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relates to a nmethod of produci ng biodi esel having good

| owt enperature fluidity frompalmoil. Mre

particularly, the present invention relates to a

nmet hod of produci ng bi odi esel having excel | ent good

| ow-tenperature fluidity by separating pal m bi odi esel

( BPESGRIRIGN]y acids) into d 6 pal m bi odiesel (or d

6 palmfatty acid) and O 8 pal mbiodiesel (or d palm
fﬁn‘teptierc’l“idﬂand converting C16 pal m bi odi esel (or Cl16

pal mfatty acid) poor in lowtenperature fluidity into

par af f METHOD xOki r MaKINBa Bt QDHESHL AVITH BrOQDe £OIWTEIMPIERATURE
to a diesel -equival ent biofuel consisting of |ong
BIERBORVANCEH FREOMPALERDEEr s, obt ai ned t hrough the
transesterification of vegetable oils (triglyceride)

i (TetlmcapFiekldnce of a base catal yst. Because it is

relatively cheap and can reduce the anount of

em ssi Owspresencinueitiog rdatebna method i d groduting bipeiese Miadiag ,good low-
fine particles, and carbon di oxi de, biodiesel is
tempeanturenipiditydropapanh cilt t doré pemticaatarignthapiesnniaéntien faliids to a method
in light of the United Nations Franmework Convention on

6 prodicingChiatige] dndng xedlait FooghlooHttmpérataes fluiec by esepaating palm
oi |, conposed mainly of inported soybean oil, is

iodiesehfol palhisfatly add) im@ 026 ipalln biodiesel (or C16 palm fatty acid) and C18 palm

biodiesel (or C18palm fatty acid) and converting C16 palm biodiesel (or C16 palm fatty acid)
poor in low-temperature fluidity into paraffinic mixtures.
[Background Art]

Biodiesel refers to a diesel-equivalent biofuel consisting of long carbon chain methyl
esters, obtained through the transesterification of vegetable oils (triglyceride) in the presence of a
base catalyst. Because it is relatively cheap and can reduce the amount of emiséions, including
carbon monoxide, nitrogen oxides, fine particles, and carbon dioxide, biodiesel is receiving
increased attention as an alternative fuel in light of the United Nations Framework Convention on
Climate Change and current high oil prices.

Recovered oil, composed mainly of imported soybean oil, is currently used as a material
for the production of domestic biodiesel. As seen in FIG. 6, soybean oil is cheaper than rapeseed
oil, but 20-25% more expensive than palm oil.

Thus, palm biodiesel, produced from palm diesel, is most advantageous in terms of
production cost, but is difficult to use in the winter season because of its poor low-temperature
fluidity.

Among the components of biodiesel, methyl palmitate (C16:0) and methyl stearate
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In Table 1, symbols, such as C18:1, C18:2, etc., are expressions for fatty acids.

Acco

rdingly,

and 1ts oxidatron

For

example, C18:2 represents a fatty acid consisting of a 18-carbon chain with 2 unsaturated bonds

therein.
TABLE 2
Physical Properties of Biodiesel According to Vegetable Oils
European Standards | Rapeseed | Soybean Palm
biodiesel | biodiesel biodiesel
Iodine value, g/100g <120 98 129 55
Pour Point, C < 0 (Domestic | -12 2 13
Standard) |
10% residual Carbon, | <0.30 0.25 0.65 0.10
wt%
Oxidation Stability, hr | > 6.0 5.5 3.6 6.9
Cetane No. > 51 58 50 65

As seen in Tables 1 and 2, physical properties differ from one biodiesel to another

because the vegetabe oils thereof are different in composition from one another.

In soybean

biodiesel, methyl linoleate (18:2), which shows good low temperature fluidity but poor oxidation

stability, is predominant.
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conmparison with other vegetable oils and trades
internationally in small quantities. As a matter of

fact, it is difficult for nost countries to secure

rapeseed oil in sufficient anmobunts, except for sone

rapeseed oil-rich European regions. Palmoil is

ari si ngf hivdiasel sbrnpanents,i methyl Ndeatep(18d )i édthb ynash edvantegroesrbecause its
of poor |owtenperature fluidity, palmoil is nost
owitembdratuienilyiditynss oét pad, ced dtsdopdatipe rtabiisy fioexcellent.  Accordingly,
countries that inport nost of the vegetable oils
npesesskbiodiesel consistod awily, ofinethylr depts; a5 most tpeferable in terms of physical
| ow-tenperature fluidity of pal mdiesel, U S

