1 JDESCRI PTI ON PROCESS FOR PRODUCI NG FATTY ACI D ALKYL ESTER 5 TECHNI CAL

FI ELD [ 0001] The present invention relates to a process for preparing an

al kyl ester of a fatty acid. More specifically, the present invention
relates to a process for inexpensively preparing an al kyl ester of a fatty
acid through a transesterification reagtion of a fat or oil derived froma
plant or the like, 10 or a waste edible oil disposed fromrestaurants, food
manuf acturing factories, households, and the like utilizing the fat or oi
as a raw material wth an al cohol. BACKGROUND ART 15 [0002] Al kyl esters of
fatty acids are inportant as raw rBESCRIPFIONN fat and oil products, for
exanpl e, various surfactants and the like, 1n oleo- chem cal industry.
Therefore, the preparation process of the al kyl esters of fatty acids is
one of the nost inportant processes as upstream processes in the

ol eo-cheni cal iPRIOEIBSS FUR [PROBIUCINGhEATTEr AGIDI ATSKYIE ESTRER esters of
fatty acids can be used as bionmass-derived diesel fuels, the alkyl esters
have been remarked as a new energy source for a substitute to petrol eum
oil. [0004] Cenerally, an edible oil which has been disposed from
restaurants, fPpdHNNOARCFUEI.Dg factories, households, and the |ike (waste

edible oil), 25 71s processed by a nethod such as a waste edible oil is
buried in gwo1]aft eThg prédedinRationirélated t6 a3srdbadsifon pAGARing ah MR§E € edi bl e
oil is disposed as donestic waste, and incinerated. However, in’recent

years, a trend g offa fatty acid. More specifically, the present invention relates to a
process for inexpensively preparing an alkyl ester of a fatty acid through a
transesterification reaction of a fat or oil derived from a plant or the like,

10 or a waste edible oil disposed from restaurants, food manufacturing
factories, households, and the like utilizing the fat or oil as a raw material

with an alcohol.

BACKGROUND ART

15 [0002] Alkyl esters of fatty acids are important as raw materials for fat and
oil products, for example, various surfactants and the like, in oleo-
chemical industry. Therefore, the preparation process of the alkyl esters of
fatty acids is one of the most important processes as upstream processes in
the oleo-chemical industry;

20 [0003] On the other hand, since alkyl esters of fatty acids can be used as
biomass-derived diesel fuels, the alkyl esters have been remarked as a new
energy source for a substitute to petroleum oil.

[0004] Generally, an edible oil which has been disposed from restaurants,
food manufacturing factories, households, and the like (waste edible oil),

25 is processed by a method such as a waste edible oil is buried in soil after



effeective reuse of even a waste edible oil has started to be activated with
grow ng awareness of clean gl obal environnent. As one of the proposals, 5
«there has been tried to start preparing an oil suitable for a diesel fuel by
obtaining a nethyl ester of a fatty acid through a transesterification
reaction with nethanol. [0005] Specificdlly, a nethyl ester of a fatty acid
froma vegetable oil used as an edible oil is simlar to gas oil in terns
of properties such as viscosity 10 or specific gravity, and conbustion
properties. Therefore, potential use of a nethyl ester of a fatty acid as a
bi o- di esel f uellTeatingnt With aoagylationpgeahd wastiewiditle wil is disposed a8 has been
poi nted out for ‘ages. Recently, a nethyl ester of a fatty acid has been in
the spotlight al9mestigeyage.cand iscmgeated. aY&s Ipdeectiygarsy ajrad foegpeci al | y
inthe US. and Europe. 15 [0006] In the U S. and Europe, however, nethyl
esters of fatt eiteetiye reusgrofiavgnia waste edite edimsstartad tarke ativiated withd,

t hereby making it nore costly than the gas oil. Therefore, the nethyl
esters of fatt gravivgsawaeenesnpheiganglabal anuirgnment. s4s vagmofithaepmwpgaslso | .
Since the edible oil contains a free fatty acid_ in an ampunt of about 3% by
wei ght, it is rbeiedwshigendriod te sioftarepaneg aaod itgble fop aghiesel kuglibst r eat nent
to renove the free fatty acid in the formof a fatty acid _soap, thereby
maki ng the edi bsaiping @xpséhgl aster of A faltyragid thepygh avansetienfieatonvast e edi bl e
oil is used, the waste edible oil undergoes deterioration and usually
contains a fredcactianwithimethanelh anount of from about 0.5 to about 2% by
weight. In any case, it is necessary to 25 solve this disadvanta

associ at ed[QU0SH t heSP;:éiéiCﬂHV,t ymethyd aster of adetty acigsfonm a angcttnlélﬁpéﬁgsade raw
material fat or oil. According to a conventional technique, an alkyl ester
of a fatty aci disian gstielsaribis samilar faigesoidén teraseqf prgperties such as viscosity
10 or specific gravity, and combustion properties. Therefore, potential use of
a methyl ester of a fatty acid as a bio-diesel fuel which can be used in
engines without remodeling has been pointed out for ages. Recently, a
methyl ester of a fatty acid has been in the spotlight as recyclable bio-fuel,
and has been widely used, especially in the U.S. and Europe.
15 [0006] In the U.S. and Europe, however, methyl esters of fatty acids
derived from fresh edible oil are mainly used, thereby making it more
costly than the gas oil. Therefore, the methyl esters of fatty acids are
mainly used in a mixed system with a gas oil. Since the edible oil contains
a free fatty acid in an amount of about 3% by weight, it is necessary to
20 subject the edible oil to an alkali treatment to remove the free fatty acid in
the form of a fatty acid soap, thereby making the edible oil expensive.
Alternatively, even when the waste edible oil is used, the waste edible oil
undergoes deterioration and usually contains a free fatty acid in an amount

of from about 0.5 to about 2% by weight. In any case, it is necessary to

25 solve this disadvantage associated with the free fatty acid in order to use



usi.ng a honogeneous al kali catal yst such as NaOH or KOH at the expense of
yield and the catal yst, which is one of the causes of high cost (see, for 5
.exanpl e, Patent Publication 1). [0007] In addition, according to a
conventional technique, the honogeneous alkali catalyst is alnpbst entirely
contained in a by-product glycerol. Tharefore, a trenmendously |arge cost is
necessary for the refining of the glycerol in order to nmake effective use
of the glycerol. 10 [0008] The al kyl ester of a fatty acid obtained after
the reaction also contains trace anounts of an alkali and glycerol, and an
excel | ent - qual ianyinexpesisiveaiaomatasiad fatomull Aerersdng tea gbkedntiomall gl ycer ol
are renoved. For  this purf:)ose, it is a general practice to wash the al kyl
ester with a | degmiquersaralkylfesieriada fatiyosidis preperedasis fattyiacidseapsby
conplicated procedures 15 and wastewater treatnment is_also costly. [0009]
As described abeig a hamogeneenswadkali satalyst sedinagieOH peKOHB ¢ theoexpaastiods f or
preparing al kyl esters of fatty acids for diesel fuels using inexpensive
raw materi al s &f yield apddbe sstahgptcwbich ipane of tirugauseaof bighicost (see, for
JP- A- Hei - 6- 313188 20 DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE SOLVED BY THE
| NVEISTI ON [ 001GKampletfatent Ryblichiomddsent i nvention is to provide a process
for efficiently preparing an inexpensive alkyl ester of a fatty acid by
usi ng as a[0095] st ar In additancadegrdiag te @i donwentional dethmgueh¢ nexpensi ve crude
edible oil 4 before renoval of free fatty acids or an even |ess expensive
wast e edi bl e didmogsmephsialkahieatplgstiis glmesjenticel y pontaingdined bytpsbdedtl can be
satisfied, and the

glycerol. Therefore, a tremendously large cost is necessary for the refining

of the glycerol in order to make effective use of the glycerol.

10 [0008] The alkyl ester of a fatty acid obtained after the reaction also
contains trace amounts of an alkali and glycerol, and an excellent-quality
fuel cannot be obtained unless the alkali and glycerol are removed. For
this purpose, it is a general practice to wash the alkyl ester with a large
amount of water; however, the washing involves complicated procedures

15 and wastewater treatment is also costly.

[0009] As described above, in the conventional technique, there are no
methods for preparing alkyl esters of fatty acids for diesel fuels using |
inexpensive raw materials at low processing cost.

Patent Publication 1: JP-A-Hei-6-313188

20

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0010] An object of the present invention is to provide a process for
efficiently preparing an inexpensive alkyl ester of a fatty acid by using as a

25 starting material an edible oil such as an inexpensive crude edible oil



processi ng cost can be consequently reduced by sinplification of the
preparation processes and reduction in wastes or generation of 5
substantially no wastes, by which the alkyl ester of a fatty acid can be
wi dely used as a substitute fuel for a gas oil. In addition, the provision
of the process serves to provide a nor@ reasonable and i nnovative process
as an upstream process in oleo-chemcal industry. 10 MEANS TO SOLVE THE
PROBLEMS [ 0011] As the result of intensive studies in order to achieve the
ave faound,the foll.ow n

pointse (1) fr SEeRbE VAL ot AL S0CHFah YO 1 Raplaoi Y Valhe SR ™
fficiently esterifi ith | | i i npl. - i on,
L oY St A bt ) Rl RBRES B TR B SRR AE M et o
Fesin 1 oamed altoeenraih by ba el ERey FEhReuy Frofice b8t phRR | “acta o
particles is su ortted or a resin foe&med. article nodif.ied.to be strongly
aﬁi di (l; t Eer ebﬁ?%f’é%%?ﬁ%cetsﬁé andredpeion in wastes of gencration of o 4 cat al yst |
¢ on . effic ! 0 S0 . P

of tRe.t ranses caPrERUENY b GRtR%e bR vdnck TR S5 Ekstt e Bkfdiiafbean b -
cat al yst cont aTORY fie2sh wonuRr iGitopn &3 Bt dRraguft e Srfridh of s

i nherently knOV\ﬁl to be hi ghﬁl%) act i.(?/e as _a _cat al B/ISt df.or transesterification
o T o ey oo

nd.a,cefinin rocess can be

sinplified beczi‘Bs‘E)SfrﬁﬁmaRrQ&?sls IB)a/fﬁ%?'ﬁE?mf%al Hb‘{us éfm'gxed \I?\/l th a reaction

product; and (3) hydrophilic inpurities such as glycerol contained in a
l'ight liquid, such as a crude al kyl ester of a fatty acid, in a trace

10 MEANS TO SOLVE THE PROBLEMS

[0011] As the result of intensive studies in order to achieve the above object,
the present inventors have found the following three main points: (1) free
fatty acids in a fat or oil raw material can be efficiently esterified with an
alcohol in a simple pre-treatment reaction, specifically the esterification

15 reaction of free fatty acids can be efficiently achieved by carrying out an
esterification reaction using a resin foamed article to which a catalyst
containing fine strongly acidic particles is supported, or a resin foamed
article modified to be strongly acidic, thereby increasing the specific
surface area of an acid catalyst, whereby the reaction efficiency is

20 improved; (2) the reaction efficiency of the transesterification between a
fat or oil and an alcohol can be dramatically improved by using a given
resin foamed article in which a catalyst containing fine alcohol-insoluble
alkali particles which is inherently known to be highly active as a catalyst
for transesterification is supported to a given foamed article, thereby

25 increasing the specific surface area of an alkali catalyst, and a refining



anount, obtained by renoving an excess al cohol after a transesterification 5
reacti on and subjecting a heavy liquid | ayer containing glycerol as a main
*conponent to phase separation can be adsorbed and renoved with a

hydrophilic resin foamed article, and tpat in the reproduction of the resin
foamed article, glycerol or the |ike adsorbed to the resin foanmed article
can be washed and renoved, i.e. desorbed, with a | arge anmount of an

al cohol, 10 and the al cohol collected after this washing can be reused for

e ecton- %GR SR ohBHRRS KOS BF3, R SEA A eIy 40012
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reaction with 3.Goila 03 TeMoVeh! £ Hesdibeh SRYnAREPANSuANSE A HREHSE
10 and the alcohol collected after this washing can be reused for the reaction.
The present invention has been accomplished thereby.
[0012] Specifically, the present invention relates to:
[1] aprocess for preparing an alkyl ester of a fatty acid, including the
steps of carrying out an esterification reaction between a free fatty acid
15 ‘contained in a fat or oil and an alcohol; carrying out a transesterification
reaction between the fat or oil and an alcohol; and refining an alkyl ester of
a fatty acid, wherein at least any one of the three steps is carried out in a
corresponding step selected from the steps of:
() contacting a fat or oil and an alcohol with a resin foamed article to
20 which a catalyst containing fine strongly acidic particles is supported, or a
resin foamed article modified to be strongly acidic, and carrying out an
esterification reaction between a free fatty acid in the fat or oil and the
alcohol;

(b) contacting a fat or oil and an alcohol with a resin foamed article to

25 which a catalyst containing fine alkali particles is supported, and carrying



inpurities, and refining an al kyl ester of a fatty acid; 5 [2] the process
according to the above [1], wherein the catalyst in the step (a) contains
‘fine resin particles into which a sulfonic acid group is introduced; [3]
the process according to the above [1] or [2], wherein the fine catalyst
particles in the step (a) have an averaée particle size of from0.1 to 10
100 m [4] the process according to any one of the above [1] to [3], wherein
the fine catalyst particles in the step (b) contain at |east one nenber

I d f h i St .of , hydroxi.d Jd d [
oxi des. cont a Mg ESEREARRRISL LR Ch e e TR ot BTG RA R | ©
| cohol ; and 1 dr oxi.des, i des.. i t i,d d . t f
kel metal  RPkSHMBEHEE RO Bris o BB R B e R R8RS “accor di ng
t f the.ab 1] 1t 4], hn_th ificatior ti f
BRI sl il e o 0 XCRERN
based on 100 p&?&gr%ﬂ?sv@ m(gl?g?ﬂéh?y;t“tgf OBPIf?{p%ﬁﬁidf he reac!toi on isycarriged
t at ti t t f..50.t0 120C he. di t
o 8 o o 180, SR Pl e SRR TR 10410
th in f icle.to.which the. .inpuriti d din the st
O L an el R AAE i bR Vi e SRR B =
esterification.reaction in the step (a) and/or 7 the transesterification in
the step (b); [frH€%rocess according to any one of the above [1] to [6],

sherein the a5} RABR e ddcSkéink o mdWSRAR) bt fof WhehEtR e H5R! 1 1 02
catalyst particles in the step (a) have an average particle size of from 0.1 to
10 100 wm;
[4] the process according to any one of the above [1] to [3], wherein the
fine catalyst particles in the step (b) contain at least one member selected
from the group consisting of hydroxides, oxides, and composite oxides
containing an alkaline earth metal and being insoluble in an alcohol; and
15 hydroxides, oxides, composite oxides, and carbonates of an alkali metal
fixed to an alcohol-insoluble solid;
[S] the process according to any one of the above [1] to [4], wherein the
esterification reaction of the step (a) and/or the transesterification reaction
of the step (b) is carried out using the alcohol in a ratio of from 10 to 80
20 parts by weight based on 100 parts by weight of the fat or oil, and the
reaction is carried out at a reaction temperature of 50° to 120°C;
[6] the process according to any one of the above [1] to [5], further
including the step of (d) washing the resin foamed article to which the

impurities are adsorbed in the step (c) with an alcohol and using the

25 alcohol after washing, for the esterification reaction in the step (a) and/or



continuous pores, wherein the resin forned article has a specific gravity of
5 from0.005 to 0.2; [8] the process according to any one of the above [1]
and [4] to [7], wherein the resin foaned article nodified to be strongly
acidic in the step (a) contains a cross-linking resin having a sul fonated
benzene ring; [9] the process according’'to any one of the above [1] to [7],
wherein the 10 resin foaned article is a nelam ne resin foaned article;

[ 10] the process according to the above [9], wherein the resin foaned

article in theyst ﬁglg{?@eﬁf?ca%ﬁ%@ﬁéj%tg%ﬂ" owi ng the nel am ne resin foaned
e ysS rr

article to suppor I ne catal icles via fine organic acidic

Pecording o thal aplBPPRBSRELRIAE ey B bE Sleia ) fo[a WheldlR ohe Ppess
step (b) have ?&i&ﬁérﬁgcgaﬁ?aé bl fiysfc ‘ﬁﬂgé %rgcfr i{)ré‘siﬁ ?oa]nq?@}irrtioctrln gz_a{iihgg 100

organic acidic partirc ave an averag Icle size ©

m and the fine_j i idic. parti G .pari| si ze of
from 10 to 100o8hiRtdRtEeS it Re Rt B B BN ASBE B A ot
present i nvent ifﬂﬁnos(i(ﬂ&ct%@ high-quality alkyl ester of a fatty acid for a
di esél fuel can Dbe prépar e'%’ i nexpensively, the bio-fuels can be nore w dely

spread, and at (ke §RTEobIAE LOGRE REESSohObE RV aBR A\ Ay ester of

a fatty acid, chi's an " upstreantprocess I'nh oleo dustry, can

be | nnovat ed. GGt NORE EGR ARRYWNRICHT Tk LIVENTh By 4084 esilpoc | bed

above, the process Tor préeparing an a
(a) contains a cross-linking resin having a sulfonated benzene ring;

[9] the process according to any one of the above [1] to [7], wherein the

10 resin foamed article is a melamine resin foamed article;
[10] the process according to the above [9], wherein the resin foamed
article in the step (b) is obtained by allowing the melamine resin foamed
article to support the fine catalyst particles via fine organic acidic particles
and/or fine inorganic acidic particles; and

15 [11] the process according to the above [10], wherein the fine catalyst

particles in the step (b) have an average particle size of from 0.1 to 10 um,
the fine organic acidic particles have an average particle size of from 0.1 to
100 um, and the fine inorganic acidic particles have an average particle
size of from 10 to 100 nm.

