-1- DESCRIPTION Title of Invention: PROCESS FOR PRODUCTI ON OF GLYCERI DE
COVPCOSI TI ONS USEFUL AS SUBSTI TUTES FOR FUEL O L C 5 Technical Field [0001]
The present invention relates to a process for producing a glyceride
conposition for use as a fuel oil C 10 substitute that can be used as a
fuel for power generation in thermal power stations, etc Background Art
[0002] In recent years, global warmpg-dugrig;the increased 15 emnission of
greenhouse gas (carbon di oxi de) has been a matter of concern. Therefore, in

i ght of the concept of carbon neutrality, |iquid biomss fuel, whose

carbon dioxide emssion is | [ a ' l, il C), is being
considered¥*%ﬁaég% ngat%%ntﬂﬁ?ﬁ%ﬁgpgaéﬁﬁ§#§¥$@§§,é%ﬁ?ﬁ“%%ﬁ&%bg]

Veget abl e ocoMsos@mons! USEFS, AgeBabieveErs Hor wast.eoni s, etc., are
currently in use as liquid biomss fuels. However, fuels that contain a

| ar ge ahount of free fatty acid and that have a high acid value are highly
corrosive +o-1garkanrstegl , and 25 thus cannot be used in their original
formin thernal power stations. [0004] As means for suppressing
corrosion, [#ods for reducing the acid value of fuel by reacting a fatty
acid wth an 30 alc | e S , r e at ent
Docunents 1 to 4). Fgg%é?%¥gn9 Hlv AR gg%é§§§€%%gi %?é%p%fggfoses a

met hod f orpypodduiciong glyattideaciotpabkyloresicar uba & odiesdl ofilleC), the

met hod .conpr.i si.ng.35:. mxing.a raw . nmaterial .containing a free.fatty acid
ot de B Ted end] SE R LRSCR: el 8P PEEY SRR PB A ndler
condi t i onstisaiednlt hatethetadicolgl ek&.in a supercritical state. [0006]

Pat ent Docunent 2 discloses a nethod for producing a 5 fatty acid | ower

al kyl est faHPHHBINBRE catal ytic esterification of a fatty acid with a

| ower al copgdg2;[ 0007] Pat ent Docunent 3 discloses a nethod for
producing a fatty acid ester (a biodiesel fuel), the method conprising
m xi ng In recent years, global warming due to the increased

15 emission of greenhouse gas (carbon dioxide) has been a matter of
concern. Therefore, in light of the concept of carbon neutrality,
liquid biomass fuel, whose carbon dioxide emission is lower than
fossil fuel (fuel o0il C), is being considered for use also in
thermal power stations, etc.

20 [0003]

Vegetable oils, animal oils, vegetable edible waste
oils, etc., are currently in use as liquid biomass fuels. However,
fuels that contain a large amount of free fatty acid and that
have a high acid value are highly corrosive to carbon steel, and

25 - thus cannot be used in their original form in thermal power
stations.

[0004]

As means for suppressing corrosion, methods for
reducing the acid value of fuel by reacting a fatty acid with an

30 alcohol have been proposed (see, for example, Patent Documents 1
to 4).

[0005]

Patent Document 1 discloses a method for producing a

fatty acid alkyl ester (a biodiesel fuel), the method comprising

35 mixing a raw material containing a free fatty acid with an



10 an alcohol with a fatty acid raw material consisting essentially of a
free fatty acid, and carrying out an esterification reaction under
conditions to put the alcohol into a supercritical state, followed by
further esterification in the presence QE*a solid catalyst, etc., while
heati ng. 15[ 0008] Pat ent Docunent 4 discloses a nethod for

produci ng ﬁl%ry&le“a% cgpe Yelic %cé eﬁnegtéﬂﬂc%x%al YZing 4 Lavepaterial oil
or fat wwth an enzyne, and fornu ating the palmtoleic acid-containing

fracti on obteineicbnsy suhb hlyalr dhesipd copt higyliycer shpareriXgcad ehzyee, and
reacting t gO%% cerol with palmtoleic acid. Patent Document 1: Japanese
Patent No. "3, 842,273 Patent Docunent 2: Japanese Patent No. 3,951, 832

Pat ent Docunent 3: JBﬁanﬁs@oUhmgamimeﬁfﬁabeas Putdtibcat ifon NoodROhg6a3 68 17

25 Pat cunent, 4. Japa Pat ent licati 2007- 70486
0 schodr el ot R I GNET ol S RACERI P 1 S G868y SoTciagar oL e A et hods
di scl osed n ghgmggog@l@rwgﬁl@ruod@euggﬂMQﬂhave t he follomﬁng pr obl ens.
Because the nmet hod di scl osed in Patent Docunent 1 conprises esterifying a

fatty aci dl®29hlg an al cohol in a supercritical state, application of this

met hod on a |arge Scﬁé@en@%@uﬁénﬂfm? dlnsctllaeég% ROWRIG $hat badsuci3Ry has been
difficult. -3- [0010] Because the nethod discl osed i'n Pat ent

Docunent 2faktyw amchedteor (proddéeaglaiteat)t,y the nebhky | camprapingrnimsiang n

the folqld aan CJlocso E)'r 971&1d%dj;sattg/graEan.ga\?%atterylglngé %ﬁstﬁlzﬁgl %sgg gﬁ%ycult

i ndustTi al “'sca ower - generati bee

in terns o&fcnghxm{@@tﬁy a01d and carfﬁewmenhodndestérﬁﬁﬂtatnoﬁaremmtion
Docunent 3 u es 2 ca st al .i speci ficati.on fuel for
Cher mal - 10"t 87 b it TEenBLee iy BRI E P R b T

cat al yst ff@mdm fbyefurmﬁrest%riﬁibét&ofLHri heenpresehacaifsa bblsd net hod
uses an al cohol in a supercritical state, application of this nmethod on an

|ndustrlalc%ﬁ§ﬂ¥§tha§t6eethﬁ%q|n§éFﬂn95|rnl ar to Patent Document 1. 15[0012]
The nmytshod gl osed in Patent Document 4 uses an enzyme, and is thus
costly 513] In view of the above problens of the prior art, an 20 object
of the present i nveratemti Hocempnibvd dH sElesehodl THMast S8t CPRRAUCIGIGy der i de

conposi ti o fQIURe Bfedndtfly YohpFising hydrolyzing a raw material oil

or fat with an enzyme, and formulating the palmitoleic acid-
containing fraction obtained by the hydrolysis, with glycerol and

20 an enzyme, and reacting the glycerol with palmitoleic acid.
Patent Document 1: Japanese Patent No. 3,842,273
Patent Document 2: Japanese Patent No. 3,951,832
Patent Document 3: Japanese Unexamined Patent Publication No.

