-1- DESCRIPTION Title of Invention: PROCESS FOR PRODUCTI ON OF GLYCERI DE

~ COWPGCSI 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 powei-stations, etc. Background Art
[0002] In recent years, global warm ng due to the increased 15 em ssion of
greenhouse gas (carbon dioxi de) has DeEEAREFPHIN er of concern. Therefore, in
i ght of the concept of carbon neutrality, |iquid biomss fuel, whose
carbon di oxide emssion is |ower than fossil fuel (fuel oil C, is being
consi der ed Tiarlausé ahsentiprii:hSROEESPOMER BERCAUCHASN @F ccLYZHRAOD3]

Veget abl e o] i i g i bl i etc., are
currently i#@@eﬁgggﬁ%q@%gﬁ& ﬁaggg%ﬁ@mﬁ,ﬁff%?that contain a

| arge agount of free fatty acid and that have a high acid value are

hi ghly corrosive to carbon steel, and 25 thus cannot be used in their

ori gi nal f&%ﬁhr‘tﬁ}ctallie?h%]rdpomer stations. [0004] As neans for suppressing
corrosion, fmifgds for reducing the acid value of fuel by reacting a fatty
acid wth an 30 al cohol have been proposed ésee, for exanple, Patent
Documents 1 to 4). [OG5present inventipat satapeedifed PIodese|ioves a net hod

for_producigg.ciably aejebaldolonstere s, biodiesels fuchie the arethod

conpri sing m Xi raw materirat containing a free fatty acid with an
- 2- al é6holsuksatd toaer Yhaiy cut kenuesters fd dateilofior epcténrpemedeticondi t i ons

such that ttﬁjg al.cohol 1s. . upercritical state. [0006]

in.a.s
Pat ent Document oz HP¥g o%teaglgnr?ét Rod” f or producing a 5 fatty acid | ower

al kyl est erBdnkdrbendomxicat al ytic esterification of a fatty acid with a
| oner al COhPC;O'O.Z]

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 oil C), is being considered for use also in
thermal power stations, etc.

20 [0003]

Vegetable oils, animal oils, vegetable edible waste
olls, 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



[ 0007] Pat ent Docunent 3 discloses a nmethod for producing a
~fatty acid ester (a biodiesel fuel), the nmethod conprising m xing 10 an

al cohol with a fatty acid raw materi al consisting essentially of a free
fatty acid, and carrying out an esterification reaction under conditions to
put the alcohol into a supercritical stat2; followed by further
esterification in the presence of a solid catalyst, etc., while heating.

15[ 0008] alcohol, anpaeafkYiDec @RENRN 4e % Sl fgsasian neeadrdd oRokngeBduci ng a

gl yoeri de, gy pabiads ORI REchUTEOLY? 1038 BaULPBL ST ala0! beofofat i th
an enzyme, and fornulating the palmtoleic acid-containing traction
obt ai ned by[@H¥lhydrol ysis, with glycerol and 20 an enzyme, and reacting

the glycerol with palii.t i .ent u t. 1 se PRatent No.

3,842,273 Pat ent Docugrgécr??lltZbgﬁgg%%es{%ggpéﬁggﬁbﬁ%%ﬂ %gga%%cgunl Eument
3: JapaBesefdingxanidetoRrat exitkyPubkteatbwndo no2006t3631 € 25tPal &ntatDacunent
4: Japanese Unexam ned P@t e Pugl i cation . 2007-70486 Di scl osure of the
| nventi on FhitGaltY PRoObT ém 6o fwgf)l-%ﬁ%?}gﬁ,' the methods disclosed in the
above priorj@d7jdocunents have the follow ng problens. Because the nethod

di scl osed in Patent Document 1 conprises esterifying a fatty acid using an
al cohol in a supercriRdt€at Bpaeentaphldisslrens ot r%%%@dné?ﬁoﬂf%?%nlgaﬁge

scal e, sucheas useilnedher mal LReWeEsst akians, B Rasnheen Eﬁgiﬁév”xﬁixi_n‘g:?"
[ 0010] Because the nethod disclosed in Patent Docunent 2 is a
met hod 1Por gr edgenad withata yaggvdaaldyraedtegerfiol eersistingeesosntandy
cosnetic fi S, reyd t Qi LS.on i i e
for producioﬁég%afggge%é-{% 5 ah’nghéug}g{%glgg%gﬁ aﬁf?%ﬁfﬁ%%le?é{lngé% (i%(l'r)lst.
[0011] under condheiomd Hod pditsthesatcohm1Panent a Dogremrntit3casestate,

catal yst. T, et the guality specifications of, fuel for thermal 10. power
generati on,tociltqeolwgdnggessrgtrhyerilgsggﬁﬁ%%?ae Jyonr é%%get%%e%eﬁcﬁ )?gt S Ade C{ he
fuel, whichedtalgest | gtc Funifidenmbeetihgecause this net hod uses an al cohol in
a supercrit state, application of this nethod on an industrial scale

i cal
has beé diﬂqu%gdlt, simlar to Patent Docunent 1. 15[0012] The
met hod di scl osed in Ratrent Dosueit 4 dsesosds eNaEtBodandrisrddits ngost | y.