2ot 2 SHe8Aver agmsécdasl isreapdnsive tin ooraparidors wiith [ odtter opgeatable oils and
crystallization of palmoil to remove C 6 palm
tddesliinesekiorfally 1 Ghallaquentitiee  Ussen whtter hEfacteivs diffieglt for most countries to
fraction C18 pal m bi odi esel (C18:0, Ci18:1, Cl18:2 and

€bur8 rapsebdnil mguifioent anmmmts.crpapt fur songe Bpaseadi dilyrichEudipearetegions.
conmponent. It is also described that the pour point of

t he ClPampal m fisogi &sal altgndtivey Sdott plagued tby cthe posblans @fl poor low-
as a diesel blending conponent in the mld weather

teagérans fandityt b dilhie ot saitalddinGemé gf akice didgatoresties farcountries that
G 6 palmfatty acid as by-products can be sold for

iolpen clvstafdlad vegatahde eilbaxiceasryf foekisdiesek f or a- sul phonat ed

net hyl esters. However, the market of oleo chemcals

i S notWihifregaed entthey ldvategpeiatren dlaidityrad giaém Wiesél, A&l $0 2004/0231234
bi odi esel or Cl16 palmfatty acid, but has already been
deadribesathe dractidmalsdistillaiicn araomyseatiizationadf gabm loilab egyove aflidatalm biodiesel
be applied in practice unless a new use, which

(Cdal) amkthe ans ofiptei remaining Graciorp&ll $rnplinobibdisse] (Gldyy it 84, C18:2 and
base degree, is exploited. Formulation with C 6 palm
Gisihewing gv@l lnwtterapataste falslity as diese] canponksc aliseal deeribed that the
pal m

pour point of the C18 palm biodiesel is low so that it can be used as a diesel blending component

in the mild weather regions and that the obtained C16 palm biodiesel or C16 palm fatty acid as
by-products can be sold for oleochemical, and used as feedstock for a-sulphonated methyl esters.

However, the market of oleo chemicals is not sufficiently large to accommodate C16
palm biodiesel or C16 palm fatty acid, but has already been saturated. Thus, this conventional
technology cannot be applied in practice unless a new use, which realizes consumption of C16
palm biodiesel beyond a base degree, is exploited.

Formulation with C16 palm biodiesel is not a desirable solution, because C16 palm
biodiesel having a pour point of about 30°C, greatly degrades the low-temperature fluidity of the
diesel.

U. S. Pat. No. 4,992,605 discloses a process for producing C15/C16/C17/C18 n-

paraffinic hydrocarbons, effective as diesel fuel cetane rating improvers, by hydrotreating a
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produci ng C15/ C16/ C17/ C18 nparaffinic hydrocarbons,

effective as diesel fuel cetane rating inprovers, by
hydrotreating avegetable oil feedstock with a

hi gh- pressure hydrogen gas in a reactor filled with a

CoMb type catal yst to convert the feedstock to a

negetable @ildtedstaclaivith aihiphgoessat heldroganneb ittla rgetomediliddywith a CoMo type
di esel fuel boiling range fraction. According to this

pataiyse ssconhathy Eredstddieo b asixtlite of garaffixicloospbasls, dndh@litig mainly a diesel
poi nt of about 200C, which is higher than that of palm
hieDistiilagehnge Nattidal y Acouiding foyhik pfoc@stiotiever] threfadin® mixture has a pour
bi odi esel is converted to a C17/C 8 n-paraffinic

pointtof alsout 20CE Whish 8 hipher thdnetha @ﬂ%ahﬁfb'iddlesélﬁ\f @A hen }éydrotreated, C18
i ncreased (lower than QC (r) higher than 250C). Since
falmSiguiidseh ibicatiersEto H@57/018 g-paafaidinihee NQRES cdse thd)our point is
carbon chain of fatty acid conpared to d 6 palm

bealyiinaeked (dwet 8GH0TES gROtANYSapr e hydrogen anount
for the hydrotreating thereof. It is thus necessary to

r educ eSih&eC 18y GRIdiesd BN hod URsdn@atbd Behdd tthe 88Bon chain of fatty acid
prices. [D sclosure] [Technical Problem Leading to

¢dngpappe®eqi 6 | paue riiodiel, iNtREésVe FNA0%NRbRUBRIr6RE eahdiht for the
into cheap biodi esel having good | owtenperature
Iyldedteiting, theeutd Uig isabusiiécdsiiey Prrediee the hpdepinGifount &84 higH hydrogen

inthe finding that the C 8 pal m bi odi esel obtained
privequgh the fractional distillation of palm biodiesel
can be used as a diesel conmponent and that the other
fliGisddsare] C16 pal m bi odi esel has poor | ow

[ Technical Problem]

Leading to the present invention, intensive and thorough research into cheap biodiesel
having good low-temperature fluidity, conducted by the present inventors, resulted in the
finding that the C18 palm biodiesel obtained through the fractional distillation of palm biodiesel
can be used as a diesel component and that the other fraction, C16 palm biodiesel has poor low
temperature fluidity, thus inventors has researched for application of this fraction as diesel
component, and found that C16 palm biodiesel is improved in low-temperature fluidity by
hydrotreating to an extent that it can be used as a diesel component and the hydrotreating
requires relatively small amounts of hydrogen for the conversion of the C16 palm biodiesel to
C15/16 paraffinic mixture because there are few unsaturated bonds in the carbon chain thereof.

