld that %%g% %s,t contalj{]énsg as an %0 essen tca
constituent, at least one metal element gelected’ from the group conS|st|ng

of RS HIBtEr SlemeRIE he RIMGHRS 1B The G RARE4 MBS R T RSHF 85 e EZ0m
péh@dlé@@l@tsl@@p&b%@@amlwngmtgnﬂmmﬁaom (1) the
trapsesterficationsimultaneensiyh angdunafiested by 25 minesakagid ofme

metal componepis.coniaied i AJaLAnda) 20d, ther. capabie g

roducm such ef ect%ast € nonoccurrence o decomposmon (0]

aPco%% o AT thatthe “08e Tt Stioht R RARIFES M EKES PSS BBAS TPt ¥
tﬁ@tr@h@ﬁén effcidpty it high astvigplevBlsdndnmdé? mith80weriitics:
anddbuspreties the:desyediireducts edvantapeausiy fromthe snergtecps

vmmw@asg@g%mh&@n@ﬁweﬁug@&l@&%ﬁbﬁﬂ%}%&%&m

uhthfrmore it was fo at wh egasuc an insoluble solid catalyst is

UEBH TnE TR ekl ompgngrﬁ% e el R & S e st 3™
nPe'iﬁﬁfél.%lsQﬁﬁé@ﬁtl?w&w@?%eP@été%t reRREY Shep Yroi0U5021697
PG EAP20D40128%6 iboahbe:muchesimptified ashecmpared vathithe to

CUHERLHYOLRBSS% HSiNg-a AAMRgensaus catalyst, and fhe catalyst
purification process.

Further, in the process of completion of the present
invention, it was found that a catalyst containing, as an
essential constituent, 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
capable of catalyzing esterification and
transesterification simultanecusly, 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 ocut the
reaction efficilently at high activity levels and under mild
conditions and thus produce the desired products
advantageously frem the energy viewpoint while reducing the
energy consumption of the production. Furthermore, 1t was
found that when such an inscluble solid catalyst is used,
the active metal components are eluted little, the catalyst
life-time is sufficiently long, the catalyst recovery step



can be used repeatedly for the reaction, so that the desired products can
WO 2005038 broduced advantageously from the energy viewpdint W‘ﬁ&l?&fucing
the energy consumption of the production. Thus, in one aspect, there is
provided a method of producing a fatty acid alkyl esters and/or glycerine
by reacting a fat or oil with an alcohol using an insoluble solid catalyst in
a reaction apparatus comprising at least one reactor, comprising: (a) a
can beawak obtdiRng ovfbBRinG EETRAPSAe s FerhBoed Uitiid by removing
rrocefowsboikngcompenentsosciractiari fbpran effidentef thetreagtor and (b)
can bf %.t§9c§|)_fr§§ilaéﬂ @Hawwt;e:é@ttm@idr%lgx%‘a%t%rs ?a&d:a%{;éiﬂgg frtt_)m thet |
. <+ ~Jow-hoiling compaonents . remoy iquid, wherein an eluted active meta
e e nsbl b Sond Saty i e e ent e o1 e
eneT IYe JABFPATOUNtE e & IEFEOtHghERIHEREE S0P TP 4 S8t oRd
the pasgect;there is provided a composition obtained by the reaction of a fat
TOR:0i) With an-aleehslusing, andnseluble solid catalyst, whichcomprises:
procudfhiess thap. 0,00 by mase.gnd ot mere han 3,240y gyass of a

t
. fatt ac;d alky esters, and not Iggs than 8 pp and not moré than
reac Lﬁ?@%@ ppit of fre fatty Acid ST DETANED DESCIT0SURE BF THE
solid|QYVENTION ia the TOHWING: tHCprasEHE NN ides ciibelie i Getall.
one rézateerdangeswithithe present invention, a fat or oil is reacted with an

- aleghal using, apdnspluble solid 1cafalyst. JInihe £ase qfproducing fatty
Vacch ?_.|k¥|. ésgers n %qrdlgon ;% ‘Eih_ §§?C¥§ mgntlonedh bove, the fatty acid
Temo %ﬂ(}ff e<ters contént tlhegeﬁs‘ter phase 1§ inproved e o the
Eractifihroteinent iRidommstsiditandn ré€oVver ofthe fatty acid alkyl esters
from the glygerine phasezso.thatthe parificatinicost danibe seduced.

and gfﬂ@ﬁn@”|ﬂ%£‘[‘%1§&”l’@xﬁﬂgﬂéhflh%@%?nﬁfaﬁ@%@t@@m&%@ga _
liqui homogeneous catalyst, the step of catalyst removal by washing with
wherein an elutasd active metal gomponent of the insoluble
solid catalyst in the effluent ligquid of the reactor

amounts te a level not higher tThan 1,000 ppm.

In a second aspect, there is provided a composition
obtained by the reaction of a fat or oll with an alcohel using
an 1insoluble 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.

DETAILED DISCLCSURE OF THE INVENTICON

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

In accordance with the present invention, & fat or
oil is reacted with an alcohol using an inscluble solid
catalyst. In the case of producing fatty acid alkyl esters
in addition to the effects mentioned above, the fatty acid
alkyl esters ccntent in the ester phass 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
conventicnal 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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water becomes unnecessary; in this respect, the method of WO
2005/021697 PCT/JP2004/012876 8 the invention is an advantageous
one. In the case of production of glycerine as well, recovery of glycerine
from the ester phase is improved and high concentration and high purity

WEAE 8GR cerine in the glycerine phase can be 5 attained?5e¢Hue¥ 8t

necessity of diluting with water, so that the purification cost can be
reduced. Further, while, in the convengjonal production processes using a
homogeneous catalyst, the steps of washing the ester phase with water
or/and neutralizing the ester phase are carried 10 out in some instances

fortatalySeramBlatandigiyterie: 36EGVEy i, thetefEhe, sglyedrine
pRassihasialyderine cenéentratomel 15 tods(9%dyymassendeantadns rom
atleege eraountels sali, higpessiblenin accordanse with - the BeseM hign
mggpggg} aceording to V&Fﬂﬁ?@ ez}rlhnesoﬁ,lh e, 15 hEtero eneou%cataI%%t Lis,

?t free~glycerine p ase wif %Chlgher cer ne

Sed, tp obtajn a sa

Sﬁgﬁm forP 8RS drotuceghpurty Yy Brirrapwirébsy, water, so
FhrhErhbre dathé teskicksimmatancoussrodadtionof faityratidalkyhile,
esters aadglycetine ohhecpmespessihle20 (e prrducastheyrespective
eﬁgﬁtgggagg@geg%%%taddl%n gsi&?f QK § %‘gé d_gbtainable bﬁ:}i}ase

the, present invention is general amlxt e, but t ay aﬁso%e Si
com%oun%%efn ej S]r'éd(:tf% g ﬁ%@ﬁt%‘ﬁ‘%n?ﬁg%ﬁs@rﬁﬁﬁeaﬁg Carried
p%&%nﬁ@%rﬁ@éW‘El%mgfﬁﬁre@@ﬁéﬁﬁﬁpamm&‘f@d;n@m@t@dm‘:@nene
resstor ¢hg reactjonnéadatiod withh argalgebpl isccatrigdOut4a ane stage,

a@@}l’@é’ﬂ?ﬁ@”%@%@ﬂ@?ﬁ@&%ﬂr Hect_t%n {%a@ty%cwpﬂg@g %&'SSP elishs a

(?fmoved from th e r%acnon |xtur after the Jg%stage 30 reaction (an

Ieht o the 135t réalfory to Give the® To-olifg eonpoRehter&Rovdir
liGti®. FRepeafterl IR BGd A TsteRAN® glyebiheaire isearaieefrom
the:lovrceitieg conuacrents removesklinuid obiaibe drbysremovingdbe

loys-pedingrcompanent et fragtinram efflyentaftbeddslentration and
thus produce high-purity glycerine at low cost.
Furthermore, in the case of simultaneous production of
fatty acid alkyl esters and glycerine, it becomes possible
to produce the respeactive effects simultaneously. In
addition, the ester or fatty acid cbtainable 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 cut 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 Ffrom effluent of the last
reactor. That is, in the present invention, after the step
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35 reactor. That is, in the present invention, after the step WO
2005/021697 PCT/JP2004/012876 9 comprising removing the low-boiling
components or fraction from the reaction mixture after the one-stage
reaction in the absence of a catalyst, a step comprising phase separation
WP theS8teY phase and glycerine phase is 5 included. In the?€ag@20¢441&2876
production is carried out using a reaction apparatus comprising two or
more reactors, mention may be made of (1) the mode in which the
reactors are connected in parallel andfor (2) the mode in which the 10
reactors are connected in series. In the mode (1), the operation is the
SEATEPAES fitite BPBVEIMentibred waskdn Livhichcthrecproshuctionas tagiad.on
ogru?jn&t rezeﬁmioapmamﬁs@@o%@fi&n&aee 6@@@@5@% H&af&%%gip%
offe awi algcopol.i ied_out.in on in.each 15 of the
pIura!,:i:’f[jf[é:&f.;P(ﬁ,%lctacgljtS %ﬁ@ tf?eg J?n%%ziééa) ?hggggzt%%ﬁﬁgégfﬁ%%il%éﬁs &n alcohol

52 ToE o %3 foiboily E6MdReRte SR frhdtion is

is_carried out’in two 8rem%sfge§t
rémevedsdfom the effluent of the last reaction step, and the fatty acid
alkyl esters and: glycesinefaretseparatac-froanthesloye 20 hailingit using a
oL (e Slor compraINg [Staanes tEs e SomoRenis of rachsn ™
zgggrlngitﬁ)ee r(}eln gpct:it'%o nm?n i%ﬂ?e%fe the1ast reéac \%jh%e%%ﬁ tﬁ§ 3BsBhte TR
cERIRSC Bede pr difp ASing pIiasY S&pdratiohtst e daényiphakedrd
ghrerirenshase isivehadst: dn tnpeferred motie afeanyidg out the the
abpyea Blentioned:-methad of psoduction. the givceride-and fipe-falty agids
sRaatedand.emoued o e pogdue! Gy geiralial esters and
glycerine are reused together with 30 the raw matenal fat or o, éy
sg%%?éft?ntdﬁecco‘?f@?ﬁgsﬂ%g URPEaBATER mABHal IR FReFhdamAaeT 2
ghfcefRfelaid Heugmainahas sbeheerwirereroitbebonresspessibleito eatch
dofvritie plaductibhycest. inea arere. prafermegmede«of | piocegiertha-+ion
stap of ebtgiping theloWsROUING HOMPORERIS, i ed out in two or more
stages, low-boiling compoﬁents or fraction is remcved from
the effluent of the last reaction step, and the fatty acid
alkyl esters and glycerine are separated from the low-
boiling components removed ligquid obtained. That is, in
the present invention, after the step comprising removing
the low-boiling components or fraction 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 cil. 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 node of
procedure, the step of obtaining the low-boiling components
removed liquid by removing the low-boiling components or
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35 removed liquid by removing the low-boiling components or WO
2005/021697 PCT/JP2004/012876 10 fraction from the effluent liquid of a
last reactor is carried out in the absence of the catalyst and/or the step of
separating the fatty acid alkyl esters and glycerine from the low-boiling

WELHHFIRES removed liquid comprises a 5 step of phase sBpEiRaeH/HR2f e

low-boiling components removed liquid into an ester phase and a
glycerine phase. By removing the low-boiling components or fraction in
the absence of the catalyst in such ajrr?anner, it becomes possible to
inhibit the reverse transesterification of the 10 fatty acid alkyl esters with
gRceeinectromrotc urtiagediitd, ufnther] thel thutfaksdlabitity between the
llm@er:ias_teromaimky_ compasingrbe fatty acid aliy estars angd/the |@fl@frstep
r r rin r and.the_ separation of the
oy SO Bt B Sl Lo o ot ooy e therepyer e
AEFve Bnd O BAdON O HE RRGAT R GRS of thjce e Hees 2
f@BPRCcRS cam e sehagetedasasiy Byralldwingphiadserseparationsintes the
estefcphaseland glyderine phase tellowingdewshailiag ccompenssisabse .

fragtion.remayal As atesull, k-becomes, 20,n0ssible fo produce 41 e

h'a% ggggy anIIty. acid alkyl_esters, and/or, glgcerlne advantageously from

the’ 8Rergy Viewpoint > ReYhast sdiratiBn TR e edtsr PRESESM
gRREfiHe: phacelidiprefcrabiecdirserrsy aflsaivie f5-stahbi cednittifugatiorh e
of arsing asbftle briifjuiskeyaiene,iahd 2byetbels:dt Bralsogpossiientq and,
empley the made in which i, is allowed, thatithe sffluent froputhe,last,

reactor is separated intq fwo phases of the ester. phase and glycerine
RS S 555110 EBAGHErt Gt TIabon T4 eROVERT oM eath Lover
pha¥&%inThe AbefeBHiAé Aty EE BolTh&lgB3ease of Bisicatyst” so
refepacktoiabove meansahatthecdontehkef thssinsotulkde dolitl eatalysein

the-gffluantriromxbe reactards aimpostpitanddhe-datal ;concentration ofthe
A6HXS DR COTIRONRIY FIWE 1 90e 2L ARY HILQ PeSTTUgRL M, o
be conducted easily by allowing phase separation into the
ester phase and glycerine phase following low-boiling
components or fraction removal. As a result, it becomes
possible to produce high-purity fatty acid alkyl esters
and/or glycerine advantageously from the energy viewpoint.
The phase separation into the ester phase and c¢lycerine
phase is preferably caused by allowing to stand,
centrifugation, or using a settle or liguid ecyclone, and
others. It is also possible toc 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-beiling 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 almest nil and the total
concentration of the active metal component eluted from
sald catalyst into the effluent from the reactor is not
higher than 1,000 ppm. The eluted active metal component
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35 higher than 1,000 ppm. The eluted active metal component WO
2005/021697 PCT/JP2004/012876 11 means the metal component
derived from the insoluble solid catalyst eluted into the reaction mixture
and capable of serving as a homogeneous catalyst showing catalytic
WattdEpetfansesterification and/or esterification under 5 dj$&rdB4/012876
conditions. The concentration of the active metal component in the
reaction mixture eluted from the catal;ﬁt can be determined by subjecting
the effluent from the reactor in the sofution form to X ray fluorescence
analysis (XRF). 10 When further smaller elution is determined, inductively
coapled plasnre UCP comissien spaetrometryfiscuseth  hemesteriphasegol id
obtaineddn thestep of phasenseparationef thedew-koiling companents

r iquid in ycerine.phase prefetably 15
SO é@%ﬁ%ﬁ% o o JET R er 100

Parts Dy whidht SFiRB RIS phass® mtiBvaRTOwEr ity s Derftyn under
VWRAGHE tHe-nergyidormstimption of the production system may not be

decreasethdomsatisfactory extert. Merepreferahhy:the contept 281evehis
nekowerthan,85 Raris e weightand stilk more  preferahly notlower than

90 parts by weight. The glycerine phase_abtained jn the step of phase

sge%(r'%artrl%)ln}%fJ the' |o%v"i%6%%/5*8&nﬁ%ﬁeﬁf§r9e‘fﬁ 6%e§] figi d%%gqﬁ?% yor

COREIRE HOE IS {FRFT 6 PakeTy WERTR GRS R eRE 00 KARS by

waight dfithiehglyceriné phasel vAtilenelsslonsrdhan v@ipartsabywiaighl, sthe

epengy «consuasption of the praduction siysdem-Biayiiial besdggreased to a

Sa“SfaCt%%%SEENg & preferably the content leé’@é%i net lgwer than 80
ht and still more 30 preferably not lower than 88 parts by

parts by wel ) > DYy
m?e‘?aﬁ&ym%%omfan%%%ﬁ%ﬁeop}&&ﬁt OBRABRMME TEREEAtatioot the
attife nié@al eshporidm ot thedingdlinie seiid Ratayspveiiels i évntained
ircanefiluentndrom ébe lastapattorpiadet merediamd, Q0 ppAt Atacid

alkyl esters per 100 parts by weight of the ester phase.
At levels lower than 75 parts by welght, the enerqgy
consumption of the production system may not be decreased
to a satisfactory extent. More preferably the content
level is not lower than 85 parts by weight and still more
preferably not lower than 90 parits 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 1C0 parts by weight of the glycerine phase,
At levels lower than 70 parts by weight, the energy
consunption 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 welght.