2006-36817
25 Patent Document 4: Japanese Unexamined Patent Publication No.
2007-70486
Disclosure of the Invention
Technical Problem
[0009]

30 However, the methods disclosed in the above prior art
documents have the following problems. Because the method
disclosed in Patent Document 1 comprises esterifying a fatty acid
using an alcohol in a supercritical state, application of this
method on a large scale, such as use in thermal power stations,

35 has been difficult.



substitute that can be used as a fuel for power generation in thermal power
stations, etc. Solution to Problem 25[ 0014] The i nventors of
the present invention found that a glyceride conposition having an acid

val ue of 10 ngKOH g or | ess can be prodgggd by subjecting a free fatty
acid-containing raw material and a trihydric alcohol to a non-catalytic 30
esterifica b@f@feaction at 230 to 250C. As a result of further research
based on this finding, the present invention has been acconplished. [0015]
More specifically, tBecjrssent naveod idsqoeeddes Ret3htpbocessnt & is a

produci ng a gl yceride ¢ ositi for_us fuel -4- oil .C substitute;
B ol yoer | 4L CBIpISTT PEHOPr Dalicbd By ot AT S0 it StasS- CRRA W 108 101 Te Tood
substi t ut ean@scddneyvizedibehiow.cdr0916y btemhls Aephocess fonpaaduci ng a
gl yceri de conposition for use 5 as a fuel oil C substjtute by using a free

5
fatty ati diBdmtdimingCraf helff dHCRNCaRE 2 RSy GFRNET aF thdiuclt Ras pretess

conpri si nggarfLaA0td QR $LeRs s SWRjrecting a m xture of the free fatty
acid-containing raw material and trihydric alcohol to a non-catal ytic

esterificat?@®hlreaction at 230 to 250C. 10[0017] Item 2. The process
according to Item1 fﬁE“Héﬁﬁgﬁggigg%ﬁéﬁiH?ﬁ?é@@ﬁﬁ'égbdﬂﬁﬁﬁ’3auQ§?EJ”9 step of

preheating the mxture to and en rarsing the tenperature of the
m xt ur e t ocatmlysengeTofm30 the 358Citat speoddt cagiorampfr dueloford Gtiegmal

30C/ h . 15[/0018] Item 3. Th di t t 1 wh i
The T AR s P RSt D Re e RarT C retup el L aiosR sfsp o o "

carrying ogdtdhet eachi oe UNGEr, &hABEPDHErddsHIRES KU heafdra, rNestaeed
pressure reaction step of carrying_out the reaction under 20 reduced

pressure. FOPAFEHOSNTASS THe JOEREs 1 AcR GTHSKG L6 FR e B taun PRI HCd e

reduced pre&ssufi® hRaeLHOHN SAEAHERsEal Al esb oW neBi beeh eedimauan, | 8afl gas
into the mxture. 25[0020] Item5. The process according to any one of

ltems 1 totd PajieaitePACYRENt gty acid-containing raw material is a palm
fatty]gpid[§gf§ﬂl | ate (PFAD). [0021] 30 Item 6. The process according to
any one of lterns 1 to 5 wherein the trihydric alcohol is glycerol. [0022]
ltem 7. A gl yceride Tumpedhododiforoassk ias Paténe| Dagiume@tsdbgsds wre, which

is producqgugxmghgngrggeéguéﬁcaggxygne of Items 351 to 6. -5-- [0023]
[0013] |
In view of the above problems of the prior art, an
20 object of the present invention is to provide a method for
producing a glyceride composition for use as a fuel oil C
substitute that can be used as a fuel for power generation in
thermal power stations, etc.
Solution to Problem
25 [0014]

The inventors of the present invention found that a
glyceride composition having an acid value of 10 mgKOH/g or less
can be produced by subjecting a free fatty acid-containing raw
material and a trihydric alcohol to a non-catalytic

30 esterification reaction at 230 to 250°C. As a result of further
research based on this finding, the present invention has been
accomplished.

[0015]
More specifically, the present invention provides a

35 process for producing a glyceride composition for use as a fuel



Item 8. A fuel oil C substitute conprising the glyceride conposition of
Item 7. Advant ageous Effects of Invention 5[ 0024] According to
the present invention, a process for producing a glyceride conposition
having an acid value of 10 ngKOH g or legs on an industrial scale by using
a free fatty acid-containing raw material and a trihydric al cohol can be 10

provi ded. FThe @Iéﬁﬁsegel%teongogwdémd@ eeﬁlﬁgglé%ﬂ heoRLesessy ahikhe
i nvention has a | ow aci d value and is | ess corrosSive to carbon steel.

Therefore,prﬁ¢%s%ﬂ3ﬁﬂﬁ’ﬁdéuébn®bkﬂi|3Mb3t$tu§@ﬁlﬁs dsenirg@|balidw.C substitute
t hat can b? g@ig in thermal power stations. The use of a palmfatty acid
distillate ? ) as the 15 free fatty acid-containing raw material is an

effective NSGnoI.aAbyrp¢©ﬁudkmtpabdhsi@®Uakﬁ@dekmdehexnxmdeSSnofoneﬁkning

pal moid and that .is.yn U|tabl f.or eatln ef n, of amnngs
P025) 2orr gt Bietngl b PO St Sk T ot agh dhe PaCEY A0S et
verificati eawtiestdig.] Baacai ptimgmial tahl@olR&I ,ertgfec@rkﬂue”gs atendrQ026y 4

sanple 25 2: rainwater 3:. test plate 4. constant tenperature bath
Descrlpt|oﬁe%ﬁtﬁﬁbéﬁﬁﬁeﬁﬁssT@b§??f§b?h@lﬁF%§%ﬁﬁftﬁ@eﬁf?%nﬁﬁgﬁﬁé§églbed

bel ow i n detaidin{028l ﬁ&@@ffﬂln%ntdotwﬁyﬁffé%ﬁtcdh@ie%'Q%or@-ca‘&gﬁy{?éty
acid- containing raw material and a trihydric alcohol are used to produce a

gl yceri de eopposiitdagnon3bea029in at6230 to 250°C. Exanples of the free fatty
aci d- ¢ thatg raw material include vegetable oils, such as rapeseed oil,
sesane oil, Pg}bean oil, corn oil, sunflower oil, palmoil, palmkernel

oil, coconntem)lz ﬁfberpmdassaadcsaﬁim@vm Ictcieh\, lanommitiings, bsficte ahebeef 5

I lard, and fish oil,; free f id h f
T ek e B e

deaci di fyi ngecsugh wash er£ieQkignghei tsmp&tLouref wetffl@tr&mmled@os@rp@r@@@ from
yel l ow greaseZBOett% 2 (())nga;lt a heating ramp rate of 10 to 30°C/hour.