[0013] lr]\gfygéggdé?etﬁgxag%hghogggggiégngiﬁ@d@é&g&iﬁgté ;g& 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 aéid.
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.



20 object of the present invention is to provide a nethod for producing a
gl yceride conposition for use as a fuel oil C substitute that can be used
as a fuel for power generation in thernmal power stations, etc. Solution to
Probl em 25[ 0014] The inventors of the present invention found
that a glyceride conposition having an ae3€ value of 10 ngKOH g or |ess can
be produced by subjecting a free fatty acid-containing raw material and a
trihydric al®d®dl to a non-catalytic 30 esterification reaction at 230 to

250C. As a result of Juyrther EES%&%@%@%%Q& tHH $alele ?' B&c#é}ﬁ‘t present
i nvention has been acconplished. re specifically, the present

i nventi on predicdesoa Bbogumicess fettpradiutiaigya gbyeeriae usenposilie diwokor
use as a fuel, -4- oil ubstitute; a gl r.ide conposition produced by
Uhis pr ocedfid srangtt e o coatbernd ity SBes RerRoR G beron TB016] 1 com
1. A precessiduetrpp0dsci g @rgbyeent ey compesirtjone farintsdubl asaa Yaegl oi |
C substitute by using a free fatty acid-containing raw material and a
trihydric &HddRERLT RR 1idteSE €6/brising a reaction step of subjecting a
m xture of fdwfiree fatty acid-containing raw material and trihydric

al cohol to a non-catalytic esterification reaction at 230 to 250C. 10[0017]
ltem 2. The process d¢¢ofgithgdt@idciamet éBnPrigtthdoHErsE e3 t4feS éact i on

step, a heatjing.step «f n@%@[‘ﬁfg‘é Mnggatlhi?g {é%é{:ﬁffcé&o’%% F@ £05 angd- ttliﬁ%@ma%

rai sing the tenperature o e range of 230 to 250C at
heat i ng0r ampweat geoerd@igro 30CLkonecedH0018)] chnphe3 liThemprecess accor di ng

to ltem 1 or.2. whereln fhe £oact| N stap CONRLI S6s, AR BLADSPhErlF, r essur e
reacti on step of "carrying out fhe reaction undef atnospheric’ pressure, and
a reduced preEssueeho@acieomrsktepobdl cat ryisupeautrithenl eacttiepnapmttieratZ@n

reduced . [0019] It 4. Th di Q .t 3, wherei
{he T educed prESeuPe rebctl OF <P TSI Larr g BUE WHIT & RAtiNY itert
gas into the maxktdeepodofd32Q). 1tem 5. The process according to any one of

Itens 1 to 4, wherein the fatty acid-containing raw material is a palm
fatty aeid HO#! 1 ate (PFAD). [0021] 30 Item 6. The process according to

any one of Itens 1 tane mehesgididdedet Mdph€erd! GRRQehE 81y ah. [0022]
Item 7. A glyceride conposition for use as a fuel oil C substitute, which

i s produced®ymeheapd obesust caAylBne of Itens 351 to 6.
[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



-5- 10023] Item8. A fuel oil C substitute conprising the glyceride
conposition of Item 7. Advantageous 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 |l ess on an industrial
scale by using a free fatty acid-containtéhg raw material and a trihydric
al cohol can be 10 provided. The gl yceride conposition produced by the
process of @he G pubatibatdras Flverrade doraasd tignderreduasss byokhdsi ve to

carbon ste Ther.e e i-s ghkyeet] GQIRosLLi I 4 ful _as a fuel oi
C substituﬁ%m¥ﬁ%%'c%ﬁ&b% %g%ﬁcgﬁ'?h%?ﬁ%?lpoméra%tg??%§€#§$ﬁgoﬁée of a palm
fatty acid diGgitd]ll | ate (PFAD) as the 15 free fatty acid-containing raw