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. AL
levels exceseding 1,000 ppm, it will become impossible to
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35 levels exceeding 1,000 ppm, it will become impossible to WO
2005/021697 PCTIJP2004/012876 12 inhibit the reverse reactions to a
satisfactory extent, hence it will be impossible to reduce the energy
consumption of the production to a satisfactory extent. The limit level is
YitefasaB ot higher than 800 ppm, more 5 preferably notPeiGHEI0H&#R2876
600 ppm and still more preferably not higher than 300 ppm. Most
preferably, the effluent liquid from the last reactor should be substantially
free of any active metal component ofthe insoluble solid catalyst. 10 In
the above-mentioned case of production in two or more reaction stages,
thé dticCisthrefarred wisichdncintiessastep of eddctitacabthe esteephase
separated from thepefflugns of he seactor withdberaleohalipghe next

i of the inseluble sqlid ¢ Thus, preferably,
esisci e esere oSSR S01q ATl et

mixture Tesulting from* thé precediRg YeBStor Sy ald #e FEScHRTM more
{1 RERE Yage oEakicth6dt G5y theCeRBrphase sdddverndzd the
atoohité aslreactants tirl ghe presences obthevinsoluble 2@ selid eatalyst. the
ll\/gzrilﬂf@fﬁf red dsthe @t M@ﬁ%%‘*l M‘Tﬁ%%glﬂ% §t%‘?1f8£1]i%f“§§};gt or to
Quwsboiling compoenents or fraction in, the absence of the catalyst

th%ugéy g]g% Jé%‘bg}{at%ﬁ/?e&fvedrn%ﬁﬁ% eSter’ Lﬁﬁ‘f@e ff%ﬁ?ﬁ‘i%epe"ac?gnthe

lig b esﬁjebgdﬁ?d:%—é’&%n stage. In such a mode, 25 the
separatiomofthe estey phesetdnd.glycexnine M‘Qgecﬁsdm*ei&gm atherwancr
bedrproved:isthesahene Paﬁﬁe\/\&%&%\(\@sstgﬁfé_@ét_ Bé%@@%‘?@hsﬁqgﬁﬁth 1des
ae@g&p' o consideration, the preceding reaction stage means

é%c&t]ign sﬁu%eMﬁﬁ% iégcagr?le oeut?ﬁcgt% %(%v{\l/ﬁﬁee the hax %?gjgggé“d%ae
Y

HBtagRimERR sThaC FoAc o SRRt A8 Thrfad bt I&8% Thus,
irF B s elsr tWrsraprssattions, thefirst stdgd istheo prdcedinglyst .
reaction ptogeeant ke serendstage isthanexd o&sueseedingeaction
stage,Jn.4h] cAsELTHNCS-BIA08 reaction mixture resulting from
the preceding reaction stage and the reaction in the next
stage 1s carried out using the ester phase recovered and
the alcohol as reactants in the presence of the insoluble
solid catalyst. More preferred is the mode which incliudes
the step of removing low-boiling components 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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35 reactions, when the first and second reaction stages are WO
2005/021697 PCT/JP2004/012876 13 taken into consideration, the first
reaction stage is the preceding reaction stage and the second stage is
the next or succeeding reaction stage and, when the second and third

Weaitigi stdges are taken into consideration, the second 5 REAG@ 182876

preceding reaction stage and the third stage is the next or succeeding
reaction stage. By employing such a multistage reaction process, it
becomes possible to drive the esterification and transesterification

reactions almost to completion and, 10 thus, it becomes possible to

siapkfy the tsurificatibdsstep itobe Taeriéd ot |ater Fuirtiers tden dse ihe
nadeolithey mede wRish conprises phase separatiat atthe keagtion ex
lguidsobiained frgm (e pesedind eagian AAe N 8N UBBREINET cnira

malnLy compr|§| the desired esters and a 15 lower ayer maln

comprising giycerine and usf fhelEEPerCBﬁéééifﬁﬁﬁelﬂﬁyeFH&uﬁ?‘é%f‘a?
r&vfsteral iR th@ reRe FoREtSS GO GGV e glydeinkfondedtinge
the ttarsestatification:resciitimbutralsotthermeistiye. contained in the raw

material W@@l@&%&/@%&ﬁosﬁ%ﬂ?ﬂ@&%@cﬁe@ %%%tf&ficmfagééreelt
f%tgégﬁ:llgg %trgﬁgf% rlbut;ced |nto the ghycerlq:e phafse I%\Ner la O[) and thus
0

remove the reactlon S stem this'Is Favoralbcle rom € chemical

bR R STEWIGREARE tﬁ@apﬁmfft%oﬁh&aatcawtrﬁgnsé%aeae@%
Whes thé broguctioreiscearsisalleuttin théngliovey niéntigned. Marmerof step
obe-stageeactan oiie amosnt oftheralcoholtabefed fastheeactiontne

gl M%W’Q&ﬁﬁr&@é%raﬁ%& 02 ines e hgpratcal amaunt fhereof

amounts smal %]chan the theoretical amount, e at/0|l

ekttt el A i ot R e
a‘éEBﬁnél?yﬁi’e BohvesiGITRRE Higtb e rprdvetnech satistaeterydxaent.
Atdenels higleer thdm bitimeapthesampurt wf ¢he alcohol ta benecoreretter

Pl secycleg dicreases. henes He goergy-ganspplion of therne next

reaction stage, not only the glycerine formed by the
transesterification reaction but also the moisture
contained in the raw material fat/oll and the water
generated from the esterification of free fatty acids are
distributed intec the glycerine phase (lower layer) and thus
removed ocut of the reaction system; this is favorable from
the chemical equilibrium viewpoint and the purification
cost can thus be reduced.

When the production is carried cut in the above-
mentioned manner of one-stage reaction, the amount of the
alcohol to be fed for the reaction thereof with fat/oll is
preferably 1 to 5 times the theoretical amcunt thereof to
be fed. In amounts smaller than the theoretical amount,
the fat/olil 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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35 production may be not reduced to a satisfactory extent. WO
2005/021697 PCT/JP2004/012876 14 The lower limit is more preferably
1.1 times, still more preferably 1.3 times and most preferably 1.5 times.
The upper limit is more preferably 4.8 times, still more preferably 4.5

WithegdRetost preferably 4.0 times. A more 5 preferred raPgEIB280%/4876

4.8 times, still more preferably 1.3 to 4.5 times and most preferably 1.5 to
4.0 times. When the production is carried out in the above mentioned
manner of multistage reaction, the ambnt of the alcohol to be fed for the
reaction thereof with fat/oil in 10 the case of production in two reaction
stagyes fordnstateet is preferablythé somhd gsthat inithes, still more

apoecsarentioned gase refpraductioptingnereaction stage farthe first, o

r%@? stage-and, t%f@eﬁé@ggaﬁ?ﬂ?“gn@%Q% the amoyntis
preferﬁaﬁ%n ts? ert an the theoretical amount and not - larger than 5

times Redretical Mt bERst a8 EABaRked frbn? thd BBRverdiokore
iRt sthgeran@/of sthie- esigudl -#mbimessof thivigljcerde apddffeeably
fattyladids 4cdmpimentsirAirange: of A<k &a 418 ymesss raore, prefered.

The theorglical amoyniefbe Agohal tohe fed; 59, 20.referred Ip herein,

means. .the rg.lmber of moles of the__alcohol which corresponds to the

sagonification value of e TSI ARG BE Sakiitatetits oW oF the
Tﬁé&ﬁé}% FeedPanidithtiRg/Mke (FerstianwEpE o falcdhbl) Sefided 1 in
aftiotint of fatédil tho/b)ix ishponification 25:veluefg $Q@QHEq for instance,

fatloik/hoiO0.dn therabuanmeriioned-one-stage teachion, 1he yield <0t . s o
fa(;tﬁ/% gcﬂl@@:ﬁ; egﬁllsoqlrgf%ra C\fb%]ot Iov%er thaQ 40% WPen IIc'S Iower
0

%, it may become |mpos e tO ow rthe purl catlon COSt t%aac.: ion

%ﬁ%toﬁ Lt MoYe BBG0VRTe iy thewisiBas fot IRerBRtmE0ds
aRdShRTAbAY preferabilaestloWenthbher S%he brihiel pretedingirgactioh not

stagegarcamang Dui 1he sreaciiopniadwerar-aIora Siages, theieldof fatty

acigh 2ty estersgprefesanly natlowss than 4026 When itis . . g or
the residual amounts of the glyceride and free fatty acids
components. A range of 1.1 to 4.8 times is more preferred.

The thecretical amount of the alcohol to be fed, so
referred to herein, means the number of moles of the
alcohol which corresponds to the saponification value of
the fat/oil 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 KCOH/kg fat/oil) /561001,

In the above-mentioned one-stage reaction, the yield
of fatty acid alkyl esters is 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 vyield 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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35 lower than 40%, the effect of reducing the energy WO 2005/021697

PCT/JP2004/012876 15 consumption of the production may not be fully
reduced. More preferably, the yield is not lower than 50% and still more
preferably not lower than 60%. For fully producing the effects obtainable

VoY WasMANgout the reaction in two 5 or more stages, the yididtigpmoiarabiy

not higher than 90%, more preferably not higher than 85%. In this case,
the preceding reaction stage means the first reaction stage out of two or
more reaction stages. The yield of fatt§75dcid alkyl esters so referred to 10
herein, means the degree of conversion of the effective fatty acid
compowepts. imthetravienatedahtat/ioiband ganobelsalcilated as fitoyes:
Y@&@fﬁaﬁf@%ﬁo@@;fyl %%t@f%ﬂ%%ﬂ fD?'%[J{DV%J@é%OH??Wﬁ%@Q AU sei11
est outlet of reactar total malar flow rate ective fatt
e T (L SP Lot o 160 T erty enoetie
alliTcIMpBRERtLPSE 1RAETEdRS Herain? 1RduABES, WitkintfRchéaning: two
theresh rthosesgmmpohbrtsyWhich can previdedbfty acid-akkybiesters28n 90%,
aserding trtheniefhed ofprgsent iowention and, apesifigalbs dbincludes
fafy-2eid frigheerdes. didyceddes monolyceripes. Teg iy aclds andoy,

fatt%/ acid alkyl esters contained in the fa as well as in the recyc
rav nTARRriaF TivdtSs FFRbiAT oW ¥afe of 25 an effective fatty acid at the

inlet of reBiefordar Beo Ealtaildi®d HEbllahey T otalimokr fow efterafed to
effectsinfatiyeacisl compdeetise (nol/bd{dow aie of rawanaterals abéhe
infetiaf, reactar (bl xsapanification.valie of raw.materials af; 30 the inlef

o%reagtgr/S@%(%%]dln a %rgﬁ%%ds mode of carrying out the production

me?ho of the mverﬁlson, it comprises a step of distillation purifying at least
orfé B the estértpinase aAdatherglyeefiréphisk é“otéﬁiébﬁifw elaepigow

pkiase of fatty acid alkyl esters at the outlet of reactor/
total molar flow rate of effective fatty acid components at
the inlet of reactor) x 100

The term “effective fatty acid components”, so
referred to herein, includes, within the meaning thereof,
those components which can provide fatty acid alkyl esters
according to the method of present invention and,
specifically, it includes fatty acid triglycerides,
diglycerides, monoglycerides, free fatty acids and fatiy
aclid alkyl esters contained in the fat/ocil 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 meclar 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 ouf the preoduction
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 cof the low-boiling component reduced liguid,
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35 separation of the low-boiling component reduced liquid, WO
2005/021697 PCT/JP2004/012876 16 wherein at least one of the
purification residues is used as one of the raw materials for the reaction.
Also preferred is the mode in which the alcohol is recovered from the
WOWIBEIMY tomponents or fraction distilled off 5 and at leafiGIaR28p414£2876
recovered alcohol is used as a raw material. By employing such a mode
or modes, it becomes possible to cut{jé)wn the production cost to a
satisfactory extent. The process may ctomprise one or more steps other
than the steps mentioned above and, further, includes not 10 only the
case Nftérediothethetone: reautiorhstagerhbile snicb twosorivioes réacticred
stage-modermentionsd abave-arg gamied Ut asselesied appnopsiately

butalsothecase wheraone of the both medes aloneyis cared ouL, For
thfe dlstljclgtlon of the ester phase and glycerine_ 15 phase and for the
oy 51 NGBS 215, 6F PORECRtnGHs FROATT RN e Beo ™

appfopriateRREMprsyed, cand-RRe hsWitibr arid Fedevering tepsseraturesraw
can e properfysalaptesdecordinthtaasuchifaciarsrasithe fatty weidade/l

epieys species,ta-he pigdHced andithe aleshol 20 spegigstoha s sractory
reecX()tVéaIg%(_j. Ip.cases where the alcohol is recovered from the lpw- b0|IJ|C

- A - n n .
components or fraction alﬁ’stfﬁgé{ off a5 mentioned %%d%oerfndg SEfehst p%g?tL
oF i rddti et cARACHTHN L T FEUW RavirRatefial g allolbiads tiserst
least parhef tes25 veeoveredidcthel asa rapeniatenals haddt isode and
prefsraidienta-use allarts ok theyeeeauesed alsahol as amwdnawsiakalfried
the, ecoromisal vewpgint. it k5 also.desiale Jhatthe, alcohol be-pyrified,
b¥£|stlllatlon, or instance, to remove impurities prior to reuse. en the
a

hot to BR-BOMRURR 3L Falmaterai $dntkihs water, the yield of the
fatty acidFaikyE&steds piay daticusedn ddmedndtancebaite wthglycerine
progressaf hyeselysissofthesfadly acid aliyd astesh#1.thenkeastionrsiep.
Thewater conient inthey, alcohol i gepgrally ot lower than 0.05%and  ang
nghgmgggtillation and recovering temperatures can be
properly selected according to such factors as the fatty
acid alkyl esters species to be produced and the alcohol
species to be recovered.

In cases where the alcohol is recovered from the low-
boiling components or fraction distilled off as mentioned
above and at least part of the recovered alcohol is used as
a raw material, it 1s 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 materizl ccntaing 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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35 than 5%, preferably not lower than 0.1% and not higher than WO
2005/021697 PCT/JP2004/012876 17 3%, more preferably not lower than
0.3% and not higher than 1.5%. As the water content decreases, the fatty
acid alkyl esters can be obtained more advantageously from the

VY RBPRIAT Of hydrolysis viewpoint. At water content 5 leveRCBERARPGOBS,
however, much energy is required for the steps of recovery and
purification of the alcohol hence the advantage from the energy viewpoint
may not be fully obtained. At levels e%eedlng 5%, the amount of
hydrolysis of the fatty acid alkyl esters into free fatty acids 10 increases
aphdl-netotsy phe Shelds decreasés watraldoza sty of aprhaviry Tregifattythan
atidshecamespecessarycbanes theidyesess May net bgoayriad put in gy 1

salslacloniimadyanipaechienaoner GRS cammateial Mgnpgit As

for th e péiﬁ uction mode in the practice of the invention, elther the

baTeh methodbr EortitousiR r‘ﬁéﬁ%‘{?&’ﬁ{h 5 befempifoye. THe
befMfove ethod iS - BRéferfeely aitohg BidrsSASTHE rédctor W becgsddin
stick asprathuciio noeedes therenay e memioped tobulatdeaciosnslirmrgce

SEHEY ERALIAN ANd reagtionketle fype oeﬂféwp%%mwmsb%refa&rﬁg
q:[ Eracélce fthe > pres ent inve élon is. the Q}Pde in Whl:ch a fix

d
réaction ap ara s Sacked With fhe-hsolible Sond EAtaRst us”Le\f’dlimel /S8

p?édG&%rﬁaawtr%cﬁéﬁyaééﬁalmﬁ;ﬂié%férs%ﬂﬁ@/o?@%e?ﬁé% Z5pstluced
contimeewsly. Bycemployimg suthengde, the step:ofzcatalystisepasatien step

beeomescnnecessaty aneki; aiso becouesnpassiblatsearry owthe the
PEAYGHION pre %?%?éto%é‘“cwéﬁa%%g'% i‘eé‘as%;i&%‘é‘c??ﬁ

reaction apparatus as mentione ove is used, the average time of

rESGBREE TRIME BT FEaltioR nhiRIr A6 Teactioh §Ppardtas is
preferabfys néshéier Brasadhireie Bodendtionfer BraTsimtirgfAthe
shatten tilmenthan tminute snawy berinsufficentder atewing.sue reaetion to

PrReerdite.a patisfaciansexient, whille@ v o4 bed flow method is
preferred, among others. As the reactor to be used in such
a production mode, there may be mentioned tubular reactor,
stirring slurry reactor, and reaction ketile type ones,
among others.

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 alsoc 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 lnsufficient for allowing
the reaction to proceed to a satisfactory extent, while a
longer time than 5 hours may reguire a large-sized reaction
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35 longer time than 5 hours may require a large-sized reaction WO
2005/021697 PCT/JP2004/012876 18 apparatus. More preferably, the
residence time is not shorter than 2 minutes and not longer than 4 hours,
and still more preferably not shorter than 5 minutes and not longer than 3
WU/ B A preferred mode of carrying out the batch metR6d/ Ri&MUREH
above, the catalyst is added to a mixture system comprising the fat/oil
and alcohol and, generally, the reactigg time is preferably not shorter than
15 minutes and not longer than 30 hours and more preferably not shorter

10 than 30 minutes and not Ion%er than 20 hours, although the reaction
tiFRPBEPERES oREHE aRTGHRIGHIAE catilystesddlannt rédotionis not

tethpetatureiNow? refemitig 40 Fig. handikigg2rsame-prefermad smosies of

estiodiment of the predustion sethad of the d5invention are descrbad It
goes Q}/&@hoclﬁ shayénglt}{ul%tsthe present invention is not restricted to these
modes. Fig. f is & schematic representation of one of the preferred

modes of CafyRIFOGEIFRIpRANRIBA FroEEYS M HHFing® hesfeseathod
imRSHELPNAChI ROt staget20 nsingi metliaingl dssthe altehal:4n syshen

adnage; Hieawhmaterialonethanol s et Fomadnethanol xeservoirk to a
reactor 4vdaa line 101, and the.supnly thereof s 1.to 5. times the and

the%reiical one. A fat/oil is fed from a fat/oi reservoirﬁ, via JliﬁLelrféf?oa

deguMMmitg feactors; 25 Wi tecratio Ts BEpcea ot SuRR mpRAiEer
ashprotéthsdny phdspholipils, paahenttiesfedtoitheractdtbviarh litiee
108atrt thenreacter depdricts i packedanitiian insolbie salidi catalysisthe
methapekand fatiollreact with.each other. The liquid reaction mixture 30
thus obtajned contains,methyl esters, glycerides, free fatty acids,
methanc# O"f)’/cé:r?r% Eﬁjd%%?oés&& 'Wégte?"}l érﬁ&ﬁg o%ergggﬁdgﬁg%%ﬁﬁﬁﬁ

o?‘?rﬁié‘—%uﬁégd%{%@%%f’aq ESmigement 8RN ikfee I maE e ddatalst
thevednisinot dighelethanib®00 pp. ddssliguidireattion mixturetis fedhe
present invention is not restricted to these modes.