Accordingly, it is an object of the present invention to provide a method of producing
biodiesel having good low-temperature fluidity from palm oil.

It is another object of the present invention to provide a diesel product comprising the

biodiesel (C15/C16 paraffinic mixture).
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| ow-tenperature fluidity by hydrotreating to an extent

that it can be used as a di esel conponent and the
hydrotreating requires relatively small anmounts of

hydrogen for the conversion of the C 6 pal m bi odi esel

to C15/1 6 paraffinic m xture because there are few
ulikahnicahBedtidmdnds i n the carbon chain thereof.

Accordingly, it is an object of the present invention

t 0 pr ol abeordanvetwidd aw faspecothaebf) ghd prestne dekntivaviprogdgo dethod of
| ow-tenperature fluidity frompalmoil. It is another

plojlenirig biodieked havimgegdodi lowetainpearnatuteo fipiday i fetén galhh eslelcomprising: a)
product conprising the biodiesel (C15/C 16 paraffinic
separtitingepalh béndhesé] €arl pabo tfattyi aofd) intnCa€ pamddsdieseMpoi 016G palm fatty acid)
aspect thereof, the present invention provides a

areit CikBcbabih bjpdieskl ¢C Iypahin daliyessil) threughrigstitiatiod; b) hydrolyzing the C16 palm
| ow-tenperature fluidity frompalmoil, conprising: a)
siegiegehtoi Cig pahh fattpiacidiaad slethans]; gl cyedratitivig &@iClb palih ity acid or the
C16 pal m biodiesel (or d 6 palmfatty acid) and C18

P d palinibvdiesd ef a)(step Entep a lC5/0ab patatfiaicaixtubd thte@gh hydrotreating.
distillation; b) hydrolyzing the C16 pal m bi odiesel to

G 6 paldrcdradroy vati ghodietl aspetiberedf, taNste®eht BOEGOH tprdAides a diesel,
the A 6 palmfatty acid or the C16 pal m bi odi esel of
a@msikiep thabodieseChdGddal pathaflhéthdd inhX bribent tofiRoaD volume % in a
hydrotreating. In accordance with another aspect

mixatreofa digshlefuglr esent i nventi on provi des a diesel,
conprising the biodiesel produced by the nethod in an

dralaitagebusE feots10 vol ume % in a mixture of a diesel
fuel . [ Advant ageous Effects]

As described hitherto, the biodiesel according to the present invention employs palm
oil, which is cheaper than soybean oil, a typical biodiesel material, and has low-temperature
fluidity that meet domestic and foreign specifications when it is processed properly. Thus, the
biodiesel of the present invention can be actively used in industrial and environmental fields.

[Description of Drawings]

FIG. 1 is a diagram showing typical processes for producing biodiesel from soybean
oil.

FIG. 2 is a diagram showing processes for producing biodiesel having good low-
temperature fluidity from palm oil in accordance with the present invention.

FIG. 3 is a diagram showing the structure of a reactor for hydrotreating C16 palm fatty
acid.

FIG. 4 is a graph showing CFPP(cold filter plugging point) of C16 palm biodiesel
according to mixture ratios of diesel.

FIG. 5 is graph showing CFPP(cold filter plugging point) of C15/C16 n-paraffinic
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has | owtenperature fluidity that neet donestic and
foreign specifications when it is processed properly.
Thus, the biodi esel of the present invention can be
actively used in industrial and environnmental fields.
[ Description of Drawings] FIG 1 is a diagram show ng
mixtire adcoplinge sbere faios pf dietelci ng bi odi esel from soybean
oil. FIG 2 is a diagram show ng processes for

pr oduckIfg6 iagmipbskéwih@piicegregdsad vegewbermiler at ur e
fluidity frompalmoil in accordance with the present
i [Bestrloded. FIG 3 is a diagram showi ng the structure
of a reactor for hydrotreating C 6 palmfatty acid.