15 [0018]
Item 3. The process according to Item 1 or 2, wherein the
reaction step comprises an atmospheric pressure reaction step of
carrying out the reaction under atmospheric pressure, and a
reduced pressure reaction step of carrying out the reaction under

20  reduced pressure.
[0019]
Item 4. The process according to Item 3, wherein the reduced
pressure reaction step is carried out while feeding an inert gas
into the mixture.

25 [0020]
Item 5. The process according to any one of Items 1 to 4, wherein
the fatty acid-containing raw material is a palm fatty acid
distillate (PFAD).
[0021]

30 Item 6. The process according to any one of Items 1 to 5, wherein
the trihydric alcohol is glycerol.
[0022]
Item 7. A glyceride composition for use as a fuel oil C

substitute, which is produced by the process of any one of Items

35 1 to 6.



10The process of the present invention produces a glyceride conposition
havi ng an acid value of 10 ngKOH g or | ess. Accordingly, any material that
has an acid value of nore than 10 ngKOH g nay be used as the raw material.
However, in view of the efficient produggLon of glyceride usable as a fuel
oil C 15 substitute froma free fatty acid-containing raw material, a raw
mat eri al C@@?ggping a free fatty acid in an anount of 70 wt.%or nore is
preferable. [0031] The use of a palmfatty acid distillate (PFAD), which 20
i s inevitabtgmptodbcédehsid By spboetifitd marpeipingess ofl ycekidéng pal moil,
s particuégﬁlgéiQ&ﬁpg@bkgagepause PFAD i s unsuitable for eating and thus
poses no concerns regarding conpetition with food-rel ated applications, and
it is al so melvanhtegbyus eXpeensi v€. IThentpalrm fatty acid distillate (PFAD) is
a mxture féﬁf fatty 25 acid and glyceride, with the main conponent fatty
aci d const 4%9 about 80 to 90% and gl yceride constituting about 7 to
15% The fatty aci d gedd@lihg 8oCiRe - ik aftUn al et Don UnSlruratedrdat ty acid
in an amount of 90% or nore. PFAD has an acid val ue of about 180 to 200
ngKOH g. 3BT@BB2INg a glyceridecamprestsen thahy@r p8 areédhoiluenefude al kane
triol s havingydd @rlccarfon Alionst 200 MLA PEET BL3RLY; Sl Eaeaybon
atons. Speclific 'exanples thereof 1nclude glycerol, 1,2,3- butanetriol,
2- net hyl - 12@iB=qundpanengi vy Rbeatipyl and 3, %1138 rpropdedial glap be

tri met.hyl ol et hane, tt.inet-hyl ol.propane, .et.c., anmn - 1- ich glycerol is
pref erlraat;l e’ ﬁfvd?%‘éi]‘ {he él%e%lg r?ﬁnfﬁsil%léjp cgﬁ(g?ugrr%%/ hB’e tggeeér?%e%sn Oaforrt)unt
such that tihee iamvewttonf hlyd dow geadpsalnet hend ishydss ccatreahiok ts at | east
5 one equival ent per _equjval ent of free _carboxyl groups.in the fr fatty
2ci d- cont A HIHRY FRkehat SIETORS: BRI S CoRpER FHEPGT adoat fyliserul a8

aci d- cont ah nivRg. lkaW oebebs@dtdte anpal sah abd Yuseel dndiséithd atRwePFAD) and the
trihydric alcohol is glycerol, glycerol may be used in an anpunt of about

10 to 13%SHsémson i Uss ght 21828 faid yrrapd fodEiylate (PFAD) as ghe

glyceﬁkpe ﬁfEHN¥§tE§0Qcié—&Eﬁ%ﬁﬁﬁ%éngaQ%ﬁéﬁ@ﬂ!&loﬁk_én”éTEéE%H%EYEEQ of a
esterification reaction using the above raw materials. The reaction vessel

used to priactiresiuchethaesehtobtBinadeht i e inrasesspaft Feulraimioy PRI @ik,

i nsofar as_it Jd.s.a.pr i S abl e of supplying heat, which is
configuredn%%tgégc grggg%ﬁgﬁgg?g%?mgéggﬂgénerated by the reaction. For

exanpl e, Vissisdl Dewncrhpsionm rer Prawongs-type reactors, etc., can be used as
reaction V@ﬁﬁﬁgs. 20[ 0035] The production process according to the present
i nvention ctonprises a reaction step in which a mxture of the free fatty
aci d- eont ajmigig 10 awinat dar iial aaschemdtridydegeaal tohedtrdas isubpestad, to a
non-catal ytic esterification reaction at 230 to 25 250C, whereby a

gl yceri de EonpdSPETER WiH%h acid val ue of 10 ngKOH g or |ess can be

produced. p38btion of the RfPeir@hcbONEfdmlleaction step, preferably, the
m xture of a Qﬁee fatty acid-containing raw material and a trihydric

al cohol
' sample

1
25 2: rainwater
3: test plate
4: constant temperature bath
Description of Embodiments
[0027]
30 The present invention is described below in detail.
[0028]
According to the present invention, a free fatty acid-
containing raw material and a trihydric alcohol are used to

produce a glyceride composition.

35 [0029]



30 is preheated to about SO to 70C and then heated to the range of 230 to
250C at a heating ranp rate of 10 to 30C/ hour. [0037] The
preheating of the mxture of a free fatty acid-containing raw naterial and
a trihydric alcohol that is fed to 35 tbg_reaction vessel to about 50 to
70C, and the subsequent - 8 - heating of the m xture fromthis tenperature
to 230 to 250C, whi i e e i t a > - h i Lanp
rate of 10 to 30C pgékéﬁ%&treg ﬁgkgﬁ%tﬂ&&gg@?g %gigu%ogﬁggglﬁﬁeg%%gﬁ)ﬂr%%a&n of
a tri hydriialwehokgthablgendrsal bycbcesirnsapasicldt helb savsper atlilpnsoybaat er
"generated by the esterificat.ion reaEtig her.ei naiter referred to as