material is_an ﬁrfe tive usefof a qikproduct that%%s obt ai ned iqﬁyhe
process of T&ft "ngz’c’p"a’iorﬁeéﬁ SRPTRACHTY GndbY Tat e (OFPREFHY B &Fe
Descri pti omne®fa Buaw 695 ¢ Q02 i20EE gy ddirdg @ fiebsractseeat-tonth agmm
illustrating quality verification testing. Description of the Reference

ting
Nuneral s [ O6PB[eterdahpted &5 FihydrnGed €709l ¢ 88 RIS COREBRETIA 2
t enper at ur erhat cRegeeh b4 WAk cETRGdA BNt 1002 7En80The Faesenicidqvention

is described belowin detail. [0028] According to the present invention, a
free fatty EIt@inésat a7\itarawlmandr Falihyehd caat FPR9HIt T carephertake igsed

to produce aﬁt}%lr)ﬂ%grgggfoﬁof&%%gtokogt 336 902 As g0 6- Exanpl es of

the free fat aci d-containing raw naterial "incl ude vegetable oils, such as
rapeseé@ oilQO0lsdsanme oil, soybean oil, corn oil, sunflower oil, palmoil

val m kernel sl COS: Phbe KRBl ool b IRl oS,
process of reefdtiiongsseich iHemntihgestéatdy aehdatoby atedixuutrbetpriorass of
deaci di fying _such waste cqoking oils, etc., free fatty acids separated from
ye||0m/greégg? apg¢ then ralsing the temperature of the mixture to the range
of 230 to 250°C at 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.



[ 0030] 10The process of the present invention produces a glyceride
conposition having an acid value of 10 ngKOH g or | ess. Accordingly, any
material that has an acid value of nore than 10 ngKOH g may be used as the
raw material. However, in view of the efficient production of glyceride
usable as a fuel oil C 15 substitute fronda free fatty acid-containing raw
material, a raw material containing a free fatty acid in an anmount of 70
w . % or nord233]preferabl e [0031] The use of a palmfatty acid distillate
(PFAD), whi I Syl [ I [ ! a - t i e, process of,
refining pajic%ngi%l', %sﬂ%\gr EO?‘?;EU a?lllkgg%i?cg&gr% ﬁgp%se%{aﬁggcgl%Pg% (_:lé]!s)l%éralsui tabl e
for eating amgpdshtisoposesitam doncerns regardi ng conpetition with

food-rel ated lications,..and it_is also relatively inexpensive. The palm
fatty acid dPEPRT AT PhRAGRErS of iRaohr a faty 25 atid and gl yoersde.
wi th the majgpazgnponent fatty acid constituting about 80 to 90% and

gl yceride constituting about 7 to 15% The fatty acid contains a Cl16-18
saturated or unsat ur dt$PTFAREYEACHRP IRFeSRTEMPUARN BP9 0% BFOFBTe. LOPFAD has

an aci d valye,Rfciagosty 1iQe200mpEKH &h 130109324 acid value of BX@NPl es of
trihydric al cohol include al kane triols having 3 to 12 carbon atons, and

nore pref ereHOJl/9 p5 BegardBomnatsfest Spekiddad ceRanps ey tthdresf kel ude
| |, 13 i t byl = . 3= trqi ol.12-0ethyl -2, 3, 4-
glycero ]ac.zicﬁco?:d%ﬁnzgﬁ%:%we{rﬁtgﬂgi’ arid %héﬁsgflgﬁﬂ'@ 41 QAho12cHRLY

35 propanetrtio ane, trinet ropane, etc., anong -7-
whi ch §Pycermividedpr éfher ghlyeeri@®33jmposition produfreichpgr e aboolesls mdy be

used in an .anount s;écvh t.hat ttie anpunt o_ﬂ‘ hydr8x¥ o QUPpS in the trihydric
. e inve 1501’1 has a .1ow, aclid value,’ an S e OrrOSlV% ’%(
al cohol is at” leas one equival ent per eduival ent™ o ree carbo %/I gr oups

in the freedrohysaetl:- cOhtaefivng, rasnalleceal de kampexanpbe, i swherfuheadr ee
fatty acid-caontaining.raw erial,is a palmfatt id distillate (PFAD)
and the trianfn&llﬁ coéﬁc%h%tfbﬁr{g blfcﬁct]l:‘?ff,Cadré)@e%?dwﬁ@%%ée%dppﬂe%n anount of
about 10 t asth3%pnbasetheonskher weighiim kA tef, hbed REAR11160841PFAD) as the A