Fig. 1 is a schematic representation of one of the
preferred modes of carrying out the production process
according to the present invention in one reaction stage
using methanocl as the alcchol. In such a mode, the raw
material methanol 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
reservolr 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 & line 103. In the reactor 4, which is
packed with an inscluble sclid catalyst, the methanol and
fat/oil react with each other. The liquid reaction mixture
thus obtained contzins methyl esters, glycerides, free
fatty acids, methancl, 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 liguid reaction mixture is fed
from the bottom of the reactor 4 to a column 5 for
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PCT/JP2004/012876 19 stripping off a low-boiling fraction (a light ends
column 5) via a line 104. In the light ends column 5, the above liquid
reaction mixture is deprived of low-boiling components or fraction 5

Ve atp¥ieling methanol and byproduct water, and the low boilag/dp2004/012876
components or fraction distilled off is sent to a methanol recovery column
6 through a line 106. The high- boiling fraction obtained by removal of the
low-boiling components or fraction frobd the liquid reaction mixture 10
(low-boiling component removed liquid) is sent to a separator 7 via a line
165 irthenmettidnal recevbry Loligma:G dhedaw-koilingiepmpenents Dimn
fractign is sepakatethinto methanol and byproduct water, and the

methano&'gf to.the,reactor 4 via a line 109 and thus is 15 reused as a |,
reactant rawgrrggte%iéﬁ ﬁtﬁréc{sse %%%?n?, he%%ﬁh-% iy fradigiid saction

alfowERTE standiaRhardsy f iintRrghes biase SUparparsT Snayrafh e on
pRase Bhtiglycenné phasea Theoaster phasevistsant taah ester Low-
?bdﬁaa.ﬁr@j colupam Snvig a:&“@’ﬂ@@ti%ﬁ“fﬂ'@%%%ﬂliﬁigﬁ? t@Qaé%_x%_% S?Bt 2
n n9vi n n er purificatian
Co B Qo e et 2ty Sen Al e B optanaa By
distianoN tﬁl%%ﬁ%lé’ Tin8 A0 wATe e HilficatioR Do Raidee R i the
réadtBPRRfeudH a fineckipforl reasdas a ienttdntren material At the
glybewirecdUrifioationreaiumn9 rthe-aesired finad praductglycerne is
obizined by distilation,thieyghs adine 112, and fhe purfication resigye is

fecdoicéltrr&? %O dt umming reactor 3 via a line %13 and reutilized as a

reactant raw, material, In arother pretenedmotedt embGdiient:the light
efBBTONTRR 5 RQsét Bistas the therarefistovery eslurandailizhus
te hrathaholechwent coltimn Beiscomitted], ana theiine 109 and thus is

reused as a reactant raw materiazl.

In the separator 7, the high-boiling fraction is
allowed to stand, whereby it undergoes phase separation
into an ester phase and glycerine phase. The ester phase
is sent to an ester purification column 8 via a line 107,
while the glycerine phase is sent to 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 & 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 ¢, the desired
final product glycerine is obtained by distilliation through
a line 112, and the purification residue is fed to the
degurmming 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
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2005/021697 PCT/JP2004/012876 20 ends column S. In this case, the
light ends column 5 is operated as a methanol recovery column, and the
byproduct water may be removed, for example, in a dehydration column

WatHtroRadt/ disposed between the glycerine purification 5 dSlliff@4ds76

separator 7 or, without adding any dehydration column, the byproduct
water may be removed from the top of the glycerine purification column 9
while purified glycerine may be obtaiféd by side-cut or partial
condensation at the top of the column 9. 10 Fig. 2 is a schematic
repésentdtivimofa préferred smotkeeef pratitinghthesproductidnyprobess
aspeleling ¢o ke Anvention i1 whieh Hhe preduction isairied OW iR W et

r%@@ ﬁtc?yg%eu%dgglg%%tzg,an%?%@gn@igbo'i!qn gledéli%%é%atFJﬁSM Ecof.umn
sta ifs for fatt%au 'methyl esters. 15 In such a mode, the raw materia

RN BROP Yot BBt IESBNOTF LG 19 SFel Srageeatior g™
ViPaUige 20204 fagil is fed frome favbillressrveidihy vany lidel20R;abion
acdegummingsedetordduvihergdbis weprivedainmpesitiesofheHat/ebis o

then fegd ta-the 2Q firststageseagtor 13 vig.a §ng,203. The.methanol and

fat/oil react with each other in the first st!age reactor 13, which Is packed

Wit an Tnsolubfé'salid CRERREThEYIiftidFeStior Mikfié Ghtained
cORBARS PRcthyPedter R gIycalides, Hee R/ B&IdS ‘methanol, glycerine
and watefi g5 émong othetssamciis sentfromithe bottans of thefiest =stage
reacier 48 tora separter LAyI3 AR 294n e SeRArall14ithe o the
rqagfion mixturg is allowed, o stand, whereupon it undergoes phase. |
separation Into an" ester phase and g haSe.ThHe edter phiase’is

lycerine
SERES618M 866555 sfé@“e“f%é‘?:%?‘ﬁg%a afine* 205 FERR Bster Iphdse
cohtaiis fatl\FAURI alkylosters ayly Eefides sfrdel fatyiacids ahdmethanol.
On the ofhiershand, dhaglycerine: phasaceptaining phteesine methanel rrom
andRuRrodyst Walerig sentte aling 207.4a aling 206, . ctor 13 via a
line 201. A fat/ecil is fed from a fat/ocil reservoir 11,
via a line 202, to a degumming reactor 12, where it ig
deprived of impurities. The fat/oil is then fed to the
first stage reactor 13 via a line 203. The methanol and
fat/oil react with each other in the first stage reactor 13,
which is packed with an insoluble sclid catalyst. The
liquid reaction mixture obtalned 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 wia 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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PCT/JP2004/012876 21 derived from the separator 14 reacts with fresh
methanol supplied from the methanol reservoir 10 via the line 201. The
liquid reaction mixture is sent from the bottom of the second stage reactor
WIGAGERYET ends column 16 via the 5 line 207, together wiCTHEHlyHerInes
phase derived from the separator 14 mentioned above. In the light ends
column 16, the low-boiling components or fraction containing methanol
and byproduct water is distilled off froft the reaction mixture, and the 10
low-boiling components or fraction distilled off is sent to a methanol
rekovery ofuramn 17hviaseline 209 The highe boilingtfradticens bbteinad after
re;_mppa&fléfcithﬁrl@l\@/-laﬁiénﬁeﬁﬁmefﬁ%%flx_ﬁfc%_go_@erFTﬂéh%}E@a‘iti%% 201.
tur - ent remaved liguid).is sent to a separator.
e S8 e Mol Bobsery EoubtrLr e oy oo

COFPONEHTS B¢ Frachibh 1S Separd Finto- FhétHEHEP afB BytodGciwatdihe
ahdnhe 4Adthdrol s Tedrtor ivd fitbtestaggreatins Ighase séeohsdstageon
reaniok dbasa ta Hine 2 1Zior itsyeyseRs-a reactant raw material. 20 In the

separator18; the Q'@#ﬁtgoigﬂggr%%pg '!? ﬁgowggﬁto Stan ,Ovjxw/tfegleby it
separates into an ester phase and a glycerine pr ase.‘f’ll'he esfergphase is
SERFRCAN Bt P Purification oA 2o wiada RALBARC Wik hRYgI T estHE
phaseds sentidaigly@dimepuiiicatidheokmms 2hoviami 2uire 22tdinthe
thevester jpurificationealnnsl Ythedesirech finakproduct fatey acid allkyt +o

o el R ek R St
resi e CO r1SI yC r pS ree aclds and.s /
P L L P L NS et B e

and canbe
I gRRRFRePurfiicafibhTol b2 G ergasitcebHiral pFodisct Glypeerine
iscolithimed byrdistilationthrowghl 4 lige21)5, andsthetpurificationoesidite- 15
isAegl 0 hene 208, In the methanol recovery column 17, the
low-boiling components or fraction is separated into
methanol and byproduct water, and the methancl is fed to
the first stage reactor 13 and second stage reactor 15 via
a line 212 for its reuse as a reactant raw material.

In the separator 18, the high-boliling 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 & line 210, while the glycerine
phase 1s sent to & glyvcerine 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 gliycerides, 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 prbduct 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



35 degumming reactor 12 via a line 216 for reuse as a reactant WO
2005/021697 PCT/JP2004/012876 22 raw material. In another preferred
mode of embodiment, the light ends column 16 is used also as the
methanol recovery column and thus the methanol recovery column 17 is
VEPItEs A2 88d 5 the byproduct water is recovered at the bott8aY P figtsrs
ends column 16. In this case, the light ends column 16 is operated as a
methanol recovery column, and the byproduct water may be removed, for
example, in a dehydration column ad i‘l?ionally disposed between the
glycerine purification 10 column 20 and separator 18 or, without adding
amy défydraiiah column, the byproduct water may be removed from the

top of thelglysetitretiriicationaaiumnd20 yhilexpydiied gbcerine is; gnt
obtainedby.side cuit ot pactial godegsation af the top of the column 20,
1gé%tr%%‘%ra%g%e‘og;%§a£v ntion, the.reacthn tem?e(a ure for the _

reaction of a fatloil with-ar alcoRo? ey SrinBiuble L5li@Ehtdigsr isand
pleferdbiy seridrionet et Balowesocetridrats ofreablidit omyoriothe 1ight
ineprdyeckibwersatisfaciony Extenicabile, atabaveyB00ensuchsider016 is
resjelionscas a@o@%Q@ﬁgmppsﬂmmvyﬂ%lz%né?ti%%@O{éiye%%%%%%dﬁg}:

Prw%f_&@bll}{atyh% reaction temperature is nft lower than 70C an

than, 290C.miore preferably not lower thar 1008 dndHidY Aigherotharp L umn
286BL S5°PR Tda o prschure Ty prercrasly T Y46 ORI PRI AL betow 001
Mg the rafe shdeactirrmaymdttbe impravethia asatisfacteny extent. At
abevedeeia, sida reactions. May prerred withLaseand.inadditian, @,
high,pressuse- tagistant special apparatus is required, fence the 39
utl|ltle.SfCOSt gﬁd lant and equipment cost may Aot De cut dowh oa
SRHSFACTSH Kténti Csttain CI¥Es MitePPrefer@sly heprasstifd - not
|PeCRPRG Do Petaréi pot Ciiighér then OaVIRag aRd still more preferably

not lowerthairh®. 3 MRa ol pat highet tham 6:MRA. the reaction

temperature for the reaction of a fat/oil with an aleohol
using an insoluble solid catalyst is preferably 50 to 306°C.
At below 50°C, the rate of reaction may not be improved to
a satisfactory extent while, at above 300°C, such side
reactions as alcohol decomposition may not be
satisfactorily controlled. Preferably, the reaction
temperature is not lower than 70°C and not higher than
280°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 reguired, hence the
utilities cost and plant and equipment cost may nct 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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35 Furthermore, the alcohol may be subjected to reaction WO
2005/021697 PCT/JP2004/012876 23 in a supercritical condition. The
term "supercritical condition" means the defined state of a compound
above its critical temperature and critical pressure and, when methanol is

ViseEsthey alcohol, that condition indicates 5 that a tempePatureiB4oRs76

lower than 239C and a pressure is not lower than 8.0 MPa. The operation
temperature in the step of distilling off low-boiling components or fraction
in the practice of the invention is pref@Fably not higher than 300C. At 10
above 300C, it may become impossible to distill off the low-boiling
comporents o fiactionl whilestifficiently Tinkibitng thesdesired praduat

fropn eing.distiled0ff - Mora preferably, that temperaife SNt DIGRRT 3+t
than %8OC %nd still more prefgracbgg%h gher than 250C. Further, 15

when tjh%aé"lcoﬁ%i)fasrguﬁﬁeed ahd retoveret inptﬁ%ﬁlsg%eer?(ﬁls (:oﬁ'}}r?r]il, as

nRsHHER absvESiETs pessibr Blopbte dBlvermbelaturésddsaiss
opkedtian temperattirer&s iweferablyoneihighentZ3e280Enthatepressure
preferaldly naj-highesthan 2206, and still more preferably not higher than

20 ZlocTﬁg f8r threa ggeratjcoen ressure redrlljcg Qpressure f%?“%% or

. &e dnl mhetra ufﬁ i %% 0 & in
ordinary pressure conditions afe generally employed. Thcreased préssur

cBAditbRE TRy H18E beCBRANEYES, REwEVEE FIBR tHe Vf/pormcerce of

rédcing the tépergiscprsuinpton vf tied pradiation-&gsted) 80ucelit25

Ewe_md@joa&aﬁ%prﬁga@ae howeyes: Fhe ingolublessalid eatalygido
Tl P Inye ] V.0

m%%*ﬁjﬁmf%%%ﬁ R R e R R

(R Jr(%/é%?erghfndiﬁﬁfc%?ﬁe?,rémﬁﬁb 37 8th s 85d TS be it RSing

stiel arresaent ek lidsoltipifty Hsarmeadiiams bt the présaritsnvémtion 88A°C,

bempioduced. orexampie riielgne from el thewastivs anetal Further,

components capdydly be.glyted; ag meptioned aboyg, and.which; after
ﬁg%ggnbéfgkgsr%gmgggtyggégeégggg?nit is possible to operate
at lower temperatures, and the operation temperature is
preferably not higher than 250°C, more preferably not
higher than 220°C and still more preferably not higher than
210°C. As for the operation pressure, reduced pressure
conditions or ordinary pressure conditions are generally
employed. Increased pressure conditions may alsc be
employed, however. From the viewpoint of reducing the
energy consumption of the production system, reduced
pressure condltions are preferred, however,

The insoluble solid catalyst o be used in the
practice of the invention may be any one showing
insclubility in the raw materials fat/oil and alcchol 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
ba produced. ¥or example, the one from which the active
metal components can hardly be sluted, as mentioned above,
and which, after reacltion, can be removed from the reaction
system with ease from the industrial viewpoint is preferred.



i0

15

20

25

30

35
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2005/021697 PCT/JP2004/012876 24 Further, it is preferable that the

insoluble solid catalyst is a catalyst capable of catalyzing the esterification

of free fatty acids contained in the fat or oil, namely one having activity in
o thetiwe tsansesterification of 5 glycerides and the esterificatiaryedines 2576

fatty acids with an alcohol to the fatty acid alkyl esters. By employing

such a mode, it becomes possible to cause the transesterification

reaction and esterification reaction to $foceed even when the raw

material fat/oil contains free 10 fatty acids, hence it becomes possible to

injprosiecthe yield: of fatty acicbalkyteaters mathDu Prowdngany d catalyst

esterificatien roaction sien separately.fiomthe Uﬁ@%ﬁ@é@fﬂ%&%@éﬁ“%

S lpéeln gases V\érg:elrc(? a fatI[l itliand C?n.alc\g_ ol %re+reacted 15 with eac

other using te fsolibleSolid Estalyst mentioned dbove'in e shole™e
pREAUABrASToCEEEY tHe! thartdeskridatirmereaktsh Breatiigycearfde and
nmistiaroli det imstdnteegresdalty acid inethylfesters: andiglycerineisasith
shawaysther formula given belaywiia the formulay, thige 20 R'sraredhe,
sama.ondifssent and.eackiieprasaiisanalyl dIgup cptaining 6 (0 2
carbon atoms or an alkenyl gro o) con?alning 6 16 22 carbon atoms and

haVHYSGTE BF ndred uHEARRREt bBRdend 25 k9 blesRion2R9RE 3o to
OH-PCEe R +VEM IO EEhg R OuEHE +aCHWE/ 9130 GH2-DiGHR Free

Methagokkaty acidmethykester&nbl2-Qbt £ and-oil GIWeRIek the yield
Uggveriee) Jbus. 11 1he ADOVE PLOGHEHRN, Proaesy: i1e 35 gxjeriication

OLH SJ%%X&%%?%B“????%%%E“%!%%?3¥§8$rate1y from the
Transesterification reaction step.