"gener at ed* et §P5). Cfbo3P I Lower ol FH (He - hBaAT g™ e Ot he SREA g

ranp rate s¢logs caeh bave 4 befeopstandil nsofigklasils, isudm atsheeeange of 10
to 10 30C hour. Heating at a constant ra rate i s also possible. When the

m xtur @ i stHedted latda ¥ehstiaht CtanptFeR &atityeasane Plfiiest élnblebe used

until it reaches bherteaeilPRu8NBer s Unee Fatkheas 8P JilandByiRerkhanged
during the heating. This step is preferably conpleted in about 8 to 12

hours. 15[@089ss| aft deacikdiehying Avabceaigdookesgeriis caticon feaet fakrty
occurs beté/&g% %Egaggg ?/B%tcggyglg% wa&%%# hydri c al cohol . To suppress the

evaporation o tri cohol 't he "évapor ati on of water
generated 03] esterification reaction 20(hereinafter also referred to as

"generated water"), .the_heating Etfﬁ’g i S gre erabl% .carried out under

at mospheric pressur & °TEHFERDL R tHE ESEEFTFi EAITEH FeREPTBRSS the mi xture
of the frefjairtiyeacbibsOit@innhagingrameadead ahlasdof rihydKos /gl 6shdéssmy be
stirred. During.the heating step, an esterification reaction 25 between the

free fatt PEATAIRAGY t r3hy FAETARL R Pt é@decidntrtufe Ae8QIEi MRt ekt i on
m xture hagr@H/eWnagi e addee oef tBBoHLy 2ihtled-130 . mMulttdiar, [ 094P]ehar eakt er,

the reaction m xture is subjected to a non- 30 catalytic esterification
reacti on @&ffigoenps PEOTICAGregét PoYicel kiparabdreas onefualhgd 1280C results in

a slowsre j e i IS | ctlcal : i =gt ur i.gher
t han ‘%’goc%ﬁfgﬁgg t{l gé e{f/%%{grag{f eIj e% hggﬁ?h{%ﬂﬁ% Ogi%g%ﬁ%ﬁ& a}%n'% ?\%%g??%' s%agéggof
t he react inarteandlcaose irhecnal fdeeefavratacdn oft ehearmymmer atfed038t g} yeer i de.

The reacti t y change within the range -9- of 230 to 250C
Al ternative 3?, %ﬁ%%%%%l?% may be perforned while the reaction tenperature

is controll0®31ffo be constant. [0041] This reaction step preferably
conprises an atnDSpq%%i%se of a palm fatty acid distillate (PFAD), which
20 1is inevitably produced as a by-product in the process of refining
palm oil, is particularly preferable because PFAD is unsuitable
for eating and thus poses no concerns regarding competition with
food-related applications, and it is also relatively inexpensive.
The palm fatty acid distillate (PFAD) is a mixture of a fatty
25 acid and glyceride, with the main component fatty acid
constituting about 80 to 90%, and glyceride constituting about 7
to 15%. The fatty acid contains a Cig1s saturated or unsaturated
fatty acid in an amount of 90% or more. PFAD has an acid value of
about 180 to 200 mgKOH/g.
30 [0032]
Examples of trihydric alcohol include alkane triols
having 3 to 12 carbon atoms, and more preferably 3 to 8 carbon
atoms. Specific examples thereof include glycerol, 1,2,3-
butanetriol, 2-methyl-1,2,3-propanetriol, 2-methyl-2,3,4-

35 propanetriol, trimethylolethane, trimethylolpropane, etc., among



5 pressure reaction step in which the reaction is carried out under

at nospheric pressure, and a reduced pressure reaction step in which the
reaction is carried out under reduced pressure. [0042] In the atnospheric
pressure reaction step, an 10 esterification reaction is carried out under
at nospheric pressure. Due to the esterifi'cati on reaction under atnospheric
pressure, hge reaction.is a Q§$d t,.0 proceed whil e suppressing the

| |
evapor at | oH of tFIARFEFc - 41 REFOT Wt

Wth the evaporation of generated water.
In this stepo3she reaction tine is about 2 to 6 15 hours. [0043]

Subsequent to the atnospheric pressure reaction step, a reduced pressure
reaction step is car?¥%§34ﬁh9 aQHBh?%dEﬂf und rl?éﬁhég@uﬁge§§ etkes it

easy to repR¥e;Bener atredyMad ey @rhp01Rr ondtes e iestesdHdicalsi an reast i on.
In this step, the reaction tine is about 6 to 8 hours. The reduced Pressure
(absol Ut e pRessUHER1GOE RGL t SR IEPLEESOF | ZERG GIRIPXPE eTEPHI Y abbit feD2 to

0.07 Mra (%gg‘q?oaé%(lc AL ni YN0 nERE £ 20UCRA, PEESRUE LABA! LRO. ridert gas

is prefera njected into a mxture froma lower 25 portion of a reaction
vessel becéabey idcipr-ooptesnime mst seitbrtatl i oh a @adni datandcsidort ens t he

reaction tine,. I i nert S.ihclude nitrogen on rgon
gas, and xgh%%l€§§¥Pf§§A§Ldﬂﬁf‘%ngﬁéb¥ 6%% %%ﬁ%?@?egsﬁgéﬁ%% gﬁo&?§§ér h.
When the redyced yyeissur enr&aairtorfstpput SlCanpligtedbasde areatiel eaidik

m xture has_an acid value of 10 ngKOH g or |ess. [0044] Af ter
conpl etd on°bfthhe&EéSrerification reaction, the pressure is returned to

at nospheri ¢gopgessure in the presence of inert gas, and the produced

gl yceride conposition is cooled to 35 about 80C at atnospheric pressure.
-10-- [0045] The est2ry¥ycegtidencreaetioiPratl SaPRPRCe® MYe FAELGY ENHIOWRE t 0

250C makes,Lf_ IR Progiuce ;angl-ysceride (LamBoshe | YRawRg an acid
val ue of 1Bb%ﬁ%%§$agég %ggs,ﬂg#%ﬁbgF t%gg%eed fogBS using a cgtalyst.

[ 0046] materials.ThEhglseeatide venposiudesh tobpaielaidehrhehpresetuct i on
proce of .t he .present jnv i.0n ai ns. rigl i the main
corrpoﬁlzsnt éltrl\‘éer?ﬂt}r eﬁhgrs 88%%1%%10&1 l%l(%g&y%%ﬁ%e%’ é%fé%%n%%l?}is:érsi ge, an

unr eact ed pressdrmitdeyl aekdel etapadl@047F] supplying heatWhemiche o abhyigereb i s a

palmfatty acid distillate (PFAD) and the trihydri alggggl is glycerol, a
Gl yoer | de’ EBTPUTIGR EOREStTiIhd P4BouITER 197 §byE0F: e dsdur 15% 15
di gl yceri dexamsick, akedke 2% wio@ticeeirde €aneba bt abdetbrs, etc., can be
used as reaction vessels.
20  [0035]

The production process according to the present
invention comprises a reaction step in which a mixture of the
free fatty acid-containing raw material and a trihydric alcohol
is subjected to a non-catalytic esterification reaction at 230 to

25 250°C, whereby a glyceride composition with an acid value of 10
mgKOH/g or less can be produced.
[0036]

Prior to this reaction step, preferably, the mixture of

a free fatty acid-containing raw material and a trihydric alcohol
30 is preheated to about 50 to 70°C and then heated to the range of

230 to 250°C at a heating ramp rate of 10 to 30°C/hour.