gl yceride conposition is_produced by carrying out a non-catalytic
est eri fPcatiis® Fehtyi M UGHFALRENADEVE NhFIAEL et F A% SEARETEBRCEFDIP IV Essel

used to pragticesthe phasent obbak ANEMA Qthd $rBeLbsPast ixdHianhy Ilgém tad,
insofar as it is a pressurized vessel capable of supplying héat, which is
confi gur ed a6 §hsEhas geangHdrbileoftimtdringener ated by the reaction. For

exanpl e, vesselsspwith stidd efSp LPyesstype reactors, etc., can be used as
reaction vessels. 20[ 0035] The producti on process according to the present

i nvention cid¥gbilses a reaction step in which a mixture of the free fatty

aci d-cgpt ai ni.ng raw eyi n ri-hydei o l..Ls. subj ect to a
non- ca?gl yt[{ycl%és@r iE;'TL%I:'a [ glﬁ ?e%%}%%r?lgt g%@r% @?%gﬁ%ﬁﬁﬁeﬁaﬁég

gl yceri de cenpdscatoon viiddtiag.acid value of 10 ngKOH g or | ess can be
produced. [0036 his reaction step, preferably, the

. Descripti the RPrior_to eral . . .
mxture of XFFEBTFER S, 48 RESRE B AT AW faterial and a trihydric
al cohol [0026]
1l: sample
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 50 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 m xture of a free fatty acid-containing raw naterial and
a trihydric alcohol that is fed to 35 the reaction vessel to about 50 to
70C, and the subsequent -8- heating of the m xture fromthis tenperature
to 230 to 250C, which is the reaction tenperature range, at a heating ranp
rate of 10 to 30C perExgowiesnaketlia fyessifbreytacikinmensssnine wvapetatiioh of
a trihydric al,cohol fh eneral | c it he. b ey ration ter
gener at ed blynactlﬁlgeeg?é?%k?%a{é ﬁ&%’régc i%‘lhSr &1 gieﬁagjfg’r Sregstei%re r é%i?t ogé%g\é%n
"gener at ed asdt,ercdtyn pOD3&8unflower oil, palrt helhepblmgkeatred, otthe deabriuty

ranp rate does not have to be stant insofar as if is_ in the rapnge of 10
000’ 300 . CReB Py Ak SEaRSoHar P ararat; 8t s SusBsaPopeS then t he
m xturesi s thgalsd ahra, CORBtARBLH banp fade fadthe sapes rasfainateinaynde used
until it reaches the reaction tenperature, or the ranp rate may be changed
during t he H&sESRgOt TRe SLnsitne) sishppeter aBISE ééﬁﬁh’e%%ﬂgﬁi PPABoBEd 8lR -
hours. 15[ QA3Rksknokhiis: StRyiagnenegatdnd icoogshgréfiLatden reacdiOfty
occurs between the free fatty acCid and trihydric al cohol. To suppress the
evapor at i orragfdst separatgdrfinomalvedhov g¥keassh€tevaporati on of water

gener at ed b%o%r& esterification reaction 20(hereinafter also referred to as
"gener at ed EI]"), the heating step is preferably carried out under

at nosphéri c pressure.ThEopproast eoft Héveeptreseht catvanrtioeaptodmced e m xt ure

of the free fatty .acid-containi raw mater.ial _and trihydri | cohol may be
it red DR B s R, v IR IR i ea3iE 8f Y kBB PRt Y b
free fatty meioddandlyf idrywdidat ealiadhohatprioseeds acandvd e Esubie nghdreadt i on
m Xxture has a | ow aci d val ue. of out 20 to 30 nmgKOH [ 0040]. Ther eagtﬁer,

the reacti GWEANXOURRY e d4f5kefel ot W—eréélcat%“ﬁ?t%ieﬁ' eS? P Ot it

reaction atef23Qitat25M8dudhilcRactki §hyéermey alsubeel ¥y #ano230€ results in
a slowreaction rate, which is inpractical. A reaction tenperature higher

than 25BC teh@sitatevapst & EreRel eIt COPEBRBIN At EESF L stagevbf

the reacti qpranda ¢ausecdNemph @eterioral ienqaofint he gengrabeds85,9lycari de.
The reaction tenperature may change within the range -9-- of 230 to 250C
Al t er nati va&loye thepretetaldie-may be perforned while the reaction tenperature
is control I[%q)3th> be constant. [0041] This reaction step preferably

conpri ses an atnospheric
The use 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) 1is 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 acld contains a Cig-15 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 esterif+tation reaction under atnospheric
pressure, the reaction is allowed to proceed while suppressing the

evapor at i orwhgfcht gilhigdrot 4 ¢oledlerabia. t he evaporation of generated water.
In this steﬁj :ﬂe reaction time is about 2 to 6 15 hours. [0043]