In cases where a fat/oil and an alcohol are reacted
with each other using the insoluble solid catalyst
mentioned above in the above production process, the
transesterification reaction of a trigiyceride 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,—0H

CH—O0—C—R +3CHs-OH = 3ng_..o_.._CH3 + CH—OH

O
1l Methanol Fatty acid methy! ester
Fat and oil Glycerol

(triglyceride)

Thus, in the above production process, the
esterification of free fatty acids proceeds simultaneously
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WO 2005/021697 PCT/JP2004/012876 25 with the transesterification
reaction even when the raw material fat/oil contains free fatty acids and,
therefore, the yield of fatty acid alkyl esters can be improved without
providing any esterification reaction step 5 separately from the

WEnH9eseasiication reaction step. In the above production pPogeE2)ite12876

transesterification reaction gives glycerine, together with fatty acid alkyl
esters as shown by the above formula. in accordance with the present
invention, purified glycerine can be obf&ined 10 with ease from the
industrial viewpoint, and such glycerine is useful as a chemical material in
vaiitos Hetdstobapplitation 1 As themboveaniationedinsalahlecsalid- aw
catalysti dheres Mayibe saantianed, EENG RGNS & HANLHRA,CONMANING 1,
Le-corypaynd. 2 vanadim:containing compound. a nigbium sontaining
compound, a tantalym-containing compound, a c?ay spgaefresu?tlng
fr%%&xaﬁ’ﬁ’déim A1dr S EERR ERrREAOANTERIGH Behakg. resin, a
c6bRR-cOREiMiNG: Yonipeurid 2a pickescohiaininipcompauhdpa step. In
tinieonidining Bownmpavnd@nsi-a end-containingcompound -Rigfsred is
2 e9mpANANaIYAg. 35 Acesellial camnonant fuereot. At seas e
metal element selected from the group consisting of Ré Mefal elerments

b&forgifg T e Sup4 aRE RECETodpE i the peflodiE4abRADESTHA th
cohfpatirREeaRaiifigas @ e $3EmiB} edmpanest i me least dre nigtalined
elermentaelecttebiionnthe geowe eonsisting.elthernetalelements 1 yeerine

belongingtq the, Group.4,;nd the, Group imhsg%

grigdic iableJs ng
particularly restricted and may be any compoun con%%nf?g sudcgh gé
Cl %J.on

e%ggnﬁé:lécompbnent. Favorably, it is in the form of a simple or mixed
oxide, sutfatd-38lt2pRIspRGiidaInetalnombied fosmstahes Rt it is
préferre drtnyu $e thesrdormpednd amenmodetafraixes axidemitmotheripetalng
elemgbis.dThe simpleienmixed exide ispreferredyamong qthgis,More 35
preferallys 1 eompoung containg one metal element. - xpound, = clay
species resulting from ion exchange with a rare earth
element, an anion exchange resin, a cobalt-containing
compound, a nickel-containing compound, a tin-containing
compound and a lead~containing compound. Preferred is a
compound containing, as an essential component thereof, at
least one metal element selected from the group consisting
of the metal elements beleonging to the Group £ and the
Group 5 in the periodic table.

The compound containing, as an essential component,
at least one metal element selected from the group
congisting of the metal elements belonging to the Group 4
and the CGroup 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 sazlt, phosphate salt or a
complex, for instance. Further, it is preferred to use the
compeund 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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WO 2005/021697 PCT/JP2004/012876 26 selected from the group
consisting of Ti, Zr, V, Nb and Is, and still more preferably, it contains one
metal element selected from the group consisting of Ti, V, Nb and Ta.
There may be mentioned, for example, titanium oxide, 5 vanadium oxide,

widibgesride, tantalum oxide, titanium- vanadium mixed apad@ir2004/012876

titanium-niobium mixed oxide, titanium-vanadium-zirconium ternary mixed
oxide, and a mixed oxide with other metal elements. These forms of
compound may be supported or immdHilized on a carrier and, 10 as the
carrier or support, there may be mentioned, for example, silica, alumina,
sildeealsdinéy varials zeotiter specids; @ictiyatetl carbary diatpmaceous Ta,
e@f_{m@ﬁg@gpl%mrgrgg@ﬁ f‘étgsﬂygt? tat@_n%%@y_ﬁ@s tks;x@@%t@ad leaghent
oxide. referably, the above-mentigned catalyst.further. contai t
e e e
bEIGRGInGS the Grdtip'876%8, §1.071amabe 14155 he? 166 16 in
therpetiotic dabigeand laithanoxkadd, specifiedfy; the tatalysti2@ni um-
cRatalas.enengleareR:selected frart (ig-amip cansisingiob:diake, Co,
G20, MO Wl Gl SG Yok BB S0y %&%&aaa%ﬁ?e AmoRg,

these, the catalyst more preferably contains at least one element selected
ForitRe Yrotp Eordisfiig of the ERmBhESEIbRging 16 e E30UD &%
FRIPSERE Graviptd FgropErddietabienahd lambanon. aContrdely, Bid,
Re; Goand=Ce ase speciicallypreferred Jramthe«atalytic actiuity for

ippravementyewnOoinG Suchhan elementis judiciouslyused as g sgeond
compgnent of the egzgwt(l:aalr%)énpo%g -containing comlpc%und._ln this,

CHRETHTE 30™S6cond Tontponent” nieans 3 contponéit supplémentarto

tRE168sertibt oMot rhEATIGHED 2HEVR: aRdthees3entiaPEohfFshent

arglisecond component each may comprise a plurality of species. The
metal elemeptsglecied tom he-Aroupaonsisineakthe petalslemants
belanging fo the 85 @roup 4 and the Group s in theaiodic table are also
consisting of the s2lements belonging to the Sroup 3, 6, &,
9, 10, 11, 12, 14, 15 and the Group 16 in the periodic
table and lanthancid and, specifically, the catalyst '
contains one element selected from the group consisting of
8i, Fe, Co, Ce, Zn, Mo, W, Ni, Cu, Sc, ¥, Lz, Sn, Fb, 8b,
Bi, Se and Te. Among ithese, the catalysg 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 perlodic table and lanthanoid.
Concretely, Si, Fe, Co and Ce are specifically preferred
from the catalytic activity improvement viewpoint. Such an
element is judicicusly used as a second component of the
essential component-containing compound. In this case, the
“"second component” means a cowponent 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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WO 20051021697 PCT/JP2004/012876 27 referred to as "essential
component atoms", and the element selected from the group consisting of
the elements belonging to the Group 3, 6, 8, 9, 10, 11, 12, 14, 15 and the
Group 16 in the periodic table and lanthanoid are also 5 referred to as
WE8bHeE Edfponent atoms”. The content of the above-mentiGHERRYBEGRRTS
component is not particularly restricted, but the presence ratio of the
second component atoms relative to t g essential component atoms is
generally not less than 0.05 and not 10°'more than 10. If it is not more than
0.05, the improvement effect of the catalyst activity may not be sufficiently
exeffledr addlibit isndekssthanll Gaeintop ot thd actie methl thgredientsnt

‘of #1e cataly s dRssentialreampanent andier secandkcempesent) into the
liguid reaction do mibxiuge may got pe syffigiently, inhibite dz;h%gw%lig&iltd

is more preferably 0.1, and still_ moré préferably d.2. in addition, the u

. ) pper
lifrii€is Pé}p}efsfe?’éb@%? A S riors Brete Aty Ehapidsare s
prefeeaplydvifisinafie "R 8f OPRYBEBAd deresSreferably 0.2 to 3. 20 In
the abovernentianed copipatmad eootaining, as@ essepbakbcarppaesht

at least.one.metal elemept selected, from e giaup consisting ofthe ; o¢

etal elements belonging, to the Group 4 and the Group 5 in the periodic
(abIE, 961 SRR EOntaIFHY (16 CEceral EoripSnaR it H2s

aﬁ%@%éﬁﬁoﬁé@%cﬁcﬁ%ﬁ%ﬁb\ﬁt%@@m%% %UHEBI@/ & ntiRednexidetor
anmb@qnﬁxehsinrmle oddes, for instan@eranﬂrmmni&edfgxiﬁtelgom@mmmh@t
esseqtial C&f“@ﬂ%e@a?ct&ﬂﬂz%éﬂgc:%%%? %WQW%%%\%%%?E%H&%
amor}gcth m. %%Ch ]gmxgd, omdeﬁnﬂy be elllther gr stal |z%d ones or
exe . a if 1T, 15 nov. s8 Lhan utlic oé)the
noncrysefa {iné ones. A cry§1ta ized form ia pré erab % Used an , among

tHerh o deform sipaifg e acife SRRnthEEtHE BEséRfiERESHhPOnent
atams @renn thedrystabkamevardogen juditiolsiyoused: Whenitiereaction

campaund 1849 arerystallized forT. dhe catalylicactvity ofife eseemtialimi ¢
CQmRNENt 32 3oms, s fusther improyed and, fyrther, it hecgmes possible,
additicn, the upper limit is more preferably 5, and still
more preferably 3. The ratio is preferably within the
range of 0.1 to 5, and more preferably 0.2 to 3.

In the above-mentioned compound containing, as an
egsgential component, at lesast 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
form thereof containing the essential component and the
above-menticned .second component atoms is suitably a mixed
oxlde 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 elther crystallized ones or noncrystalline
ones., A crystallized form 1s 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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WO 2005/021697 PCT/JP2004/012876 28 to inhibit the elution of the
active metal component to a satisfactory extent. The form of the
above-mentioned mixed oxide is not particularly restricted and includes,
for example, the form 5 in which an essential component atom and a

veecorsdhemponent atom are covalently bonded via an oxygen;atom/sng s

form in which the product of bonding of an essential component atom .
and a second component atom is covalently bound to an oxygen atom; a
composite form comprising an essenti## 10 component atom oxide and a
second component atom oxide, and a solid solution form thereof. Mention

may alseibe made: ot the fermcompdsinga mixed pxide-gneempiax, for a
inssg@@%%agggggrtggtogﬂmmobiIized on a carrier. Suited for use as the

mixed oxide mentioned above are 15 those forms including, for examplg,

titanium-Si&of Aikedt okite, AN ENTECaNAGRAT Mixeg Oxfde-de 1s 1o
tiaitACHbRINY AfREd oxicks tRAMIVFRSANGRN Mkedesaaele, the form
iron-vatadiuan neixedroxide, cohalbyanadismomixed oxidescond component
cerym-yanadivp maked oxdaamolyhdenymapiobium mixgd oxide form in
molybdenum 29 taptajurm m Xgﬁd%ﬁdeb%‘rgét%”gé‘é%gé‘ia mixed oxide. stom
tungs enjianteﬁum mlxedoom e, zmcqvana Ium mixe OXIde, >

nRKEI-FaRSERMA IXERWaE, CoferivarratiGremlet BRided to an
scanydiem-yhoadium ooixed oixide fesn - vangdidmimixedhoxigegntial ‘
apbmesevAnadism Bpsed oxjde, Disapbhvanadiven sixed oxidede, and
S%'eé‘&i”ﬂa’%%%&&‘og'%%8)‘.‘9&}%' '.“”ﬁ‘é%’&%dc!&-i LIed OXHQ nage of
silicon-niobium mixea oxiae, 1ron-niobium mixea oxide, cobalt-nlo, ium

miREd bXide, TR Fioum Ri%ss GHUEEZIRE- OB Frixd oxide -aree
nigkekpicidnemiXadiekitbl Zashwar-mioBRirk 1eiked oxide,
scandiungniakivmemixed exige, Y=y ttriwadniokime nised ide, above are

lapthanurpshiobium mixed-oxide , finsniohim mixed-oxide. lead: oRIuM; g
mixe ox@ée., agtimow-nlo ium mlxedcfmde,d%lsmcuth-nloblum mixed

o?fale,eéel AiUH-niobium mixed: or%fd{ee, eﬁﬁir:i“umfnio%?ilarﬁljmuﬁéalgxi%j%r?

siiésdantaldfy midehiide  iBRlahEiui- #ixe B35 Hxidd ron-vanadiun
cobaltdantalum, mixeidedXidezcadinmtanialed mixee, cerium-vanadium

mixed oxide, molvbdenum-nlobium mixed oxide, molybdenum-
tantalum mixed oxide, tungsten-niobium mixed oxide,
tungsten~tantalun mixed oxide, zinc~vanadium mixed oxide,
nickel-vanadium mixed oxide, copper-vanadium mixed oxide,
scandium~vanadium mixed oxide, lead-vanadium mixed oxide,
antimony-vanadium mixed oxide, bismuth-vanadium mixed cxide,
selenium~vanadium mixed oxide, telluriuvm-vanadium mixed
oxide; silicen-niobium mixed oxide, iron-niobium mixed
oxide, cobalt-niobium mixed oxide, cerium-niobium mixed
oxide, zinc-niobiun mixed oxilde, nickel-niocbhium mixed oxide,
copper-niocbhblum mixed oxide, scandium-niobium mixed oxide,
vitrium-niobium mixed oxide, lanthanum-niobiuvm mixed oxide,
tin-niobium mixed oxide, lead-niobium mixed oxide,
antimony-nicbium mixed oxide, bismuth-niobium mixed oxide,
selenlum-nicbium mixed oxide, tellurium-niocbium mixed
oxide; silicon—tantalum mixed oxlde, iron-tantalum mixed
oxide, ccbalt-tantalum mixed oxide, cerium~tantalum mixed
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WO 2005/021697 PCT/JP2004/012876 29 oxide, zinc-tantalum mixed
oxide, nickel-tantalum mixed oxide, copper-tantalum mixed oxide,
scandium-tantalum mixed oxide, yttrium-tantalum mixed oxide,
lanthanum-tantalum mixed oxide, tin-tantalum mixed oxide, lead-tantalum
woized/B2ossile, antimony-tantalum mixed oxide, bismuth-taptetureomixedzs
oxide, selenium-tantalum mixed oxide, tellurium- tantalum mixed oxide
and the like and, further, those forms comprising these compounds
respectively supported or immobilized8n the carrier or support mentioned
above. 10 Preferred among them are those comprising titanium- silicon

mixedexide; rem-vanadium mixed oxideisychaskEeVhtalun mixed
cqpaltywanadi wsgtogﬂ%wﬂze%? 8%23@0's%%%%gvlagggwareuwsj@xed

oxide such as TeVO41 molybdenum-niobium” mixed

moftiten i tRh I e Bxitie: tin gty bR AT e RS a e U
afdfer dumgstén tantalurriiizédoxideeThesd deay bearsethsinguor thieed
ormnge of theamnay-kenseduin embinationidjonei pirierabhsihel un

o oo o e
whose g“e’?ﬁ‘%%d? ficio |s“h§01§%’“ % Ea(f) e foriP§Fatorms
cr?@@FFﬁesﬁf’ah|ﬁﬁﬁﬁﬁxé@@ﬁﬁ@éﬁawmﬁFbiiqvé’(irﬁpﬁﬁ@@(arméta?ﬁhe
micrapbldus materiakbatatyst réetaining dibarinm ndhin tearystalve .

framevvorﬂ&«m/%@@%ﬁwlﬂﬂ@ﬁns%%p@&%@éné&wfﬂwstﬁ%%%g
tltanium within thg\1 c I;éstgl framework and/or r&SLLthe form c&mprm

oxﬁies WOhOSG cry sta sjtrudture %nOFt I’IC inic syset ﬁ?}ﬁﬁ sue

agﬁy@meﬁﬂéﬁéaﬁﬁﬁ%@}%ﬁnm %é@ﬁtaﬁh‘lﬁ@ @dEeataiyst whosem—
Haamadttiacidity fdhctionds =3:015 bo €12, 2 isabsedd¥Wher thefunedion

isHesedan 30, theicandensationefalycering aadirthe, d%ﬁ%@&@&ﬁon

fnqﬂ eil h ly Rroc ed ast actlon tem tu e mcreas
fur %? the é%gg?yst?zfe may Imégiﬁorefene at 0¢o %ﬁ{ge Aﬂ%ve%

nﬁlallizbﬁ used SJ.ngly or two or more of themr may be used
in combination.

More preferably, the above-mentioned insoluble soclid
catalyst is in one or a combination of two or more form(s)
of (1) the form of a titanium-containing oxide catalyst
whose Hammett acidity function is -3.0 £ Hy £ +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 systemn.

