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ABSTRACT

Cost of biodiesel is still high nowadays, because of cost of production is high
while cost of by-product (glycerol) is low. The objective of this work is to study feasibility of
new biodiesel production process to reduce amount of crude glycerol accumulation in biodiesel
plant. The new process is transmethylation of used cooking oil and dimethyl carbonate using
sodium methoxide as catalyst. This process doesn’t produce glycerol (low cost by-product) but
methylester and cyclic glycerol carbonate esters of fatty acid (FAGC), which is called DMC-
Biodiesel. These two products are completely mix as homogeneous liquid and can be used as
alternative fuel. All components in product of the process were confirmed by IH—NMR, “C-NMR
and GC-FID. Moreover, this work studied about factors affecting production process. The factors
were molar ratio of use cooking oil to dimethyl carbonate, amount of catalyst and reaction time.
In addition, characteristic and properties of biodiesel were studied and economic was evaluated
also.

The result showed that optimum condition of transmethylation give 98.50% purity of
methylester. Those conditions were 1:9 molar ratio of used frying oil to dimethyl carbonate, 5%
catalyst and 8 hours reaction time. Density and flash point of product meet standards of
department of energy business. However, viscosity of product had been under the standard
requirement because of product were mixed between methylester and fatty acid of glycerol
carbonate. Furthermore, cost of production was higher than conventional process but this could be

compensated by high cost by-product which is glycerol carbonate.
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117: Tundo and Selva (2002)

. = A < o 1 aaa a
2.2 Methylation (T > 120 a3 saisea) Tuanznlwailuans 1gnie gungiga
1 = a aaa a d‘ = a - A Q‘ 9
731 120 DIAHALE U (ﬂﬂ@lﬂaﬂﬁmlﬂﬂﬂﬂﬁgﬂ1m 160 DIAUH ALY EY) ﬂﬁllﬂfnilﬂﬂ CH,O falsuau
a = < Y o Aaan o 1 1 a a 4 9 a 4
mﬂaia"lWameﬂ;}ﬂﬁmmqmgmuwwwa (CH3) Gllﬂﬁulﬂlllﬂﬁ?nﬁ‘UﬂLu@ulﬂLiJ‘ﬂ'ﬁﬂﬁ‘U@Lu@]

lopou (CH,0C00) Fsamnsnaaienine CHO uaz CO, lag CHLO v luhiilgnsemeny

9 9 9
o ‘]JQQQ A 1

4 1 { < @ o {3 aaa o
Tuanadu uavzrlaswiluTuanavesuumueauny auivlgasedimnividlul §azedu

nauli'le

CH‘OCOO' } ———> CH;0 + CO;,

) ) Base Catalyst
v o+ > o YCH, +

{ a 4
AMNsENOUN 1-7 LAAINTZUIUNS Methylation ﬂlﬂﬁulﬂmﬂ'ﬁﬂWi‘U@Lu@l

117: Tundo and Selva (2002)

U501 Carboxymethylation 118 Methylation @1K150WAR CH,O 1dnsg Tasan1ay

o 4

I o [ Aaaa 1 qul 4 aan - Aa
doatianiludusalfnseunniu ile91n1l§nse1 Methylation 1% CH,0C00 1lunansmai
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& @ I o J KR 1 ~ ] Aaan dy
Femwsodatedanduwuniveanazasvoulaoon loa 39 laumuignaziinl §asedinn
J a 1 aaa . < a o o
Uszgnd ldwanluTodiwa daudfise1 Carboxymethylation 1% YCOOCH, i unannmaid
Y = s v o 19 Y A <3| J @
awsodvuiuTuanaveslasndwe lsduazdad luildnaaduemaesvensa lugu
= J A 9 Lﬂy a o o A I Y . . .
Youndeseantsvoua Namnsolfdusemasdmivinossuadiva ld (Notari and Rivetti,