FI G 4Hérsinafteg raalpfail &l desdriptorOwiteqded of the prsenpinvggiong

point) of C 6 pal mbiodiesel according to m xture

r at i osIlefpredemtsiatentién fertansits agresess chppoduomg GiddReldlading good low-
filter plugging point) of C15/C 6 n-paraffinicm xture
tamperatiienfnidity fonx palimeoil, adrhmrisingfa) depassihg pdinGiodiesels(ofpalm fatty acid)
graph showi ng price trends of vegetable oils. [Best

iMode]6 pdlah lodirbdl €or,C 18 pdih &ittly @didy@siol 1 §ofalrn biodiesd] (08 palm fatty acid)
gi ven of the present invention. The present invention
theupiaidissillatona bp hydebaingf ther O palig bleidizek] ete eC 16 ulinh Fatty acid and
good | owt enperature fluidity frompalmoil, conprising
mgthawhandtc) konveainmthd QU6 @alel fatgracidadrnthd &Y16 pale bidjliesel of a) into a
C15/C16 paraffinic mixture through hydrotreating.

Below, each step of the method according to the present invention is elucidated
further.

a) Separation of palm biodiesel (or palm fatty acid) into C16 palm biodiesel (or C16
palm fatty acid) and C18 palm biodiesel (C18 palm fatty acid) through distillation;

Palm biodiesel (or palm fatty acid) consists predominantly of C16:0 (methyl palmitate
or palmitic acid) and C18:1 (methyl oleate or oleic acid), which can be separated from each
other using their different boiling points.  Distillation may be conduced in a temperature range
of 180 to 230°C under a pressure of 5 - 20 torr.

C18 palm biodiesel, separated as one component of palm biodiesel, is similar in
composition to rapeseed biodiesel. CI18 palm biodiesel is slightly superior in oxidation
stability and 10% residual carbon to rapeseed biodiesel. The low-temperature fluidity of C18
palm biodiesel, although slightly inferior to those of rapeseed biodiesel, are as good as those of
soybean biodiesel. Accordingly, C18 palm biodiesel can be used as a diesel blending

component. By contrast, C16 palm biodiesel is, as seen in Tables 3 and 4, not suitable for use

as a blending component due to the poor low-temperature fluidity thereof. It is hydrolyzed to
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to d 6 palmfatty acid and net hanol; and c)

converting the d 6 palmfatty acid or the d 6 palm

bi odi esel of a) into a Cl5/ Cl6paralJfifinic m xture

t hrough hydrotreating. Bel ow, each step of the method
according to the present invention is elucidated
hethatieband Q6 rebp ftta a¢id rwhidh ipthemhysirgitated el  (or pal m

fatty acid) into d 6 pal mbiodiesel (or A 6 palm

fatty G pilmdaity aciigsepatated lbs onfi eomglon¢nCoBpadml fatty agid, yan be converted
acid) through distillation; Palm biodiesel (or palm

iftt@ )8 palnh bipdiesshby estesifigationl vath meetitahgl abthe PesedeOof{anetchtalyst.
palmtate or palmtic acid) and d 8:1 (nethyl oleate

or ol é)dlydwihydis of Ghé pdimdeadidsel te € papamdatyacidrne ssthandlher

using their different boiling points. Distillation nmay

be corftudleechydrolgsis, avatse isamined in am gesowft of 30 5ty 2SO Of the weight of
under a pressure of 5 - 20 torr. C 8 pal m bi odi esel,
SHpralmbindicsd, axda hasgatatishis addedpa pmapped €6 & weighg % or greater based
simlar in conposition to rapeseed biodiesel. C 8
puthenwteighti pEthe resilking kningthtel y Fenugxamiptey when theivekaght oatio of water to C16
stability and 10% resi dual carbon to rapeseed

i diodesdl is 188k éhah didS £ somp datiytaciderefrain whhydrolgfedC 8 pal m

bi odi esel, although slightly inferior to those of

r apes epdcibli loviiagisnd gre aptanpesegdo dinds of the bescofatabysiwefuh in the present
bi odi esel . Accordingly, C 8 pal mbiodiesel can be

inemtioras Pacfetnbls &l sofibmmatitmyideonponent . By contrast, O 6

pal m bi odi esel is, as seen in Tables 3 and 4, not

sui t abWVherf the basrecatalyst isoiseddi Ay avonporfdess thane0.1 ovithét takes a long
poor |lowtenperature fluidity thereof. It is

teyiod of tinxectd comphetezdrolysiand CI 6 pal mfatty acid, which

is then hydrotreated.
As a result of the hydrolysis, C16 palm biodiesel is divided into C16 palm fatty acid

and methanol. Methanol can be recovered using a vacuum evaporator.

c) Conversion of C16 palm fatty acid or the C16 palm biodiesel of a) into C15/C16
paraffinic mixture through hydrotreating;

Hydrotreating converts C16 palm biodiesel to a C15/C16 paraffinic mixture, requiring
at least four molecules of hydrogen per molecule of C16 palm biodiesel. But after the
hydrolysis of C16 palm biodiesel, methanol can be readily recovered, and the amount of
hydrogen necessary for the hydrotreating of one molecule of C16 palm fatty acid is reduced to
three molecules.