In the above-mentioned form (1}, a titanium-
containing oxide catalyst whose Hammett acidity function is
-3.0 $ Hy £ +12.2 is used. When the function is less than
-3.0, the condensation of glycerine and/or the
decomposition of the alcchol 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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WO 2005/021697 PCT/JP2004/012876 30 a catalytically active
component may be eluted as the reaction temperature increases, hence
a step may be required for catalyst separation and/or removal and/or it
may become impossible to maintain the activity of the 5 catalyst at a

wi'Higigntdevel. The lower limit value is preferably -1, moregrgligsaidy ihd-e

and still more preferably +3.3, while the upper limit value is preferably
+10, more preferably +9 and still more preferably +7. As the above
titanium-containing oxide catalyst, 10%here may be mentioned, for
example, anatase-type Ti02, rutile-type TiO2, titania-silica,

ti@@%‘@é@?ﬂfbaﬁwiéﬁé%e%@mEMf%?O@@n@Iﬁqgﬁl and ty¢
|

titania-boria and, among them, anatase-type Ti102, ruti[?e- type Ti02 and
TS SR 1 T aRe o et oRed 1615y, £°

chREIiRE titRTurEhMetFbxiBRR Ak e WidH éempFre’ Seryakdiniae 1t
mierpporoosenateriat eatal psticontainig titariibe withihv they cofstahe
frameyvgrcand/of aserystalling mesaparousrimatedgheatalyst CoRLAINING s
tianig, within th,f:%% %%%@1%% E f?@dames"&gﬁ%u@ Jitanium
mixed oxide", so referred o above, méans a crystallized mijxed oxide
csﬁ%?ﬁﬁa%%%’arﬁﬁn?ato% 28 thee<ddniial compbnBat BRid shawifigs =301y
catelyticastvinr SincatiE inSuehd eiystdllired 25mtatkeand has large
surface a&keariie astivity asid catalystisitroved. Brefegedzas syeh A
e o S s 2 o e Eovher &
st ed’r%atﬁ ear:/f% | s%?égﬁﬁ%aéﬁsc%%ﬁfa?cg %%?f&rﬁzs b5 BeGdrs in the
iy St ETRAWBIRSWith Shieh e efthdtfof ddtharirtaldompoassts can
b fukyp.isuppressedahd, dvemsfors; ¢he prodaction-prooessican beutile~
sirpldied: whilehemittingrihe-siep ot Active npetat semponent separation,
hence the catalyst.eal DE UG O¥EHA£3RONS PENIQd QIS 15 1e
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 is used,

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, ifs activity asz 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 Fframework. 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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WO 2005/021697 PCT/JP2004/012876 31 A crystalline titanosilicate is

also a preferred form of the crystalline titanium mixed oxide. The

crystalline titanosilicate has a structure such that titanium atoms are

each taken up into a silicon framework via an oxygen atom; 5 it hardly
vadlowsatsaium atom elution and is little susceptible to leaakingyzzaol/012876

therefore, makes it possible to simplify or omit the step of catalyst

separation or removal and, further, to maintain the activity as a catalyst

for a long period of time. 10 The abovéimentioned crystalline microporous

material containing titanium within the crystal framework is a material

containing titapiin stams as thenessentialteomponess withirteetystalform

framawarkcongtititing the sarystallized catalyst and belongs to the.olass, .

ot 845, cysialine mixed oxide having smallest pore size as classified

accorcﬁng o the pOré Size structure. na Srﬁlrcé erred for ,Tt?\%lrlﬁ%r%pS are

dRARBter FE EatRr tRER 2nmi WP GYaRANE Misropordus fyateRiap tom/
contaimingl fitanidowwithintinelcnystal draméwbikthereimiay he 201 e
rmarlgt@w@u?r@om@ om%rfsﬁ@rfg‘y_?}@éiti,n %Tm%@pﬁ&qs ﬁt%ass '\%g:..@aw&gs %1_?1 e
zeqlite, c | silicate - ving the -type zeqlite
s?r%c%%ﬁﬁlgigfygg %’ﬁgaﬁr%inso% ‘ca%f. N i?fﬁsegtitéaﬁ%%l i%géoﬁé)}é),
MEECHpE tRBfoaltiminbelicats, BEARYPERitRGsiRCAtY BEA 25 thpe
tiioalyipindsiicate . RUT ppsd. tithrwSilicate, -RUT- type
titanoalumieositicate- MW dype titanesibcatenMWWabiBerous material
ttaneelumingsiioate, Bl -4 dyRe langsiicigand ELadbipe.s -
tltaqgsm,c e; and a,crystalline microporous “materia o?acrystalljl'ne

titshoHid BEUCh S SHTARGS, TAPGS FERATARS-34,
ARSI TREYR, TSL ippd Htanudiidae i$ praterek Tdeneiystalliiay the
mesppoEus reateriat coptainingd titarivmowithin the-crystad dragrework is a
matetiak confaining itanium aloms,as ihe gssential camponentwithin 35
t@i%r§?¥f£§“§¥§§§ ££§U%§ngﬁgﬁ$g¥g“ggggjstructure. In a
preferred form, the micropore diameifer is smaller than 2 nm.

As the crystalline microporous material containing
titanium within the crystal framework, there may be
menticned, among others, a crystalline microporous material
having a zeclite structure such as titanosilicate (TS-1)
having the MFI-type zeolite structure, MFI-type
fitancaluminosilicate, MEL-type titanosilicate (T5-2), MEL-
type titanoaluminosilicate, BEA-type Titanosilicate, BEA~
type titanoaluminosilicate, RUT~type titanosilicate, RUT-
type titanocaluminosilicate, MWW~type titancsilicate, MWW-
type titanoaluminosilicate, ETS-4 type titanosilicate and
ETS5-10 type titancsilicate; and a crystalline microporous
material of a crystalline titanocaluminophosphate such as
TAPC-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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WO 2005/021697 PCT/JP2004/012876 32 catalyst and belongs to the
class of a crystalline mixed oxide having the pore size next to
above-mentioned crystalline microporous material as classified according
to the pore size structure. In preferred form, the pore 5 diameter is
wegusadyisot smaller than 2 nm and not greater than 20 nnecA\SIeuUEin125876
crystalline mesoporous material containing titanium within the crystal
framework, there may be mentioned, for example, Ti-containing McM-41,
Ti- containing SBA-1, and Ti-containidg SBA-15. 10 In the
above-mentioned form (3), the triclinic system is a crystal system in which

aiafmltﬁﬁe;e Srystghaxegare dnaial ightsangles o enesnathenandthed

Iengins ! ‘J}‘fngryé{é' %é%%aE%QEHEQU%B”%ﬁQQQl%@{EMé@ has
thus a triclinic Tattice. The one co §rls| gtrlchn;{: FeV(gfela 15££e1:§rred
uBfe“Saifa

SMERGBNERS AALGTIBRG A aB3E HhotedfeRliBRad inss ng to

catalyBPare pAthestorHEThEfeOf EONIPFRIRY AR OXIRE S WhoSeE cRISES! is

chiapesed of anreciahedial sketetendbimedthycodradination afithe greater

e@«f@ﬂt@bn}gﬁal Cﬂ@ﬂ:ﬁ[&(‘tw%%@mﬁg@ﬂ@@%%%@&n%@ﬂ%te
complex{onping maner MALe Rrelerea e 1) Padicll, () e 0D Suay
ose cry St structure is of the Tuti etype and orms whose

a?ﬁsfaﬁesmf%%s éﬁacm&%kéémaﬁameﬁ tiphides Bliayered
oxdde: edsuilting FaFim horrdhdg Ot acobtaastoge Padrdfihe octahedrons

with at leastone edge shasing. Alsa preterred pre the farmscresuding frovem
cpmhination.af fwo rt'&(?”iz‘?f H?ﬂ%%f%{ﬂls mentionedahove. nthe oo are

above-mentioned fo ),.the essentlaJC metal c m%onelnt fo ms an

&Ta?h?&raﬂﬁgfét&"?%ﬁ% %&yﬁ%ﬁ BRI S0 481 igads Stldietfal® the
VeFticds bf teeacaifrdidR Jetd pFefcPial Rt ike eaBenifiiplialas thus
conmpdrdritisdodatetiate the Teateref eacty ottahegram f thebetdhwddral is
skelet@ny3inggdhg rggl@éggmponent is surrounded by 6 ligands, the

metal co on%r:t Ii%_era‘lgglé{ eIUt eh Bu?{é Clry %ll%%ggugwggfubale solid
catalyst, there a?/ be mentlone the ruti
catalyst are [4) the forms thereof comprising 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.
More preferred are, in particular, (5) the forms whose
crystal structure is of the rutile type, and (6) the forms
whose crystal comprises an octahedral skeleton and which
comprises a lavered 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 cf the octahedron. In a
preferred form, the essential metal component is located at
the center of each octahedron of the octahedral skeleton.
Since the metal component is surrcunded by 6 ligands, the
metal component 1s hardly eluted. As such crystal
structure of a catalyst, there may be mentiocned the rutile
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WO 2005/021697 PCT/JP2004/012876 33 structure, corundum structure
and ilmenite structure, among others, and the rutile structure is preferred.
As such catalyst, there may be mentioned rutile-type TiVO4 mixed oxide
(or solid solution), among others. 5 As regards the above-mentioned form
W) Iuidie structure is a crystal structure belonging to thectewragenels7e
system and formed by a compound represented by AB2 (A: positive
atom, B: negative atom), typically. in such crystal structure, each A atom
is octahedrally 10 coordinated by B atbims and the resulting octahedrons
form a skeletal structure as a result of each octahedron sharing a vertex
0 edgerwith each-neighhosngnetahedon Suchecompainkshariag theong
riiile Stulcture;can be ahtained by, calgining compaunds havingthe, o,
anatase structure. 15 The edge-sharing octahedra I%ered oxide in the

abBYvE MERtioRBETEMYE) REIMTS R R R hEt s e&ential e fat =4
coripbhetmnis eohlifeddn Wié eetahadrons PHdvefste, metal elusion hardly
occurs, andl theyedge sharingcasrapdet the-axiderstabe). 20thee rutile
abpye-mpentoned laysred.axidg has 4 layered stuctyge fymed as a

resylt of ae%'ﬁ o Ssh%%%{"%?d'agg% o Qé"d%- %@rﬁerrﬁgci‘r%éh%%e Lesulting
from NI shEeTS Of fixed OXide ¢ ﬁ’talning\ éﬁ‘eass onéjmgstaflelemerﬁ
sBRsctéd frémthbigieupihsidting eptHelifetal e nty25%56lbiiging fo
th:Group vesaad the Groupes in theperodicotalile. tids alsaipeeierred that
the,inseluble solid, catalyst-cormprses a layered-oxideseprasented byrhen =
folleutng genaraoriula [0: S0 TIMOEX LAl Serlb BIePLEse,
a%y%"r%gen aiom or an alkali metal” atom represents a niobium atom o

SR ERITOROPF BRI 1 £ PETUrAPAERIRT A RESRRIRERTY: TIRESBove
Adisrephydrdg ereatony orlan atikali eetat 35 atora. Peeferablgbitisaed by
hydroger: atone Qb iiiiMhaving the anatase structure.

The edge~sharing octahedral layered oxide in the
above-mentioned form (6) is in a state such that the
essential metal component i1s confined in the octshedron.
Therefore, metal elusion hardly occurs, and the edge
sharing can render the oxide stable.

The above-mentioned 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 te the Group 4 and the Group 5 in the periodic
table,

It is alsc preferred that the insoluble solid
catalyst comprises a layered oxide represented by the
foliowing general formula (1):

ATixMO 2x43) (1)

wherein A represents a hydrogen atom or an alkall metal
atom, M represents a niocbium 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,



10

15

20

25

30

35

WO 2005/021697 PCT/JP2004/012876 34 sodium, potassium or cesium
atom. More preferably, it is a hydrogen atom. Preferably, such layered

oxide is a titanium-containing layered mixed oxide. Suited for use as the
above layered oxide are, for 5 example, HTINbO5, KTiNbO5, CsTiNbO5,

wiTieNheds7CsTizNb07, HTiI3NbO9, KTi3NbO9, CsTi3NbQR:ibada?:s76
KNb306, CsNb308, HTiTaO5, KTiTaO5, CsTiTaO5, HNbMoO6,
KNbMoO6, CsNbMoO6, HNbWO6, KNbWO6, CsNbWO6, HTaMoO6,
KTaMoO6, CsTaMo0O6, HTawO6, KTaWwO6, CsTaWwO6, and titanium
phosphate. These may be used singly or two or 10 more of them may be

ug%@ﬁﬁo%@%%%ﬁmwgcmm%B&QOSMHI@%Q@ EINR3O8. ¢ 15 2
fMoOG? andC HNbV\éOGfare %rfferred fat or 8” to bcg used in the

tICe 0] the resent |nvent|on &Sntaln S gly c(grlne escfers gf l%fty acids

aﬁ&?ﬁ%}%"a‘&%%ﬁe&%%g{h%%ﬁﬁ LR riE-58% Rif-Ffaterial for 15 fatty acid
alkyl este¥s tbgeitherwitts anzsicbhel. Thussthoseagenerally dalled<a fabr

angtatbtan beruged, Jt isTgspetally-prefaped, that use.be, mageigfths, fat
aﬁ%f’ i«u&S’ pﬁ'ﬂ%ﬂdﬂ'ﬁ@@?%@%%t%ﬁﬁfdyghﬁﬁéag%a%ﬂﬁrbw&, HTiTa0s,

g cerlne as main components an contalnlng sma amounts of

digiycetidies SRd MaHoglyEerteesand SHER ComBORERE as TiBlifees PO
GWW%G estEigisidatty’das Osuch sb3ofein mMipiilso B a¥6d: UsabidiCs,
asthe aboyeimentinnediater, oillares woetaklewpiksuch agrgpeseeto or

Ethoieesaé@e 0l RO¥REAB Ol Z3 COEN 9%%&'}{%%110" %{%?'I{O@@H‘l
safflower oi oil il, tung_oil an
cg@:ﬁ 045 an am%ﬁg%ﬂ ﬁx% g%’b(i,{é\h‘gfﬁ ?%r& s%%ﬁaﬁd%ﬁalg gF%%I a"
various u&B8 SesIeoil Pé&bfié’ dﬂ%é@t@@),%ﬂfﬂﬁﬁ@ SREAL E5ife BF thB O
mure o tltese vyt 13¢:bearsedl tis casgs evhiere thetabovecofait Daoily acids
cemaing phaspholipids preieing ot the ke asJapakitiesy the fed tak-olkis ror
pr@i%rqp%aﬁsd figy.a sggwg%géﬂevghm ﬁogwr%fé AN G

mineral acid SUC as sulfuric aci nitric aCI phosp oric aCId OI’ OI’IC

atitiidindFafoptty calied can be used

generally preferred that use be made of the fat and oil
comprising triglycerides (triesters of higher fatty acids
with glycerine) as main components and containing small
amounts of diglycerides and mcnoglycerides and othex
components as impurities. Glycerine esters of fatty acids
such as triolein may also be used.

Usable as the above-mentioned fat or olil are a
vegetable oll such as rapeseed oil, sesame o0ll, goybean oil,
corn oil, sunflower oil, palm oil, palm kernel oil, coccnut
oil, safflower oil, linseed oil, cottonseed oil, tung oil
and castor oil; an animal oil such as beef fat, lard, fish
oll and whale oil; and a various used edible oil (edible
oil wastes), among others. OCne or two or more of these may
be used.

In cases where The above fat or oll contains
phosphelipids, proteins or the 1ike as impurities, the fat
or oil is preferably used after a degumming step which
comprises adding a mineral acld such as sulfuric acid,
nitric acid, phosphoric acid or boric acid fto the fat or
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WO 2005/021697 PCT/JP2004/012876 35 oil for removing the impurities
therefrom. As the alcohol, a lower alcohol is preferable to be easily
removed as low-boiling components or fraction. The lower alcohol
mentioned herein refers to an alcohol 5 containing 1 to 6 carbon atoms,

woelasaliydl to 3 carbon atoms. In the practice of the invertiornyitie4/012876

alcohol is preferably one containing 1 to 6 carbon atoms. Employable as
the alcohol containing 1 to 6 carbon atoms are, for 10 example, methanol,
ethanol, propanol, isopropyl alcohol, 13butanol, 2-butanol, t-butyl alcohol,
1-pentanol, 3-pentanol, 1-hexanol, 2-hexanol, and so forth. Among them,

methamelisiretaried mibei prsetice 0f the invention: a polyol can also
15 be usgd instead of hg-alcghal, One 3&%%85%5“%9&%%@& to be

propylene glycol, glycerine, pentaerythritol, sorbitol and the like can be
S8 5 ARl bty herh B CERMRIE Freforfe. 1A ARG 00 The
predifdtichlsioeessiritoraitrriothedhe midis T 20 Some cahdsdrrent other
thammthe! fatioll, alcohol ard-eatalyst omay he-presestinythe teadioferbon
system: The present invention also contains a composition obtained by

the reaction of a fat or il with cohol using an ingpluble saolid catalyst,
which c:onﬂrﬁ)r‘i%s&e‘fés3 r%:ﬁ%%é%% t%%ann .06%%?#3& ajﬁldenoﬁrﬁ P thar?

OB PR IRPIASSTHT & Fatty dtict Al BStets Gt [@5STan S0 ppHeble
and notenoledhan 4:600 mof fleetfatty acddhorhe above acempdsition
issitgeh for userin:hiodiesalfuels-or %&epﬁw&qta@gifg%ﬁ?@iaéqd@ho;, 1
PRUicuian 1 15 BigeraRl, 30.eetin bipclenel elo e pe TN AGES, o1
content lower than 80 ppm is to be attained, the pﬁrlﬁcatrllon and aghlng
StEPSERNGHY  GthBRS Mot Besifithlifietthencd iy sk ctaMy et
adlgapggfraethe energy viewpoint cannot be 35 obtained. When that
content igabexe 420008, diesehe invention, a polyol can alsc

be used instead of the alccochol. One or more of ethylene
glycol, propylene glyccl, glycerine, pentaerythritol,
sorbitol and the like can be used as such polyol. Among
them, glycerine is preferred.

In the production process according to the invention,
some component other than the fat/oll, 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 ¢il with an alcochol
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 biodlesel fuels.