2010)

a aaa o a o A a 4 % -
nalnmsinadgnsemauduiaadusudulaniansvemanandald  cHo0 lu

[
A v 1

| 09: - [ o ] 4 a J
anneidusuiudg dunsn CHO Whiuassdumiimsuetan1s uouszaouved luana
09/ % < { 1 a @ ] < a 4
Wi (16) laluTwanan ldades uazimansiagllmingasenuuilumiawaaes 1

qg/l a 4 Y o aaa [ = S ¥
Twana Mnlwuianisveua looowdingnsernuTuanalasndwe lsa 1d Tuana
.. = Jd Aa [ [ qg/l 9 a S
transition state Y93 lasnde l5a nanssagilluidnasalaTuanave uniaeaneson 1
{ 7 { s
Turanauay Tuanaei umasuveIn1s ueLuANid o3 NN gIU0INAIFDI0AA1 UDIUAVOI
Y [ 09.: o aa J a Y a o
nsa vy (FAGC) asriumsinlfsemsudiaaduz 19 FAGC 1 Tua uwaziiawdaos

2 Tya @ a9y (Zhanl let al., 2010)

O OH™ (o]

H;C-0-C-0-CH; 0"+ mgc-o-C @)
o /:JCHJ
I _
O—C—R D'—_\—CEO -
™~ o o)
_ - —_— 1l
0—C0OR + CHOW —= o—coft - O0—COR *+ H,C-0-C-R (b)
0—COR 0—CoRr 0—COR
0 (If
0
Q. 0—C—OCH, >=U o
O0—C0OR + H,C—0-C —— —_— o e — C
X o0 coR + Hc-o-c-r  (€)
0—COR 0—COR
0—COR
transition state
(o] o o
=0 - =0 —_ =0 g
o + CH;0T =—= o R o + HE-0-C-R (d)
e -
0—COR 0— C—0 0
|
OCH;
°>= 0 o (e)
O e
. =0
EU +  H;C-0-C EO o]
- [I
0 O0—C—0CH;

$ a aan 4 a Y 09/ % a
awilszneud 1-8 uaasna lnmanalfasemrudwiaaduvesniniuuay lania-
A UBIUA

117: Zhan Det al. (2010)
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3. ‘lﬂmﬁam‘fuemm (Dimethyl Carbonate, DMC)

=

A 7 A A Y o =i
llmmnammam@uqmﬂmaqaﬂﬂ C3H603 Nq@ﬁiﬂiQﬁiTQﬂ\iLLﬁﬂ\iiuﬂTWﬂﬁgﬂﬂUﬂ

v
A

IS a
1-9 iuveunarla lulidginduadowniuealiyafion 90.3 esruwaiFoa yavaoumad
Vv [ < ! a 1 4
N 4.6 esriaiFed gnialiiluveuvarnannsada I 1dliszmeneuilelimsgaauy
A o oo g o 240 1o 2 v Y & S 9 a
wieduia lau flusenudan ldharedunadeuazansa ldhiuasasdulunswaa
= :j & aan 4 an % =1 9 a o
luTedtraniminiulasl§isomaudeaneilingu Hapiiuiingldlawnamsvemaly

Tssnugamunssuunuvleaiu (coc) Fuiluasniifitiiu$ouse (Tundo and Selva, 2002)

H CO OCH

A ) a 4
Mndsznoudn 1-9 LlﬁﬂﬂfﬁliIﬂiﬂﬁi”lﬂsllﬂxillmlmﬂﬂﬁﬂ@m@ (DMC)
a 4 a a o 4
1uaﬁ@"lﬂmwamsumumammﬂaﬁ%u (Phos@ne) uazmmuaa'l?fwammm

thaReuilulelasaaean He) UAsodaaasluaumsi (1-1)
2CH,0H + COCL, = CH,-0CO0-CH, + 2HCI (1-1)

1 Y
uailaytiulifdenlFleadiuguiluarssuaswiiivguiuasdsdulunsnanla

v
o

A s 1A o s 2 o o s A
WNAMSUBIUA LANAAIANMUDALAEATVIUNOUDN lad FuduudadunTizininyd
1 aan W Aan ] . . a 3
nnUlRnsemnaFlingu (Gasification) vesFamraunumsldwoadu Taslioondniy
Y a 4 . J I g v 1 aaa $
A00NFUAUT (Oxidant) tazaviilosnae lsmiludusl§isen (Delledonne, et al., 2001) 4

I Aaan { ] 1 A Aaaa o 1
Wuasentasanssunninaulnsonaweaasluaunsi (1-2)