[0037]

The preheating of the mixture of a free fatty acid-
containing raw material and a trihydric alcohol that is fed to

35 the reaction vessel to about 50 to 70°C, and the subsequent



[ 0048] This glyceride conposition has an acid val ue of 10
ngKOH/ g or less, and is |ess corrosive to carbon steel. Therefore, the

gl yceride conposition is useful as a fuel oil C substitute 20 that can be
used in thermal power stations. Furthel npre, the fuel oil C substitute
conprising this glyceride conposition i 3%an environmental ly friendly

bi omass fuel, and therefore can reduce CO2 em ssion, cqnpared_to fossil
fuel (fuel PRTNG) O ENEBMHIEE FHERoh1s temperaturgfq ct8x%%§Fés of the
present i nveidi ars ¢ExanpiesiorarengeyeruheewgeHoneverhedttinghoahs hee
understood that the scope of the present invention is not limted thereto
or t her ebyof THe t30 3eHemerahorsnpeslia iidn PRAELYES sStawBspERFBLERRI by gas
chromat ogr apipe AgiiRg 8r G- 20HY akPB- 4 b oriaPithh@r Ye fQFUMR, &ML SC B ithieC;
0.25 mmx 5 m] produced by Shi madzu Corporation. The physical properties
of fueld oi ¥ RkEREldBt ef Vel IBgnehet¢dIwwiheg eArbehbbiccation peastign
measured a i %ggﬁ 35(2) a Lf4c val ue: neasured
accordi ng @%9%%§%%§%g9gé§% - (gf I ne é%géﬁﬁ%%kgé%%ff measured according to
JI'S 1(2283[{@B8]Pour point: measured according to JIS 1(2269 (5) Flash

poi nt: nmeasured accardin 0 _JI S K2265 Sul fur content: asure

Docor i ng o 31'S 1( 8N T8 PeRiT GGER coRE SRFE Hih SR BEE GRG0 J1 S
1(2609 (8)haAah teoptesbdnstmasunedraccas dihg st anltfe 1f282 off9) 0V er content:
measured according to JI'S 1(2275 (10) Residual carbon content: neasured
accor didng 1GCIhe( 28ret{ng)atsa cossherht raRadireds stk dof§iPbedl S 1( 2601
10(12) Sodinen tPReagukegracicondibpgqat o H SJQLL6e (43 raradiHa siRasked
according to JI'S KO116 (14) Acid value: neasured according to the standard
fats and oidts awal Psigseesintibt hbdreadiers édeabEpshiqn BpnpPapanucyd Chemni st s'
Society 1 ) di t ; eq..a LN .1 SO I/ nple 1)
A 30-n8 p?gggjﬁggvggggfmggngﬁggﬁgyéﬁﬂ§%§§$%g%nge%§v#ge %ﬁ%gﬁgﬁ%ﬁggan i nl et
on t he upperefpaebilgnceelrasfd fior abeedithdgca l2ahonas eri al was used as the
reacthgn % %H. An i ndependent 20 condenser was connected to the upper
portion of € 'reaction vessel via a pipe and installed as a parti al
condenser. The tenparatuie stephen condeaserytuseksasrtiecpardn aleacandenser
was controlled by usin heat dium_The reaction water, condensed by the
part ol comibsebebaeo i a TR B e e b heohors T8

suppress the evaporation of the trihydric alcohol with the

evaporation of water generated by an esterification reaction

20 (hereinafter also referred to as “generated water”), the heating
step is preferably carried out under atmospheric pressure. To
promote the esterification reaction, the mixture of the free
fatty acid-containing raw material and trihydric alcohol may be
stirred. During the heating step, an esterification reaction

25 Dbetween the free fatty acid and trihydric alcohol proceeds, and
the resulting reaction mixture has a low acid value of about 20
to 30 mgKOH/g.
[0040]

Thereafter, the reaction mixture is subjected to a non-

30 catalytic esterification reaction at 230 to 250°C. A reaction

temperature lower than 230°C results in a slow reaction rate,

which is impractical. A reaction temperature higher than 250°C

tends to evaporate the trihydric alcohol at the early stage of
the reaction and cause thermal deterioration of the generated

35 glyceride. The reaction temperature may change within the range



25 bottom of the condenser. [0050] As a fatty acid, 19,188 kg
of a palmfatty acid distillate (PFAD) (produced by CAROTI NO (Mal aysi a),
Lot No. 2117) was used; and 2,200 kg of glycerol (produced by NATOLEO

30( Mal aysi a), Lot No. 080423-5, glycerol concentration: 98% was used as a
trihydric alcohol. The free fatty acid i1t he palmfatty acid distillate
(PFAD) contain 48. 0%, pal m.tic acjd,, 4.4%stearic acid, K and 35.4%oleic
aci d. The 9§Aﬁ)§ﬁafo° o 0aBT o AP ERS Gt e féﬁgkﬁﬁvbl.orégﬁéfo%?n]per- Tned

These nat ephals wes eqcadced tahgedtereeast comemadzel tande preetseaned to 60C,
and t hen suiject ed to a non-catalytic esterification reaction under the
fol |l owi ng ¢8HEt i ons: Tenperature (DC) PressureTi ne (hours)

560170At mospheri c pr @gsyr £éhkhQn- 4:240A eIk comp ety a6 2dAdtprmshRkeri ¢
pressure2 240Reduced pressure8 The reduced pressure (absol ute pressure)

duri ng % hepIessep: esadtiioat FBRP vids "i067 tMPar §500 oo £ ) Cdioriacheuti Hagey
hours from, Lo depl s SULbaatl Ny r &N hen. ves,0.225 MRa (200
Torr) forn}tal%egz c%!nlgpﬁ%(%gfrlg.’ Dljrfc?%grt he deg;?ressuri zat?on, nitr(Z))gen gas was
i nj ected fwbarh tlomwereaguonbnonhs ofantiedr eatt totew esskice@apressuatee of 3 nB/ h).
15[ 0052] (004 After conpletion of the reaction, the reaction mxture
was cool ed 98 %bC to provide 20,000 kg of a glyceride conposition (yield:
99. 9%.d The obt ai ned1gl yeerdtiesphaposi praysurentanoetory &t t ahgl yceri de,