Subsequent to the atnospheric pressure reaction step, a reduced pressure
reaction step is C&fﬂhﬁ@ydmﬂc Jhﬁﬂkﬂa@bWObeund@ﬂ:hedmmedo@m@8§uﬂetﬁakes it

easy to renmpve ne ter and 20 praonotes, h esteri ation reaction.
TV hi o ot Opie PHECREARE | B JFQUBDOH 0% GIMGET S S IRgo] olibotl (rebsar &
(absol ute R:Fr%s%'qlh&)fa_@élrﬁtt et Reudepress Wi ZatdeoRakBoRy Bficabky iabowd Q2 to

0.07 MPa (200 to 50Q Torr). During the reduced pressure reaction, inert gas
is prefereﬂﬁ%?ﬁyhﬁéégeﬂo¢?ﬁ%¥%§gnF§Wu@%ﬁ??%ﬂ% a Foweaxampleor viem @ £rfact i on

vessel becayse, LcprOSDLEs Hihe ealehifd.cahi ar egglh onand,shgrtens the
reaction tine. "Exanples of inért gas include nitrogen gas, neon gas, argon

gas, and xeii@rtléégteThlé%mn@md shej h@xhy@agz aﬁp@b@bdlsrm}y@@rabowlsecen@lh
Wien the reduced Bé@v % O%ﬁ%h‘en LdeS 16078l ¢ %b’o ﬁé&% LRAERL QL 13

m xture has an aci g or 'less.

conpl eflDon aff thkeePEBDerification reaction, the pressure is returned to
at nospheri c, pressure in the presence of inert gas, and the produced

gl yceride c%ﬁgﬁzition is cooled to 35 about 80C at atnospheric pressure.
-10- [0045] The esteﬂﬂﬁﬁgaékfmerdnmpdsamlah s hbghiuceappy atatreyioly 33@ &0

250C nakes it poss e roduce ceride conposition having an acid
val ue of 16'WgKeF BYE%Clﬁﬁg% l%ﬁ Bh?g Stden PB?E% G Fyodeche lyst.

[ 0046] materialdhe Thley e6hLEEoE ORIt LBBAObS R iBYE the fradugtion
process of the present invention contains a triglyceride as the main

conponéft dmTeRGiPRets dit FEFEigubpEly demided alndekngg yéeifdR, an

unreacted fyee Eﬁ?}ilzé(da&éé% 188 pabPOASt 1 nedhenHibe fat S a
palnlfattyF20|§ distil atg RD and tiﬁga:yﬁﬁgdr?c alcéhol ?sé%?fﬁgg%gp a

gl yceri de donpaésrhapge c@ﬂr@fﬁpmgwab@mger%ttﬁdgbyc@w deacabont % 15
di gl d b 00
I gl yceri de,. .and.about . 2% '&H@B%XE?%%V;%%QE&%%%L 48

This glyceride cohp05|t|on has an aci ue o g or e%s,
| ess corrosised te cardioiprstveskelTher ef or e,

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



t he gl yceride conposition is useful as a fuel oil C substitute 20 that can
be used in thermal power stations. Furthernore, the fuel oil C substitute
conprising this glyceride conposition is an environnmentally friendly

bi omass fuel, and therefore can reduce CO2 em ssion, conpared to fossil
fuel (fuel oil C). 25 Exanples [0049] -8~ Speci fic exanples of the
present invention (Exanples) are given below. However, it should be

under st ood hezdtinghef stiopeniofcutrke fporesenits itewparabure scan@30l o 28t her et o

or thereby. .T . 1. cal, . Y nal.ysjs S rforne )

chr omat ogr awéi%;%uglgngﬂg%%fﬁ%%n[p%%ﬁ%%&c%p?#%y %{:\glauerrﬁea(ft?f W g%?%n%acﬁ C;
0.25 Mm x DM peoBUE@elyhSht magMie Cor posalhn.tollsepphyss cale properties
T oo e nSERBERE ob 1 8 RO AP S e b BE T e
accordi pg terapbPak2ad bf (B BendtitediScaskt ¥stdEaSIHRdoacegicigh to JIS
K2283 (4) Pour point: neasured according to JIS K2269 (5) Flash point:
nmeasur ed acCGrErRGLERT S KxeEl5TP65S SIHFIRF2EBAL BRtS Neasur ed according to
JI'S K2541 5(pp)ghi trogen content: neasured according to JI'S K2609 (8) Ash

content: neasured according to JIS K2272 (9) Water content: neasured
according to JI'S K227% the)heesiduaitepar bon henftievt ranpasarediagscopti ng to