20
EFFECTS OF THE INVENTION

[0013] According to the present invention, since a high-quality alkyl ester
of a fatty acid for a diesel fuel can be prepared inexpensively, the bio-fuels
can be more widely spread, and at the same time the process for preparing

25 an alkyl ester of a fatty acid, which is an upstream process in oleo-



5 fratty acid according to the present invention has the constitution as
descri bed above, and realizes the above findings (1) to (3). The point (1)
can be acconplished by the step (a), the point (2) can be acconplished by
the step (b), and the point (3) can be éccorrpl i shed by and the step (c) (and
the step (d)), respectively. 10 [0015] Specifically, the point (1) enables
to handl e an i nexpensive raw material at low cost. As to the efficiency of
the reactions in connection wth the points (1) and (2), the reaction
systemis a li ‘&Héﬂl@a@lu'ld{lsﬂ}aéﬁ beYsi&mepnd the overall reaction rate is

di ffusion rate-determ ning,” not chemcal reaction rate-determ ning.
Therefore, it is preferable that the raw 15 naterial can contact with as
many catal yst points as possible. For exanple, the efficiency of the

reaction can begpSeTRODE BOR CAREYING BUTITHEENVIRVRIQR particles

havi ng an averdge particle size of several dozens nicroneters or |ess. As

the resin (ppanpd ar bk GeSerithd AIRRY ARESHIOLAUBF piHAring el HRJPRRN 4y and basi ¢

resin foa ticleis preferable m ne res aned article

whi ch can be prapansd a%%@ﬂﬁﬂ% & tHe) @%&ﬁ@ﬁ@&ﬁﬂ)‘ﬂsﬂa)é thé LofiRithtieh Gt er abl e.

[0016] As to the Tenoval of rrpurl ies in a crude fatty acid ester in

connection W t yetdithdditdve( #id re%lﬁ@@tl{@a‘l}ov@fﬁﬂdm%ge{lﬁ'ﬁ%3?’%@%9&?? lic,

such as a by-product glycefrol, conventionally a |ng with 25

wat er has beenc@%b%@&mggk'ﬁe& Gf'ﬂf‘e étépgﬁt tie 1ﬁt’"€2é%ha&ead&5 fRE@byon of a

9 large anount of wastewater n the preése nti1on ctlon m xture

after the tran [ [ GIMA

foamed articl Zﬁééﬁg (E%%ﬁﬁ tgé‘gbﬁ'ﬁ‘( @%ﬁﬂﬁgrol o?stht%ﬁe @ﬁe%‘%’e@ggﬁ@d and
removed. Al SOtﬁé‘stEB?dBO}é%eét%)ely.' t is nore preferable that a nelam ne resin
f oamed ’

10 [0015] | Specifically, the point (1) enables to handle an inexpensive raw

material at low cost. As to the efficiency of the reactions in connection
with the points (1) and (2), the reaction system is a liquid-solid phase
system, and the overall reaction rate is diffusion rate-determining, not
chemical reaction rate-determining. Therefore, it is preferable that the raw
15 material can contact with as many catalyst points as possible. For example,
the efficiency of the reaction can be dramatically improved by using fine
catalyst particles having an average particle size of several dozens
micrometers or less. As the resin foamed article in the present invention, a
hydrophilic and basic resin foamed article is preferable, and a melamine
20 resin foamed article which can be prepared economically advantageously
is more preferable.
[0016] As to the removal of impurities in a crude fatty acid ester in
connection with the point (3), since most of impurities are hydrophilic,
such as a by-product glycerol, conventionally a method of washing with

25 water has been employed; but there is yet a disadvantage of generation of a



5 article is used. The main conponent ester is hydrophobic and hardly
likely to be absorbed, but the hydrophilic glycerol or the |Iike can be
adsorbed and renoved. In the reproduction of the resin foaned article, the
absor bed substances can be washed and renoved (desorbed) with a | arge
amount of an al cohol, and this al cohol %an be reused for the reactions, 10
wher eby a process w thout any wastewater discharged at all fromthe system
can be provided. Especially, the point (3) is inportant in the preparation
of an al kyl ester of a faft cid f atisfying the quality required of a
i ecel tusl . T bEEsAmahot BF WasEvale o B8 prre! B ehign g frastibn si5HE pr ecent
i nvention 15 reﬁid s .in the .%l.se.of a gi ven resin foz%ged.article in each of
the steps. ThedllPeeINSENEHIGAEOR. feacHAn dS, cpntapted yeith a gixentesin fo sanme or
different from .each other. [In.order to.i ove t.he qual ity of an al kyl
ester of a fat ?E}lci iadlf21 ttﬂp@xdgolggbggﬁyéqem} O&T%‘EX&F\}%W%’ISQ ?ﬁ%rgﬂog‘?iyl ester
of a fatty acid, accordi ng t the ste C 2 001 The progess for
preparing an a%éw Hbé’teé?(ggtf&a’]ftéﬁ Wr%Bfege‘z?Pletﬂ’@[BF’égéﬂ’tme f‘?%%fﬂ% i ncl udes
the steps of carrying out .an esterification reaction, between g free fatty
aci dgcont ai nedaft?fxglgéﬁe%orﬂlﬁ mal, omRongH GRIGE 15 ﬁ&‘l!irrqﬂlﬂ 1 36{813'
transesterificatipn reagtian tween a fat..or .oil and.an.al cohol; and
refining an al @Fﬁe@t%%p?%e£§9¥@e Yjop Wctﬂgcesraﬂ‘ér therlitks cansds n a 25
conventional prqcess,for prepari an al kyl .ester. of a fatty acid. The steps
10 Cay . (b BafSwEsd and cPRoTRL. B eBioticu R of thetosimitandd picth abe b ob
steps, respectjve In . the present invention, at I|eas ny..one of the
Sbove thr ee’ - SABHEORL stblthRGs ot oo wased A0 PR BH dRE e DoV R antEest op (a)

(0) o (0) Erom 0P YR8 UnathisPHEBREY 28 ERNe LI or TS Bhaclnd T 1Y 2t

10 whereby a process without any wastewater discharged at all from the
system can be provided. Especially, the point (3) is important in the
preparation of an alkyl ester of a fatty acid for satisfying the quality
required of a diesel fuel. |

[0017] One of the major features of the process of the present invention

15 resides in the use of a given resin foamed article in each of the steps. The
resin foamed article in each of the steps may be the same or different from
each other. In order to improve the quality of an alkyl ester of a fatty acid,
it is especially effective to refine an alkyl ester of a fatty acid according to
the step (c).

20 [0018] The process for preparing an alkyl ester of a fatty acid of the present
invention includes the steps of carrying out an esterification reaction
between a free fatty acid contained in a fat or oil and an alcohol; carrying
out a transesterification reaction between a fat or oil and an alcohol; and
refining an alkyl ester of a fatty acid, in the same manner as in a

25 conventional process for preparing an alkyl ester of a fatty acid. The steps



5 higher quality nore inexpensively, it is preferred that the al kyl ester of
a fatty acid is prepared by enploying a | arger nunber of the above steps
-(a) to (c). [0019] Procedures, conditions, and the |i ke other than any of
the steps (a) to (c) carried out in the process of the present invention
are in accordance 10 with a known procelds for preparing an al kyl ester of a
fatty acid, and a reference nay be made to, for exanple, a published book
(Tom hiro Kurosaki et al., "Yushi kagaku Nyunon (Introduction to
A eo- Chemi stry) " ubl | shed by Sangyo Tosho K K., 1997). [0020] In the
prepar ation of (@)hég w@f@&fﬂbe pé@sea¥¥raz@pyoa@paemndatoot.)laé OVE dfaee §tepsis t he
|i ke, a transesterification reaction between a fat or oil and an_al cohol is
the main react fePectpely: lndhe prsssnbwventipmat deast any one of shaabarsdhiegs a raw
mat eri al include rapeseed oil, sesane oil, soybean oil, corn oil, sunflower
oi |, pal moil, SEpsds gairiss owdiin the gersesponding step pf theep &ﬁc)b (b)apt(Dne 1i ke,
which can be uysed in gne kind or as,a mxture of two or nore kinds. In
ot her 20 wor ds Fremethe yaewpomgt pf prepagiag kykestehefra fasty acdd haviagl y a mi xture
of triglycerides of a fatty acid having.an unsaturated or saturated
alipRatic al kgmgly-‘rrdulah%m%@ ngxpehsigelyp itdp pigferrod thatibe alleyd ester pbe21] 1t is
preferred that the fat, or oil raw material suitable for an al kyl ester of a
fatty acid for faitypeidds prepared By empleyme slaggerawabar ddithogbeys §epe&@)i des of
fatty acids contagining an unsaturated or saturated aliphatic 11 al kyl group
havi ng about 1G°za-about 18 carbon atons, which is in a liquid state when
formng an_al kyl ester of a fan%, acid. More preferably, a fat or, oil raw
mat eri al s[90t18%| e fBrocgdurgskgen ﬁ%fi, agd the fike ofhesdhen ay ohthe sepy (3 de
contains a large amount of triglycerides of fatty acids containing an

%c) carried out in the process of the present invention are in accordance

10 with a known process for preparing an alkyl ester of a fatty acid, and a
reference may be made to, for example, a published book (Tomihiro
Kurosaki et al., “Yushikagaku Nyumon (Introduction to Oleo-Chemistry)”
published by Sangyo Tosho K.K., 1997).
[0020] In the preparation of the alkyl ester of a fatty acid for a diesel fuel or
15 the like, a transesterification reaction between a fat or oil and an alcohol is
the main reaction. Specific examples of the fat or oil to be used as a raw
material include rapeseed oil, sesame oil, soybean oil, corn oil, sunflower
oil, palm oil, palm kernel oil, coconut oil, safflower oil, and the like, which
can be used in one kind or as a mixture of two or more kinds. In other
20 words, the fat or oil of the present invention is usually a mixture of
triglycerides of a fatty acid having an unsaturated or saturated aliphatic
alkyl group having about 8 to about 22 carbon atoms.
[0021] It is preferred that the fat or oil raw material suitable for an alkyl
ester of a fatty acid for a diesel fuel contains a large amount of -

25 triglycerides of fatty acids containing an unsaturated or saturated aliphatic



5 unsaturated or saturated aliphatic al kyl group having about 12 to about 18
carbon atons. [0022] For this reason, anong these fats or oils to be used as
raw materials, one kind or a mxture of two or nore kinds selected fromthe
group consisting of rapeseed oil, sesame oil, soybean oil, corn oil, and
palmoil 10 are especially preferably]Jsed. [ 0023] In ol eo-chem cal

i ndustry, since animal oils such as beef tallow are also very inportant,
the present invention can also be applied to triglycerides derived from

o +ac A ORE na 8L B A Lol S LATE il ore
are removed I OmE R dprai,ef Sk SEpel 8y agal adpRERttabBG aspl o '
che lter “hang e SELSURAL AL b ST HRA Bt i
gorch o 21 B CURTHRIRD Fah g i BB
[0028] e raw SRS Gt e el TG B R vt o

desired 25 th&2MW? te edible oil is used as a raw naterial fat or oil,
i al ,denands. wast e

[rom Uhe Ifoqot) uPOLnt oot SSRoT G, SENGT AR, a0 53l L demmndy T ves
2;? gpf f :)]; at T gﬁ%ﬁﬁ 5522105/%133(1&\(&6(}&9\}0' or[rggrzeallingg gel%'ct%ar}?(l)mttﬁe té(raoﬁjps ed for an
consisting of rapeseed oil, sesame 0il, soybean oil, corn oil, and palm oil
10 are especially preferably used.
[0023] In oleo-chemical industry, since animal oils such as beef tallow are
also very important, the present invention can also be applied to
triglycerides derived from animal oils, as desired.
[0024] Conventionally, when a raw material for a vegetable fat or oil is
15 used as an edible oil, the edible oil becomes expensive because free fatty
acids previously contained in the fat or oil are removed from the fat or oil
by separating a soap generated by neutralization of the free fatty acids with
an aqueous alkali solution. On the other hand, in the present invention, an
alkyl ester of a fatty acid for a diesel fuel can be efficiently obtained by
20 directly using a vegetable oil or the like containing free fatty acids usually
in an amount of 3% by weight or so, thereby making it very economically
advantageous.
[0025] The raw material fat or oil in the present invention may be a waste
edible oil, without being limited to an unused fresh edible oil. It is desired