2CH,0H + CO + 0, = CH,-0CO0-CH, + H,0 (1-2)
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4. fru3alnseundl (Catalyst)
[ 1 aan d‘ Y a = =1 3 [ 1 d‘ 9 a
ansalnsennldnaaluTedalinensanaziua dredrevosnsanldlunisnaa
= Y U v A . . a . .
luTefwa ldun nsadan5n (Sulfuric acid, H,80,) nsanoawein (Phosphoric acid, H,PO,)
a I % { 09/ % %
waz nya'lalasnassn (Hydrochloric acid, HCI) 1Wudy Taesinldlunsdiniiudiswse ludu
o oA o a = A (A v Aa o ] Aa 9 [ [ Aaan
darmiwnaa luTedmallSuansa lviiuddsege dusuwaniinglaiudns slgase
1 4 4
18un Tadenleasonlad (Sodium hydroxide, NaOH) Tsi@niunen lae (Sodium methoxide,
@ 4 o o
NaOCH,) TidamFenleasonlaa (Potassium  hydroxide, KOH) TddmiGoumunon lad
o LY o
(Potassium methoxide, KOCH,) Tm@euelua (Sodium amide, NaNH,) uag Ti@andeue lua
. . [ 9 £ A A @ 1 aaa o '
(Potassium amide, KNH,) (Hudu Fudeinisandusslgnsemadesilszon ol
2 g} 9 = o o Y 3 @ 1 Aaaa
nszuaumskanvedlseamniniululefianilandnldualumsdudnselfnse
A 1 aan Y 1 9 I o 1 Aaaa =) = Ay v
iesnnansos wfnsenldisnims nsadudns wljnsen luTeAwanazndesoai 18
1 4 v
aunsouennniu lddetissnniinnuruuiuaaazanndinuanaaiy Tagndiyeseay
] 1 05} % = av dy A 9 = R~ % 1
anuruwduganinihiululefa “uideivzidonldior Imdeuuneon ladiiludis g

aaa J a o
ﬂ;;]ﬂimmmammaw

:’ U Y Y
5. Walunealinad
5 o o e oA A A 'V 9 Ye o o o =
dmsviszmalng wunfihiuisimdennunadddihiuimuanilszmail
v 1
Ysnadlag 74.5 Swdasaoll TasnquasaiGoulidsmaniniuimmasninmsldudniniga
flo 47.2 dAmaasAl sesasun’ldun aoruilsznoums 22.5 dwdas/Al Tssnugadvngsy 3.4
audasuazdimiteveanenluaaia 1.3 dwdas/il ey uaawrasingaunazlsum
09; o a @ ! 0 a <
wiiuialdudr @udasAl) uaasdeaisid -1 mmbweaaduluTedmaszamiso
91091 v A 9 =3 Y o A 51 o A a
naunums ldidudralaunde 1,570 A @Eaiibhdudmanadasas 23 1)
= o a J a 03} o AqY Y ' o @ a ]
Tuvazi@ernu 11nmMsunszirgaamue v lsudimud msinaunus Inaluil
1 = 1 ' caj A 1 < [ a < a 1
AIHAIFEAD YNNI INY Nudeans Tsauzi3a)oa aAnuauTarage WuNbdessUUTUDY
Ay o @ 0o w 1 :/' o A o Y a o 7
szuvlszam szuuguAuAY uagededzdiaya Nduumsnildinanisnateiug
[ o o o a a a
HazneNIUTTVUERT WU Taommizszutens luumauns azildinannuralnddesz oy
= 4 o Yo 1 Ia a  a Qs’l v 1 9 A
auiiug Tesslvidreeuveamsnluassdralnd  daedilinansznuaegumnaA LB
Y Y v v
amuu1  ludiuvesmsidaimealddiulugrzgndaldiidansivquaeszdananign
[ £ do J o w @ q’/‘ = 1 a Y Yy a
guanyae Fandutuilygmilumaiide auiudenisauasusazaduayulninisnaa

Y v 4
luTedmavntiiunealsuadunuuInty (http:/www.thainews70.com)
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0 gl o A Yy 9 | z 4 a = =
msiniiunynealdudwndumsdsdulumswaaluTofwaiiflgnilunis

a

9 Y ] 9 v
52059 wenniniuddiilymaugunimiigiu e seinigiu lddunsneaigurgigaun

U U
9 9

9 9
Wanenie uazlimsduileuninnszurumsiies mlddesiimsniuquaanmiiiung

1 v o aan 4 a o =R a = d’d
ﬂﬂullﬁ%‘ﬁﬁﬁ‘ﬂ']‘ﬂ;]ﬂ‘iﬂ?ﬂﬁ?ﬂﬁlﬂﬁlﬁ@ﬁWﬂlﬂ“ﬁuﬁ]\‘iﬂgWEW]ll‘UI’f)ﬂL“]iaT]iJﬂﬂlﬂ']Wﬂ']iJiﬂﬁiﬁWu