When free fatty acids content lower tharn 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
cbtained. When that content ig above 4,500 ppm, diesel
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WO 2005/021697 PCT/JP2004/012876 36 engine corrosion may not be
fully inhibited or decreases in cetane number may unfavorably result. The
lower limit value is preferably 900 ppm, more preferably 1,000 ppm. The
upper limit value is preferably 3,000 ppm, more 5 preferably 2,500 ppm.
Wuhessihestatty acid alkyl esters content is lower than 98.0@%Thyinass?876
the composition can no longer be used wholly satisfactorily in various
fields of application. When it is above 99.92% by mass, the process for
preparing 10 the composition is no moté wholly advantageous from the
energy viewpoint. The lower limit value is preferably 98.50% by mass,

ard dhesipper ekt valueds preterably:99190%:hy Biassy ehdallyagids in
alkyteslersrconiaining composlon, 1 I Jugiarably produged by sueh a

p%)%jgjctlon rocess as’ described hereinabove. Thus, compositions useful

HSU%#e?dfseg?ﬁﬁﬁﬁé(at?oorP cBR'be ProtticBECA8YaREYebuSRPiBRTthe
eRERYYABRD Ol & rédgcihg thecEREryLcOrisUMBticRDf trpre
prackidipasAs thednethad:of 20 controlling free fatty acids content in the
range meptioned abeye.iy praducingisaid comnasition by, the prodygtion
prt%cessgge%gn%d above, thc%re may be rq:entloned the method
com%lﬁsmg'incr"ea nmg‘[‘ﬁg’usag% gfonf%ﬁws&ndl?fhecl’?ﬁ%tﬁlgd c?cﬂﬁﬁﬁsﬁln% used

rédtioing’ thie Ahiot i b Tldter ednvaineaus tie obdawiaenalkaaid te
niétkeod Comiprisihg peoldhghi they reastion time feontasting timepirether ing
C%%_OEHQWQQQ@&D)&IEWHBSI@&?@, e %%%if&ﬁﬁ%&i%‘ iﬂ&?@ the
ekl lete i e prpe RpEIRD e, PO sepelen,
cGRprSing Rciessing THE corReraiBRtn tHE-firsT &t e RRARBEZCLY
céhpfisthdgeincigasing the number of reaction stages (number of reactors
disposeddnsieriesy andathieimathod comprisingdncreasingthe-upage o on
thesalgohel i, 135t S8actan $1Age, O INSIBNCR: 33 on process as
described hereinabove., Thus, compositions useful in
various fields of application can he produced
advantageously from the energy viewpoint while reducing the
energy consumption of the preduction. As the method of
controlling free fatty acids content in the range mentioned
above in producing said composition by the production
process menticned above, there may be mentioned the method
comprising increasing the usage of methanhol, 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 c¢f production in two or
more reaction stages, tThose 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 alcchol
in the last reaction stage, for instance.
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WO 2005/021697 PCT/JP2004/012876 37 The method of producing fatty
acid alkyl esters and/or glycerine according to the invention, which has
the constitution described above, is a method of producing high-purity
fatty acid alkyl esters and/or glycerine 5 advantageously from the energy

Wienrgiatewhile reducing the energy consumption of the produetizmng/ared7s
the products can be used in various fields of application, for example in
biodiesel fuels, foods, cosmetics and pharmaceuticals. 10 BRIEF
DESCRIPTION OF THE DRAWINGS ¥ig. 1 is a schematic representation
of one of the preferred embodiments of the production method of the

inventionthdenempiayed:iniheicase of psaduction: in eneyeagtiea:stage.
135952 '%@f&@fﬂﬁ%‘%%?&%?t@@ %%na,%g}@cfaﬁf%%d_ch nas the

embodlmengs of th productl n get od of the invention fo be emp

the 85 Se 5F prddbi DRI Mo rBRRH6H stages. %%%R%Lﬁ\lﬁf@ﬁ%ég
SWMBO&@lltilOfM&haﬁwﬁes?éﬂ%ﬂr ostereil/paitéssrviiycsrine
degsmmiingaeasior; #aractar; 2bdy,dh6:Hpbtpads coltihbe 6 ddiucing the

%@@@A r@&ﬁ?ﬁ%@p@@]%‘%ﬂtﬂé 4 8-86Raater; 8,49 @ﬁéerﬁ%f@&@ncan

colum alycerine p rification olum 30 13. first:stage reactor; 15
s%con s?a%oreac"féro uf’o% E% o1 Z?Lgpﬁn CHEETM gxl‘—%ﬁf

CRIGVAIEIOEHSHRIE RAVERITIENSS FRE BRGWRRPERATPIE st ate
the present WO 2005/021697 PCT/JP2004/012876 38 invention in further

detail. These examples ArephOWEYEION OF THE DRAWINGS

Fig. 1 is a schematic representation of one of the
preferred embodiments of the producticn method of the
invention to be employed in the case of production in one
reaction stage.

Fig. 2 1s 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 twoe
reaction stages.

EXPLANATION OF SYMBOLS
1, 10: Methanol reservolr;
2, 11: oil/fat reservoir;
3, 12: degumming reactor;
4: reactor;
5, 16: light ends column;
6, 17: methancl recovery column;
7, 14, 18: separafor;
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 INVENTICN
The following examples illusirate the present
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by no means limitative of the scope of the invention. Unless otherwise
specified, "part(s)" means "part(s) by weight", and "%" means "% by
mass". 5 In the examples, the yields of fatty acid methyl esters and
glycerine were calculated as follows: Yield of fatty acid alkyl esters (mol%)

VO GMEIHIOMRAr flow rate of fatty acid alkyl esters at the outlétGdfdP2004/012876

reactor)/(total molar flow rate of effective fatty acid 10 components at the
inlet of reactor)) x 100 Yield of glycerine (mol %) = [(total molar flow rate of
free glycerine at the outlet of reactor)/ffholar flow rate of effective
glycerine components at the inlet of reactor)) x 100 15 The term "effective

glycesineicompanentst ineeans those compenesiswhicscan yovidgever,
QM%@%@!QQQ the.method.Qf the fayention s applied, Specifically, the

Etlve %I¥ﬁer|ne components i qule fag cjd triglycerides,
dlgriygesr‘?’des AR TRERoGHESHAAS onté) Aed helf%FZO%?‘fatdI%eﬁh’e
i B TECycIdd-faw FiateeriSTRE deRtERSGT” effective glycerine
compon€nisdan e deterarpediay the:gds cdfomaiagrapidobdeayl
gboasinge %E@fd@ﬂa!aﬁéf@a%nwgegoea@wt@aﬁ@é?ila(g?aﬁ@f@?w@ thfe .
e oil having a sapanificatio ue o ree fa
%%% %or%tﬁtp%#rg ks % { E‘l’%?t of 0! 6 %/agy rﬁagga%giow

mass; a moisture
ah?ffe &t e %rﬁ%&rﬁb%ﬁ%n?%ﬁ@t%’? 1BRPYBVF rftfssiWas used as
threredetant idw adterial. sCatalyst Prparatiors Exanipled 30 Catalyst A:
Tecasehiiorsprepared by-dissolving «20:¥4:9) 9f amnimenium metavanadate

2&299@9 gkdistilled water at 30G was %“?(?8@%[0%’ 156,169.86 %0§a20f°/°

ueous_ solution of tltanlum(lll trlchlorl After evag)oratlon to dryness

thé& FEsidud Was Brelfminahify iichicd af 38685 Hn épaﬁ%ﬁn@s?}ﬁe@te
f6rt2 HotRs Bhiheh Cafdihed H7B500WOs2005/0R¢69R1et of reactor) ]
PCTA®P2004/012876 39 for 5 hours to give a titanium/vanadium mixed

oxide  The term “effective glycerine components” means those
components which can provide glycerine when the method of
the invention is applied. Specifically, the effective
glycerine components include fatty acid triglycerides,
diglycerides and monoglycerides contained in the fat/oil
and glycerine in the recycled raw material. The content of
effective glycerine components can be determined by the gas
chromatography of free glycerine afforded by sapenification
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
molsture 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% agueous
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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catalyst (catalyst A) . X-ray diffraction analysis revealed that the catalyst
A was a mixture mainly composed of a mixed oxide of the rutile-type
TiVO04 structure and small 5 amount of vanadium pentoxide. Catalyst B:
Potassium carbonate (13.9 g) was dissolved in distilled water (30 g).

WEhEsB169pe titanium oxide (16.0 g) and niobium oxide (NBSZ0B)2(260628)6

were mixed up in a mortar, and the potassium carbonate solution 10 was
added to the mixture. The whole mixture was kneaded until it became
homogeneous slurry. After 24 hours of 9drying at 120C, calcination was
carried out at 1,100C for 3 hours to give potassium titanoniobate

(KBNBD by ultEs twag Subjected taiceio iomexthangeiine 6N agaeous

1% selutian of; pitrie agid (150 m bgmaowgw%ﬂ/ava%i%@g g g@%@ ﬁg@g%aled

f 2 hours of calcination at 500C to give.

(Lé%%%s%yg? fgttjgﬁ/g%%g m"r\ﬁao?niﬁ mmrjﬁxe%\%?n%ncfét% ¥4f634f“6quv% of a
diSEBRAPF-FG0 Glofdistifedivata a0 & (LBt A L PDeA 3ptutiskp 1 1
praparet b dissohitigH 8pt8:gwfinen(lll) nitrate nonahydrate in 40 g of
distilled wates was-addedpdropwisedothiessaldtion A and the mixture was

t a . ith stirring, The, residue was preliminarjly .
c%ni%%%%e@%itr&é%ggsfp gjgrfleﬁhaaw? %TSO, “?or 52 g&?rgae{shed%?gjnecglﬁngendl e

aP¥50€ tor B Hods tBvE LR HIR-9E 4G UM hiRed dhde Catalydere
(CatEgRt @) . Iergy mdiffizrstioreadalysis evbalsdl that thevatayst Golag ion
prineipatiyedmixe c bxideiefthed iclinmie FeN©4 stiustitie Cataly Rz Aed
shige powderdOalwasmixed. bYs 30:kneadingwith a sqlufion,prepared
bépor%%ge%e(i ﬁ’y C@ssg%r&?é% g (a}‘ vsanaéjélrr%x%ate n-hy rate aCrJ]Od for
1 .Afélg oFlron%I ) ritraé nona%ydra‘te A me : S thé mixtdiPwas
evaporaiad t6 dhynEsPRRASTiRg - Fhenrasione Was (FreidfiRarily This
calginedjhrmisrair amospherel @5 at350Cder 2:hours andsteaccalcined
ak#20€1ton BRowrsWQ. 2000021637 BGT/IP2004I012876 40:10:gived 1
Swg%é%uggﬁu%£¥%ﬁg?ng9“ﬁn598%§18.dgalcination at 300°C to
give layered HTiNbOs (catalyst B),

Catalyst C: Ammonium metavanadate (14.04 g) was
digsolved in 700 g of distilled water at 90°C (solution A).
A solutlon prepared by dissolving 48.48 g of iron(III)
nitrate nonahydrate in 40 g of distilled water was added
dropwise to the sclution 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
digsolving 7.4% g of vanadyl oxalate n-hydrate and 13.45 g
of iron(III} nitrate nonahydrate in methanol, and the
mixture was evapcrated 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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catalyst (catalyst D). Catalyst E: A cerium-vanadium oxide-based catalyst
(catalyst E) was obtained in the same manner as in the case 5 of catalyst
C except that 53.17 g of cerium(lll) nitrate hexahydrate was used instead
of iron nitrate. X-ray diffraction analysis revealed that the catalyst E was

Whah/@biposed of cerium (IV) dioxide and a mixed oxidePSITHR@IEGENBZ

structure. 10 Catalyst F: A cobalt-vanadium mixed oxide catalyst (catalyst
F) was obtained in the same manner as in the case of the catalyst C
except that 35.64 g of cobalt(Il) nitrate4(t]1exahydrate was used instead of
iron nitrate. X-ray diffraction analysis revealed that the catalyst F was 15
pincipaity aemied oridelgithet@o2V2Q7-stiuctdiem Gatalyst G Ale
vaRadiups pxideseatalyst (egtalyst G) was obtained by calcining 21.06 g of
an amman| tavanagate powder under air atmasphere at 500C for
ours X 1o AHAC, oy b He R Ft e 20 A LG FARGiRTy

cAirprisedVanadititrp&itbiides dChialyBR HaHMH FNIBSTint oxide the case
(Nt5205) abyained frsaeWaktRuré Themizab ihdustries: WasIysed asate
caleist - and tantalurcexide {205 phiaipgd fiaredhe same company

ag caRlysh s & CALAVSLL Rolassiim capbonatle (347 9) and 19.96 g of
niobjum oxide (Nb205) were mixed up in a mortar, a smal amount of

WS s GUHRY 0 the TREUM g miXtufe WS fuRRst Bndbidiaft oxide of
thereugRROTIse B svas dried at 120C for 4 hours and then calcined
at 1,100C $a=3 heursto 30 givepafassiva ifiniohate-tKNR3Q8) cEhisiwas
subjgeted, wigs toion exghanae,with a N agueays solution, of nittig acid. .
(1 é), fgllowegak][y \évgshlr.?ﬁwnh W ?r and f}J ther by 2 hours of calcination
aPZ00E 0 GVE T ered B@HB% Stalyst J§.43§ Ctal§ePR FétraméethFate
oRRSEHESHET5.83)) dhtPW G o502 2691 PET BPPOBAF01 2876241 4.8 ¢
ofitefiasthylionhetitahgtel were veixdddigcimeéd the catalyst F was
principally a mixed oxide of the Co,Vp07 structure.

Catalyst G: A wvanadium oxide catalyst (catalyst G)
was obtained by calcining 21.06 g of an ammonium
metavanadate powder under alr atmosphere at 300°C for 3
hours. X-ray diffraction analysis revealed that the
catalyst G principally comprised vanadium pentoxide.

Catalyste H and I: Niobium oxide (NBb;Os) cbtained
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 nicbium oxide {Nb,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 caleined at 1,100°C for 3 hours to
give potassium triniobate (KNb3Os). This was subjected
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 HNbsOs
{catalyst J).

Catalyst K: Tetramethyl orthosilicate (96.8 g} and
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nitrogen atmosphere. To the resulting solution was added dropwise 400 g
of a 10% aqueous solution of tetrapropyl ammonium hydroxide. After 3
hours of refluxing 5 at 90C, the mixture was transferred to an autoclave,
and the hydrothermal synthesis was carried out at 175C for 48 hours.

Wih20aEaLe5tained white slurry was collected by centrifugatt6/iReaghes7s

with water and calcined at 550C for 3 hours under air atmosphere to give
an MFI-type 10 titanosilicate (TS-1) catalyst (catalyst K). The titanosilicate
obtained had a Ti/Si atomic ratio of 1/22 Catalyst L: A silica powder (20
g) was kneaded in a solution prepared by homogeneously dissolving 3.56
g f Bitdniim terarsigropoxiderin iddpmpamoband the meidture 15 was
thentevaporatediehyness with stirsinge Thedesidue,was calcingd ataged
50060t 2haws Undsr air amosphiers.to give a silicassupported titanium
o%lgg caatglcyst £catm%19/st%lv_[2. Caéal St. M: 80.99 g of zwcon;}/rl nitrate (IV) 20
dehydrate was diesoiedin®y ro%éﬁred%\%éﬁ R Sisn pre g;eijwng
dRsoRinG 0.51¢ BrittEHYESUIfRe tawy&f 2315 6f dintited suiterhaseadded
digpwisgdhetéternsid thenthse gohe.5% ammeniawaterwas sddeghr 43
deopwise tormueeipitate.g solid. dhgohtained,solid was washed.with 23
500 mi. of distilled water 6 times, and dried at 120C overnight. 8.46 g of _
vanadyl sulfate (VY tefrahydrats was “disSovalin 5 G ot aistfiedivdter, Tor
ke 2080 With e ol GHtamEeRaB6ve Cartt ¥0a38rHEd 16 dPmess with
stikirrnThel fesuitant Waslpretintinariytcal cimesat30 850C <2 hours
?;ﬁd@ﬁﬁ&ﬁm@rgb@ﬁgﬁw ﬁa!ﬂir&e%a’fs@%@éﬂ{i? I“P%'E%&O 8%’31/2]2 :
itanium- -zjrconjury,; terpar o] atalyst M). [Example
1]STT e tciéé%[l%/gs%%%ret 'arg% E%%t%%yé%%%rﬁ% %C% Ié“]x%asm [l}\){/l#ee%%véé{sn P a
cOmpresSBNThaRiEd folfFn BB AEFERIRYHO WG P0bBIeE1697¢ 9 of
PETIPYEDAICEIE76 wr anamigiail BiZescot36e w856 pin tTkemé attion
was then evaporated to dryness with stirring. The residue
was calcined at 500°C for 5 hours under air atmosphere to
give a silica-supported titanium oxide catalyst (catalyst
L) .