16. 8% di gl yceri de, and 2. 0% npnog| yceride.. 20 Table 1 shows the basic
propertd eseé@%h@‘@&éﬁ“né&%ﬂt%r%%&%ﬁﬁgsPPFOH“‘&% aﬁ’i‘?%ﬁ??%c pressure.

speci fi cat bgBstOftfdi@lstairh £{ 85t RS 288 NEH abhih @ik a[t%@_@%ﬂlerj:cl?pre[sE@Qleﬁ 1]
Item (unit) Exanple 1 Basic specifications of fuel oil for power generation
the reaction is allowed to proceed while suppressing the
evaporation of trihydric alcohol with the evaporation of
generated water. In this step, the reaction time is about 2 to 6
15 hours.
[0043]

Subsequent to the atmospheric pressure reaction step, a
reduced pressure reaction step is carried out. The reaction under
reduced pressure makes it easy to remove generated water and

20 promotes the esterification reaction. In this step, the reaction
time is about 6 to 8 hours. The reduced pressure (absolute
pressure) during the depressurization is preferably about 0.02 to
0.07 MPa (200 to 500 Torr). During the reduced pressure reaction,
inert gas is preferably injected into a mixture from a lower

25 portion of a reaction vessel because it promotes the
esterification reaction and shortens the reaction time. Examples
of inert gas include nitrogen gas, neon gas, argon gas, and xenon
gas. The amount of inert gas injected may be about 3 m*/h. When
the reduced pressure reaction step is completed, the reaction

30 mixture has an acid value of 10 mgKOH/g or less.

[0044]

After completion of the esterification reaction, the

pressure is returned to atmospheric pressure in the presence of

inert gas, and the produced glyceride composition is cooled to

35 about 80°C at atmospheric pressure.



Density(g/cnB) 0.9141 <1.0 Goss calorific value (50C) (NJ/kg) 39.18 > 42.70
Kinematic viscosity (nm2/s) 29.7 5 to 190 Pour point(c) 30 < 50 Fl ash
point(C) 236 > 70 Sul fur content(w% 0.0012 < 0.1 Nitrogen content (w%
Less than 0.01 < 0.1 Ash content(wt% Less than 0.003 < 0.1 Water
content(wt% 0.02 < 0.5 Residual carbomrldontent (wt% 0. 25

{0045]

The esterification reaction at a high temperature of
230 to 250°C makes it possible to produce a glyceride composition
having an acid value of 10 mgKOH/g or less, without the need for
5 using a catalyst.

[0046]

The glyceride composition obtained by the production
process of the present invention contains a triglyceride as the
main component and further contains a diglyceride, a

10 monoglyceride, an unreacted free fatty acid, etc.
[0047]

When the fatty acid is a palm fatty acid distillate
(PFAD) and the trihydric alcohol is glycerol, a glyceride
composition containing about 75% triglyceride, about 15%

15 diglyceride, and about 2% monoglyceride can be obtained.
[0048]

This glyceride composition has an acid value of 10
mgKOH/g or less, and is less corrosive to carbon steel. Therefore,
the glyceride composition is useful as a fuel oil C substitute

20 that can be used in thermal power stations. Furthermore, the fuel
0il C substitute comprising this glyceride composition is an
environmentally friendly biomass fuel, énd therefore can reduce

CO, emission, compared to fossil fuel (fuel oil C).

25 Examples
[0049]

Specific examples of the present invention (Examples)
are given below. However, it should be understood that the scope
of the present invention is not limited thereto or thereby. The

30 chemical composition analysis was performed by gas chromatography
using a GC-2010 [DB-1ht capillary column (J&W Scientific; 0.25 mm
x 5 m)] produced by Shimadzu Corporation. The physical properties
of fuel oils were determined by the following methods:
(1) Density: measured according to JIS K2249

35 (2) Gross calorific value: measured according to JIS K2279



< 10 Salt content(ppm Less than 3 < 20 Sodium (ppm 1 < 2 Vanadi um (ppm
Less than 1 < 2 Acid value (ngKOH g) Less than 8 Not specified [0054] The
results of Table 1 indicate that the basic properties of the glyceride
conposition obtained in Exanple 1 5 approximately satisfy the basic
specifications of fuel oil for power ge‘rﬂe}’ati on. Although the gross

calorific value. of this gl yceri de conposi,tion i | oner at of fuel
oil for po & WFOH?S¥%%ydn%§gBF8ﬂ %%%Olsoﬁf‘fqi ?eﬂigg&&ggrti es for use
as a fuel ol fosubstintut geadheielererdihe & Yoer kdeegonposition 10

obtained in Exanple 1 is considered to have no flammbility problem [0055]
<Qual ity vépi fieatl owinbstBeqHines sgrpresnd it JI15 Ké28Pyceri de conposition

obt ai ned 1%¢i nsﬁfﬁrat&_%}ﬁgel@(?‘%a?su&eﬁ%éggf@ir? A JEXRgs i | consisting of
50 wt. % of the glyceride conposition obtained in Exanple 1 and 50 wt. % of a

m xed cr udé7biNimmeracanbentRaicastudd aF¢ording o CoapatEtd ve Exanple 1);
o o S ECAGR el Per AT e Pl R (Corparative
t heir corr ¢8) omtand doangat: measured according to JIS K2275
(10) Residual carbon content: measured according to JIS K2270
(11) Salt content: measured according to JIS K2601
10 (12) Sodium: measured according to JIS KO011l6
(13) Vanadium: measured according to JIS KO01lé6
(14) Acid value: measured according to the standard fats and oils
analysis test method 2.3.1 established by Japan Oil Chemists’
Society
15 (15) Sediment mass: measured according to ISO 10307.
(Example 1)
A 30-m’ pressure vessel equipped with a stirring device
and having an inlet on the upper portion thereof for feeding a
raw material was used as the reaction vessel. An independént
20 condenser was connected to the upper portion of the reaction
vessel via a pipe and installed as a partial condenser. The
temperature of the condenser used as the partial condenser was
controlled by using a heat medium. The reaction water condensed
by the partial condenser was stored in a receiver disposed on the
25 Dbottom of the condenser.
[0050]
As a fatty acid, 19,188 kg of a palm fatty acid
distillate (PFAD) (produced by CAROTINO (Malaysia), Lot No. 2117)
was used; and 2,200 kg of glycerol (produced by NATOLEO
30 (Malaysia), Lot No. G80423-5, glycerol concentration: 98%) was
used as a trihydric alcohol. The free fatty acid in the palm
fatty acid distillate (PFAD) contained 48.0% palmitic acid, 4.4%
stearic acid, and 35.4% oleic acid. The PFAD had an acid value of
192.1 mgKOH/g.
35 [0051]