q

A3

o = QBJ} = d‘ a oy % = d’o} = g’ % A v A 1
NIYUA fJﬂ‘VI\‘iul‘UIfJﬂLGIiﬁ‘VINﬁ@]ﬁ]']ﬂunJuW%ﬂﬂﬁﬂmﬂ1Wﬂ TIATHIVHNTUUHUTIAUNININNIN
gl v A a ~ 1 Y Y a ~ :I v A A =
snhiduaannd Iasaeu fmwaiwunummam”luiﬂﬂmfamﬂumuwmmmmmqq
VY a o & Any vy o o w A Yy ¥ g
Un uas"luﬂmamiamuwa@ muumﬂm"lﬂﬂanmNmumimumuwwaﬂimm Wuas
3 v a = =~ A Y a = 1
memiumswm"luTamcﬁafumJuuu’mNmmmmaﬂmnumswam lliJT’f)ﬂLG]fa NI
3’ Y Y A 1 1 @ gl % Yy 9 3 I o 1
i"IﬂTHWTI’E]ﬂ[lGHLLEI’33J31ﬂ1Qﬂﬂ’J1 Lmeamgmzmaqumumﬂclmmuuﬂummmmgmm'i
a = 9 1 a v A v ] a dy =)
Wa@llUTﬂﬂLGﬁaﬂ’JEJ YU ﬂiuwmﬂsﬂ"lwuaﬁizagiumq 0.7% -41.8% USMUANUTUNTO
a g’ 09‘ LY ) ) a 3 a a ﬁy d'
Ysmnanilu hiiuegluei4 0.01% -55.38% UsuansalviiudaszuazSinannusui

' o 1 1 a J v Y
memﬂumwamwa"lé’mmmmmaamm“lﬁlmﬂmqﬂuéfaa (Canakci, 2007)

H Y
M3 1-1 uaamrasingavnazysnaniniuialdud) @waasil)

] Fd ]
aouN Usunaniisnlsud @wansal)
v A
ASITOU 472
aouilszneuns 22.5
T590U9Aa¥NI TN 3.4
AaAan 1.3

ETRE http://www.thainews70.com

6. aanvnve s lulediwa

1 4
ISR =2 =

aaa 4 a @ ' = = 4
flnﬂﬂgﬂiﬂﬁ/li"ILlﬁLll‘V]alaﬂm‘WU'J”I]'IJJIE’)QL%QVILT‘I@VUM@"Ii]i]%ll Ii\ljuﬂal“ﬁﬂlliﬂ,

Y

landwelsduaz lasndme lsdanmlgasenina luauysalinaiunazdsdueglulgnsendae
[ qul =KX o 9 = = oy o = Ay Yo ) Y
aqiudsdulludesiimsasradenaunmmaniivouiiiululedan laneuir 14 Tag
a d (Aa a o =\ 4 =\ o =\ 4 =
a5 A ERlSnanaeaees, Tulundwolsa landwelsa lasndwelsd siuda
a 4 d‘ A aan = dgl 1Y a
lawnamsveuafimae lulgnser aunwvesluToAmausnanazdununszuIUNTHAN

Y o d? [ a 09; o A Aqy A 31 v A ' a Y %
uddevunuriave v unyn 1% LHE’Ni]”lﬂ‘lﬂ?JUWﬂfLLﬁﬂ%%Uﬂi]zﬂizﬂ’rD‘]Jﬂ’JEJﬂ'iﬂhlf’UiJu