Through hydrotreating, most of the C16 palm fatty acid is converted to C15/C16
paraffinic mixtures. C18 fatty acid mixtures, contained as impurities in a distillation step, can
be converted to C17/C18 paraffinic components, but are present in small amount.

Hydrotreating is conducted by feeding a liquid feedstock of C16 palm biodiesel or
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presence of acid catalyst. b) Hydrolysis of C 6 palm

bi odi esel to Cl16 palmfatty acid and net hanol; For the
hydrol ysis, water is mxed in an anount of 1/15 or

greater of the weight of C 6 pal mbiodiesel, and a

base catal yst is added in an anount of 0.1 weig % or
Gteptlor fagizeid @rant He taveil gitio of 3 tink & eand| ani igSHh fotlhre or less to a
For exanple, when the weight ratio of water to Cl16

gralinyayE erartensBlled; vt a6eMp loaNiMIp1¥pe caighyst, inawhih the iavisage catalyst bed
remai n unhydrol yzed. Special |limtations are not

empersiae B\ Riihasintained pie3394s er Iy gheal wist a pasted] bydrogent tessure of 30 bar
present invention. Preferable is sodi um met hoxi de.

ohegher. he base catal yst is used in an anmount of |ess

than 0.1 wt% it takes a long period of tine to

conpl ethe dised bydyefrestingref €16 palul biodiksel msmyHedecnryat¢dsunder the same
6 palmbiodiesel is divided into O 6 palmfatty acid
enditioes; hetreohsumds & harges|amoant df dydrogeneompdraddd thy casevad €il@palm fatty
evaporator. c) Conversion of C 6 palmfatty acid or

ackk C 6 pal m biodiesel of a) into C15/d 6 paraffinic

m xture through hydrotreating; Hydrotreating converts

Cl6 paWherbthedi>ds eil rat ia l¢34 8/ai3, Bydvegeafis notisoffiwientyisupplied. At an
requiring at Ieast four nol ecul es of hydrogen per

TS ¥ cantater dhanC 61 pal partisl bydiregel pre@ute lesstthan 30ker and a BAT less than
hydrolysis of O 6 pal m bi odi esel, nethanol can be

304 itheyconerpueeidht, fatyratid ihte pamﬁimtanm bhgaltreverbwell.

necessary for the hydrotreating of one nol ecule of Cl6

pal m fEurithe bgirepenaioned (elédpairo fatty acid, desulfurization catalysts, NiMo-type

catalysts and/or CoMo-type catalysts, may be used.

The physical properties of n-paraffins resulting from conversion of biodiesel are
summarized in Table 3, below. As seen in Table 3, n-C15 and n-C16 obtained through
hydroteating of C16 palm fatty acids are lower in pour point than n-C17 and n-C18 from C18

palm fatty acids, and thus can be used as fuel additives in the winter season.

TABLE 3

Conversion of Palm Oil, Palm Fatty Acid and Palm Biodiesel to n-Paraffins
Biodiesel C16:0 C18:0 Ci18:1 C18:2 C18:3
Pour Point,°C 30-32 37-41 -20 -35 -57
Cetane No. 74.5 86.9 55 422 22.7
Specific Weight  {0.852 - 0.879 0.889 0.895
n-Paraffins n-C15 n-Cl16 n-C17 n-C18
Pour Point, °C 9.9 18 22-24 29.5
Cetaine No. 95 100. 105 110
Specific Weight  {0.769 0.773 0.777 0.777
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contained as inpurities in a distillation step, can be
converted to d 7/C 8 paraffinic conponents, but are
present in small anpunt. Hydrotreating is conducted by
feeding a liquid feedstock of Cl16 pal m bi odi esel ord
6 palmfatty acid at an Hto oil ratio of 3 rri3/k I
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Iess than 33Q0C, the conversion of the fatty acid into

doediid dnfl f&raigR Spedificalibmior Inelewpthturdfnidityh e
hydr ogenation of C 6 palmfatty acid, desulfurization

cat al yWhén thiNCVBC 8 Bafadifiriid mblngre awdfdiﬂg oM@ présgfxanvention is mixed in
catal ysts, may be used. The physical properties of

ar aaduat bf DS- 1@ Sblubiens Witle o ceavenassl divsdlffuél] @ dorbR! impfdement is
summari zed in Table 3 below. As seen in TabI e 3, n-C15

R e T o e
Ame vaBner 0Ah GBunt of the C15/C16 n-paraffinic mixture exceeding 10 volume % of the
conventional diesel fuel is not desirable in terms of CFPP.