JI'S K2270 . cC %§%{ or.di & J 1 2) Sodi um
measur ed ag%%%dﬁﬁgﬁ?dggf 81?§§8?%§%u€g%éégugg %@%éﬁ?@%zggc%ég?%g to JI'S
K0116 1(14)30AC/itbwmal uBcatbas wted acastahingdmp trheesiandarad poaksbaad oil s
anal ysis test hod, 2. 3. 1 .established by Japan Q. Chem sts, Societ

1515) Sedi TR hact T (PRl o o5 ST el T Pt Ranpr oy Do

A 30-nB presser payessalseeunppediw tdachest thei ngacteMirc e capdriavtdlg can 1 nl et

on the upper portion thereof for feedi .a raw materi al s, used as the
reaction v&??eF?mﬁmr?ﬁﬁgﬁﬁhg@anﬁﬁg% ﬁggﬁggrgaﬁsh%ﬁﬁﬁﬁkte 1% §5%& dpper

portion of drgerantyi @inpiessal iMi dautigpecand hostsl | ed as a parti al
condenser. The tenperature of the condenser used as the partial condenser
was cohProll®8@d¢%by using a heat medium The reaction water condensed by the

partial condenser Wﬁ§n5%95§¢m&%gaaf%BELM§Ea$§éﬂ8ﬁé§3e9@fi£5%£€% beLremof the
condenser. [0050] a fatty acid, 19,188 kg of %Ngaln1fatty

aci d di sti locgtes (PraDen pheddeced Byt OARCEANENd Mar Hysi)e, allgeh 2917) was
used; and %U%Bgelég ﬂ{e @%%%Egltiéﬂrgﬁ%d tl}Xth'FT:Q_COhOl 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 between 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



30( Mal aysia), Lot No. G80423-5, glycerol concentration: 98% was used as a
trihydric alcohol. The free fatty acid in the palmfatty acid distillate
(PFAD) contained 48.0% palmtic acid, 4.4% stearic acid, and 35.4% ol eic
acid. The PFAD had an acid value of 192.1 ngKOH g. 35[0051] -12- These
materials were placed into the reaction vessel and preheated to 60C, and
then subjected to a non-catalytic esterification reaction under the

foll owi ng comdian ens2s5Tenpexatdnnet(iCePy gsisi eEare 1 0houd g ))oeb @R r£érmed

170At nospheri.c pressured4 170 -4 240At nospheri ssure6 240At nospheric
pressure2 2% «?dﬁggdr%?céts]sciﬂ ﬁm?ﬁﬁaﬁ%ﬁ%cjesd Cﬁpgggﬁlf%g%a%g& ﬁ?%sg%gg'sur e)
during the {f4degpressurization was 0.067 MPa (500 Torr) for the first 4

hours fromthe begi nning of depressurization, and then was 0.027 %} Pa (200
Torr) for the second MFodPECTERR iHHER RECHBHTRYS HAPALFER, AhiATHGERSGAS was

inj ected fromagkewetadoidd @tepl 1hheni@aclHORYe856h (Alcadriabico@f HdeB/ h)
. 15[ 0052] After conpletion of the reaction, the reactjon

m xtur e wasttEesregrie BOCIEpr s0fide DOIDTE RGCBFUEE JIGACEAPAeSERRIPESI ti on
(yield:. 93@%%1%% e obtai ned Ly el Lile, fonpasht ké’cﬁhé{%‘&:@e@@&%dﬂ 5%

triglyceri Y% di gl yceride, and 2.0% nonogl yceride. 20 Table 1 shows
t he basic prid@eriti es of the obtained glyceride conposition and the basic

oo 1 et ons of, uah SiL LBleRae) SBSLALLON OGS ol Sl Tl o 11 |
Densi t y0( g/eatRri@i0ddidork dedtt@onssscaboridd coutahmelet56CGndMNI&kg)c pressure.

Due to the esterification reaction under atmospheric pressure,

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.