25 that the waste edible oil is used as a raw material fat or oil, from the



5 transesterification reaction in the present invention includes, for
exanple, one kind or a mxture of two or nore kinds selected fromthe group
consi sting of an al kyl alcohol having 1 to 4 carbon atonms such as net hyl

al cohol (nethanol), ethyl alcohol (ethanol), propyl alcohol (propanol), and
butyl al cohol (butanol). Although the ;a)]&rity of the alcohol is not 10
particularly limted, an alcohol having a | ower water content is nore
preferable. Anrong the al kyl al cohol having 1 to 4 carbon atons, nethyl

al cohol, ‘o1 et I AhGANGY ccaftnRSRRANBIA AL (BARNE! The WRIFe R or 20l ¢

for a diesel fue e resin foanmed article to be used I n the
present inventigngi 5 aR@ ik ink IFfBet : - esin
foamed article car% c%(t)égﬁrlaheljslfg tE)lgﬁég&hléﬁt%{m%hgeﬁgy%ggsgpggﬁg&%ﬁ ({fhe pr esent

i nvention. Usuef}d%oﬁté‘!%ﬂﬁméi'& and basic resin foanmed article having
continuous pores, whereln the resin foamed article has a specific gravity

of Tt om 0. (46t 0 0. b a1gih 5 Bbhed 11K SRR SR a g _econon ¢

advant age, eni ence upon use, e resin foaned article

has & porosity tpafnsf’ﬁ&fiﬁﬁé’igcé% {%&Q%?&thﬁe@eg&ég@eﬂ n iﬁeﬁﬁe%iﬁégﬁgfﬂiﬂey _of the

resin foaned article Is o ermni ng the wei ght esin

foaned articl e diRUif of aGhiER (A WiFor mbY RHATPkEredGRfe Blodf om cach

side, and divi e welg the Tresin rticle I ned by the

vol une t her eof 'coﬁgfg}igg.r()?%htﬂkﬁfal%}ﬁ)fl :ﬁgv{/n u{r?e § %gfﬂ?)ﬂ ﬁ&ﬂs%h@%%@%&ﬁ&l

determined by calcu ing aratio o occupred by a resin to the
vol e of 1 SRR LUK ATl AL Do bpER
5 e 1% £ FRGFAEL TR, S G5y 5 Achia Rigeent | nvencor
10 particularly limited, an alcohol having a lower water content is more
preferable. Among the alkyl alcohol having 1 to 4 carbon atoms, methyl
alcohol or ethyl alcohol, and especially methyl alcohol is more preferable
for a diesel fuel oil.
[0027] The resin foamed article to be used in the present invention is not
15 particularly limited as long as the resin foamed article can contribute to
exhibit the desired effects of the present invention. Usually, a hydrophilic
and basic resin foamed article having continuous pores, wherein the resin
foamed article has a specific gravity of from 0.005 to 0.2 is preferably
used from the viewpoint of economic advantage, convenience upon use,
20 and the like. The resin foamed article has a porosity of preferably from 80
t0 99.5%. The specific gravity of the resin foamed article is obtained by
determining the weight of a resin foamed article having a given volume,
for example, a cube of 10 cm each side, and dividing the weight of the

resin foamed article obtained by the volume thereof. The porosity of the

25 resin foamed article can be determined by calculating a ratio of a volume



5 specific gravity of the resin as used herein is 1. The term "conti nuous
pores" refers to continuous pores which are present in the formin which
*individual pores are fused to each other in one or nore |locations, not in
the formin which the individual poresggre conpl etely i ndependent of each
ot her. Specific exanples of the resin foaned article used in the present 10
invention will be described later. [0028] [11 Esterification Reaction of
Free Fatty Acid in Fat or Ol In one aspect, the step (a) of the present

i nvent i on rel at@subiadby RIAEERS Yol HRRIMAe PoskR TN aftRie FRLPRIS | cali on
between a free tatty aCid Tn R Fat or ol Tand An Al coRol S b oA I'gh

Supposing. i hat o PR S Sa TRERRS: HROMRRRARY A e lcer 1 21 “For an
The e fatty Pany oy o7 SR PG eafie St IR She ShrALRaIRE! 1Bk rmi
yreld and 20 pravant gl EReQRYERET! bRuphE IRrete1ss SRR i ApARRc! 10
S R NI S
System  [0030] R asthonar P s FHER 15 R TR ORERE AR AR W25 an

| cohol 25 in; : f i : : i , which
oot 22 1 BISIAMIERSE A BN WS RS R g  °
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subsequent st ep, y Tres yst and

formaifon of salihér. b eRamPRNIthe KAMBdlePhriicRRNed f M BRERR: IS N0 &

strongly acidic 1on
10 invention will be described later.

[0028] [1] Esterification Reaction of Free Fatty Acid in Fat or Oil

In one aspect, the step (a) of the present invention relates to a
process for shaping a catalyst for esterification between a free fatty acid in
a fat or oil and an alcohol in a high efficiency.

15 [0029] When an inexpensive raw material fat or oil is used, supposing that
a free fatty acid in the fat or oil is a raw material for an ester, it is
necessary to carry out an esterification reaction to convert the free fatty
acid into an ester as a pre-treatment prior to the main reaction,
transesterification reaction, from the viewpoint of increasing yield and

20 preventing the generation of a soap by a neutralization reaction of the free
fatty acid with a highly-active alkali catalyst used in the transesterification
reaction. This free fatty acid is easily esterified with an alcohol in the
presence of a homogeneous acid catalyst system.

[0030] Conventionally, free fatty acids have been esterified with an alcohol

25 in the presence of an acid catalyst such as sulfuric acid, which has some



5 resin as a fixed catalyst is put into practical use. The ion exchange
resin catalyst is generally a porous catal yst having fine pores, in which
the porous catalyst contains fine particles having an average particle size
of fromO0.5to 1 mm The pore size of the porous catalyst is only as |large
as several dozens of nanoneters. In a 14 quid phase reaction of a fat or
oil, 10 since a nonpolar fat or oil having a |large nol ecul ar size has a

| arge diffusion resistance, active surfaces of the pores of the porous
catal yst do no% Cf much contribute tq the reaction, so that the reaction
occurs mainly Ysedwratagss dhatdhe pgidcatalystis nEB‘i‘@)‘él%edc‘éﬁtBIa‘?s%lk%%F%tﬁ Y&h# cone

i nto contact th t gat or oil,. Therefore, the ion exchange resin

catal yst has a Fé"nﬁqeldépt etraequ&%nfé??éanfrﬁéctmma@e sgbeeguentstepatherabdre i s yet
a di sadvantage in reactlci egfl Ci e 8E]or ex rrpl e, even when ia gr eat
excess of 10 parPdlting ifailget of de hF"t‘,‘ &t an‘B BHtioR ofgeltpal 6lagy wei ght of
a fat or oil is used for, est Jyl ng a free fatty acid,, which is usually
cont ai ned i n archsmyGaindpstripbtadayos pyosrss 5ﬁpgais4rqqgéy Reidic joprexehangT, for
exanple, it takes, aboué a 20 |l ong as 90 mnutes as_a residence tinme for
esterd fyi ng abdGbingsea Hxe ﬁ%‘a yist Mqtdﬂt"ypraﬁﬁl%@ us - aééﬂpﬁﬁxﬁh%edﬁﬁnwth an

i on exchange resn} cat al yst and reacti nS? in a gconmuni cating s%l/stem The
reaction rate €8 M%lééﬁnﬁrr#tyaﬁmﬁ%ﬁa@ haviagifie rares, g whigB dh¢andbook, '

p. 138, ed. The Japan Pstltute of Energy, .2002), so that it _is desired that
the reaction efl?(?fell%ﬁ%‘§ SpSORIBINS HRGRITLICIes ey HE a%verﬁeeeqqucﬂ%mae @r to

i ncrease the acfltlve specific surface area of the cat it i.s considered
that the parti ciremd.> dodimppel %PﬁI%Feﬁg ea@rﬁﬁeeatéﬁﬁ¥4s&nlyra§ﬂargﬁaﬁp|e i f
the catal yst has an average particle sI| ze.of from2 tq 2 t he, SpeCIfIC
surface area ofSevgEl dazensef nanometewse dndiguid phase %@agbe%pf ac,fat or oil,

10 since a nonpolar fat or oil having a large molecular size has a large
diffusion resistance, active surfaces of the pores of the porous catalyst do
not so much contribute to the reaction, so that the reaction occurs mainly
on the outer surface of the porous catalyst which can come into contact
with the fat or oil. Therefore, the ion exchange resin catalyst has a smaller

15 active specific surface area, so that there is yet a disadvantage in reaction
efficiency. For example, even when a great excess of 10 parts by weight
of an alcohol, based on 100 parts by weight of a fat or oil is used for
esterifying a free fatty acid, which is usually contained in an amount of
about 3% by weight, in the reaction at 65°C, for example, it takes about as

20 long as 90 minutes as a residence time for esterifying about 95% of the
free fatty acids by packing a column with an ion exchange resin catalyst,
and reacting in a communicating system. The reaction rate is low per unit
amount of the catalyst (“Biomass Handbook,” p.138, ed. The Japan
Institute of Energy, 2002), so that it is desired that the reaction efficiency

25 is further improved.



5 surface area effective for the reaction of a fat or oil being an outer
specific surface area) is 25 to 250 tines that of the catal yst having an
average particle size of 0.5 mm However, a catalyst tower packed with the
smal|l particles cannot be actually ope{it ed due to pressure loss or the

| i ke, or when the catalyst is used in e formof a suspension, it is
difficult to 10 separate the catalyst by filtration or the |like after the
reaction. In view of the above, in the present invention, an esterification

20 o0 ool o0 bl 8T R S Pl SR 1 ©
11050, 8 5 EoRSASEANR e ARG BTN PR R s, S v
o) 9 8 D il AL Sy oy o REABERTEH PR RERS 6 2RSS,
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e 20, S0 9050 e A LORRSENE il b Kb om Lo be
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sul f oet hyl ggr oﬁrﬁagw%gfoﬁ?ﬁlh oP ?r?%g (fuggtpr{)%g%él{? gisgbso r?@%@!&%@%’ of a
0oLy ¥t Ene- bl 55 g 4508 pRokh Tt SRRBRSl RIEBRBRNNET o om
aci garoup i nt .3, ROl Wi VS B FififacidtSo th ke PR $he Pt idien VidW'Bet Ne

the above, in the'present invention, an esterification reaction of a free fatty

acid is carried out using a resin foamed article to which a catalyst

containing fine strongly acidic particles (also referred to as “fine strongly

acidic catalyst particles” or “fine catalyst particles” in some cases) is

15 supported, or a resin foamed article modified to be strongly acidic. Here,

the term “strongly acidic” means the property as an acid that is capable of

substantially completely dissociated in water, which specifically refers to a

strong acidity in the neighborhood of the acidity of sulfuric acid.

[0032] The catalyst used in the step (a) of the present invention is not
20 particularly limited, as long as the catalyst can catalyze an esterification

reaction between a free fatty acid in the fat or oil and an alcohol. As the

homogeneous catalyst system to be used for the reaction, sulfuric acid,

paratoluenesulfonic acid, benzenesulfonic acid, or the like is generally the

most highiy efficient catalyst. Therefore, fine organic acidic particles

25 obtained by introducing a strongly acidic sulfonic acid group (-SO;H) or a



5 viewpoi nt of easy formation of fine particles. The pol ystyrene-based resin
refers to a copolynerized resin containing styrene and ot her nononer such
as nethyl nethacrylate. Especially, a copolynerized resin obtained by
cross-linking styrene and divinyl benzene is preferable, and a known resin
can be used. The fine organic acidic patéicle can be obtained by, for 10
exanpl e, preparing resin particles by enul sion polynerization, a suspension
pol ymeri zati on method, or other nmethod, and sulfonating the resin particles
wi th hot concentrated sulfuric acid. Alternatively, a convenient nethod is
the use of a pusulfacthd@rpup (EH S QAN Rt Sink yesiaparticlps eomppsetypfa aci di c
ion exchange resin particles. 15 [0033] As a candidate for the fine strongly
aci di ¢ parti cl eBolysiysenerbaseddgesinecelbdosy, ps thakkeiajerprefasablyayseda) , fine
particles conposed of a fluorinated sulfonic resin, water-resistant
super aci d WoB/ ZEspecially, fine arghricagidiapasides obtaingdshiaswduting & swléorparti cl es
can al so be used as long as the cost is tolerable. 20 [0034% Al t hough the
average parti cl&idigreupinte padpyeentibased sesan grt preferablycissd, fromthe
particularly limted, the average particle size of preferably fromO0.1 to
100 P m and noviewpoaiterfaasy formaatian of fine partigjesi STheppolyptyrencebasedresin
supporting the fine catalyst particles to a resin foamed article (in other
wor ds, the procediensde agfopabaenizatyreanacantainimg stiremeandrasbenmonament i on) , 25
taking into consideration of production cost, an inprovenent_ in reaction 17
ef ficiency due $ushaas meidiybmeshaarylkepe cEspesially; fsopobmeerizeshigsinhebtaimednce of
resistance to fluid flow It has been known that as the particles becone
| arger, the resbycmssdinking piyrene ansldiverdhenzenaigprefenable; hadiaikndwiy f orce of
the particles to other substances becones relatively small ("Shintaikei

resin can be used. The fine organic acidic particle can be obtained by, for

10 example, preparing resin particles by emulsion polymerization, a
suspension polymerization method, or other method, and sulfonating the
resin particles with hot concentrated sulfuric acid. Alternatively, a
convenient method is the use of a pulverized product of commercially
available strongly acidic ion exchange resin particles.

15 [0033] As a candidate for the fine strongly acidic particles constituting the
catalyst used in the step (a), fine particles composed of a fluorinated
sulfonic resin, water-resistant superacid WO3/ZrO,, or the like can also be
recommended. The fine particles can also be used as long as the cost is
tolerable.

20 [0034] Although the average particle size of the above fine catalyst
particles is not pafticularly limited, the average particle size of prefefably
from 0.1 to 100 um, and more preferably from 0.5 to 50 um, is appropriate
for supporting the fine catalyst particles to a resin foamed article (in other
words, the procedures of absorbing and fixing in the present invention),

25 taking into consideration of production cost, an improvement in reaction



5 Kagaku Kogaku "Biryushi Kogaku" (New System of Chem cal Engineering
"Powder Engineering")," Kikuo Ckuyama et at, p.174, OChnsha Ltd., 1992). The
di sadvant age as descri bed above can be solved by fixing the fine catalyst
particles to a resin foamed article by ﬁ% mechani cal action described |ater.
10 [0035] The average particle size as ed herein is obtained as a nunber-
average particle size of a unidirectional dianmeter using an el ectron

m crograph. [0036] Since the fine catalyst particles used in the step (a)

are strongly a&fﬁ&e‘gcygsue r%é fagrlﬂE Leblifs (ﬁelaﬁ’ic Qb3 dred teﬁfgqpfe%%%@??{ft icleis

enpl oyed for the [ arre article supporting I'ne catalyst

particles. The fegg%eeg@ﬁ u5d o, SItth*aeﬁoe&pﬁnsah%ms fEhabReBRaEd Lo the

surface of the resin oanmed article utrlizring an ac ase 1 nteraction

(Publi cati on: amege%wagt?@w e 1 Mﬂke%@lgér Eﬁ‘ ?glﬁﬁ%fdéggof

Technol ogy) " a uj i rasakl )

1994: chapter 2, t?él@émb&%@f&%fﬁl& g%é&ﬁéyréﬁf@él %?ﬁdl SHuthieg " ol etul ar

Force)). The t acl d-base Interaction used sica | ndi ng

f h f h I
bi ndi'ng f or ce. ﬁ?‘%@?ﬁ“ﬁmdﬁﬁw‘ﬁ%? ARt 59 %t?ﬁlg?fé%%lﬁ&?% ers to

d bi d « ) | bi ndi
For e as descr i B apss. POEApEBhBincRATER, SRk OitlyFik 8 R WTAT. 7101 Ldes
foamed artic! esofipfRe1sd, 9bodf TREGRINCAAESR IHEBCASLE, TRAIBEAGCES! 0. 2
urea resin, or a nzo juanam ne resin pol yuret'hane

them foarred 263 B IROSAH O pdy BRI esih et cdeheRAggyanar ne resi n

a nylon, and et hane ar erab romthe viewpornt of excellent
heat mechanical action described later.

10 [0035] The average particle size as used herein is obtained as a number-
average particle size of a unidirectional diameter using an electron
micrograph.

[0036] Since the fine catalyst particles used in the step (a) are strongly
acidic, it is preferable that a basic resin foamed article is émployed for the

15 resin foamed article supporting the fine catalyst particles. The reason
therefor is that the catalyst can be supported to the surface of the resin
foamed article utilizing an acid-base interaction (Publication:
“Wakariyasui Kothingu Gijutsu (Comprehensive Coating Technology)”,
authored by Yuji Harasaki, p.20, Riko Publishing Company, 1994: chapter

20 on Bunshikanryokuno Kaisetsu (Explanation on Intermolecular Force)).
The term “acid-base interaction” is used for physical binding force such as
hydrogen bond or van der Waals force, but not for chemical binding force.
In other words, the term “supporting(ed)” refers to adsorbing and fixing to
the resin foamed article via the physical binding force as described above.