14

a 1

1 a [ 1 d' 1 [ a a td‘ 1 [ dy =R
Usznnarg ludsnadadiunuanarenu lasyiatazUSnanuanaenuilazioninaa
2 =S d‘ Y o 5 a = 9 =\ vAa
autidvesluTedwanld dviulunszuiumswnaaluTedaszdesdinmsniuguanantia
1 = Y I Y o 1 d'z Y Y o o
a199 vo9 luTeda liidu lamdedmuaaieg AaelAisu desmuadnuauziazqanin
a 4 v a [ 3 o
vosluToRwalsznnuiaeamesueensa luiiu w./.2550 ¥oINTUFININEINUFIRHUA
AUNIATIIU EN14214 apsavnng 151 dauansgowsmlddosivuanumaigiu ASTM
1 o <3 a o 1 a a
D 6751 lindeimmuavesdszmalanaimaznasanaamsii ldldauldednaidscaniain
[ Y a = 9 = (% T Y a 1
linsldinannudesislunmsléau  anudasase uaz hinsliinanansznuao
A 9 [ 0911 Y o 09: = (=Y I A I
aunaaoy auivludestmuativdwadinaasusenily 2 Usuan ae Usznnusmilums
wvAa (] 1 I~ a o a
nageuRaaNamuAl tazmenmsumsmImaNudunsa Usuamamsven s
o [ 1 1 A 9 = I o 1 [
Awzou aganuld menunidadudu Sndszmndumsnagenlumstiougumsmn
= o I I 9 dy Y o = =< ax ~
Fmuinues Wudu vonnniiludesmuagunmluTofma szueniaiinadouniasgui
Gl,‘]gf}ﬂﬂslgl}’e]ﬁWﬁuﬂ ’iﬁmaﬂudauimjﬁi%’iﬁuﬁ American Society for Testin| Jand Material
(ASTM) %30 The European Standard (EN) Le/@3518az10gadoimuadnyazazqnn N
= a 4 @ [ d'
TuTeAwallsznnunaeamasvoinia luiuw.a. 2550 §30a151990 A-3
XY d' d' Y
7. QNN IVI
. = a = [} aan 4
Fabbri uazame (2007) Anwiniswaa luTedwagUuunlwianl§asemsiud-
a v 9y 3 Y gl v @ A Y a s Aa o sy Y Aaaa
wiaady Tagldmsasduilmhdunundoswnylawiamsvea naadusin lavinljnsen
S . £ g 1 a J A = .
1ifle DMC-BioD #uiluvesnausennuniaedaesvio lulodwa (Fatty acid methyl ester,
4 o
FAMEs) wazaslseneunaeseanis UoUATEINTA luu (Cyclic mlcerol carbonate esters
. Y Aaaa Aa =1 dyd 1 Aa ~ A d
of fatty acid, FAGCs) YeaveslfnsenmswanluTedwagiuunil fe lundandesoanily
9 ° 9 ¥ ~ ' T A a o Ay Y
nanaoy las1ad ualdasdsznouiiyanigani e msilszneundiveseanisueiuai 14
o < o A s A < a ' .
ansonauueniaz giluasaadulunszuumssanueuemes el umsmuua (Additive)
A o ¢ - P v 2 A A @
viogmsndunszviiulawnanmsuowalda uennnfiyadonveslamianisueiua 90°C)
@ 1 { Aaaa 4 an % o
daganiuumuoea (64.6°C) NFlulgasemsudiomaes Miadunuunall Tunszuiums
Aa = ldyd =\ [ 1 19 =~ A a 4
waa luTeawanuulniiidainnulasadeninnil uaveide A 31A1V09 lANan1s UsIUA
[ 1 Aaaa d’ =
wazAusalRasenlsisinigs
= = va = = . Y =
nlssumeuauiiamaniivaznameninvedlulsdma DMC-BioD fu'luTofiaa

o . J . A a 9}03: o = A A J
nuuna el (MeOH-BioD) w131 DMC-BioD ‘1/1NaS?“]llﬂuufo’NiJﬂﬂlﬂ@ﬂl!ﬁ%ﬂ?WNﬁl&ﬂgﬁﬂ’N
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9
[ ] v A

= o =< 9y o A va Y Y A P
TuTediwanalil 3edeslinmsuguauiadrensnaudinuiiiudrasindlasidon
(Petroleum-diesel) Tuonsiaiu 20:80 Iaeilsuas (DMC-BioD:Petroluum-diesel)

= a =) oy o A Y 9
Men[ lazamz (2008) Anyimswan luTodwavinmiiuielduds minmsnaaeu
oy v A Yy 9 dy 4 ' Y (aaa J any o . .
Wiy lguduiesdu wundslslgnsemsiudieaaeIWingy (Transesterification)