39.18 > 42.70 Kinematic viscosity (m®/s) 29.7 5 to 190 Pour point(C 30 <
50 Flash point(C) 236 > 70 Sul fur content (wt% 0.0012 < 0.1 Nitrogen
content (WMt% Less than 0.01 < 0.1 Ash content(w% Less than 0.003 < 0.1
Vater content (W% 0.02 < 0.5 Residual carbon content (wt % 0.25 < 10
Salt content (ppn) Less than 3 < 20 Sodium-(ppm

[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-1lht 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



1 < 2 Vanadium (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 approxinmately satisfy
t he basic specifications of fuel oil for power generation. Al though the
gross calorific value of this glyceride-ddmposition is |ower than that of
fuel oil for power generation, the conposition has sufficient properties
for use as B3)f dehepptic sigsiSitit emeFpiered eragordheg gty S §8284nposition 10
obtai ned i n Fxample s, Gonsidened Lo iayp (o shkagsmbi ity probl em [0055]
<Quality verificati bn test> Thi ee sanples,” i.e., the glyceride conposition
obt ai ned 15(3)n Rlleshapovet Examplueed {Examplrey I, JASNKX&h oi | consi sting of

50 wt. % of e gl-yceride canposi tion.obtained i and 50 wt. % of a
mixed or udel D IFCES R SR RABP LR RAe bR I (Rt e Exanpi 6 1)
and a nbxed(Tr vde rogen (caiticaitni ngaRabéd ciade-donl, tetrr9 KoGovpar ati ve
Exanple 2), were sgig'*lected to a 20 quality verification test. In the test,

their corrof)oASEngOrbays: MeRFUTRE, AT Tstidge ot 471545/ Aer e eval uated in

the fol l owi ng mRRrBer coMhait :arkugliréankcdsedinyl ed wighkduegl oil, corrosion
is nost likely to occur on the inner surface of the tank, particularly at

the interfadd)béereenayazarieg 6Pntentt Medswed 3aeerdiadftoattank2s thot
having a coffigsisanc! eshal AN BLEUELH £cAcAAGALdhYs dhipy over half of a

test plate was imersed 1n a sanple and maintained in that state for a | ong
periodl6f t(lie, Safifen: whiatnredr posPomiandd da§- Kethe st orage stability were

cualat o, 69, vhSions, 3PS, R St UOREEL ) o
a test plat@4d atidavbbue:steeksussSdOdcdapimoxicoatiet ysthrdagd dpps exidratieky 20
mm long X %QEHE%Egdgeét%mﬂjmxi2.3.1 established by Japan 0il 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 independent
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 bottom 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% cleic acid. The PFAD had an acid value of

192.1 mgKOH/g.
35 [0051]



mm t hi ck) was half-imersed in the sanple 1 and maintained in 15 that state
for 500 or 1,000 hours. The test was carried out in a constant tenperature
bath 4 maintained at 60C. [0057] (1) Corrosion assessnent

Corrosion was eval uated based on the mass | oss and the 20 erosion rate

after 500 and 1,000 hours of i mrersion. -[12G58] The erosion rate
was cal cul ated according to the follow ng equation: Annual average erosion
rate (mm = 25 These materivbks Wegssplgfes BED xhe0re@ohtuctvessea (cnR)

X Nunmber of_days of _|nnersi x Density of . the test plate (gi . ] 0059
] The er osiadﬁja?égfeg‘eaggde@oal@S?ef%iswa%li RS O va\)hgﬁ%%&efclggt)sl% han 0.05
nm yr ( havieg;exdifiost bon resicstiancehdeacdor dioldowdng heorcirtriosson resi st ance
eval uati on standards of "Corrosion Data Survey" established by NACE

y
(National Cor fEEYF NG Aeers St anddrFrGSFUhas sati sfi ed  “[D06E 85 Tabl e 2
shows the resuldos— 1A®- [0061hthdadlaid] pkeBEBASE ON time Sanpl e Storage

t enperat ure 601@‘]0 Mass Ioss(rrgg Erosion rate (miyr) 500 hours Exanple 1
0.35 0. 002 — 240 tmospheric pressure 6
240 Atmospheric pressure 2
240 Reduced pressure 8
The reduced pressure (absolute pressure) during the
10 depressurization was 0.067 MPa (500 Torr) for the first 4 hours
from the beginning of depressurization, and then was 0.027 MPa
(200 Torr) for the second 4 hours. During 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]