25 [0037] The basic resin foamed article includes foamed articles composed of



5 resistance and chem cal resistance. The nelam ne resin foaned article
which is strongly basic and easily prepared or easily available, for
‘exanpl e, comercially avail able products being sold i nexpensively as a
kitchen abrasive, is especially preferﬁ | e because the nel am ne resin
foamed article is highly resistant to ch8m cals and has hi gh nechani cal
strength. 10 [0038] The nelam ne resin foaned article has a pore size of
from10 to 1000 gm in mhich i ndi vi dual pores are continuous pores having a

communi cat |19 PQELhGAS 1 SAANOL Wambih AU L1900 rdfh By state, the

mel am ne resin oarre as eC| ravi rom0.005 to 0.05

s corpr essed, PIL 5%%%%?@%“@%’6"%&%‘" IR, S5 g
ther eof By usi RIGY B BAN 61 M gg?eaﬁ'@ﬁa&%fgmgﬁameomd RIS TS

immersed in, for exa . an aqueous di spersion o né resin i'cl es

under nor mal - pr g5gyr ety ARah DSKERIIEr Y Eth ARG ORRLESFELcll AP HogRPar ent

pore size of the oane 0 so that

fTne garticles har Al (KR XsleBh0E RRe tdlgl'aﬁ]ﬁé A& ARy BEghen ol 1y

fixed"to the ne ne resin foane Ine resin

par ti cles havi ngg. r{e&@}(}n@xﬁgﬁgheﬁmga  $2eAN1S dhEhle! R Bmgfp! am ne

resin foaned arti acl ase ih cri rfd fine

resin particles oarreéélglaﬁ 'a Fﬁﬁfg}l\éﬂrédﬁag gg n%as:g)yl Ehé@i@ra Oagféltct,ﬂ ed to the

mel am ne resin € nec I'on SCfi bed above,

wher eby the fing,rer, lspeaswﬁlgi;frmﬂ Opded P‘?hé%g%gihefﬁ il si zes are

supported to the S nePres) oama aping process

of "a catal yst f gy Seana ARl RIS 4&1&; hPRR A Abghpar ¢l es

to the resin fo be speC| I ca
10 [0038] The melamine resin foamed article has a pore size of from 10 to

1000 pum, in which individual pores are continuous pores having a
communicating portions to each other. In addition, in a dry state, the
melamine resin foamed article has a specific gravity of from 0.005 to 0.05
and a porosity of from 95 to 99%. When the melamine resin foamed

15 article is compressed, its apparent volume is reduced to a fraction of the
volume thereof. By using this feature, when the melamine resin foamed
article is immersed in, for example, an aqueous dispersion of fine resin
particles under normal pressure, and thereafter dried and compressed, the
apparent pore size of the melamine resin foamed article becomes smaller,

20 so that fine particles having a relatively large particle size can be
mechanically fixed to the melamine resin foamed article. In other words,
fine resin particles having a relatively small particle size are fixed to the
melamine resin foamed article by the acid-base interaction described
above, and fine resin particles having a relatively large particle size are

25 fixed to the melamine resin foamed article by the mechanical action



5 described. [0040] For exanple, small pieces (for exanple, spherical or
edged pieces having a size of from5 to 10 nm of a nelam ne resin foaned
article are added to a suspension of fine sulfonated polystyrene particles
havi ng an average particle size of 50 mor |ess using water or an al cohol
as a 10 solvent, and the fine particled9re allowed to penetrate into the
melamne resin foanmed article while the mxture is stirred for a sufficient
period of time. An excess liquid is filtered off, and thereafter the liquid
contained in the nelamne resin foaned article is mldly dried over a
sufficient perHesfribsd abowe, wherebgthe &ime resin ati¢lesihaving s wide raoge of oaned
article is packed, 15 into a reactor for carrying out esterification of a raw
material fat oPa@idle sizghpiesuppaiied 48 thymelmningapsin fapmed agticl0041] In the
shaping the catalyst in the present invention, supposing that  the
concent r atl0839bf palhq shaping praggss abavatalyss pex egopanmytaliysupparing the yst yr ene
particles is 20% by volune and that the nelam ne resin 20 foamed article
after filtratiahoysfing cplatyshiparices fodlie desinfpaged petidandll heaspecHically
concentration, the nelamne resin foaned article after drying also contains
the $ine partidpsgibied. an anmount of 20% by volune. If this foamed article is
conpressed to a volune of 1/2, the foaned article would be filled wth the
fine partil0048] haviFer example; snall picces (for s@amply, sphedcalprgdgadpiaees 25 of
40% by vol une Ber_volqne of the reactor. 20 0042] The particles having an
aver age parti chaviggzesiat o560m mtedPanm) i aanglaiming sedin fogmedarticle iaze r ef er r ed
to a volume efficiency of the reactor, i.e.,, activity per unit volune of
the reactor, ofddgsbina sugpensigniad fote pafanatadepolystyeene payticleshovinga@o. 4) ti nes
or nore, as conpared to the case where the

average particle size of 50 pm or less using water or an alcohol as a

10 solvent, and the fine particles are allowed to penetrate into the melamine‘
resin foamed article while the mixture is stirred for a sufficient period of
time. An excess liquid is filtered off, and thereafter the liquid contained in
the melamine resin foamed article is mildly dried over a sufficient period
of time and removed. This dried melamine resin foamed article is packed

15 into a reactor for carrying out esterification of a raw material fat or oil,
while compressing the foamed article.

[0041] In the shaping the catalyst in the present invention, supposing that
the concentration of particles in the above dispersion of the fine
polystyrene particles is 20% by volume and that the melamine resin

20 foamed article after filtration is filled with a liquid having the same
particle concentration, the melamine resin foamed article after drying also
contains the fine particles in an amount of 20% by volume. If this foamed
article is compressed to a volume of 1/2, the foamed article would be filled
with the fine particles having a particle size of 50 pm or less in an amount

25 of 40% by volume per volume of the reactor.



5 particles are directly packed into the reactor, because of the increase in
the specific surface area of the catal yst according to a ratio of particle
sizes. The catalytic activity does not always correspond to a cal cul at ed
val ue because it can be considered that pores somewhat have sone influences
on the catalytic activity. However, the@Qactivity can be expected to be 10

i ncreased several folds. [0043] Therefore, the smaller the average particle
size of the fine catalyst particles, the nore increased the activity.
However, since it is difficult to economcally and technol ogically further
make the aéP4gk parTheparticieschaying amevenagé parttadelsizolof Si0Priemehayarat i cl es
finer, the average particle size of the 15 fine particles is preferably

wi t hi n the rangeatabytibedativity, athicteis febared tol nvelvmeefficiasncyiafitbaréantor, t he
resin foaned article to which a catalyst containing fine strongly acidic
particles as deseriabbvityperenit yobupeof theareaetor,ufabouvé (egatipiofipasii¢lon of a
free fatty acid. The use of the resin foaned article is based on a

techni cal idea sias: T(her sloaping.49 timdsecoranord, s compatdietoxbe wase whepotheant
matter for economically preparing an alkyl ester of a fatty acid. In the
preseft inventi partial¢scare giiently pasked mto ithd reantodj b¢aanse of Bee instaasedn theaci di ¢
may al so be used aside fromthe resin foaned article to which fine catal yst
particles are suppuficeurfacharchofithe catnlystisecording toamatioafffpacticlesszeshose of

t he enbodi nent where the resin foaned article to which 25 fine catal yst
particles are s{hpmatadyticactivity do¢s mittaderayPdorr¢spoadito spraddulatedMalye a resin
foamed article nodified to be strongly acidic refers to a resin foaned
article into whbebausest camipg Wmﬂtﬁbg thaiporésoseanewhatdhayeisomainfbidncesion The
resin foanmed article can be prepared by, for exanple, sulfonating a foaned
articl e conposethaéatalypiclagtivity e fboviersegthe activity can be expected to be

10 increased several folds.

[0043] Therefore, the smaller the average particle size of the fine catalyst
particles, the more increased the activity. However, since it is difficult to
economically and technologically further make the average particle size of
the sulfonated polystyrene particles finer, the average particle size of the

15 fine particles is preferably within the range as defined above.

[0044] In the present invention, the resin foamed article to which a catalyst
containing fine strongly acidic particles as described above is supported is
used for esterification of a free fatty acid. The use of the resin foamed
article is based on a technical idea that the shaping of the catalyst is the

20 most important matter for economically preparing an alkyl ester of a fatty
acid. In the present invention, the resin foamed article modified to be
strongly acidic may also be used aside from the resin foamed article to
which fine catalyst particles are supported. In the latter case, the same
effects as those of the embodiment where the resin foamed article to which

25 fine catalyst particles are supported can be exhibited.



5 resin. Taking into consideration the viewpoint of chem cal resistance and
mechani cal strength, the resin foaned article nodified to be strongly
acidic is preferably conposed of a cross-linking resin having a sul fonated
benzene ring. The foaned article can be produced by, for exanple,
introducing a sulfonic acid group into gjbenzene ring contained in the 10
foamed article conposed of a phenolic resin or the above benzoguanam ne
resin. [0046] Taking into consideration conprehensively the viewoint of
chem cal resistance, nechanical strength, production cost, or the like, it

is preferredashat aspRsfitallanesindohinelrtilc Whbdified 16 BeatdbaklEaqlRI Ni ng
fine 15 strongly acidic particles is supported is used in the’step (a) of

the present inygetd @ fRIEfJaRAY AticRSinfo Wyseaﬁéelgla%idre%ﬁét%ano be
strongly acidic. [0047] Subsequently, the procedur for. carrying out an

esterification bRAR isQRtrbBuddie PheRsiPoathdd descrd B}};}J,r ction
conditions for gn egt erri fication rgalgtoia\gh o?rlﬁgl free é?gxt%??reaci d flsﬁ the fat

or oil with an eksaﬁgpé, siffon#thd e RNES 8Acld Wﬁ?&éﬁ‘of@ﬁg@?t B abg@gdance

with conventional reaction conditions. The reaction te ture I's

prefesably 120C;&4n ! $9Ring ifito EQMIASIEHIEH HRNvIRW PSRl of @R IitAESsBhct BRd

catalyst or the carrier, "but other reaction conditions are not particularly
limted F ¢ . . . . Co , t
Imte rom c}ihﬁi‘wpf ggngtﬁ',atthe'r?ﬂg?@%{lfl@%ﬁid}%ﬂb&ﬁﬁ@@ﬁé bgﬁtrgﬁél a a

tenperature equal to or ss t’han I ng olnt o hol ,

reactor is fr eeaéiﬁ?ﬁsﬁ%@raﬁl&%ﬂﬁﬁsieeﬁ al @ﬁfgﬁiﬁg r@%iﬁglav;rgfﬁfﬂiﬁat&?sse' -

so that operations ca e carried out economc ction

tenperature is B ﬁie‘?{eé}mg’. ThoRaed rtl?0&n B %ﬂeh%y%g@l@aml is used

as an al cohol, the reaction tenperature IS especia y from55 to
64C. introducing a sulfonic acid group into a benzene ring contained in the

10 foamed article composed of a phenolic resin or the above benzoguanamine
resin.

[0046] Taking into consideration comprehensively the viewpoint of
chemical resistance, mechanical strength, production cost, or the like, it is
preferred'that a resin foamed article to which a catalyst containing fine

15 strongly acidic particles is supported is used in the step (a) of the present
invention more than a resin foamed article modified to be strongly acidic.

[0047] Subsequently, the procedures for carrying out an esterification
reaction in the step (a) will be described. The reaction conditions for an
esterification reaction of a free fatty acid in the fat or oil with an alcohol in

20 the present invention may be in accordance with conventional reaction
conditions. The reaction temperature is preferably 120°C or less, in
consideration of heat resistance of the catalyst or the carrier, but other
reaction conditions are not particularly limited. From the viewpoint that in
the reaction is carried out at a temperature equal to or less than the boiling

25 point of an alcohol, a reactor is free from legal restrictions imposed on a



5 [0048] The ratio of the alcohol to be reacted with the raw material fat or
oil is preferably from10 to 80 parts by weight, nore preferably from13 to
40 parts by weight, based on 100 parts by weight of the fat or oil. The
ratio can be set to be the sane as that in a transesterification reaction
in the next step. In other words, it i@zadvantageous to esterify a free
fatty acid in an 10 esterification reaction and thereafter directly subject
the product to a transesterification reaction. It is preferable that the
transesterification react& t he next st i s .continuousl er at ed

under the sams RGNHHE NGvbagorRe QREFATORS GatcoATHEd ot Bronoreiallvs gt t he
ot al yet - hor b toagtan JonpRemirs i RidfelBL Gopu S0 B Y2k GRS YEER nav: ng &
oot Lan can benEolbsed ARG Pl REc R Ber e R GDR DY nor -
bt or 111 cati on PEAEPIRTARBING 04 Cansect or i 11 cat fon 1 enction. po Loose]
oo f et or APFSEoan Thettisptane Biesfol & be pcied Wi Ihs shvomaPsl oot slao’
Phe ronct; on t iseraabiydrem U AT ears BY pesshiamar piclotsbly Sespi3p 40
Tenoot. The S5 cpRRDRY SrIEHeDAAInON Roth By PiEh o e fapicgil 25 he GBS m zat i on
011 orenes for EHDE pelode Br SAIE 5 A NaEATSSHOTECalinn gractiondn the Bk

practical viewpoint, and shaping.of _an al kali soli.d catalyst econom cally.
In the step (b)StePhdnotheiyeernds, it s aditantagernate Pﬁﬁn&azr&ﬁrt%@m agif 131 ¢ he

oI eS(lag ce esterification reaction and thereafter directly subject the product to a
transesterification reaction. It is preferable that the transesterification
reaction in the next step is continuously operated under the same
conditions as the esterification reaction except that the kind of catalyst is
changed, i.e., an acid catalyst is changed to an alkali catalyst. Here, even

15 with an acid catalyst, if an acid catalyst having a high catalytic activity is
used in a large amount, a transesterification reaction can be progressed.
Therefore, the present invention is not intended to exclude an embodiment
in which a catalyst is not changed in the esterification reaction and the
transesterification reaction.

20 [0049] Generally, the conditions for the esterification reaction in the step
(a) are preferably such that an alcohol is used in a ratio of from 10 to 80
parts by weight, based on 100 parts by weight of the fat or oil, and that the
reaction temperature is adjusted to from 50° to 120°C.

[0050] [11] Transesterification Reaction Between Fat or Oil and Alcohol

25 In one aspect, the step (b) of the present invention relates to an



5 of a catalyst containing fine alkali particles (also referred to as "fine
al kali catalyst particles,” "fine catalyst particles,” or "alkali catal yst"
in sone cases) supported to the resin foaned article. Specifically, the
transesterification reaction progresses between an ester, which is mainly
triglycerides, contained in the fat or @3l and an al cohol. 10 [0051] At
present, in an actually used process in oleo-chemcal industry and for a
bi o-di esel fuel production, the transesterification reaction between a fat
or oil (triglycerides) and an alcohol is carried out using an al cohol -
sol ubl e al kal i optimlizaionseicthe sbapeofHan alkabirsolitreataly datherehibsaising ¢hé s
contained in a by-product glycerol |ayer obtained by phase separation after
15 t he reacti onreactipoefioticpey ferthhdmnaestertieationateaction taa highhleval froema it is
desired to refine the glycerol to be used for chem cal applications, and the
refining i s car prasticaliviewposntaandghaping pen aikedt salidscataiysindaogoousally.s
expensive. |In addition, the desired al kyl ester of a fatty acid contains a
trace anmount oln theestep ki), thestrbteatecification meadtiondp shiricat dwrin dhe praseatky |
ester of a fatty 20 acid as a fuel, it is necessary to renove the al kali
subst@nce by enpf ayatidystzontainiog fine dkalypagidec@lsorsfened tr as Sinhalkkglinat er
after washing. In this wastewater treatnent, sonme costs are invol ved.
[ 0052] | n order catalysdpedidéess” tiisadatahishgadidaes, Voretalkili catlwstdiresdmekgr ound,
sone nethods in which a solid catalyst is used have been proposed. Since 25
it has been knowaseshsupportedandbe resin foamed ortidleaSpéeaficallgdher ogr esses in the
24 presence of an acid catal yst, various inorganic and organic solid acid
cat al ysts have brassesperifpcation. rerichiey progredses hetwoentan estergwhichois mhimlpci d
catalysts is markedly | ow as conpared to that of an al kali catal yst. Wen
the aci d cat al ysiglyserdgs, ogrtdinednia tho$at armibindan aldohol.n t he reaction step
is

10 [0051] At present, in an actually used process in oleo-chemical industry and

for a bio-diesel fuel production, the transesterification reaction between a
fat or oil (triglycerides) and an alcohol is carried out using an alcohol-
soluble alkali catalyst such as NaOH or KOH. The alkali substance is
contained in a by-product glycerol layer obtained by phase separation after

15 the reaction. Glycerol per se has an added value as a chemical, and it is
desired to refine the glycerol to be used for chemical applications, and the
refining is carried out tolerating the fact that its refining cost is expensive.
In addition, the desired alkyl ester of a fatty acid contains a trace amount
of the alkali substance. From the application of the alkyl ester of a fatty

20 acid as a fuel, it is necessary to remove the alkali substance by employing
a method which generates wastewater, such as water after washing. In this
wastewater treatment, some costs are involved.