-14- termstorage stability were evaluated in the foll ow ng manner. Wen a
fuel tank is filled with fuel oil, corrosion is nost |likely to occur on the
i nner surface of the tank, particularly at the interface between gas and
oil on the inner surface of a tank 5 not Paw ng a corrosion-resistant
structure. Accordingly, the | ower half of“a test pl ate was imrersed in a

sanpl e and nalntalneghege %r%% £ ﬁﬁace%glggél c%ggn ?é %&Lmthh
corrosion and | ong- termstora t wer e eval ta e OWs an

outline of ahbepi@f‘iéatel:to[t@()é@ﬂc, and then Stﬂgsjesitewntbna Etcgn cbta&g’;ltmivat er 2
(25 M) was addjpgtoasa 1 m&ngjg}ratest llate 3 of carbon
steel 554065FappriHatarel ﬁt%orb nglSEr 6RE me? Y26 ORI 10 mm wi de x 3
mm t hi ck) was ggatmrﬁge in the sanpgcl and naint aijped (houdd that state
for 500 or 1,000 hours he test was carried out in a constant tenperature

bath 4 i nt ai ﬁ%d‘*at”@OC [ 003Fropre Tt rRysissrassessnent 4
Corrosi on was d based nd the 20 erosion rate
121{’5 o0 0"%&1% A%o%?ﬁeP?é Spoée%]%r% ee}

after 500 and ours of i mrersion. he erosion rate
was cal cul at ed48ccordi ng to tRémpbebhen agompsatreon: Anm ni2 avenge er osi on

rate (nnl) x 365 x 10 ntact area
(cnR) x Nunbergégf days of |mr§re§j:v%(r§taxp nsf%g/ of the test 8gloate (g/ cnB)

[ 0059] TheTEeosemchapEem&@v&ihsaﬂedeapremm d;mastsgdth%en 30 "l ess than
0. 05 havi corrosion resjst ce) C o th r ion

oo st e A SR s (e PRSI 5 ot 2he Pyt ol UoPPBREd by
NACE (Natl eRah 3 NRY AR FRG NeRicTyeSkandas€isdn Wahdsahesflgd.0 [0060pa35Tabl e
2 shows the results. -15- [0061] [Table 2] | mrersion time Sanpl e Storage

t enper at ur é280EOrNa£eT] 58S (FRICTEr dshBHLF at Huring the depressurization,

nitrogen gas was injected from a lower portion of the reaction
vessel (at a rate of 3 m’/h).
15 [0052]

After completion of the reaction, the reaction mixture
was cooled to 80°C to provide 20,000 kg of a glyceride composition
(yield: 99.9%). The obtained glyceride composition contained
74.5% triglyceride, 16.8% diglyceride, and 2.0% monoglyceride.

20 Table 1 shows the basic properties of the obtained glyceride
composition and the basic specifications of fuel oil for power
generation.

[0053]



(m1yr) 500 hours Exanple 1 0.35 0.002 Conparative Exanple 1 0.20 0.001
Conparative Exanple 2 0.35 0.002 1,000 hours Exanple 1 0.30 0.001

Conparative Exanple 1 0.35 0.001 Conparative Exanple 2 0.35 0.001

The results of Table 2 show that the mass | oss after 5 500 hours of
i mrersion and that after 1,000 hours of fi%fmersion in

10

15

20

[Table 1]

Item (unit) Example 1 Basic
specifications of
fuel oil for power
generation

Density (g/cm’) 0.9141 < 1.0
Gross calorific value 39.18 > 42.70
(50°C) (MJ/kg)

Kinematic viscosity (mm?/s) 29.7 5 to 190
Pour point (°C) 30 < 50
Flash point (°C) 236 > 70
Sulfur content (wt%) 0.0012 < 0.1
Nitrogen content (wt%) Less than 0.01 < 0.1
Ash content (wt%) Less than 0.003 < 0.1
Water content (wt%) 0.02 < 0.5
Residual carbon content 0.25 < 10
(wt%)

Salt content (ppm) Less than 3 < 20
Sodium (ppm) 1 < 2
Vanadium (ppm) Less than 1 < 2
Acid value (mgKOH/g) Less than 8 Not specified
[0054]

The results of Table 1 indicate that the basic
properties of the glyceride composition obtained in Example 1
approximately satisfy the basic specifications of fuel oil for
power generation. Although the gross calorific value of this
glyceride composition is lower than that of fuel oil for power
generation, the composition has sufficient properties for use as
a fuel oil C substitute. Therefore, the glyceride composition
obtained in Example 1 is considered to have no flammability
problem.

[0055]
<Quality verification test>

Three samples, i.e., the glyceride composition obtained
in the above Example 1 (Example 1); a mixed oil consisting of 50
wt.% of the glyceride composition obtained in Example 1 and 50
wt.% of a mixed crude oil (containing Rabi crude oil, etc.)
(Comparative Example 1); and a mixed crude oil (containing Rabi
crude oil, etc.) (Comparative Example 2), were subjected to a

quality verification test. In the test, their corrosion and long-

[ 0062]




the sanple of Exanple 1 were both equivalent to those in the sanples of
Conparative Exanples 1 and 2. The erosion rate was nmuch | ower than 0.05
mmyr, i.e., the evaluation standard, in all the sanples under any
conditions, and was thus evaluated as 10 havi ng "passed”. These results
confirmed that the glyceride conpositidﬁ“%btained i n Exanple 1 has no

corrosion problemin stor .for 1,000 hours, ar | ess rt.ner nore, no
pitting COE?BIEi%E’IORﬁ&§ 8%5@?\&6%" %ﬁG@}'aQ‘é‘?%d B@né:%?e?%fg?%lrna?grenag Shirli ty
The aci d vahye,a sedimeahkmas sti Kigaewath cfwvalseaddi, t yoreasoon fiisc msakue, and
pour point _of each sanple before testing and after 500 hours,an? 1, 000

hours of | MTEFEY diP WECHT neRsthed NP TAbFRL B &h&its te tRREUIRY t1581 8664 2t - 16-

S-143 . H U0 1240 8 LR0BetfkegasVakd 80F oS the 18nee s@r@ke @f- 8EtalkCC
Calorific value M/ kg b9 '6E
5 not having a corrosion-resistant structure. Accordingly, the

lower half of a test plate was immersed in a sample and
maintained in that state for a long period of time, after which
corrosion and long-term storage stability were evaluated. Fig. 1
shows an outline of the test.