Conpar ative 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 [0062] The results of Table 2 show that the nass | oss
after 5 500 hours of imrersion and that after 1,000 hours of inmersion in
the sanple of Exanple 1 were both equivaléat to those in the sanples of
Conparative Exanples 1 and 2. The erosion rate was nmuch | ower than 0.05
myr, i.e.[Tabhe &Val uation standard, in all the sanples under any

condi ti ong,and Wap LU, EY3I Uated a3 I0Raybng 1 Pas3edsicINese results
confirmed|that the glyceride conmpositfion obtained in %%Ek?c&tﬂﬂ% ne
corrosion|problemin storage for 1,000 hours or |ess ryherpore, no_
pitting corrosion was observed. [0063] 15(2) Long-tern1sgor e St &5 ity
The acid \ h i ; ticviscosity ¢@GEFRFEal ue—and
pour poi nt_DsnSéh¥h (SAHR|

7 o L ) g
)e hefore testing ahdPilter 500 hours<ahd’1 _000

hours of i @ressi oaleeke qwasueed. 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 > 170
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
5 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
10 obtained in Example 1 is considered to have no flammability
problem.
[0055]
<Quality verification test>
Three samples, i.e., the glyceride composition obtained
15 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

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



Tabl'e 3 shows the results. 20[0064] -16 - 0 04 ,A- ' 0 0-1 UO OCE O0O0E
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Zf 7SE7

~14-
term storage stability were evaluated in the following manner.
When a fuel tank is filled with fuel o0il, corrosion is most
likely to occur on the inner surface of the tank, particularly at
the interface between gas and oil on the inner surface of a tank
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.

[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
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
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) =

Mass loss (g) x 365 x 10
Contact area (cm”) x Number of days of immersion x Density of the test plate (g/cm’)
[0059]

The erosion rate was evaluated as having “passed” when

r”

“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]

Table 2 shows the results.
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[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
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
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]
(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.
[0064]
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Exanple 2 Exanple 1 Conparative Exanple 1 Conparative Exanple 2 lem P.
- Before the test 500 hours 1,000 hours Storage tenmperature P O Lo -17-

[ 0065] ‘ The results of Table 3 show that no remarkabl e property
changes were observed in any of the sanples after 500 hours and 1, 000
hours. The results confirnmed that the qudli-ty of the 5 glyceride
conposition obtained in Exanple 1 is stable over a |long period of tine.
-18- CLAIMEQ@>di m 1] A process for producing a glyceride conposition for
use as a fuel ofl C sybstblytesbyr UsiNg 8 bhee diakl hoathilarRAOM :8L08:) aW
material and a trihydric alcohol, the process

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.



conprising a reaction step of subjecting a m xture of the free fatty
acid-containing raw material and trihydric alcohol to a non-catalytic
esterification reaction at 230 to 250C. [Caim?2] The process according to
claim21 conprising, before the 10reaction step, a heating step of
preheating the nmixture to 50 to 70C and-tfen rai sing the tenperature of the
m xture to the range of 230 to 250C at a heating ranp rate of 10 to

30C/ hour. [Claim3] The process accordi®git’d claim1 or 2, wherein the 15
reaction step conprises an atnospheric pressure reaction step of carrying
out the reaction under atnospheric pressure, and a reduced pressure
reaction stldgadf dar ryinnyceas fore praticion andeycerdigc edmpeessiare for[ Gsai m

4] The process acgordLng, {0 C,Cl%ﬁoglcg}:uw% id%iagearfgggeﬂ&g,pgggaw.e
reaction step is carried out whiTe T eedi g an rnert gas 1 nt'o the m xture.
[Claim5] The protessiagaorvdimagetrdaanyndre tofihgHal osallcdraml4, thbhepebaedshe

fatty acid-containing.raw materi.al is a I f.at% aci d di Sti||§t ( PEAD) .
25 [Claim6] THEBFoCHEE RCCHrAing Tooary GHEIGF LT T e gesoE uble ei n t he
trihydric al colfokei sagtycefidl-cohChahihd]rav glayeer hUeagdrasiybiros dnfoHese as

a fuel oil C substitute, which is grodu_ced by the process of any one of
clains 1 to 6. tROpCranne®jalatigersepri G @iisn rapetEonpt SiBAgtehedYyceri de

conposi tionmafigl af Mrhe process according to claim 1 comprising, before the
10 reaction step, a heating step of preheating 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.

[Claim 3] The process according to claim 1 or 2, wherein the

15 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 4] The process according to claim 3, wherein the reduced

20 pressure reaction step is carried out while feeding an inert
gas into the mixture.

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

25 [Claim 6] The process according to any one of claims 1 to 5,
wherein the trihydric alcohol is glycerol.

[Claim 7] A glyceride composition for use as a fuel oil C
substitute, which is produced by the process of any one of
claims 1 to 6.

30 [Claim 8] A fuel oil C substitute comprising the glyceride

composition of claim 7.