[0052] In order to solve the disadvantages in view of the above background,

some methods in which a solid catalyst is used have been proposed. Since

25 it has been known that a transesterification reaction also progresses in the



5 equivalent to or higher than the cost involved in a case where washi ng of
esters wwth water and refining of glycerol are enployed, thereby making it
economcally insignificant, so that the acid solid catal yst has not yet been
actually used. On the other hand, two or three proposals on an alkali solid
catal yst having a large activity have al2do been di scl osed. However, pellets
10 of an al cohol -i nsol ubl e al kaline earth netal oxide and pellets obtained
by fixing a hydrophilic alkali nmetal salt to an insoluble solid carrier are
used as the alkali catalyst, which is a liquid phase reaction systemof a
nonpol ar fat opreseh¢e ohan deidiaasalyst, vadoss mocganié antherganiesolad acid t he pores
of the fat or oil is large, so that its catalytic activity is substantially
limted, therebygathbystakivegbéenspraposed. tflowaser, il agivatyyoff eachmfdbe iacil :
purposes. [0053] It is considered that an inprovenent in the activity of a
solid catalyst chialystpisymakedlynkorvhasicempaied tadhatenfom diakigkiahyst: Whearticl e
size smaller and nmaking the specific surface area of the solid catalyst
| arger. By adj thst acid catsdystiiy emplayedpitid ess insledd gnlyauithe reacsionesteyf isabout 2
to about 20 3 mmto particles having a size of from2 to 3 m the specific
surfabe area i squivaleshsedr bightodon thawest inkielvetddne, case wiwne bashhigioft hat t he
activity is also increased by 1000 tines. As described in the
esterification estactwith,water andrefsanged glyarolpoe empddyed) eharabpinyating atv e
little influence on the activity, so that the activity can be eval uated on
t he basis of anecoom@nicallyfinsignifrcaat, sp3h#theaeid salid eatalyst hesl nadpet heeon, in a
catal yst tower packed with the small 25 particles as nentioned above, the
cat al yst tower Rketrhyuscdoplr thelatherdmndotweoe thwee proposslsoon amalkalikmlidor when
the smal|l catalyst particles are used in the formof a suspension, it is
difficult to sepatadyst havingontaage activity hiavet alsw been disclashd. Hoveeval f pellethe
reaction. In view of the above, in the present invention, a

10 of an alcohol-insoluble alkaline earth metal oxide and pellets obtained by

fixing a hydrophilic alkali metal salt to an insoluble solid carrier are used
as the alkali catalyst, which is a liquid phase reaction system of a nonpolar
fat or oil, the diffusion resistance of the internal of the pores of the fat or
oil is large, so that its catalytic activity is substantially limited, thereby

15 making its activity unsatisfactory for practical purposes.

[0053] It is considered that an improvement in the activity of a solid
catalyst by a physical method can be achieved by making the particle size
smaller and making the specific surface area of the solid catalyst larger.
By adjusting the size from pellets usually having a size of about 2 to about

20 3 mm to particles having a size of from 2 to 3 pm, the specific surface
area is increased by 1000 times; therefore, it can be said that the activity is
also increased by 1000 times. As described in the esterification reaction, it
is assumed that pores of the catalyst have little influence on the activity, so
that the activity can be evaluated on the basis of an outer surface area.

25 However, in an actual operation, in a catalyst tower packed with the small



5 catal yst containing fine alkali particles supported to a given resin
foamed article is used. Here, the term"alkali" as used herein neans the
basicity of a conmpound containing an al kaline earth netal or an al kal

metal. [0054] Since the catalyst containing fine alkali particles is used in
the present invention, it is preferred®hat the resin foaned article is a
resin 10 foaned article having an acidic surface because of being able to
conveniently support the catalyst to the surface of the resin foaned

ticle. Th th f is that .th t al yst be. ted th
i o- base | nt ePARTSTCEERBN ey Hls ca B b0 RECmaS imREMIbShe "
but (15 aci d- baBl P heds of % ke, OFafen' el Pl cor e PAEFGR Seioe 2 o) yiver

dified with b I whigch. i t I idic, | be
"l uded as a ok oLrsusmpRbTL S iiah & sBri meitdyfiny Bt or oup
i ted with .al h duri t A terifi.cati ti to f
an coter . A pr ol HEHEREEMS TPAUHRY B vrb o (F aBov R AL BIsB GRE R B dsed of
a fluorinated | fonic resi.n, but Jjs.not.practical ,from.the i oi nt of
pr odﬂ t: on costS ch:at[a Iﬁjmtﬂzrlnf‘gémr%easlk%l PB%WE‘EF %’Pk’P%thQBgB%CWéﬁ{ Fq\%\‘g}éﬁig st ep
b), i i f d tigl i,fied t t. I | di.c. ti d
' the above [ 1 AR B duditre, fi CERapiALl 25 Wed Biiaid o 43¢ PETIEEEE ai ned
b | f ti 25 a f d ar.ticl d  of | yst - d [
D g P ki, SRS S il B M RS e o
trength. ROBRI R o SIRCEorHASLYBaITng banalkel P BodoNpBoBaTsf &
cross-linking resin Cavi n a, sul f?natfql ?ﬁlnzene ig% f or. exanpl.e, a resin
foamed article BF‘?Z?&B myepion, it 1s preferred thaf the resin foanted arficle is a resin

10 foamed article having an acidic surface because of being able to
conveniently support the catalyst to the surface of the resin foamed article.
The reason therefor is that the catalyst can be supported by the acid-base
interaction as mentioned above.
[0055] As the resin foamed article, one composed of a chlorinated resin or
15 the like can be used, but its acid-base interaction is small. Further, one
composed of a polymer modified with a carboxyl group, which is strongly
acidic, can also be included as a candidate. However, there is a risk that
the carboxyl group is reacted with an alcohol during the transesterification
reaction to form an ester. A preferred resin foamed article also includes
20 one composed of a fluorinated sulfonic resin, but is not practical from the
viewpoint of production cost.
[0056] As the resin foamed article to be used in the step (b), various resin
foamed articles modified to be strongly acidic mentioned in the above [I]
may be used. For example, a resin foamed article obtained by sulfonating

25 a foamed article composed of a polystyrene-based resin can be included.



5 introducing a sulfonic acid group into a benzene ring of a phenolic resin
or the above benzoguanam ne resin, is preferable. However, these resin
foamed articles are also inpractical fromthe viewpoint of production cost.
[0057] In view of the above, a "nore ecqQpom cal” resin foanmed article
capable of directly supporting fine al k&i catalyst particles is desired. In
an 10 enbodi nent where a resin foaned article is not enployed, fine alkal
catal yst particles supported to a conmercially available strongly acidic ion

crehange ot n 530, REVERRLANSh i RAYTbL RSO G AAREIE gorens o
supvert it o (HERIRRLPIOEH PV PGS Sk RNOPAR) B et oo
of - the i on exchinuR e Fah e aficle HRBRSLTOr 8 Gobsr Bt ofih Fov e,
(orsutaces "ol RPN G SEBHG E IneiRaR R 1
Serverss’s Eanlt ST Sear B Toatle SRR B T
rav g The “santSt L ARG Bl AT Bl o
e Ton 1o SfLiBo o OB TS A hoBsoh it il 1o
TIRCT N i Ml
2 cataryet in ¢ RaRls BFFRP PfpoFund ok ikl cRBRLEpAtctes 13 HHE0. FRROM!! N0

10 embodiment where a resin foamed article is not employed, fine alkali

catalyst particles supported to a commercially available strongly acidic ion
exchange resin can be employed. However, the commercially available
strongly acidic ion exchange resin has a pore size of only several dozens of
nanometers. Therefore, when the fine alkali catalyst particles are

15 supported to the commercially available strongly acidic ion exchange resin,
the fine alkali catalyst particles are supported only to the outer surface of
the ion exchange resin. Therefore, in order to increase the active specific
surface area, it is effective from pellets having a size of 2 mm to surfaces
of particles having a size of 0.5 mm, showing an increase in efficiency by

20 4 times or so. In addition, an inorganic acid substance may serve as a
candidate in place of a resin foamed article. For example, silica or
silica/alumina is a candidate for a carrier. However, the carrier having the
same structure as that of a resin foamed article by using the above material
is costly to prepare, and is impractical at the present stage from the

25 viewpoint of economic advantage.



5 previously described, via fine organic acidic particles and/or fine
inorganic acidic particles. Specifically, the surface of a nelamne resin
foamed article is previously coated with fine organic acidic particles
and/or fine inorganic acidic particles, whereby the fine alkali catalyst
particles are supported to the foaned Z'ticle by the acid-base interaction
descri bed 10 above. [0059] The advantages of adsorbing and fixing fine
catal yst particles to a resin foaned article by the acid-base interaction

ot (ke o iieqf R SEP e RO AR AR BT e
part el Do, BT AR iR o B B 1 o
part el o w th ANACRATisRs i wRpEtesber mehenife T 0Py el wRERGECL oo
i spersi on of - { Pt RigpPPafie Y cidfel dffs oslofirdliARRrE < 'Y cane
articke, so that the catalyst can be replaced with . fresh ones,. and can be
easi | 5 repr oduc@&?‘_’%’ﬁ%%(ﬁse{rﬂ%" in’f’eBBPQ nic aEdig BangI iaBB/ég r}’i‘el}?cllnﬁ_ﬁl%‘fm?or
cxaml e 11 e PaEeh SRR, LLARRLSH PRLISHIL SRG Rl
cctdic part o oo nebude, Lo 2o RS g hitlh s, bl BR0l) e and
oo, oaTEO A1l e e SORYES el b SREG B b 57, L
the surface of Lic,Lssl b hOAEdcadlEhS W LN RSl RS RRELLbES The
10 above.
[0059] The advantages of adsorbing and fixing fine catalyst particles to a
resin foamed article by the acid-base interaction includes the following.
Even when fine catalyst particles are crushed when the fat or oil and the
alcohol are contacted with the fine catalyst particle to be peeled off from
15 fine acidic particles, the fine catalyst particles can be easily adsorbed and
fixed to another fine acidic particle again, so that there is a very low risk of
admixture of the fine catalyst particles with a reaction mixture after the
transesterification reaction. In addition, there is included an advantage that,
for example, an aqueous dispersion of fine catalyst particles is passed
20 through the resin foamed article, so that the catalyst can be replaced with
fresh ones, and can be easily reproduced.
[0060] The fine organic acidic particles include, for example, fine particles
composed of sulfonated polystyrene and fine particles éomposed of

sulfoethylated cellulose, and the fine inorganic acidic particles include, for

25 example, ultrafine silica particles and ultrafine silica/alumina particles.



5 out in the same manner as in the case where the catal yst containing f| ne
strongly acidic particles is supported to the nelamne resin foaned article
in the above [I]. On the other hand, in the case where the surface is

chem cally nodified, an appropriate chem cal reaction is selected in

consi deration of the reactivity with a @Bl amine resin dependi ng upon the 10
fine organic acidic particles and/or the fine inorganic acidic particles to
be wused in the nodification, and the reaction may be carried out. [0062]
Here, the ayerage particle sizes of the fine alkali catalyst particles, the
fine organi 90@21] di c b syréaceof aa‘ﬁélaﬁ%’@effﬁﬂﬁ P%?@éﬁﬂ@e%né’ &Oﬁbﬁdt‘i"tthes to

be used are not particul arJ | m he fine al kali,K catal yst particles
have 15 an ave{fl&@é’f%fmfl? PE‘I BRI f’(§fa“;§’ ffé%moyg%meﬁ%hqpmwmbﬁ and nore
preferably from0.1 t I n consi deration of the viewoint that the

smal l er the parphweaﬁ)f %’éd/o{ ﬁ]éefﬁlcﬁﬁ&m? vipgithe yertaceek theiresiayfoamed t he

vi ewpoi nt of preparatign_effj.ciency, econom c . advantages, and the |] The
fine organic acfdice A t|h€$f’eén?1§9@1 65- alRg %ﬁl%rm?@@@atﬂﬁ@%fb%?ﬁ@ﬂabl y 20
from0.1 to 100 m, and nore preferably fromO0.5 to 50 m The, .i ngrganic

aci di 2 particl eQUhEEC SAMEVBARIS asamthecweswlﬁeéhe B?‘éb’éF awtﬁlmng.ﬁnelo to 100
nm Wen silica is used for the fjne inorganic acjdic particles,

commerci al |y avairergyeacidi pag! %ﬁlswapp%efgﬁp ﬁxﬁemalgﬂ@llgamlerf@ampéértwlelo to
50 nmis pref erably used. 25 [0063] Subsequently process for econonmical |y
shapi ng a cat al ¥st ezﬁﬂPOVé({Hpr(i)gf[hf‘go bb@#‘i,llﬂghff P%ﬁ@ ‘ﬁh‘kfﬁlthe é&lt asy/it particles
to a resin foaned iﬂl cle wll be specifically described. [0064] A nelam ne
resin foaned ar Ph‘%,m@a ¥ mpdifiedsan pppropridtecehanigal jeaption gy se @@ﬁﬁﬂ!e fine

sul f onat ed pol ystyr.ene particles and/or, ultrafine silica
consideration of the reactivity with a melamine resin depending upon the

10 fine organic acidic particles and/or the fine inorganic acidic particles to be
used in the modification, and the reaction may be carried out.

[0062] Here, the average particle sizes of the fine alkali catalyst particles,
the fine organic acidic particles, and the fine inorganic acidic particles to
be used are not particularly limited. The fine alkali catalyst particles have

15 an average particle size of preferably from 0.1 to 10 pm, and more
preferably from 0.1 to 3 um, in consideration of the viewpoint that the
smaller the particle size, the higher the catalytic efficiency, and the
viewpoint of preparation efficiency, economic advantages, and the like.
The fine organic acidic particles have an average particle size of preferably

20 from 0.1 to 100 um, and more preferably from 0.5 to 50 um. The
inorganic acidic particles have an average particle size of preferably from
10 to 100 nm. When silica is used for the fine inorganic acidic particles, a
commercially available silica sol having an average particle size of 10 to
50 nm is preferably used.