~Aq Y A [ 1 a oy @ [ I~ Y o [ Aaan 3

annzilFlumneasd Ao dadriugsluavenihniuaemmueaiul:g lydusalgnsenilu
4 a o aan 1
1.0 wi%ladey laason lad gaurigd 50°C narlumstilgnser 90 wii uavnInnsnaaeg
Y 1 a d' Yy Y a 4 vAa =1
wohdaduda Tuafimngauiluie 1M¥evazwaldvouniaemaey 89.8 autianiuad
Y 1

pagnimenwvesiniuluTedwaiinga ldawisoSnynasgiuain EN14214  wans

[ 4 J o ' o 1 4 4
nagoununiossuaasoti 11414 Tae lidesdimsdSuuaunsoseud

= a = 09/ v Yy 9 aaa 4

Phan (2008) Ainkinswaa luTedmanminiunealduds vindgasemsnieaine-
an @ I @ 1 aaa @ ' a 1 09/ o
sty Tasliuaslgaser an1iznsnaaes dadruda luaveaumueaneiiiny

a = 4 31 @ a =
7:1-8:1 s TwunanFonlaasonloa 0.75%  Tasimiin quigd 30-50 oerusaiTod

va 09/ % 1< Y o [ =
qauautiavenilwiduldmudedmuadnsuzuazguaimvesluTedwalszian
i anesveInTa luilu W.a.2548 YoINTUFININAIIUFISMUANWNIATFIU EN14214

v A = Sy Yo ¢ S R
yosarnmylsy  uaiiloaninluledman ldidesmsvenlason laqgevelinananluy
[ 1 1 1 [ 4 o
8a31auU 20:80 (B20) wunanin I ld las lideslinslsulsuniosoud
= a a o 9 (Aaaa o an o

Su uazAMe (2007) AnyIMInaawnawmaes laglylgasemsudiomaeilinduy

3’ o Ay Y A g’ % <] g’ v o A oy < [ a 4

youthiui Idoniy ohdwwaathe Wiuaaaes duwdas) dulawiamsveua
4 a . <

(OMO) Ane TaelFeulasd lawlawiia Novozym43s (lipase B 910 Canadida antarctica) 11w

ansalfnsewnunslddns suduaznsanuiimsnaauuunill :1nnsnaaeany

a ¢ Y Y a A Y Y ] 2
Tawnamsvemaansalfiuamsasdulunmsndaniaemnos laan1ns wmueads
I~ a 1 o 4 1 I~ % 1 Aaaa o Aan % us/'
Wuisaoeu ladi ldou lmi liaunsadudus dulfasemsnieaaeslindula snns

aaa [~ aaa @ y . o 1 a J <
Ufnsendaulgnsenvudoundu ivenaniaesilygmaina lawnamsueuadgnldiiu

Aaaa A aan I 19 @ a 4 I a 1
msazarelulasen iesningasentunuy lidoundn vaz lamnamsveaiiluiiasde

a 13 a v 4 3 4 Jd o g’ % 4 g’ %
dunaden ludluivasoulmi MWulesifudneunesduveniniugads 96.4% e ldiuiu

<
nnwanadho
Y
a o o <]

Ilham 1ag Saka (2009) Any1n1IHan luTedaniniiiumanusw (Rapeseed) lagil

a J o3| q’j { a a [
Tawnamsvomailuasasduian1izinga (Quugil 350 osruaaiFoa AWAY 20 WNNY
wiaaa narlumsthilfnser 12 uii) Teedsenindusaljnser 163evazwnaldves]ule-

= 9 9)4' Y aan dyd = o a
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a . . . £ ~ ' ' = A g Y aaa a =
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Kinematic Inside Diameter of | Bulb Volume;

Size No. Approximate viscosity frside Diameter Tube (N, E, and P; ml (£5%)

Const, cSt/s of Tube (R; mm)

Range, cSt mm) D C
25 0.002 0.5-2 0.30 2.6-3.0 3.1 1.6
50 0.004 0.8-4 0.44 2.6-3.0 3.1 3.1
75 0.008 1.6-8 0.54 2.6-3.2 3.1 3.1

100 0.015 3-15 0.63 2.8-3.6 D C
150 0.035 7-35 0.78 2.8-3.6 3.1 3.1
200 0.1 20-100 1.01 2.8-3.6 3.1 3.1
300 0.25 50-250 1.27 2.8-3.6 3.1 3.1
350 0.5 100-500 1.52 3.0-3.8 3.1 3.1
400 1.2 240-1200 1.92 3.0-3.8 3.1 3.1
450 2.5 500-2500 235 3.5-4.2 3.1 3.1
500 8 1600-8000 3.20 3.7-4.2 3.1 3.1
600 20 4000-20000 4.20 4.4-5.0 4.3 3.1