Catalyst M: 80.29 g of zirconyl nitrate (IV)
dihydrate was dissolved in 1 L of distilled water. A
solution prepared by dissolving 9.21 g of titanyl sulfate
{IV} in 23 g of distilled water was added dropwise thereto,
and then 150 ¢ of 6.5% ammonia water was added dropwlse 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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apparatus shown in Fig. 1 was used, and a straight tubular reactor (4)
made of SUS-316 stainless steel and having an inside diameter of 20 mm
and a length of 450 mm was packed 5 with the molded catalyst A (220 g).
For enabling pressure control, the reactor outlet was equipped with a filter
Whare/Baekbressure regulator via an air-cooled condenser PERIFRWSH HASTS
methanol were used as the reactant raw materials. Palm oil was deprived
of proteins and phospholipids in 10 adyance by adding phosphoric acid to
cause precipitation thereof, and the thus-degummed palm oil was used
for the reaction. Using high-pressure constant delivery precision pumps,
tHERAINR ofl (208 gThFaRdheftihor 4 8 BPh P were Thixedses:togsther in a
lirenadadortinsiousty passdadsthroughsheseebctandownyiard feprm thagopar
Thearessureqwithinghe, tubglar seactor was adigstadstor 5 MBashy, means,
of.the, (ﬁ)gcggressFuer% re u?ﬁo&ug hﬂeng[u%pli/e%f r%géhafol elative to the
paim oil was 1.8 times the theoreticat amotAtto be fed: 20 Fhetfferacked

in&ide tehpertire daeeddibémnd f 166€ 1) extBrralRrREdtmytreririae
reasirportiorh At:Zhotirsr: after stabivzatienyof thestemperatdrerander and

peessusepihes iotak flowyiate of fatty acidmethyl estersatthe qutlet, of the 1,
reactor was, 192 ﬁh the total flow.rate chz_f[eez&} fatty acids was 2.76 g/h,

that of rJFﬁi()nSig@Ilg/lcierlgéj"s was 10.4° g/f "and that ot digtycefidgs Waso 626
gt Phist thd AR hBRPEMERMt OF thgIEariass Fad BRaTebRIimEds THe
flodv patecofire e giiiceringhatsthieanitietaof the reactor svas A9-9 gih sthiasof

metbanoliyaard. 319 cand HhrieiaQRYPEOGIC Watph was 8584/ The
yield of fatty acid methyl esters and free glycerine were 90 mot % and 91

mol %, gesgecgv,elg The liquid reaction mixture in the line (104) was
sampled for fCP afAly&TS f5 BeterifiAE thE el Gfon BFAZVEF i sion punps,
cShRfpatieHis of thel Bafalsthin Breluppshriyet, rid Ti 1W0)2065/6216874d
POK/8PRODA01 2876 3 eariponent wasudetecietand the M agmponent

CeBERARIRWnward from the top. The pressure within the
tubular reactor was adjusted to 5 MPa by means of the
backpressure requlator. The supply of methanol relative to .
the palm oil was 1.8 times the theoretical amount to be fed.
The tube inside temperature 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 ocutlet
of the reactor was 192 g/h, the tctal 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 ¢/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 liguid 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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was not higher than 1 ppm and, for the lower layer, the Ti component
concentration was 2 ppm and the V component concentration was 35
ppm. 5 This effluent was continuously fed, at 100C, to a light ends
column (5), and methanol was recovered, together with byproduct water,
Yy Magpeiistillation. The operation temperature at t, the botRSiH/IE2004PE2856
he light ends ds u CC.~.uaui+. 'lumn -ic was 2400C, and the operation
pressure was 81 kPa (608 mm Hg). 1Q JThe methanol and byproduct water
were fed, in a gaseous state, to a methanol recovery column (6) from the
top of the light ends column. The methanol recovery column was a
23%3tag8 nstillagisncestarire dharefi bt fatio ABIPBeiHe Gpeeatigration
temperattireratthe-batiam wasy@Grand fhe: 15isperatien prassiye was Ti

8L &R EEAG M g Methase! with & meistureconient,OL0/J4uas
obtained Jérlgémcj'ghe columr%gogpat a rate of 19.3 g/h, and that methanol was

concen on wa ., . .
reused as & raw feactant material. The heavy fraction continuously drawn

out from e DEEEREFTST HeSliGRENTEEHBRh Wal contintBbiShy fekftora
seépatatorfatelomraté bf 2274y /m<dfohphale weparationsireiuppegether

layet ke $igr PHase) drawe outo) the sseparadar (7) sontainedrdd%by ration
mass of fgg_}?_a_ciq mettggl be$ e,rns“arg_)dn f%tgei,,, M%eg%% agd a.small

Leinper 2 dl O Il WS
przt%goprtlon of 25 methanol. This crude ester phase was continuolsly Ted to
a

0 aciab P BuRRE I CBIRTT B8R AR CALORE Thé by HLid <)
edtes pueification cotlgmhipas dR3-stade istiztiohechblufmn, angethecus
refltxdationsas Indiebetont opsrationdempetatise WasrR13Gand the ¢
opgratipnpressyig 30vas0.4 kha (G.oimdg) - Rudiicd fart.acidmeld
e t§£35 were bts n (_ijrom theg lumn t éatra rate of 19 X /h. The he
g?ycerlaeg %ve%’% ?%covg}:elc? froft g%’é“ﬁbttgﬁw and %&é‘;e& a5 %ngaﬁ the Faw
NREEAAIS O BRI HaFR, Hie I6\RePRyEPTgRENAé PhaseTBEBrawn
ouvteftineiseparatars(7y comtaingd 98% bjsamssiofiyQ 2006021637 with a
Ped{dR2PR4I2846: 44 0.7% was obtained from the column top
at a rate of 19.3 g/h, and that methanol was reused as a
raw reactant material.
The heavy fraction continuously drawn out from the
bottom of the light ends column was centinuously fed to a
separator (7) at a flow rate of 227 ¢g/h for phase
separation. The upper laver (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 continuocusly 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 121 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 cut of the separator {7) contained 98% by mass of
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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
(9). 5 The glycerine purification column was a 10-stage distillation
WHRIMA2ZHAD the reflux ratio was 0.1, the bottom temperateTWRz MB0 2876
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 10 the column top and46artrally condensed at 610C and
thereby deprived of gaseous methanol and water, which remained in a
gasgoas foen 2Rdrifiéd giyserinewasdtius botained atral ratez0f19.9 g/h.

Thedatlyacie snethykFesters a8d0wWa: ompanests; re@m/ereﬁt fromdbeents
bgggm \ggr%ﬁg%&% ?9&9 &? de%rlggng% &Qd umm%(ii fractlon was

reuse as one of the raw materials. [Example” The catalystA T prepared

i et ECRrdparhfion CB xanfhid AeRAR T INTEH ifﬁwtﬁfbﬁ’déd’éﬂﬁf’chéﬁ
cﬁmre@mmeé 2O-byGlassification towplleetgrairisiwithaggrain

digraeter 0f 30hta-850tam. The samereaction apparayeASQWANR
F&&%S&é@jﬁ%%%%h%g did nat inglude the 5%%@2@9§r{968%‘é%r¥um was

e reactants used were same pa m _ail an anol as in

column
E§<a éal ThéTirstStage FRECR S (1B sthffit 168 Mide of SFSHES
stﬁrﬁﬂesm@éeri%tmwa‘qﬁrng@@ dianTersr arRSOstme imtegpWasfron

packedaithathe spolded eatalysi (490 gyndheseactien aeme&ﬁwremny

sekat-15QG. grdihequessyeata s MBay %@QP'%:M%%W&&&Q?&%”H

dellver regision p S 30 the aIm o|I 205 and hanol (4 g/h)
Te r%%edg?ogethelgﬁrl]ggaflﬁ%ee af on inuous Bsthg @11% e]t

ré&dt8r PE3) dovintiaid fr@r?ﬂethéatBEYTﬁ@éhﬁWBif heﬁtﬁéﬁéﬁ reRgiveys
thepatmeiitwas 4c8 timesithertheoraticaloamount4a desfeid) dheadelcbof

fafbracidimeind esters3%1apaalxcering i the first-stage reaction were 64
n%%é%laaq\g }Qé@e%09§{92.1697 PCT/JP2004/012876 45
[Example 2]

The catalyst A prepared in Catalyst Preparation
Example 1 was compression molded and then crushed, followed
by classification to collect grains with a grain diameter
of 300 to 850 pm. The same reactlon 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
0il and methancl 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 oil (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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25 mot %, respectively. The reactor tube was equipped, at the outlet
thereof, with a liquid-liquid separator (14) via an air-cooled condenser,
and the lower layer (glycerine phase) was drawn out at a rate of 22 g/h
while maintaining 5 the liquid-liquid interface at a constant level. The

wippes/dzper (224 g/h) was fed, together with methanol (16 egtrjstaoa/612876

second-stage reactor (15). The supply of methanol was 2.9 times the
theoretical amount to be fed relative to the upper layer liquid drawn out.
10 In the second-stage tubular reacto#fmade of SUS-316, 20 mm in
inside diameter and 450 mm in length) was packed with the molded

catlysti(220 @e%&@@@ﬁwbe%|eﬁe\él@§@ﬂutﬁﬂ%d with %Ql&%g@@ a at
b%ﬁ'éprc‘?\%fé% regulator via, anair; 099'% l%g £ 3 and the pressure, .,

within the 15 reactor tubé was set at 2 ‘he reaction temper ure

WAR SetatosuE Andoat S Hss et é“tas.l.%aff&ﬁ of B RerfharaRintnd
pRissife, rseffiuentfront the seconde safelreautdy was heixediattiening

outet, wWithuthe-oineri layer fgleerinesphase)drpndhe sepacator (@14 . dpper

the,2@,ine;207, gthﬁ?towgé,'%@tet%fgf@{_txea%m% Leslers, was g0z g +o
the total flowr te of free f%g | gécli% 1.94 /h that of monoglycerides
y

was 3 %%éilh ang%hat 6 é% Ofth % tRE Who 42 s
a&o%rﬁweﬁug%rﬁe%%%be@h @@meawi@e fl6Rfrate ot ffaee2bo the
glyeeeineugs 2034 gih, dhdrekmethanol was 33.9 g/h, and that of

bprod UCﬂtﬂN%tEé g@&%ﬁ@éﬂggg he,le\aqreﬂt yggcegw myé@%/eotfﬁt%iﬁuel 6,
esters and fre cerine in rst-sta -stage
% Xm J 033/ de§3 m(C)Jl-I §E4§ qtlve? éﬁf 5 acked

reactlons Were Bé mol ™% "an respec I UI

ré&dtion mtm?éﬁ«?ﬁqecm@%@wmzsé%aﬂbred ?&eaeeeﬁa%.stw outlet
deternsine theefutiortbf activd teomporentscafthecadalyst Indbelupper via

layer aneJioeqruponentinias-detester and tbeé/s@ewomeﬂﬁgpnee@tration

wasnqthigher than, 0.6 %tama%n% Jonjhe 'O‘A%Jaa%eéa%%%s%?z egg%%@%%

concentr%tlon was 16gpm and t e V .component WO

P IBSb02fo 128 e

temperature and pressurs, the effluent from the second-
stage reactor was mixed, at the outlet, with the lower
layer (glycerine phase) from the separator {(i4). In the
line 207, the total flow rate of fatty acid methyl esters
was 202 g/h, the total flow rate of free fatty acids was
1.94 g/h, that of monoglycerides 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 vield
of cumulative fatty acid methyl esters and free glycerine
in the first-stage and second-stage reactions were 95 mol %

4%p ;, at hours afrer stabillization of the

and 93 mol %, respectively.

The liguid reaction mixture in the line 207 was
sampled for ICP analysis to determine the elution of active
components cf 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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concentration was 30 ppm. This effluent was continuously fed, at 100C, to
a light ends column (16), and methanol was recovered by flash
distillation. The operation temperature at the bottom of 5 the light ends
column was 207C, and the operation pressure was 61 kPa (456 mm Hg) .
WPAABIRith a water content of 1.1% by mass was recovReaFROBHHES76
of 33.9 g/h, and this was reused as a raw material in the first-stage
reaction. The heavy fraction continuously drawn out from the 10 bottom of
the light ends column was continuousl Yed to a separator (18) at a flow
rate of 228 g/h for phase separation. The upper layer (ester phase) drawn
oGPBf Rt sepbaratowEs)3domeined 97% by mass of fatty acid methyl

esters anth furthers ghseridessand s-smallpsogortion, of:k5 methanol. Jhis
crig&n%stgﬁ@gaggmcq%nuoggl fﬁggg me%tlt)?,amd ester gurl C{cgtlor%l sh

c% é&a% urification. he fatty acl ester pur‘ﬁca ion

rq:hl g stg g a‘?%’tﬁfé%%%blﬁﬁﬁ??%?@tﬂ’l’éereﬂﬁx TBRoRPAST IURF
b&femlégaiationdenpreranyesras 205C andrthe Uperatien 20ipresgups sure
was0.4 kP {3 mre dgk Purified fatty. agishmethyl esigss wereabtameds -
from the,colimntop.at 2 £aie,0f. 201 ,9/h TJ&%'YS%”%%S g %9" reCOV%r%is

from the g?)ttqm and reused as one of the raw materials. O

hand, thetowertayédr Give é?ﬁ]%eﬁﬁgée)”%tﬁr%vﬁBﬁFoFﬁ?eggeﬁ&r%ff&l%)
contained 97 % By Tiiass of tgipterna el dushier, dyprodesttvdtesmnthe
simatl: propditiohs of fafht asitimetbyhesiersand gum somRONENtSSUEh a

as phesphelipidss Thiscrudeyglycerpe phasewas continuqysly fed to a
Ig/cerlne unﬁcaﬂﬂ? column ( %()a) 30 Theg cerg;g)urlflc ion column

wasa 10-stage distatBR Colamve antheTerlR 350 whel, He oFf the

b&RBATRErRBeratére \ﬁﬁ@qfslf@%n%?tﬁebé’p%ﬁén Phedsiieivasic. aephyd

s Hg)s Glycerifmwasadistiied offy tegathendvith Byprodyctoyatet aod @

smatiameunt ofmethapahdrm:3a-the, calumi ton-aRd Partially g fed to a

condenped 2596 NFTERY N S00RHIEY (ES T IR L R AR s on.
The fatty acid methyl ester purification column was a 23~
stage distillation column, and the reflux ratio was 1, the
bottom operation temperature was 205°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 201
g/h. The glycerides were recovered from the bottom and
reused as one of the raw materials.

On the cother hand, the lower layer (glycerine phase)
drawn out of the separator (18)-contained 897% by mass of
giycerine 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 tc 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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deprived of gaseous methanol and water, which remained in a gaseous
form. Purified glycerine was thus obtained at a rate of 20.4 g/h. The fatty
acid methyl esters and gum components recovered from the bottom were
subjected to 5 degumming, and the degummed fraction was reused as
VomeoeToge’faw materials. [Example 3] The catalyst B was @Smy{iPesisiorms76
molded and then crushed, followed by classification to collect grains with
10 a grain diameter of 300 to 850 pm. The same reaction apparatus as
shown in Fig. 1 was used, and a straight tubular reactor (4) made of
SUS-316 stainless steel and having an inside diameter of 30 mm and a

lenigitht 0F6800nmy Avasnacked vethy the molded satalysti(G40r@naA0kd in =
e%@'&&;5@59&8urep&?e@%&hswa@p{n@tk@wa&%@u'8869 ithy a filtgr

and a baC pﬂ'SS%Ul'e regu lator v é n air- COO ed condenser. USln
S

highosredsure condtEht delivery predistnBumpst ¥he Har<Si ?2615 gy
aR@TFREMaRnbE (68 8Y/RY deré Tamketh 20wgbtierin eelinatangcted to
cartinuonisty passed throutgtherehctandowoward frare the top.sThee of
p@@u&wing}gatygular reactor was set at 3.5 MPa by means of the

ﬁgresiure?’regulator The supply of methanol relative to the palm oil
was 3.0 times he theoretical amount to be fed. 25 The tube inside

temperattiRPwad 'St i 20D By SABRTERS hektiAg Hee tusdar Fsdtor
pertiorhéi 3 Holrbcaftel isiabilizationT of tHel temperatareland pressore, theh
tofaly Hewyate ohfatty-aeid m@@hxﬂceﬁets akthe oytletabtber Lgastoravas
198 6lhdbedon Tonpate o rge fay 0 ac %s yas L1 ol et ol
monoglycerides was 10. 4 . and that o cerides Was 2

Tﬁﬁé%%w%ca%uﬁvﬁ omﬁﬁ?yc%ﬁd%%aﬁ eBh TOMSERTed Hf-fIGRA
rd@ oiteeaylytofndat dhenriter of thé feastorndsa 3.0rghh thit 60C mm
meéﬁa@ﬁld/k@ﬁ4ﬁlﬂ:g/ftﬁ’ldnﬂlﬁt&f bypradyetwates o3gwas S 5@ gén ) ing

%a%%ﬁféf%G¥@£5&”“%B¥'%%&B%@QdéNElé@oﬁgglééilpned with a

1I%Z%Oggglzabackpressure regulator via an alr-cooled

condenser.