25 [0063] Subsequently, a process for economically shaping a catalyst



5 particles is packed into a colum, and thereafter a suspension of fine
al kali catalyst particles having an average particle size of, for exanple,
1 min water or nethanol which is used as a solvent is passed through the
colum. The reason why the fine alkali catalyst particles have an average
particle size of 1 mis that the fine @9kali catal yst particles can be
prepared 10 relatively inexpensively. As the fine alkali catal yst particles
are adsorbed to the nelanmine resin foanmed article, a clear liquidis
initially observed at  the outlet of the colum but a turbid Iiquid begins
to be di schar ge€ompeising fwppading fnt ehkadiseatalyst paticles 40 aagsindoampds point is
defined as an end of the adsorption. Next, the nelamne resin foaned
article i s washauicl willbeispesificellyidsseribadbunt of water or methanol, and then
dried. The amount of the fine alkali catalyst particles supported is
det er ni ned [8864} di ngAtmelemdne st foameshagickobwhidhesurirogds carted orith,dor t he
particle size of the fine alkali catalyst particles. Wen the fine alkali
catal yst parti cesampley éingrsulfpantegepol pyrene parti¢loeand/on pitrafing sheant
supported falls within the range from 20 about 0.5 to about 10% by vol unme of
the fdamed arti peBicleuigmpaskedintpatcolema, dnshthsteadter aciuspensions opfoe alkalie fi ne
al kali catalyst particles in an anount of from1l to 5% by vol une, the
active specifi ccstahfsapertilesshafing he averugalpasticle sizerdy fasxdniple, Ioumoins0 ti nes
(2000 (ratio of particle sizes) x 0.01 to 0.05/ 2 (one-half being the
adsor pti on ar eayateriqr methgopl waichcisrused asiasolvest ispassest thrpeglpthd ealsmmavi ng a
size of 2 mm Al though not always following 30 the calculation, it can be
expect ed that tThegetson why the fine abadicantalystyarticles bave anesiragppartidel i
catalyst to be used is not particularly limted, and those containing at
| east one menbesize@fdcumdis thairthe Bimeglkalpcatalyst particlpsshan beypfepaiedes, oxi des,
and conposite oxides containing an alkaline earth

10 relatively inexpensively. As the fine alkali catalyst particles are adsorbed

to the melamine resin foamed article, a clear liquid is initially observed at
the outlet of the column but a turbid liquid begins to be discharged when
the adsorption saturation is attained. This point is defined as an end of the
adsorption. Next, the melamine resin foamed article is washed with a

15 sufficient amount of water or methanol, and then dried. The amount of the
fine alkali catalyst particles supported is determined according to the
adsorption area of the foamed article or the particle size of the fine alkali
catalyst particles. When the fine alkali catalyst particles have an average
particle size of 1 um, the amount supported falls within the range from

20 about 0.5 to about 10% by volume of the foamed article. Supposing that
the foamed article can support the fine alkali catalyst particles in an
amount of from 1 to 5% by volume, the active specific surface area of the
catalyst is increased by 10 to 50 times (2000 (ratio of particle sizes) X 0.01
to 0.05 / 2 (one-half being the adsorption area) = 10 to 50), as compared to

25 that of the pellets having a size of 2 mm. Although not always following



5 netal and being insoluble in an al cohol, and hydroxi des, oxides, conposite
oxi des, and carbonates of an alkali netal fixed to an al cohol -insol uble
solid are preferably used. The catal yst includes, for exanple, an alkaline
earth netal conmpound such as cal ci um oxi de, cal ci um hydroxide, or calcium
titanate; and an al kali netal conpound 3Qch as sodi um hydroxi de, 10

pot assi um hydr oxi de, sodi um tungstate, potassium niobate, sodium carbonate,
or potassium carbonate, each fixed to iron oxide, zirconia, zeolite, or the
like. [0066] It_is peedless to say that_an %Lkali_calalyst havi ng .

substanti al |y |thegalculation,iit can ke %wdaalaé! DREIEH ﬁllﬂﬁqeﬁs%‘?hllﬁéime?r-or

exanpl e, one own 1 ave relativel]y low reaction actjvity is also
appl i cabl e?O()iJ{sHor di h&etagkgh C?Jt&fyéhfo g@ﬂﬁ?ilétqqsrpaﬂi%?%% ihﬁb‘t%im apdithese sol i d
catal yst to be used for al transestgrificatig{éreaction bet ween fat or oil
and an al cohol fentRIRRat I9astore mymbenseleciad Ssomythengroup qoawistRgAtyt i ¢
activity. However according tq the process for shaping prqvided by the
present i nvent i bydrozidss, oxdes,iapd C@mﬁoéité@é}d@mlaﬁltgo%walﬂékn%%%gt andi ng
industrial applications is ., obtained. According tq the experinental |,
confi¥nation, imeiad ang being igplubiaimoin Alce kol and dedrarties asklas, EOMPRSIY at y
acid but esterifies when the free fatty acid has a concentration of 0.2% by
wei ght or | ess.OXtHey @ndr@rbonatesol an @}Jgp]éénqtgl fHeed toar alcpheknsplublece fatty
acids contained in trace 25 anmounts_that are qener ated by the deconposition
of esters in th@lgharepreficsably ased. dhecatrlyst au¢lpdes, fonexaaple; amalkakinene
present invention, calcium oxide js inexpensiye, and can al so be used as
preferred cat al ‘iﬂéﬂ%me[%@eﬂpoﬁ@drﬁé‘ﬁ{lP&ﬁé’&l%é\?‘é‘?eaicﬁlql‘émrlé’@é%ﬁ@ﬁd% that the

fine alkali catalyst _.particles have, an aiver age particle sjze of fromO0.1 to
10 m It is des¢algym titanate; and an alkali metal compound such as sodium hydroxide,

10 potassium hydroxide, sodium tungstate, potassium niobate, sodium -
carbonate, or potassium carbonate, each fixed to iron oxide, zirconia,
zeolite, or the like.

[0066] It is needless to say that an alkali catalyst having substantially large
activity is preferable, but an alkali catalyst, for example, one known to

15 have a relatively low reaction activity is also applicable. According to a
patent publication disclosing an alkali solid catalyst to be used for a
transesterification reaction between a fat or oil and an alcohol (JP-2002-
294277 A), calcium oxide has a low catalytic activity. However,
according to the process for shaping provided by the present invention, a

20 reaction efficiency satisfactory for withstanding industrial applications is
obtained. According to the experimental confirmation, it is found that
calcium oxide does not adsorb a free fatty acid but esterifies when the free
fatty acid has a concentration of 0.2% by weight or less. Therefore,
calcium oxide is not deactivated by free fatty acids contained in trace

25 amounts that are generated by the decomposition of esters in the



5 that the average particle size is especially from0.5to 3 m in

consi deration of production cost, an increase in catalytic activity, and
bal ance of resistance to fluid flow The average particle size of the fine
al kali catalyst particles can be adjusted to a size of submicron to a size
of several microneters or less by pulv&kizing the fine particles with a 10
pul veri zer such as a beads-mll, a ball-mlIl, or a colloidal mlIl. [0068]
The procedures for a transesterification reaction in the step (b) will be

descri bed. In the present . .invention, reactfion conditions for a .
transesterificdff Streé‘g’(,cf‘fl%r??&’\?/@eﬂntaﬁa“ﬂ”eé“f RIS v elfipna falgiWBhol  may

be in accordance .wth. those.conditions for conventiona t hods. The 15
reaction tenper%lan?éﬂ@xﬁii%?fl‘é‘?’é'&fjfaﬂfg@ B u‘T’eéQ%S, pﬁe#r%%qqglgﬁtéti on of heat
resi stance he catal ysi. or,the carrier to b ed,. byt the .other reaction
condi t i ons[@d not ?a%?%@{]f’%“fq 9‘)9%%%!@&?@%&8&4’%&@9 ﬁn?ﬁ aji ﬁV%fn
carried out at a.t erature equal tq or less than a_hoiling point of an

al cohol, the rléaéef’]%grpﬁlaf’%ﬁﬁé‘t"ﬁ’ﬁ%ﬁeé’a?%&ﬁrsézﬁé?fﬁq’?rh}(t)‘PnlBGmEloItllE@@,S“F‘i’om t he
vi ewpoi nt 20 t hat reactor is ]gree from I,gﬂal reﬁt ic%i ons i nposed on a
"pressure vesseat theAYgragepaslclsiscissIPeciaip fom }i,t_o gBbdlal [y, when the

al cohol is nethano|, the feactiaon tenperature i.s especially preferably from
55 ro  bac. T OORSTICHHOmAEBRENCTEN SO 85 ISR RIS TAEG AL GRal oy or

oil isin arat,| 25 of prefera romJ10 to 80 parts h i.ght., and nore

O et erably 1 oadandol fesligcais i foie) Tt Avesase haticie pbe SLITLliBg noi ont

of the fat or oi].,.[0070] Overall, as t.he cgonditions for. the .

transesterifi caftlkelﬁ[% PBFIGLES ¢anebe & J@@teﬁw a size oiSUbmCEINLIg 2SIZRRE ¢ he

al cohol is used in ? ratio of from10 t 80.1§)arts.bé/ wei ght ,. based on 100
Y @uf ing the fine p

parts by wei ghtSCYFIIHRICFOMCISES @ 1eSS QI RUIHFAEZ articles with a
10 pulverizer such as a beads-mill, a ball-mill, or a colloidal mill.
[0068] The procedures for a transesterification reaction in the step (b) will

be described. In the present invention, reaction conditions for a
transesterification reaction between the free fatty acid and an alcohol may
be in accordance with those conditions for conventional methods. The
15 reaction temperature is preferably 120°C or less, in consideration of heat
resistance of the catalyst or the carrier to be used, but the other reaction
conditions are not particularly limited. In addition, in the reaction carried
out at a temperature equal to or less than a boiling point of an alcohol, the
reaction temperature is preferably from 50° to 120°C, from the viewpoint
20 that a reactor is free from legal restrictions imposed on a “pressure vessel,”
and can be operated economically. Especially, when the alcohol is
methanol, the reaction temperature is especially preferably from 55° to
64°C.
[0069] The alcohol to be reacted with the raw material fat or oil is in a ratio

25 of preferably from 10 to 80 parts by weight, and more preferably from 13



5 the reaction tenperature is from50 to 120C. [0071] [II1I] Refining of

Al kyl Ester of Fatty Acid The step (c) of the present invention relates to a
process for satisfying a quality required of a diesel fuel in the
preparation of a diesel fuel oil prepared froma fat or oil such as an
edible oil. In addition, 10 according t¥ the present invention, there can be
al so provided a process by which no wastes are di scharged fronlthe
preparation process, and this process can be achieved by further carrying
out the step (d

preparing an alt éﬁolfg’g% ny Wpléﬁl’if éhg‘tc]i(itﬁ)hll?%F rgg"gl‘éyéﬁtﬁ%gto&ggéeifgl ly a

pr oduct | onttb30 s anbvetaibas e feafitppS 45 R SumsrepBedipisacipe i tion
Speci f iecgffirrté?%r@r)f ﬁsgﬁtfﬁwéi ﬁa&ﬂ{é el iodsey i L ﬁéﬁﬁﬁl(f@%bess

her eaf ter - subjSSBRHY HEG apttea ol Ol B b6 PRane dbp & car h ARrngt her 20
mxtare 'rrlaghf)éh%géja%a?wﬁ&g%?egtﬁ%ﬁE?f{q?gﬂaﬁo i%@ @ T the step (o). the

?lhgylal E;f e@ﬁﬁ of y a ie S r f n? | for itlpe fgllﬁvm' ggdrgafgg(s:ii E)(3073] I n
e AL S h8 Tt O e e KO B PSRk 20

TN, LS S o e S Bl IR A SRS T e
Feduced 1o a 1GE PHAGHIDH AG FOSLoURAAEID® R B S PRer casi ng t he

reaction
10

according to the present invention, there can be also provided a process by
which no wastes are discharged from the preparation process, and this
process can be achieved by further carrying out the step (d). It can be said
that this process is a process for preparing an alkyl ester of a fatty acid for
a diesel fuel, especially a methyl ester of a fatty acid, which is capable of
15 sufficiently reducing production costs and environmental loads.

[0072] The phrase “reaction mixture after the transesterification reaction”
in the step (c) specifically refers to an upper layer obtained by removing an
excess alcohol from a reaction mixture after the transesterification reaction,
and thereafter subjecting the reaction mixture to phase separation, in other

20 words, a light liquid crude alkyl ester of a fatty acid. The reaction mixture
may be obtained by a conventional method. In the step (c), the alkyl ester
of a fatty acid is refined for the following reasons.

[0073] In the alkyl ester of a fatty acid, a by-product glycerol and a reaction
intermediate such as a monoglyceride or a diglyceride, or an unreacted

25 triglyceride remains. However, when the amount of these substances



5 efficiency of the transesterification reaction between a fat or oil and an
al cohol . As for glycerol, the disadvantage is of a nore serious issue
because renoval nust be carried out. [0074] For exanple, in the system
containing a nethyl ester of a fatty acid alone, there is a possibility
that a hydrophilic glycerol which is pr%%iously 10 solubilized in an oil,
such as a nethyl ester of a fatty acid, with an anphiphilic substance such
as a nonogl yceride or a diglyceride is separated fron1the oiI and

tated d t h
Pemperat ore. ofemamipeis REe fuafil gaxﬁe?g@sqagﬁ?t ; Sriga acdarsv oo et
I i d d i d d. he l. t hat
the degree of 3%@%%«%@%%&%@6@@% SEREAHES i Rl B FIBRLLBS pBRUBIC her oby
i i bi | t t f | . If
;Eﬁheisbﬂgnﬁﬁ}# PhieabbdRupdRe fhd B 5P bcE{ e 3an Begpfudkifo’
aut onpbi | es, v fro ufd[ es can be unsui t abl e

T eser 1 udpve Bt R i R aBf BV Rftants il e g Butebetigihny ‘oot ©i s

necessary tor

h f d h
possibl ¢ [0075«% iemer o e ReBit B Reis Tl on akel O EndAR the U. S

the quality st ar.ds, f net hyl f afatty acid. for. diesel fuel
oi | have been ag?‘ﬁbqleds‘sb W‘V; &\Faéﬁqgeyls (%?r%Bre@ AOUS A% Ced Eur opean
(EVU) 25 universal stand ardé cerol content is required to be
0.02% by 34 welGALSOITIX mus? e he O (ASTM PS-121-99), it is

o ot Rk, RS PR Bl A R,
Lg\r/v ge?ﬁ;hﬁgl d zﬁﬁr?er tﬁere 1S a posglbahtthat a hyc?rophﬁlc glycerol whic 1dsI psr(e::\Lzllso%lsPyns are
10 solubilized in an oil, such as a methyl ester of a fatty acid, with an
amphiphilic substance such as a monoglyceride or a diglyceride is
separated from the oil and precipitated due to environmental changes such
as storage time and temperature. On the other hand, in a mixed system
with a gas oil, a monoglyceride or a diglyceride is also dissolved in the gas
15 oil, so that the degree of solubilization of glycerol in the mixture is
lowered, thereby increasing a possibility of separation and precipitation of
glycerol. If such a phenomenon takes place during storage or in a fuel
pipe of automobiles, various troubles can be caused, thereby making it
unsuitable as a diesel fuel. As a matter of course, it is needless to say that
20 it is necessary to reduce the remaining amounts of methanol and water as
much as possible.
[0075] For the reasons as mentioned above, in Europe and the U.S., the
quality standards for a methyl ester of a fatty acid for diesel fuel oil have

been studied of necessity. Currently, Europe has enacted European (EU)

25 universal standards, in which glycerol content is required to be 0.02% by



5 reference to the European standards so as not to cause troubles in noving
aut onobil es. [0076] Fromthe viewpoint as descri bed above, a refining nethod
especially for the purpose of reduction in a glycerol content is earnestly
desired. [0077] Conventionally, a process for preparing an al kyl ester of a
fatty acid 10 froma fat or oil raw matetial has been known. For exanpl e,
there is a process including the steps of reacting a fat or oil (a fatty
acid triglyceride) and an alcohol in the presence of an acid or alkal

catalyst o o e BB SERDHySE b L Aot AR RO oL *©
Lher eby 1 e T MR B L BT IR OR AL oo
so,thal 1€, IERASSRAe Rl b o ARt AN SRR PR o