A 7a 7 A .
Muilsznoun A-2 taaiglnsal Az HANNKNLA (Viscometer)
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A1319% A-2 aaaauiAuee DMC-BioD tiag MeOH-BioD #1'ldnisiuduvaed

Properties Unit MeOH-Biodiesel DMC-BioD DMC-BioD/D-2 20/80 v/v
Cetane number 50.9 (45.8-56.9)* 50.1° 52
Density at 15°C kgm™ 0.885 (0.881-0.889) 0.887 0.847
Flash point (closed cup) °E 131 (117-179)* 160 95

Gross heat value MJ kg™t 38.80° 38.77°

Net (lower) heat value M kg'1 35.55°% 36.31

Vacuum distillation °C 340 (315-350) (T90)* 469 (T95) 350 (T95)
Kinematic viscosity at 40 °C cSt 4.1 (3.8-4.3 5.6° 33
CFPP (cold filter plugging point) E —44 (—4to1)* 0 -5

Pour point °C —38 (=7 to +19)* 9P

Acid number mg KOH g™ <0.5° 0.3°

Sulphate ashes % mass <0.02° 0.002°

Lubricity WS 1.4 pm 209 213

Some properties of a 20/80 DMC-BioD/D-2 petroleum diesel blend are reported.
# Mean values (interval values in parenthesis) from Ref. [22].
® Values from Ref. [13].
¢ Specifications from EN-142114,

117 (Fabbri. et al, 2007)
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Abstract

In this study, the transmethylation of used frying oil to produce biodiesel was
studied in utilizing dimethyl carbonate. To carry out the reaction used Frying oil, dimethyl
carbonate and liquid sodium methoxide catalyst (5%wt) were mixed in a batch reactor
controlled under 75-80 “C for & hours. Molar ratio of the oil to dimethyl carbonate was
1:0. The product from this reaction is called DMC-Biodiesel and its composition was
simply determined by 'H-NMR, "C-NMR and GC-FID. The results showed that the
reaction could convert triglyceride to methyl ester. Morcover, the basic properties such as
density and flash point of DMC-BioD are comparable to that of methyl ester. However,
DMC-biodiesel has a higher viscosity than methyl ester. This is possibly because of ring

molecule structure of a co-product, fatty acid glycerol carbonate (FAGC).
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FEASIBILITY OF BIODIESEL
PRODUCTION FROM
TRANSMETHYLATION OF USED
COOKING OIL

Pichaya Sangsri”, Sukritthira Ratanawilai , Pim-phan Meyer, Chakrit Tongurai
Prince of Songkla University, Faculty of Engineering, Thailand
* email: lala2327(@hotmail.com

ABSTRACT: /n this study, the transmethylation of used
fiving oil to produce biodiesel was studied in wilizing
dimethyl carbonate. To carry owt the reaction used
Frying oil, dimethyl carbonate and liguid sodium
methoxide catalyst (5% wt) were mixed in a batch reactor
controlled under 75-80°C for 6 hows. Molar ratio of the
oil to dimethyl carbonate was 1:9. The product from this
reaction is called DMC-Biodiesel and its composition
was simply determined by "H-NMR, BCNMR and GC-
FID. The results showed that the reaction could convert
triglyceride to  methyl ester. Moreover, the basic
properties such as density and flash point of DMC-BioD
are comparable to that of methyl ester. However, DMC-
bindiesel has a higher viscosity than methyl ester. This is
possibly because of ring molecule structure of a co-
product, fatty acid gheerol carbonate (FAGC).