10 [0056]

As shown in Fig. 1, rainwater 2 (25 ml) was added to a
sample 1 (500 ml); and a test plate 3 of carbon steel SS400
(approximately 4.3 g; approximately 20 mm long x 10 mm wide x 3
mm thick) was half-immersed in the sample 1 and maintained in

15 that state for 500 or 1,000 hours. The test was carried out in a
constant temperature bath 4 maintained at 60°C.
[0057]
(1) Corrosion assessment
Corrosion was evaluated based on the mass loss and the
20 erosion rate after 500 and 1,000 hours of immersion.
[0058]
The erosion rate was calculated according to the

following equation:

Annual average erosion rate (mm) =
25
Meass loss (2) x 365 x 10
Contact area (cm?) x Number of days of immersion x Density of the test plate (gfem’)
[0059]
The erosion rate was evaluated as having “passed” when
30 “less than 0.05 mm/yr (having corrosion resistance)” according to

the corrosion resistance evaluation standards of “Corrosion Data
Survey” established by NACE (National Corrosion Engineers
Standards) was satisfied.
[0060]

35 Table 2 shows the results.



LSZb 06'Sb ZO6E OITb bUobb 6bBE 68 'it' ?fr'Sb Kinematic viscosity
(80C) m2/s 6 ?T Lc '8 b6'S ZZET IT 6 929 ZbT CE 6 6E 9 Kinemtic
viscosity (60C) mm2/s 9T? VET LT '6 b-Z3 .

_15_.
[0061]
[Table 2]
Immersion time Sample Storage temperature 60°C
Mass loss (mg) Erosion rate
(mm/yr)
500 hours Example 1 0.35 0.002
Comparative 0.20 0.001
Example 1
Comparative 0.35 0.002
Example 2
1,000 hours Example 1 0.30 0.001
Comparative 0.35 0.001
Example 1
Comparative 0.35 0.001
Example 2
[0062]

The results of Table 2 show that the mass loss after
5 500 hours of immersion and that after 1,000 hours of immersion in
the sample of Example 1 were both equivalent to those in the
samples of Comparative Examples 1 and 2. The erosion rate was
much lower than 0.05 mm/yr, i.e., the evaluation standard, in all
the samples under any conditions, and was thus evaluated as
10 having “passed”. These results confirmed that the glyceride
composition obtained in Example 1 has no corrosion problem in
storage for 1,000 hours or less. Furthermore, no pitting
corrosion was observed.
[0063]
15 (2) Long-term storage stability
The acid value, sediment mass, kinematic viscosity,
calorific value, and pour point of each sample before testing and
after 500 hours and 1,000 hours of immersion were measured.
Table 3 shows the results.
20 [0064]
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Exanple 1 Conparative Exanple 1 Conparative Exanple 2 Exanple 1
Comparative Exanple 1 Conparativel Exanple 2 Exanple 1 Conparative
Exanple 1 Conparative Exanple 2 eul T; uorszaw Before the test 500 hours
1,000 hours Storage tenperature LO -1 -7_[ 0065] The results of
Tabl e 3 show that no remarkabl e property changes were observed in any of

t he sanpl eﬁ%(ﬂ&t]er 500 hours and 1,000 hours. The results confirnmed that the
quality of e

' The results of Table 3 show that no remarkable property
changes were observed in any of the samples after 500 hours and

1,000 hours. The results confirmed that the quality of the

5 glyceride composition obtained in Example 1 is stable over a long

period of time.



5 glyceride conposition obtained in Exanple 1 is stable over a |ong period
of tine. -18 - CLAIMS [Caim1l1] A process for producing a glyceride
conposition for use as a fuel oil C substitute by using a free fatty acid-
5containing raw material and a trihydric al cohol, the fatty acid-contai ning
raw material being a palmfatty acid distétlate (PFAD), the trihydric
al cohol being glycerol and the gl ycer&%}bﬁ% ng used in an anpunt of 10 to
13% based on the wei ght of the 10PFAD, t he process conprising: a
reaction step of subjecting a mxture of the free fatty aci d-containing raw
material and trihydric alcohol to a non-catalytic esterification £eaction

at 230 to 256&imahld A REREGHY foreprafupt¥hEatiHgeibthe WRaré“t ot %0 to 70C

and then raisipgethe 4 enpergture Qlpdheubxbynesing thereangecgf a23a-to 250C
at a heating ranp rate of 10 to 30C hour, the heating s%eg being carried
EE0rPdi

out befdre thecerbrininy se¥pnat@riima2p Fherprustessa ng to claimi,
wherein the 20¢gacklqn SleB-COMDIIGY 20y ShIDSHNAN beiRLes S M eaeli on step
of carrying out the reaction under atnospheric pressurée, and a reduced
pressure react hondsdisggridflater (YFARY ,out the reacti on under reduced pressure.

[ aim3] The process agcaordin cl.al wher e ssure
reaction step ?éec%rr%yé%ggugh%\ﬁwg h%eé% {Thgy%n |n<;,%1rn'g51 tgtgg |{3n 0 the%%giltsure.
[Claim4] A gl ysediie asoaposihtioh frtouddsasased wal toel weighibstfi timee, which
IS progﬁced by ER@ proqcess of any one of clains 1 to 3. 30[Caimb5] A fuel
oi I C S¥bstituf&?o sing the glyceride conposition of claimd4.

the process comprising: a reaction step of subjecting a
mixture of the free fatty acid-containing raw material and
trihydric alcohol to a non-catalytic esterification
reaction at 230 to 250°C; and a heating step of preheating
15 the mixture to 50 to 70°C and then raising the temperature
of the mixture to the range of 230 to 250°C at a heating

ramp rate of 10 to 30°C/hour,
the heating step being carried out before the reaction step.

[Claim 2] The process according to claim 1, wherein the
20 reaction step comprises an atmospheric pressure reaction
step of carrying out the reaction under atmospheric
pressure, and a reduced pressure reaction step of carrying
out the reaction under reduced pressure.
[Claim 3] The process according to claim 2, wherein the reduced
25 pressure reaction step is carried out while feeding an
inert gas into the mixture.
[Claim 4] A glyceride composition for use as a fuel oil C
substitute, which is produced by the process of any one of
claims 1 to 3.
30 [Claim 5] A fuel oil C substitute comprising the glyceride

composition of claim 4.