[Mode for Invention]

A better understanding of the present invention may be obtained through the following
examples which are set forth to illustrate, but are not to be construed as the limit of the present
invention.

Distillation

When 3,000 g of palm biodiesel was separated into C16 palm biodiesel and C18 palm

biodiesel at a ratio of 4:6 in a still maintained at 10 torr and 185°C, the resulting mixture had the

following composition and physical properties.

TABLE 4
Compositions of Palm C16/C18 Biodiesel
b.p.°C C16 palm|C18 palm|Palm biodiesel
biodiesel biodiesel
C16:0 (Methyl Palmitate) {338 90.5 % 8.1% 43.5%
C18:0 352 22% 59% 43 %




palmfatty acids, and thus can be used as fuel

additives in the winter season. TABLE Conversi on of
WOPResrong9b, Pal m Fatty Acid and Pal m Bi odi esel PCO/KR2008/000538

n- Par af fi nsAs descri bed above, the paraffinic m xtures

resulting fromconversion of C 6 palmfatty acid or

Cl 6 pal mbi odi esel can be bl ended with conventi onal

di esel fuels w thout worsening the | owtenperature
1 '€0l. yproarl , JUlrestl I Ol Lrre w1t cjf
s@é@ﬁgema mxture of 3:7/ of kerosene| having a
608|1|(nv@ﬂ1pkﬁ)hate)of 19$925000,6.8d a |i ght6fg%1% oil, [398%

ng—a boiti Mg T Ol 3600C—ar o
gﬁ%%l enmented with a 6ogtJt 60?52\;{)m of a W\l‘%‘%%x 102%
AM¢thg éinoldatey Fl ow|| nprover), neeting donestic and

|gn SepeCITICa IOI’] 1 Ol [0} terrpera [ o di .0
Wég the Cl5/d 6 n-par afflolnll%ék m xture g?:c/ordl ng (t ‘0%3 %
t O\ethyl égwitate) nventijon is njxed in an aﬁmunt of 2| 10
VOIUnme_% W Lh a conventional diesel” fuel, a notable
i nprothESi s brought about in | owtenperature

fluidity conpared tqo when C16 8almb| odi esel is m xed
at t heMaahbysiest Depertighpf Rl a16/618 Brdiesed 5/ C16

n-paraf finic mxtur ?‘S’éﬁg&ﬁsbﬁgﬂ@ Vi) "/0 I3 PG, P?]m

conventi onal di esel not dgsirab in terns
CFPP. [Mbde for Invention] A betterleﬂm@lr s{ biediessy pbiodiesel

Ibﬁligemggnbog nvent1paippy be obfained throug the 55
: N

et fiorth to i ustrate

Rowt Peipe ot to be cpbhftrued as thd Winmit of lthe 13
present invention. DiCvmesticeStadard)

10% Residual Carbon, wt% | <0.30 0.05orless | 0.15 0.10

Oxidation Stability, hr >6.0 >20 6.0 6.9

Cetane No. >51 72 55 65
Hydrolysis

A 1,000 cc round-bottom flask containing 470 g of C16 palm biodiesel, 45 g of water
5 and 1 g of a base catalyst (Sodium Methoxide) was installed in a vacuum evaporator.

When the internal pressure of the round-bottom flask reached 200 torr in a water bath
maintained at 60°C, the vacuum evaporator was operated for 45 min. The hydrolysis of C16
palm biodiesel occurred with the concomitant production of methanol and C16 palm fatty acid.
This methanol was removed by the vacuum evaporator. Thereafter, the pressure of the

10 vacuum evaporator was reduced to 40 torr to remove remaining water and methanol. The
pressure was decreased, and the resulting C16 palm fatty acid solution was passed through a
paper filter at 50°C to remove the base catalyst.