Droress UL e LN NSRS s T AR PSR s g

was hi wat er t [ t L Xt ur ter . th a rification reaction,
and egti ng thergge%?%(?e?\@dﬂh %@%P%a %ar%ar?%sé @gﬁog{so cgailgghﬁuﬁésclgr{%&flpgns |
(JP-A-Hei-7-3loqli‘?l%go IIE is to be noted that there is a condition that a
conponent of arf aP]l Yised for the reaction 25 dissolved in a net hyl ester

o 223§, DL S PTG bl B ARt s
n e a1 e BB LSRRI TN RS el 2 e Y
washi ng Wat(ﬁfﬂ] base%o%@erlltqgnﬁﬁ/r, tasprl(%es\gpfiog g}ep%];intgha% zﬁﬁgfleésté)rfota a fa?ftyt e%’cic‘!aci d
10 from a fat or oil raw material has been known. For example, there is a
process including the steps of reacting a fat or oil (a fatty acid triglyceride)
and an alcohol in the presence of an acid or alkali catalyst to give an alkyl
ester of a fatty acid; and washing with water to remove the acid or alkali
catalyst and other water-soluble substances, thereby refining the resulting
15 product. However, according to the process, a liquid mixture is likely to
be emulsified by washing with water, so that it is necessary to allow the
liquid mixture to stand a whole day and night to separate away added
water.
[0078] As an improved refining process which involves washing with water,
20 a method of achieving avoidance of emulsification and acceleration of
phase separation by adding washing water to a reaction mixture after the
transesterification reaction, and heating the obtained mixture to 70° to
90°C as essential conditions (JP-A-Hei-7-310090). It is to be noted that
there is a'condition that a component of an alkali used for the reaction

25 dissolved in a methyl ester of a fatty acid is neutralized with an acid for the



5 and washi ng. However, although the reduction in a glycerol content can be
expected, there is a concern that the purity of the nmethyl ester of a fatty
acid is lowered due to hydrol ysis caused by the high-tenperature treatnent
(the alkali catalyst is neutralized wthean acid, but it is difficult to
accurately carry out neutralization because the system contains 10

het er ogeneous phases, and whereby a high-tenperature treatnent is carried
out under alkali or acidic conditions). Further, it is still necessary to

treat a large 3519&3 Bfamafn%"l?}ta%lgr sisQF7RE n‘féhjglot?stct)éleofrffdt i BEASERR whi ch

does not i nvol |ng W t a proces I preparing f uel

oi | froma wastg, Eﬂcé'lsgerﬂ[tbclhraﬁﬁé trelﬁn&ﬁe@n%ﬂ@? &Y, \ﬁ’gﬂul@%@ﬁecﬁg AhomIP) - AS

to the refining pro e adsorption an |n|ng process by an activated

clay of an al kyly ﬁﬁn ftwfée tﬁ@xﬁé(ce%ﬁkéi Jﬁ%dﬁ?égo ﬁhﬁ% 8r hdfe BE OCESS,

wast ewat er i s not ner t he al kal | ent sed or the reaction
i s adsorbed a”%ﬁﬁgﬁg%ter BQ &1 100 Xﬁ?b hyeifht G¥ fHERQ b@%rfhfi acfl

di gl yceride, or t ike I's ess 20 to be renove so t at only an

al kyls ester of M%&mngcmw@&natmghttﬁé%d&h%ﬁtlﬁr%l?e@}bl wntteaté% used for

a diesel fuel oil can b8 obtai ned a rece y di scl osed process,

there i's a teCh GRcld RERIEY c céfh'ihé‘f‘tﬁé‘&ﬂﬂi& 6f MAREAS] (YO 8B4 A4P59) -

According to this technique, ter 1s carrl ed out whi

emul sifying w tzih@ﬁmére@%b'% 81%1 1s$ﬁ%s%ﬂmﬁg i vvate é}la[lﬁe‘g%% Bed to a

hydr ophi | i ¢ substances contalne are

wat er - absor bent ROk NARo gtgbgﬁrlgaxuuam'mh%%i@ it 3% pfticyigr eaf ter, the

pol ymer gel is separate tration. No wastewater Is discharged,

;[/vgteraref g[)gor ‘8’23 té;dg?gﬁélf cra‘?r?}I (?:'igtnrﬂteél:nn%gzﬁ‘l%n PEGRSS HiddyRtem IdonRYRY . the
10 heterogeneous phases, and whereby a high-temperature treatment is
carried out under alkali or acidic conditions). Further, it is still necessary
to treat a large amount of wastewater.
[0079] As to the refining process which does not involve washing with
water, a process for preparing a diesel fuel oil from a waste edible oil has
15 been disclosed (JP-A-Hei-10-245586). As to the refining process, the
adsorption and refining process by an activated clay of an alkyl ester of a
fatty acid has been disclosed. In the process, wastewater is not generated
and the alkali component used for the reaction is adsorbed and removed;
however, glycerol, or a monoglyceride, a diglyceride, or the like is less
20 likely to be removed, so that only an alkyl ester of a fatty acid having an
unsatisfactory quality to be used for a diesel fuel oil can be obtained.
[0080] As a recently disclosed process, there is a technique for achieving
minimization of wastes (WO 03/070859). According to this technique,

washing with water is carried out while emulsifying with a small amount

25 of water, and the washing water and hydrophilic substances contained in



5 glycerol or the like, so that the polymer cannot be reused even if the
polymer gel is dried and dehydrated, whereby the pol ynmer gel nust be

treated as wastes. [0081] As described above, in conventional mnethods, as
the process for refining an al kyl ester of a fatty acid for a diesel fuel
oil, no refining 10 nethods can achi eve3gero di scharge of process wastes
whil e satisfying the required quality of a diesel fuel oil have yet been
found. [0082] The inpurities to be reduced that are contained in the alkyl
ester of a fatty acid after the reaction and after the phase separation to
be subject in eVt Haterare abseRed te aveate-gbsprbontalpuet, theseb¥r ol , and
further a 15 nnnog[yc&ridf, nd, a diglyceride, which are anphiphilic reaction
i nternedi at es (GHISEIE AEmE Slhg%ﬁ’tbﬁhiﬂilq{e?fé‘ift therrolymgn gl isrepa PBn  nmixture
of the present [nvention is obtained by the procedures of the above , step
(b), the reacti liratiom e wm%@tﬁglssfuﬁ@}aamd;ahq:rﬁw » WRRGMAlI A eAte Rt iSThe
above substance to be neduc§ﬁpis hydyophilic, and the al ky] ester of a fatty
20 acid is hydrBpiRasessitated M@V9¥aé£lff)84a|‘ﬁf'%¥0¥bf‘éi pRIFpET BRESOHAINShe
inmpurities, it is preferabl.e in the present invention that the refining of
the 2alkyl este8lyserdd or she {ikecsajthasthepolymgr sapnqt bergused eenag she [ 0083]
Specifically, the al kyl ester of a fatty acid is hydrophobic, and at the
same tinme basi cPolymsmachss diledhpad H?hYﬁTaéﬁ‘a whciebyatbe nolymengel BHsthecause 25
the al kyl ester has _a carbonyl group. On the other hand, glycerol, a 37

monogl yceri de, BRatgd@sgYastesri de is hydrophilic, and at the same tine acidic,
fromthe vi e\/\gfi nt of aci d-base interaction because the al kyl ester has an

al cohol i ¢ @P%tbup. ‘dewribed aboveningeavendopa imethads,msdhe progesefery and

hydr ophobicity and .from t{he vi ewgoi nt of i d-base interactiqn, a basic
yarop y ref?ning an alkyl ester of a fatty acida tcor a dieseei fuel oil, no re?inmg

10 methods can achieve zero discharge of process wastes while satisfying the
required quality of a diesel fuel oil have yet been fpund.
[0082] The impurities to be reduced that are contained in the alkyl ester of a
fatty acid after the reaction and after the phase separation to be subject in
the present invention are mainly a by-product glycerol, and further a
15 monoglyceride and a diglyceride, which are amphiphilic reaction
intermediates (which have hydrophilic portions). When the reaction
mixture of the present invention is obtained by the procedures of the above
step (b), the reaction mixture contains substantially no alkali catalyst. The
above substance to be reduced is hydrophilic, and the alkyl ester of a fatty
20 acid is hydrophobic. From the viewpoint of the properties of the
impurities, it is preferable in the present invéntion that the refining of the
alkyl ester of a fatty acid is carried out in the step (c).
[0083] Specifically, the alkyl ester of a fatty acid is hydrophobic, and at the
same time basic, from the viewpoint of an acid-base interaction because

25 the alkyl ester has a carbonyl group. On the other hand, glycerol, a



5 resin foanmed article preferably used in the steps (a) and (b) as the resin
foanmed article can also serve as a preferred adsorbent for selective
adsorption of the inpurities. Anmong them a nelamne resin foaned article
is preferable. The foanmed article has a high specific surface area in
connection with the adsorption of the Ppurities, so that a hydrophilic 10
gl ycerol, nonoglyceride or diglyceride can be adsorbed and renoved very
efficiently by passing a crude al kyl ester of a fatty acid through a colum

packed with the foa t|cI nd [ aI Kk ester,.of a
Patty ac d i ¢ PARETTGREd Ok vsemf awjffrqﬁa igy RIS ¢ osi
foanmed article,.can_al so be odu The, crude aI ester of a fatty
nor a1 s dewat ot iaewpRint B b R cHetnb &R SE o Yl &er pagan

adsorbed ol yeergl tongzta%gtcewt%m%&e& SRl RS o o
o e BBl L Bt S oL S s A dgphob o1
et 5 e i o R L By ket
0% OB el B RO ARShhA h E
o0t S e e, conte g gt s gl i or o'
ot AR R R e G e e e
glycerol, a mgggné/c%ﬁ)rnl vcsjfl tth e gdsdolrgtlgr? of h%einllpsun 1erseg(§: hat b}Xir MHUCt or a
10 glycerol, monoglyceride or diglyceride can be adsorbed and removed very |
efficiently by passing a crude alkyl ester of a fatty acid through a column
packed with the foamed article and contacting the crude alkyl ester of a
fatty acid with the foamed article.
[0084] The adsorbent containing a resin foamed article can also be
15 reproduced. The crude alkyl ester of a fatty acid is dewatered, and
thereafter washed with an alcohol, so that the adsorbed glycerol,
monoglyceride, or diglyceride is desorbed from the adsorbent. This is
because binding force between the resin foamed article and glycerol is a
weak binding based on hydrophilicity and hydrophobicity or an acid-base
20 interaction, which is not at all a binding based on a neutralization reaction
but a physical binding. Therefore, if an alcohol, especially methanol,
having relatively high hydrophilicity is present in a large amount, almost
all of glycerol, monoglyceride, or diglyceride are desorbed from the
viewpoint of the relationship of adsorption equilibrium.

25 [0085] Since the methanol containing glycerol, a monoglyceride, or a



5 reaction internedi ate, these substances are again separated as a
by-product and fed to a catalytic reaction step, so that these substances
woul d not be accumulated at all. Thus, wastes are not generated at all from
the process of the present invention. In the present invention, when the
steps (a) to (c) are carried out, it P8 especially preferred to further
carry out the step (d) of 10 washing the resin foaned article to which the
inmpurities are adsorbed in the step (c¢c) with an al cohol, and then using the

cre”ransester T ”f“f‘;?gi{“" %gég‘?élfr;fﬁe? “?r"ffa**ﬁf‘ﬁﬂ n”mﬁ.ft*‘%?ﬁ?‘iﬁﬁﬁgfﬁf |
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b oeraionof Bulfinfed AEIL A tﬁéﬁ&ongff@%&ﬁtem@i?ﬁ R hIBESR (5 m

on each side) gf 4 pr}gseanmurl]\?enrtﬁ)%' rin tRE PR present invention, when the steps (a) to (c)

are carried out, it is especially preferred to further carry out the step (d) of
10 washing the resin foamed article to which the impurities are adsorbed in
the step (c) with an alcohol, and then using the alcohol after washing is
used for the esterification of the step (a) and/or the transesterification of
the step (b) in combination therewith.
[0086] According to the process of the present invention in which the step
15 (d) is further carried out in addition to the steps (a) to (c), it is possible to
prepare, for example, a methyl ester of a fatty acid for a diesel fuel
satisfying the most important quality factor required of a diesel fuel, i.e., a
glycerol content of 0.02% by weight or less without providing a
wastewater treatment facility.
20
EXAMPLES
[0087] Example 1
A strongly acidic ion exchange resin (“15 DRY” manufactured by
ORGANO Corporation, sulfonic acid group form, average particle size:

25 0.6 to 0.8 mm, dry product) was pulverized, to prepare 20 g of fine



5 article (a kitchen abrasive manufactured by Azuma Kogyo K K., neasured
porosity: 999 were added in an anount equivalent to 20 nL in a dry state

to the dispersion, and the m xture was stirred for several hours.

Thereafter, the mxture was filtered and dried to give a

catal yst-supporting nelamne resin foared article. The filtrate was dried
to determine a weight of the 10 solid content. The wei ght of the catal yst
supported to the resin foamed article is obtained fromthe difference. As a
result, the wei
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to the dispersion, and the mixture was stirred for several hours. Thereafter,
the mixture was filtered and dried to give a catalyst-supporting melamine
resin foamed article. The filtrate was dried to determine a weight of the

10 solid content. The weight of the catalyst supported to the resin foamed
article is obtained from the difference. As a result, the weight of the
catalyst was found to be 2.9 g.

[0089] A 10 mL cylindrical column was compression-packed with the
entire amount of the foamed article. The column was washed with

15 methanol for a sufficient period of time to ready up for a reaction
experiment.

[0090] Next, the raw material was fed to begin an esterification reaction
(reduction in free fatty acids). The esterification reaction was carried out
under the following conditions.

20 [0091] (Reaction Conditions) Feeding rate of fat or oil: 20 g/h
(waste edible oil containing 1.8% by
weight of free fatty acids)
Feeding rate of methanol: 2.6 g/h
(13 parts by weight, based on 100 parts
25 by weight of the fat or oil)



5 [\0092] After 5 hours passed fromthe begi nning of the reaction, and the
reacti on becane steady, a fornmed |iquid was sanpled, and an oil |ayer of

the sanple (the sanple being separated into a nethanol |ayer and an oil

| ayer was anal yzed by gas chromat ography to determ ne the anmount of
reduction in free fatty acids. 10 [0093#0The anount of the free fatty acids
was reduced from1l.8% by weight to 0.1%by weight, and the reaction ratio
of 94. 4% was obtai ned. [0094] Subsequently, the reaction m xture obtained
was subjected to a transesterification reactjon step and a refining step,
to give an alkyl ester of a fatty acid s@tQishipmeiricHly fsaxcespivel@iliged of a
di esel fuel. 15 [0095] Conparative Exanple 1 An esterification reaction was
carried out in the same manner as in Exaip$ &atty @%€§pt that the col um

packi ng substance was changed to 10 nlL of an acidic ion exchange resin
("15DRY" manufactured by Organo Cor Bagteniemperrtuse; @0°4ei d group form
average particle size: 0.6 to 20 0.8 nm, dry product)._ In this_case also, a
pre-treat ment of washing with met handicaghen PHsSYE; ﬁ@rmﬁlﬁ’i’éﬁ“ﬂ’éﬁé@-lfwah

Fei i . Fot . s h N Ex |

1 Tovo6] MEFRIT e uiAterS b SGusEd bBLIFOGEEHEE POE IRELGRTBRIS! {16

fatty acids was reduced fromél{.SO/%ptl)y(}/negell ht to 1.0%(£y igh&1 and the 25
s

g
reaction ratio WRASUPBHORCATHS Stradi4a 1qU1g yers] sanype AN Qil layg of eact i on

m xt ure obtai ned was subjected tp a transesterification _reaction in the sane
manner as in Ex@fSAE ‘??‘thé\ﬁémé’ul‘? 861515@63@11@594%0&&1@6& a9l loger andn o ed by

the remaining free fatty acids, or the fatty acids were adsorbed to the
al kal i cat al ystlager Wﬁa@nelwée‘gﬁwaaaﬁ Cb@&raaltyg{ap%y to determine the amount of

reduction in free fatty acids.
10 [0093] The amount of the free fatty acids was reduced from 1.8% by weight
to 0.1% by weight, and the reaction ratio of 94.4% was obtained.
[0094] Subsequently, the reaction mixture obtained was subjected to a
transesterification reaction step and a refining step, to give an alkyl ester of
a fatty acid satisfying the quality requiréd of a diesel fuel.
15 [0095] Comparative Example 1

An esterification reaction was carried out in the same manner as in
Example 1 except that the column packing substance was changed to
10 mL of an acidic ion exchange resin (“15DRY” manufactured by
Organo Corporation, sulfonic acid group form, average particle size: 0.6 to

20 0.8 mm, dry product). In this case also, a pre-treatment of washing with
methanol and immersing in methanol for a sufficient period of time was
carried out in the same manner as in Example 1.
[0096] As a result of the esterification reaction, the amount of free fatty

acids was reduced from 1.8% by weight to 1.0% by weight, and the

25 reaction ratio was found to be 44.4%.