Using high-pressure constant delivery precision pumps,
the palm oil (205 g/h) and methanol (68.8 g/h) were mixed
together in a line and continuocusly passed through the
reactor downward from the top. The pressure within the
tubular reactor was set at 3.5 MPa by means of the
backpressure regulator. The supply of methanol relative %o
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
cf free glycerine at the outlet of the reactor was 18.9 g/h,
that of methancl 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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free glycerine were 91 mot % and 91 mol %, respectively. The liquid
reaction mixture in the line 104 was sampled for XRF analysis to
determine the elution of active components of the catalyst, the total
concentration of 5 active metal components Ti and V in both the upper
YRS Iwer layer was not more than 1,000 ppm. FurthBfHdPaooH«Hede
ICP analysis was performed, in both the upper layer and lower layer,
neither Ti component nor Nb component was detected. This effluent was
continuously fed, at 100C, to 10 a Ilghféénds column (5), and methanol
was recovered, together with byproduct water, by flash distillation. The
offeradionltemperatune=atthelbattdmsofthe light eadsscoluammwas 241G,

and the Om@éatiqwmswgdﬂ%éJﬂ&%’@u@é’%ﬂ%@)3.Jrﬂ? methaael and

roduct,w ter efed |n 15 a,gas ous state ame; nol recqver
C()%L ni%(% fom t“yr{lg top ) ¥he Fgﬁ%erc%s eofmin & nfethan recgove%/Clve

cOBMRPRFAS & 2% sthfe arstmalisi cohﬂﬁntﬂ?@ﬁefm%ﬁewéétlp@ e
operativa teaipdraturecatntiietizotiimansas B30, and:-the bperation piessere
was 811 kka£608 yam el - Methanel 20:with a rﬁ@'@twonwm&aﬂ&ce,
wag olptﬁ'gﬁdafﬂ% tshfs cglumn to% &; aerC?he of 4@ 4 ﬁ and that m_etthanol
Was reused as A raw reactant materia elheavy tbon cgﬁfenuou

dhth BBWF’aniLf’r@lbotﬁ?’rﬁtéﬁ’h”elehF%HH@%%ﬁlHnﬁ%a@Eoﬁﬂﬁ‘&@%WeHas
toca 125 separaftri7) af &lflown ratessf 226 gimfonptiasefseparatioh0The, to
upperilgyer (ester phasen drawn ai of fhe rseparalard 7) septained 94%
by, Jass,Qtf %'9@%&!‘%&&5@&%@ fthey a%%{ca!td%if‘{‘aﬁgma”

prop OI‘tIOI’l of me e crude ester ase was continuou ed

3@%&?&&%&%%%%15%&%&&1% (@?F&Oﬁw‘ca%ﬁ lwlw@‘fatﬁnaad
estet purifivatoR €dfiimnands BlES-sraye distillationscolumnyandsthekPa
reflexgaii was 1.0rthe hoitom opesationighpataidrenmas2 23 angkthe in

ORCAHO0LRCSANENAL -4 KBy HAlle SMHPARINAC ] 7t o ene

esters Wel’% glne from the calumn top at a rate of

2 1091667 TH 2 564915878 39  The methanol recovery column

was a 23-stage distillation column; the reflux ratio was
1.0, the operation temperature at the bottom was 83°C, and
the operation pressure was 81 kPa (608 mm Hg). Methanol
with a moisture content of 0.1% was cbtained from the
column top at a rate of 46.7 g/h, and that methanol was
reused as a raw reactant material.

The heavy fraction continucusly drawn out from the
bottom ¢f 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 24% by mass of fatty acid methyl
esters and, further, glycerides and a small proportion of
methanol. The crude ester phase was continucusly fed to a
fatty acid ester purification column (8) for purification.
The fatty acild 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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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 99% by mass of 5 glycerine and,
further, byproduct water and small proportions of fatty acid methyl esters

vamdogtimicomponents such as phospholipids. The crude glycetpm@hases

was continuously fed to a glycerine purification column (9). The glycerine
purification column was a 10-stage 10 distillation column, and the reflux
ratio was 0.1, the bottom temperaturetas 148C and the operation
pressure was 0.4 kPa (3 mm Hg) . Glycerine was distilled off, together

wighrbypregeichwater-and A smadl areurtobmethanolyfrom, dhe seluma

tap_and gaétéalgln%og(%e@ied aL E;\Lflﬁg aer}% ﬂlesreby 15 deprived gaseous of
methanol and water, which remained in aagaéeous form. Purified

glycerineWad MuS obefinBanf o ok JrP16B gihY The Fatyertd ifetAhpse)
eStergandigurat coimporrrns 2dcaveréd fromitharboitoh wére subjected

tay degermmingsrand the-drgummes finctien was seusediasaneiof 20 the

mingss | Lof 20
€04 ﬁ%?%%f%%ﬁi%ﬁ%@%%%ﬂ%&% z%;é:éf%%ﬁ%%#ﬁ%ﬁﬁ%s
a

réptacerment, tREFE 4s altowedtsisrotedd Bagfolas
teFAperatirish Vs GeFok 24eh siirgamith taternal Sthembl Thedfélasf rhgthyl
olEate wiascA%n anc: the yield ofglyeerinenwas 51961 XRFanalysis was
perfgrmed a@_arg@rg%\l;@%hataghg total CPé‘E?@%aPQE% g%iy?gnﬂa' the

com enis 1ian was no e nan 1, ppm. -urthermore
e T orF S e e, e Se s ves

vEndditiRfcdriteft ifthe edier Gitasesvis hot hfgherifianof ppntogether
[@ariparativecBxainple 14 35:2Tike reaution wasccartied Dutdnitaesame ron

manesesunNVE B 095/0 21694 B CT/IR2AR4ANLS 76 SPiExamplRi4thereby
e&%ﬂ%ﬁ@@ﬁhg%@%@ﬁge&¥aﬁé§ﬁgﬁ%ﬁﬂﬁh%mﬁggﬁr, which remained in a
gaseous form. Purlfied glycerine was thus cbtained at s
rate of 19.8 g/h. The fatty acid methyl esters and gum
components recovered from the bottom were subjected to
degunmming, and the degummed fraction was reused as one of
the raw materials.
[Example 4]

A 200 ml autoclave was charged with triclein (60 g},
methanocl (20 g} and the catalyst A (TiVQs) (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
compenents 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
prhase was not higher than I ppm.

[Comparative Example 1]

The reaction was carried out in the same manner zs in
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The yield of methyl oleate was 77%, and the yield of glycerine was 63%.

As a result of XRF analysis of the ester phase, it was revealed that

almost the whole amount 5 of magnesium constituting hydrotalcite and

about half of the amount of aluminum had been eluted as described in
WEAHIBSP2TEamples 5 to 121 The reaction was carried out iRGheBB4P#E12876

manner as in 10 Example 4 except that one of the catalysts C to J was

used instead of the catalyst A. The results are shown in Table 1. In the

"elution” column, "N.D." means that thd elution level is not higher than 1

ppm. 15 Table 1 catalyst Yield of methyl oleate Yield of glycerine Elution

(ppanp (%) {Ye)x CGatalyst A ThyNr DEEX 41(4V04)5 79 51dVas. DhEatalysti@st .

e\ D20 B
%:fVC%MSlO
at‘é?ysﬁjlflé

SR 5755 0% (Copvaon 43 15V B

SE@M@4) 6620V 430 Ciglysti FieidNyDeEx. 6¢
YO oridne2ol

x 9 Catalyst G 88

YO (\PIO) B4 ERSERLES 1 REDP 1RIB365TBR. 1A &Rt 150
18 Nndy(Fa206) oG hidlystih Exh yApINGID3p492Na Do Compat EXEL
Rydrotalsite 7 7-63 Meilii8ap A6 3% [kxarmples {3 t@dbbed 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 catalysit A,
1. In the “elution” column,

The results are shown in Takle

“N.D.” means that the elution
level is not higher than 1 ppm.

Table 1
Gatalyst Yield of ngf)}yi oleate Yield of iJ)g;;)/carine:' Elution (pom)
o | e | v | = | Gae
o | s | e | = | e
o | s | = | e | ane
o e | e | e | o
Ex. 9 C?:‘z‘g:f 88 32 70
Ex. 10 %ﬁ;’:g‘;; 45 14 N. D
Bx. 11 oty 50 18 N. D
Ex 12 fgﬁaé‘fé:) 49 2 N. D
ComparEx, 1 Hydrotalcite 77 63 Mﬁ\gi‘é;gg()

[Examples 13 to 16}



10

15

20

25

30

35

WO 2005/021697 PCT/JP2004/012876 51 The reaction was carried out
in the same manner as in Example 4 except that the catalyst B, K, L or M
was used instead of the catalyst A and that the reaction temperature was
changed from 150C to 200C. The results are shown in 5 Table 2. In the
WaIR#6H2168Tumn, "N.D." means that the elution level is notMigHErAHAN2876
ppm. Table 2 10 Yield of methyl oleate Yield of glycerine Catalyst
Elution(ppm) Ex. 13 Catalyst B 80 56 N. D (HTiINbOs) Ex 14 Catalyst K
(TS-1) 76 53 N. D 15 Catalyst L Ex. 5 (Ti02/5102) 74 21 N. D catalyst M
Ex. 16 (Ti-V-Zr ternary 45 9 N. D oxide) 20 The present application claims
priority Utiderr8s4k5:€. WS ta-dapanesePatémt Apglication manner as in

%&Q@ﬁ@@7%&%§@ Aygust29, 2003 entitlesl, "METHEOD ®Rjas used

| A E n A I

%*5 e n %%%#?b A R e TD Ol e
F‘f‘i‘-%é é’iﬁ@dFEﬁ“%’ eiDES ‘?E%’é" Clapangsé BitentAppicar® v
N&2be32421118 flied “Beusibef 168332@.1@3 ehited "MERHO D BF: the
RRODUCINGRATIY ARIWEGTERELGATARYETS AND DIESEL FUEL"
and Japanese 30 Patent Application N0.2003-427471 filed December 24,
2003, entitled "METHOD OF PRODUCING FATTY ACID LOWER ALKYL
ESTERS AND/OR GLYCERIN." The contents of those applications are
inéérsdrated herein by reference in their entirely. 35 WO 2005/021697

RCT/JP2004§/012876 ; ;

atalyst Yield of r?;tl}wl oleate | Yield o{ nil;rcarme Elution (ppm)

Ex. 13 ﬁ???ii’ﬁ%f) 80 56 N, D

Ex 14 Garavst < 76 53 N. D
Catalyst L.
Catalyst M

Ex. 16 {Ti~V-Zr ternary 45 o N. D

oxide)

The present applicetion claims priority under
35 U.5.C.811% to Japanese Patent Application
No.2003-307589 filed August 298, 2003, entitled
“METHOD OF PRODUCING FATTY ACID ESTERS”, Japanese Patent
Application No.2003-418666 filed December 16, 2003,
entitled “METHCD OF PRODUCING FATTY ACID ESTERSY,
Japanese Patent Application No0.2003-421448 filed
December 18, 2003, entitled “METHCD OF PRODUCING FATTY
ACID ESTERS, CATALYSTS AND DIESEL FUEL” and Japanese
Patent Application No.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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52 CLAIMS 1. A method of producing fatty acid alkyl esters and/or
glycerine by reacting a fat or oil with an alcohol using an insoluble solid
catalyst in a reaction apparatus 5 comprising at least one reactor,
comprising: (a) a step of obtaining low-boiling components removed liquid
Y FERIBAG low-boiling components or fraction from an efRGERP e 76
a reactor and (b) a step of separating the fatty acid alkyl esters 10 and
glycerine from the low-boiling componBents removed liquid, wherein an
eluted active metal component of the ihsoluble solid catalyst in the
effluent liquid of a reactor amounts to a level not higher than 1,000 ppm.
15 2. The method of producing the3&fy48id alkyl esters and/or glycerine

according.to Claimlks smhereis the stepr of gbiring thedew:hailing estexs

compenenysyemoved lauid by remaving.dhe lgw-hailing, 20, companents qr
fraction from,the%e%ffl Ent Il%lrjld of a last reactor is carried out In the

absehde dt the £ S Themicth8a 6t produd@ng TRE Tatty adiPakyE s
SRR AT/ gijeetinRdccuraintERrtidim TORRL DSiwkérein the step of
separating the fattyeacidfalkyl estansqandghsetiberfromdhe dowhailing
COmPRNRNtS ; irmaved liguid .camprises - astep;ofphasg.separatio,of the
Iow-bollln%ccl;rm onents removed ILqiwq info an ester phase and a
glycerine phase. 3G4. Thé method of prodiicing the Tty Acid stkyl esters
and/or glyebrife St iRg TBRERAT.T6r 2 WHel Egmisass §ép 6P ters
reactigrl ptaniosterpoasersegaratéd froim anaffipenteoftes reactorwdth an
aleeholdn 35 the next reactor in the presence of the insoluble solid WO

2005/024697 PCTHR290UUPETE 53 norar component of the

insoluble solid catalyst in the effluent liquid of a
reactor amounts to a level not higher than 1,000 ppm.

2. The method of producing the fatty acid alkyl
esters and/or glycerine according to Claim 1,

wherein the step of obtaining the low-boiling
components removed liquid by removing the low-boiling
components or fraction from the effluent liquid of a last
reactor 1s carried oult 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 iow-boiling components
removed liguld comprises a step of phase separation of the
ilow-bolling 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 inscluble solid
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catalyst. 5. The method of producing the fatty acid alkyl esters and/or
glycerine according to claim 3, 5 wherein the glycerine phase obtained in
the step of phase separation of the low-boiling components removed
liquid contains not less than 70 parts by weight of glycerine per 100 parts
VY BHEHSST the glycerine phase. 10 6. The method of prodg{Cing 2éia/as76
acid alkyl esters and/or glycerine according to Claim 3, comprising a step
of distillation purifying at least one of the ester phase and the glycerine
phase obtained in the step of phase §éparat|on of the low-boiling
components removed 15 liquid, wherein at least one of the purification
resickiegds . used as one of the raw materials for the reaction. 7. The
method of producing the fatty acid alkyl 20 esters and/or glycerine
according to CI 1 or in the alcohal is,.rec red from th
low-boiling componen?s or ac?oﬁ d:’éjtulf:ecflgff and %Efeaéft parJf of thé
rEEGFERPAILORS| B UERFAE R AR ATAIERE. % §1PH& nvethod of
producinghtivesfatty tdoid alkyt cestees andfar gipderinesdcdording te Cipine £
Iy nhareinine-insoliblg solidcatalyshisia catplysinsanablesof-eatazing
the E%{'fccarE'tﬁ 95 freg faty, %C'%%g ntajn ‘AH?;Q“ Ef‘Wéé%jh@o $ The
method of producing_ the fatty acid alkyl esters and/or glycerine accordln
(G IR 6 Qewﬁ%.&aﬁédbaemg&wépmﬂ% RO
insoluble solid catalyst is used for a production and 35 the fatty acid alkyl
esters amd/or glygesineesHA®D 2005321694 CIHIP2004/0 12876 Hhkyl

preduced gﬂayeeowycégﬁgeame&qﬁ%pr@@U@mmesfat%aﬁjg184 EE

esters andier Qcepne A Pna 5. Claim b3 wheren e psglble so
ester phase and the glycerine phase cobtained in the step of

kvl

phase separation of the low-bolling components removed
ligquid,

wherein at least cne of the purification residues is
used as one of the raw materials for the reaction.

7. The method of producing the fatty acid alkyl
egters 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 nmethod of producing the fatty acid alkyl
esters and/or glycerine according to Claim I,

wherein the inscluble solid catalyst is a catalyst
capable of catalyzing the esterification of free fatty
acids ceontained in the Zat 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 insocluble solid catalyst 1s used for a production and
the fatty acid alkyl esters and/or glycerine is
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essential component thereof, 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. 10 11. The method of producing the
fatty acid alkyl esters and/or glycerine according to Claim 1 or 10,
WhErEIREAY insoluble solid catalyst comprises an oxide wh8S& & yEkH13876
composed of an octahedral skeleton 15 formed by coordination of the
essential metal component with oxyg n atoms in a six-coordinate
complex-forming manner. 12. The method of producing the fatty acid alkyl
20 esters and/or glycerine according to Claim 10, wherein the insoluble
sBF@ eatAysCearnprEes-at ayered compound represented by the
following general formula (1): ATixMOt2x+s) (1) 25 wherein A represents

a hydroggo.atomr%aﬂ@{ﬁ@l&in@ga}i@g@%fﬁ@mﬁée@ﬁ@}niglg_iy@ ke or

aetg%arlléma%@r%xand Xcis alrrllgtuaracggggbner ot géﬁat IIrlthan 7.13. A
composition oé’galneq&“[’)y?tﬁe reattion o a fat “50 or di Wit an alcohol

using an TRESIEBR SEIRI dEERSEOIiER Coinsidest vk |6 ikaings. 0p%s an
by srass and notmporethian-88:829%, by tindss efadatty acithalkyl estens,

apd naidess Ham8eAppmans retmose than 4509, pprrekfrea: 3pdalty

-

aggﬁbnging to the Group 4 and the Group 5 in the periodic
table.

11. The methed of preducing the fatty acid alkyl
esters and/or glycerine according to Claim 1 or 10,

wherein the inscluble solid catalyst comprises an
oxide whose crystal 1s composed of an cctahedral skeleton
formed by coordination of the esgentlal metal component
with oxygen atoms in a six-coordinate complex-forming
manner.

1z, 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):
ATIMO 223 (1)
wherein A represents a hydrogen atom or an alkali metal
atom, M represents a niobium atom or a Ttantalum atom and X
is a natural number not ¢greater than 7.

13. A composition obtained by the reaction of a fat
or oll with an alcohol using an insoluble solid catalyst,
which comprises:

noet less than 98.00% by mass and not more than 99.92%
by mass of a fatty acld alkyl esters, and
not less than 800 ppm and not more than 4,500 ppm of free
fatty acids.