TABLE 6

C16 Palm Biodiesel and C16 Palm Fatty Acid

C16 Palm C16 Palm Fatty Acid

10



When 3,000 g of pal m biodi esel was separated into O 6
pal m bi odi esel and C 8 pal m bi odi esel at a ratio of

wOo400B/00399a still maintained at 10 torr and 185BCI/KiR2608/000538

10

resulting mxture had the follow ng conposition and
physi cal properties. TABLE 4 Conpositions of Palm
Cle/C 8 Biodiesel b.p. 0C Cl16 pal m Cl8 pal m Pal m

bi odi esel bi odi esel biodiesel Cl16:0 (Methyl Pal mtate)

QA0 AN k= 0/ Q 4 0/ A0 [ 0/ oa0. N DN 0.0 0/ 04 A N
o000 JU. O 700. 1 70#S. i(;i.bélou oOIJ4Z Z. 42 70P. I 704,95

Y%TABLE S Mai n Physic perties of Palm Cl16/C 18

Biragiraldimidgdr ol ysi SREAOORH cc round- bofREMOHI ask

1

efr

-

R o2 "cafUFER (o um Vit ol R s

iTnmlMiﬂm.mgK@WgcuulmSevaporator. When t 2621 nt er nal

pressure—of —the—round=bottomftask—reached—200—torr—mn

a wat edydoetteatimgni nt ai ned at 600C, the vacuum evapor at or

was operated for 45 mn. The hydrolysis of Cl6 palm

bi odi eselllustcated meldGni3t While €16 gratno fattyaarid p00chedi) @l Infdrogen (0.5
nmet hanol and Cl16 pal mfatty acid. This nethanol was

Né&ho wed fdsiyto tatreactom dilledhwish 400 catvfor CoMlbh eatelyfts the averdge temperature of a
pressure of the vacuum evaporator was reduced to 40

datatyst bed wes igeadealtyanaeasediy XA Er Faord fore htnvarm after thEhemperature increase,
pressure was decreased, and the resulting d 6 palm

liqmid produmitsdstarted ud ibe rolleated ffars @ Hovrkr Olgter wvas removed from the collected

liquid product by phase separation, and the remaining liquid product was analyzed to determine
the composition thereof.
TABLE 7

Liquid Feedstock and Liquid Product of Hydrotreator

Liquid Feedstock Liquid Product
C16 Palm Fatty Acid | C15/C16 Water
n-Paraffinic Mix
Vol. (Wt.) 995 cc (850 g) 935cc (720 g) 992
Yield 100% 84.7% 11.6%
Composition, wt% Fatty Acid Mix. n-Paraffinic Mix.
C16:0 90.5 Lighters 1
C180 22 n-C15 27
Ci81 6.8 n-C16 62
C182 0.2 n-C17 2.5
Ci83 0.1 n-C18 5.5
Heavier 1.5
Specific Weight 0.85 0.77
Pour Point,°C 30 14
Cetane No. 72 98

Evaluation for Effect of WAF]
When added to a blend of a conventional diesel fuel with C16 palm biodiesel or with

the C15/C16 n-paraffinic mixture, CFPP(cold filter plugging point) was measured according to

11




paper filter at 500C to renove the base catal yst.
TABLE 6 C16 Pal m Bi odi esel and Cl6 Palm Fatty

WO AaisdbBado ot reating As illustrated in FIG 3, ROTKR2@I8/060538

10

pal mfatty acid (100 cc/hr) and hydrogen (0.5 N hr)

was fed to a reactor filled with 100 cc of a CoM

catal yst, the average tenperature of a catal yst bed

was gradually increased to 37Q0C. From four hours

after the tenperature increase, |iquid products

the snopesatrationp @ YAFb ety €BPP 102 moain dndevaaxpressiwgs the low-temperature
renoved fromthe collected |liquid product by phase

Beigity eftdiesel, and in20%eor dewasiforidamestic dissel ppdoetsifor theadnter season.

anal yzed to determ ne the conposition thereof. TABLE 7

Li qui dT#BEHSt ock and Li qui d Product of Hydrotreator

Eval uation for Effect of WAFI Wien added to a bl end of

a convieiect oh4116dPameBiotliged] apfl traPagaffigic pefivviurbi codPerbehmame of Flow
with the C15/d 6 n-paraffinic mxture, CFPP(cold

Imgrever pl uggi ng poi nt) was measured according tothe

COTCEMt TRETQT WA —TheCFPP1+s—a = Ergex—

expr essi ngésglhe i::oev\}-yz?e}?rper ature fluidity S}FPBi %%cé)fc%mgaﬁodconc‘
is -200Q or |ower for domestic diesel pr@fiWAEICor the
Y FHET SRESON. i bIECT OF 154 Pa‘@ﬁ el
andg n- Pajr g]f%fi nllh.%lﬁ%sit%lréefl%olﬁ Perﬁ)fglr?‘trnla?ge D JWA%Vis WAF]
| npr over SR8 selgh i n TapdieseB andn-Parefling af@rs, 680 epm (1,000
when C16 pal mbi odi esel was addggkin an ppm
Standard |30 70 0 0 7 21 o4
1-1 30 68 2 0 -8 -19 -21
1-2 30 65 S 0 -9 -17 -18
1-3 30 60 10 0 -6 -10 -10
2-1 30 68 0 2 -8 -21 -24
2-2 30 65 0 S -9 -21 -22
2-3 30 60 0 10 -10 F19 -20