5 becane poi sonous, thereby drastically lowering the reaction rate. The

al kyl ester of a fatty acid could not be efficiently obtained, so that the
eval uation for quality required of a diesel fuel was not carried out.

[ 0098] Exanple 2 Cal ci um oxide (CaO) baked at 800C was sel ected as an al kal i
10 catalyst. Five grans of CaO was addedlto 200 g of nethanol (acrylic acid
ol i goner being added as a dispersant). The m xture was pulverized with a
beads-m ||l so as to have an average particle size of from0.5to 2 m to
give a dispersion of the fine al kali catalyst particles. [0099] Next, a

col um pacHB@OT t h bsequsmtly, tha artien mizfuie potaired was subjecteddo@ whi ch
surface was coated wth the pulverized product of a, strongly acidic ion
exchange resi n, trpnsesterifjcation geaction: :adhe same myanngs as pm Expaipde 1. Haowevar, t o

t hat shown in Exanple.1l was prepared. ;The internal _of the colum was

i mersed in net Wgridkaling catalyst wag papanibied by dhoremaining free fatthecidsoire

di spersion of the fine catalyst particles was passed through 20 the colum
to support, i.ethetgttyasyisoveisadspsbediie the alkakiqatalystsgrthet/the alkeli catelyss. The
anount of the fine catalyst particles supported was found to be 0.32 g
accor®i ng to thbeGlmg ppispreus, tharply deastiestinlawering tre isactien ratenilbat s of t he
di spersion before and after its use. The colum was sufficiently washed

wi th met hanol t alkybasigr efa faty acid equld wet hogféicianthyt obtameppsmtiat tkext , the raw

material was fed to the column to begin a 42 transesterification reaction.
The esterifi cat ¢vHuater forgralise resireded agliesel fuelevas net ¢asriedwuhg condi ti ons.
As the fat or oil, one after the renpval of free fatty acids in Exanple 1
was used. [[0498]] (RdZxamplg 2conditions) Feeding rate of fat or oil: 20 g/h

Calcium oxide (CaO) baked at 800°C was selected as an alkali

10 catalyst. Five grams of CaO was added to 200 g of methanol (acrylic acid
oligomer being added as a dispersant). The mixture was pulverized with a
beads-mill so as to have an average particle size of from 0.5 to 2 pm, to
give a dispersion of the fine alkali catalyst particles.

[0099] Next, a column packed with 10 mL of a melamine resin foamed

15 article of which surface was coated with the pulverized product of a
strongly acidic ion exchange resin, i.e., fine sulfonated polystyrene
particles, similar to that shown in Example 1 was prepared. The internal -
of the column was immersed in methanol for a sufficient period of time,
and the above dispersion of the fine catalyst particles was passed through

20 the column to support, i.e. to adsorb and fix the fine alkali catalyst
particles. The amount of the fine catalyst particles supported was found to
be 0.32 g according to the difference in the determinations of solid
contents of the dispersion before and after its use. The column was
sufficiently washed with methanol to ready up for a reaction experiment.

25 [0100] Next, the raw material was fed to the column to begin a



5 Feeding rate of nethanol: 2.6 g/h (13 parts by weight, based on 100 parts
by weight of the fat or oil) Reaction tenperature: 60C Reaction pressure:
normal pressure (0.1 MPa) 10 [0102] After 5 hours passed fromthe begi nning
of the reaction, and the reaction becaqz steady, a fornmed liquid was

sanpl ed, and a nethyl ester I|ayer of a 'Sanple (the sanple being separated
into a nethyl ester layer and a glycerol |ayer) was anal yzed by gas

chromat ography to deternmine the formation ratio of ester. As a result, the

formation rati ougtsditldinbnsedion Prolsdrifitdion AGLHos Watdd ?1%01031

Subsequent |y, e reaction mxture al ne cru esters
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to give an al ky acl d ‘sa requi red of

di esel fuel. 20¢ r[eg%g),ﬁl?l a&ggﬁ)ﬁim%hl e Ifwgpdsggi A transesterification reaction

was carried out in the same mann r as in anpl e 2 except that the colum

(G0 it cHOMD pr cuisacich Eiopalons) Db YL P oYt S0 S The

formagion ratio of ester was 16.1% 324 até@f}meﬁf”aﬁb!%@g/ﬁ(ture obt ai ned
was subjected to a refining step in the sane manner asin Exanmple 2, to

oo i ester Sf s ey scid S ncpys s sgutndlc FPLAPEN 55,
quality required of a diesel fuel. [0105] bM of‘?‘the fat or oil)
Reaction temperature: 60°C
Reaction pressure: normal pressure (0.1 MPa)
10 [0102] After 5 hours passed from the beginning of the reaction, and the
reaction became steady, a formed liquid was sampled, and a methyl ester
layer of a sample (the sample being separated into a methyl ester layer and
a glycerol layer) was analyzed by gas chromatography to determine the
formation ratio of ester. As a result, the formation ratio of a methyl ester
15 of a fatty acid was 98.2%.

[0103] Subsequently, the reaction mixture obtained, that is, a crude methyl
esters of a fatty acid, was subjected to a refining step in a conventional
manner, to give an alkyl ester of a fatty acid satisfying the quality required
of a diesel fuel.

20 [0104] Comparative Example 2

A transesterification reaction was carried out in the same manner as
in Example 2 except that the column was packed with 10 mL of a product
obtained by pulverizing calcium oxide (CaO) which was previously baked
at 800°C to a size of 2 to 3 mm. The formation ratio of ester was 16.1%.

25 Also, the reaction mixture obtained was subjected to a refining step in the



5 A col utm was packed with a nelamne resin foaned article nolded into a
cylindrical shape, and the crude nethyl ester of a fatty acid, which is the
one obtained in Exanple 2, was passed through the colum to carry out an
experinment of adsorption and removal ofgqgl ycerol. [0106] The nel amine resin
foaned article had a volume of 10 ni, and the 10 anmount of the crude nethyl
ester of a fatty acid passed therethrough was 20 g/h. In the determ nation
of gas chromatography, the resulting methyl ester of a fatty acid was found

to contain glyggmelmhihehsINBEXAMME 22180 aﬁpdlkﬁoes?é%fbayfa\f@ﬂaaﬁi'a) Siddg107].
After continuous operation for 5 hours, in the same determnation of 15 gas

chr omat ogr aphy thé RicEibh idi€ nanPropirese! tHehetk mwrcbfaat fattyoacid bl @tmaeriofe colum
was found to contain glycerol in an anount of 40 ppm (0.004% by weight).

The resul ting gtk dig@nbekatddfyahd ghdltyaeheiredbf sHiRdl feg. quality required
of a diesel fuel. [0108] After the adSorption experinent, the liquid in the

col um vvas[(ﬁgsﬁormglxym gved, and thereafter 100 g of rret hanol was passed
t hrough the colum to wash away and renove gl ycerol. The concentration of

glycgrol in the copl @aigeh We pasked WRE adhdhidfdrdsth fdinSPaRicI@HMded AS @
result, the concentration was found to be 0.23% by weight. In other words,

it could be sgmp 4 &Ain @i da shapd, land fige Qﬂu)ﬂ@‘i‘ﬁéihy}"@sield@tsz?fﬁﬂdacﬂ hehrfhase, it

25 coul d be seen that all the collected nethanol was reusabl e, and there was

44 hardly any th©gafle 0btaif&t RVBkAhple' B av a8 Hssed NPV cATRA t@%‘%hly' J&f [ 0109]
According to the present inventi on a process for preparing an al
ester of a fattay pefinfeat o@aascﬁbneﬂ@hatramawl&eﬂ gl egbl.i nexpensi vel y can be
[0106] The melamine resin foamed article had a volume of 10 mL, and the
10 amount of the crude methyl ester of a fatty acid passed therethrough was
20 g/h. In the determination of gas chromatography, the resulting methyl
ester of a fatty acid was found to contain glycerol in an amount of 2,400
ppm (0.24% by weight).
[0107] After continuous operation for 5 hours, in the same determination of
15 gas chromatography, the entire amount of the liquid at the outlet of the
column was found to contain glycerol in an amount of 40 ppm (0.004% by
weight). The resulting methyl ester of a fatty acid satisfied the quality
required of a diesel fuel.
[0108] After the adsorption experiment, the liquid in the column was
20 forcibly removed, and thereafter 100 g of methanol was passed through the
column to wash away and remove glycerol. The concentration of glycerol
in the collected methanol was analyzed in the same manner. As a result,
the concentration was found to be 0.23% by weight. In other words, it
could be seén that almost all the glycerol was desorbed. Therefore, it

25 could be seen that all the collected methanol was reusable, and there was



prdvi ded, the process being capable of innovating the process for preparing
an al kyl ester of a fatty acid that is an upstream process in ol eo- chem cal
i ndustry. The process can greatly contribute to an even wi der use of
bio-fuel. 45 CLAIMS [1] A process for preparing an al kyl ester of a fatty
acid, conprising the steps of carryi ng‘P ut an esterification reaction '
between a free fatty acid in 5 a fat or oil and an al cohol; carrying out a
transesterification reaction between the fat or oil and an al cohol; and
refining an allﬂél ster, of a fatt aci d erein at | east any one of the
three steps is 551&&@&188? Opryvgste%gwg@ﬁ%%?hg step selected fromthe steps
of: (a) contacting a fat or oil and an alcohol with a resin foaned article
to 10 which a catalyst conprising fine strongly acidic particles is

supportedwg arLtr'gXICe nodi fied to be strongly acidic, and
carrying t at ot tion between a free fatty acid in the

f at il th I ) t.acti f at il d Lcghol with
2 resin t ol ar 1 AteORUR o YR eRSEMRYGat 2Bt SPh i PrHoE AT
S T R e e e
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ester of a fatty acid. 20 The .process agcording to claiml,. wherein the
catalyst n cnerePdty af Al 8L AR AGTERS QanhelRal BN inoRo o
sulfonic acid Urt 1cz'1151ndlllsqw. O’ng %(rjo'cess can greatly contribute to an even wider

use of bio-fuel.



[ 3] The process according to claiml or 2, wherein the fine catal yst
particles in the step (a) have an average particle size of fromO0.1 to 100
m 25 [4] The process according to any one of clainms 1 to 3, wherein the
fine 46 catalyst particles in the step (b) conprise at |east one nenber
selected fromthe group consisting of‘ﬁ&droxides, oxi des, and conposite
oxi des containing an al kaline earth nmetal and being insoluble in an

al cohol ; and hydroxi des, oxides, conposite oxides, and carbonates of an

al kali metal 5 fixed to an aICOhO|_§22§Q@§|e solid. [5] The process
according to any one of clains 1 to # ein the westerification reaction
of the step (a) and/or the transesterification reaction of the step (b) is
carried out using the alcohol in a ratio of from 10 to 80 parts by wei ght

based ' f the f il he ..10 [ i
R CIRGAR s SR SER A

ding t | ai 1 to.5, further i Si tep of (d
washi ng The. r eolrra g pRCHEesiEriirpdt tentiion R E¥ % fBea | n
t he st it | cqhal d ' th | cohql .aft ing, f th
catent 1 cat1 on T aLO PBATAR G AT e AR SR BT BRUER 1 cat i on i n
t he st b). [7l..Th . di t f ¢l ai 1.t wh i
the resin 1 oaflr et iR LS ARG AR Rl B8 B0 aBol s bpedally 'ore”
19, SO MR R SO 8D BT LR AL R 2 oPoeL
claims 1 and 4 to 7 vglere'n %.Teectc{) sin fo?mesd article nodified to be
strongly aci di SO 1§gébzp(s % fh‘}P} glgsg P5Hoss-1i nki ng resin having a
sul fonat ed benz(gf

eco{liaréghg a fat or oil and an alcohol with a resin foamed article to

10 which a catalyst comprising fine strongly acidic particles is supported, or a
resin foamed article modified to be strongly acidic, and carrying out an
esterification reaction between a free fatty acid in the fat or oil and the
alcohol;

(b) contacting a fat or oil and an alcohol with a resin foamed article to

15 which a catalyst comprising fine alkali particles is supported, and carrying
out a transesterification reaction between the fat or oil and the alcohol; and
(c) contacting a reaction mixture obtained by the transesterification
reaction with a resin foamed article, thereby adsorbing and removing
impurities, and refining an alkyl ester of a fatty acid.

20 [2] The process according to claim 1, wherein the catalyst in the step (a)
comprises fine resin particles into which a sulfonic acid group is
introduced.

[3] The process according to claim 1 or 2, wherein the fine catalyst
particles in the step (a) have an average particle size of from 0.1 to 100 pum.

25 [4] The process according to any one of claims 1 to 3, wherein the fine



[ 9]* The process according to any one of clainms 1 to 7, wherein the resin
foamed article is a nelamne resin foaned article. 25 [10] The process
according to claim9, wherein the resin foaned article 47 in the step (b)

i s obtained by allow ng the nel am ne reg%n foamed article to support the
fine catalyst particles via fine organic acidic particles and/or fine

I norganic acidic particles. [11] The process according to claim 10, wherein
the fine catalyst 5 particles in the step (b) have an average particle size

o, 100, L0 SRl plARh R SR LA PR P 0Bt ooe
have an averagergg fHecéISup %bﬁﬁsﬂﬁg bE H%f&ide‘g, &QlQieE,and composite oxides
containing an alkaline earth metal and being insoluble in an alcohol; and
hydroxides, oxides, composite oxides, and carbonates of an alkali metal
5 fixed to an alcohol-insoluble solid.

(5] The process according to any one of claims 1 to 4, wherein the
esterification reaction of the step (a) and/or the transesterification reaction
of the step '(b) is carried out using the alcohol in a ratio of from 10 to
80 parts by weight based on 100 parts by weight of the fat or oil, and the

10 reaction is carried out at a reaction temperature of 50° to 120°C..

[6] The process according to any one of claims 1 to 5, further
comprising the step of (d) washing the resin foamed article to which the
impurities are adsorbed in the step (c) with an alcohol and using the
alcohol after washing, for the esterification reaction in the step (a) and/or

15 the transesterification in the step (b).

[7] The process according to any one of claims 1 to 6, wherein the resin
foamed article is a hydrophilic and basic resin foamed article having
continuous pores, wherein the resin formed article has a specific gravity of
from 0.005 to 0.2.

20 [8] The process according to any one of claims 1 and 4 to 7, wherein the
resin foamed article modified to be strongly acidic in the step (a)
comprises a cross-linking resin having a sulfonated benzene ring.

[9] The process according to any one of claims 1 to 7, wherein the resin
foamed article is a melamine resin foamed article.

25 [10] The process according to claim 9, wherein the resin foamed article



[11]

47

in the step (b) is obtained by allowing the melamine resin foamed article to
support the fine catalyst particles via fine organic acidic particles and/or
fine inorganic acidic particles.

The process according to claim 10, wherein the fine catalyst
particles in the step (b) have an average particle size of from 0.1 to 10 pm,
the fine organic acidic particles have an average particle size of from 0.1 to
100 wm, and the fine inorganic acidic particles have an average particle

size of from 10 to 100 nm.