As seen in Table 8 and FIG. 4 and 5, even when C16 palm biodiesel was added in an
amount of 2 %, the CFPP was increased, so that the amount of the WAFI had to be increased to
1,000 ppm in order to satisfy the filter plugging point standard (-20°C or lower). By contrast,
C15/C16 n-paraffinic mixture caused no changes in CFPP(cold filter plugging point) until it
was added at a volume of 5%. Even if it was added at a volume of about 10%, 1,000 ppm of

the flow improver was observed to satisfy the CFPP specification.

12



amount of 2 % the CFPP was increased, so that the
anount of the WAFI had to be increased to 1,000 ppmin

woaod®p3e satisfy the filter plugging poi nt spanea2008/000538

10

15

20

25

(-200C or lower). By contrast, C15/C 6 n-paraffinic

m xture caused no changes in CFPP(cold filter plugging
point) until it was added at a volunme of 5% Even if

it was added at a vol une of about 10% 1,000 ppm of

the flow i nprover was observed to satisfy the CFPP
sdeAlMSat i on. [CLAIMS] [ aim 1] A method of produci ng

bi odi esel having good | owtenperature fluidity from

peflaimol | conprising: a) separating pal m biodi esel (or
palmfatty acid) into Cl6 pal mbiodiesel (or CL6 palm

fatty Acethodadgroduciag piadinsebhoingmet Iqvatengemaireflfidity from palm oil,
acid) through distillation; b) hydrolyzing the A 6
paipnsibgodi esel to C16 pal mfatty acid and nethanol ;

and c) converting the Cl6 palmfatty acid or the d 6

pal m bd)eehasting pdfn tigdieselfoi petlm fattyGrhl) @16 Cpapaffhiedigsel (or C16 palm
m xture through hydrotreating. [Clainm] The nethod
tsvanidiand Cl bpanaiosicss] (GRbpainitreidiihstich Hiatiagonsi <

conducted at a pressure of 5 -20 torr and a

t enperbtydrelysihg g€ 16 paiB0dGlieseSo i 1mpalm fatpacidaridaaethanol; and
according to claiml, wherein the hydrolyzing is
conduct)ednverting te G b6t palm fattynaeid sirrthe WA 6 gualon hicieselnafua)step into a
as large as or larger than 1/15 of the weight of C16

C15/C16 paraffinic mixture through hydrotreating.

[Claim 2]

The method according to claim 1, wherein the distillation is conducted at a pressure of

5 - 20 torr and a temperature of 180 - 230°C.
[Claim 3]

The method according to claim 1, wherein the hydrolyzing is conducted with a
mixture comprising water in an amount as large as or larger than 1/15 of the weight of C16
palm biodiesel in the presence of a base catalyst added in an amount of 0.1 weight % based on
the weight of the mixture.

[Claim 4]

The method according to claim 1, wherein the hydrotreating is conducted in a reactor
filled with a CoMo-type catalyst or a NiMo-type catalyst by feeding a liquid feedstock of the
C16 palm biodiesel or C16 palm fatty acid at an LHSV of 2 hr' or less and at an H, to oil
volume ratio of 3 m'/k £ or larger under a partial hydrogen pressure of 30 bar or higher with a
bed average temperature (BAT) maintained at 330°C or higher.

[Claim 5]

A diesel product, comprising the biodiesel produced by the method of one of claims 1
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pal m bi odi esel in the presence of a base catal yst
added in an anount of 0.1 weight % based on the wei ght
woabostobeeri xture. [C aim4] The nmet hod accor di RQTAKR2008/000538
claim1, wherein the hydrotreating is conducted in a
reactor filled wwth a CoMo-type catal yst or a
Ni Mo-type catalyst by feeding a |Iiquid feedstock of
the d 6 palmbiodiesel or O 6 palmfatty acid at an
LHSV of 2 hr' 1 or less and at an Hto oil volune
foak in an ahot bf2 1okl Oavoluher’g éra mixtiee ofa disseltfudl hydr ogen
pressure of 30 bar or higher with a bed average
tenperature (BAT) maintai ned at 3300C or higher.
[Claim5] A diesel product, conprising the biodiesel
produced by the nethod of one of clains 1to 4 in an
amount of 2 to 10 volunme % n am xture of a diesel
fuel .
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