Key words: Biodiesel, Dimethyl Carbonate, Glycerol,
Transmethylation

L INTRODUCTION

With increased demand for fossil energy, decreased
petroleum reserves and environmental recognition of
pollution, global warming continues to  increase.
Therefore, research and development of alternative fuels
has attracted significant attention [1]. One such
alternative fuel 1s biodiesel. Biodiesel 15 not obtain from
fossil resources. It 15 biodegradable and nontoxic fuel.
Nowadays, biodiesel has been widely produced by
conventional production process and has been used in
many countries. In this process, biodiesel was obtained
together with glycerol through the transesterification of
triglycerides (animal oils or vegetable oils) with alcohols
(methanol and ethanol ) in the presence of inorganic basic
or acid catalysts (KOH, NaOH and H,80, with
homogeneous  or  heterogeneous  method.  The
stoichiometry of transesterification need to have 3 mol of
alcohols and | mol of triglyceride to give 3 mol of fatty
acid methyl ester and 1 mol of glycerol (10%wt respect

to oil) [2]. Several years ago, crude glycerol in biodiesel
industry was accumulated by increasing of demand for
petroleum energy. Crude glycerol, obtained from
conventional biodiesel production process, is little value
because of its impurities (used of catalysts, waste water
after neutralization, residual methanol, methyl esters,
oil/fat, soap and free fatty acids). On the other hand, refine
glycerin 15 a very important industrial feedstock and
widely use in pharmaceutical, food, drug, cosmetic and
many other industries. In particular, the byproduct
glycerol produced in the transesterication reaction needs
to be separated and refined, which is costly and
technically difficult [3]. To avoid these problems,
alternatives of alcohols have been researched in recent
vears. It has been considered that dimethyl carbonate
(DMC) could be applied as reactant for tranesterification
process because of its physical properties compared with
methanol, environmental inertness, chemical reactivity
and all of these do not produce glycerol as little value
byproduct (Figl). Currently, DMC is produced from
phosgene and methanol, with HCI produced as a side
product. Phosgene is an extremely toxic compound and
dangerous chemical. At the present, methanol, oxygen
and carbon monoxide was used to produce DMC which
the reaction path safe more than using of phosgene [4].

CH,OCOR
g i
CHOCOR y  HC-0=C-0-CH, =" 2RCOOHCH, + R-C-L}-Y-'\n
CHOCOR =
0
(1)
TG DMC FAME FAGC
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The reaction between used frying oil and DMC
produces a mixture of fatty acid methyl ester (FAME)
and cyclic glycerol carbonate esters of fatty acid
(FAGC), known as DMC-biodiesel [3]. In this paper, the
biodiesel production without glycerol as side-product
was prepared by transmethylation of used frying oil and
DMC in the present liquid sodium methoxide (NaOCH;
30% in methanol) as catalyst. 'H-NMR, *C-NMR and
GC-FID technique was used for analyze and confirm the
component in biodiesel produced from transmethylation.

2. MATERIALS AND METHODS

2.1 Materials

Used frying oil was obtained from Specialized R&D
Center for Alternative Energy from Palm Oil and Oil
Crops (Prince of Songkla University). DMC (technical
pure) and the standard substances for GC analysis were
al purchased from Sigma The catalyst, NaOCH; was
purchased from Sigma.

2.2 Preparation of transmethylation of used frying oil
with DMC

A 250 ml two-neck glass flask connecting with a
reflux condenser and a thermocouple probe was used for
the transmethylation. The magnetic stirring rate was 750
rpm. The reaction procedure was as follows: First, liquid
sodium methoxide catalyst (5% wt respect to oil) was
dissolved in DMC (243 g, 027 mole) before being
poured in a batch reactor containing used frying oil
(27 g 0.03 mole). The mixture was heated to 75-80 “°C
for 6 hours. The molar ratios of used frying oil and DMC
varied from 1.2 to 1:15 while the amount of liquid
sodium methoxide catalyst was ranging from 1%wt to10
% wt of oil. The reaction kept at desired
temperature.

At the end, the liquid sodium methoxide catalyst was
removed by filtration and the unreacted DMC was
eliminated by vacuum distillation at vacuum pressure of
65 mmHg, 80 °C.

was

2.3 Analysis of DMC-biodesel

The content of DMC-biodiesel was analyzed by a
(GC-7890 gas chromatography (Agilent 7890A) equipped
with a Select™ Biodiesel for FAME column (capillary
column, length 30 m x 320 um LD. x 0.25 pm film
thickness, Varian Part No CP-9080). Imitial column
temperature was 210°C and kept it for 12 minutes the
column was raised to 250°C at the rate of 20°C/min and
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maintained this temperature for 8 minutes. The
temperature of the injector and the flame ionization
detector (FID) was 290 and 300 C, respectively. The
content of FAME was quantitatively determined by using
the concentration of methyl heptadecanoate (C17:0,
internal standard).

3. RESULTS AND DISCUSION

3.1 Calculation vield of transmethylation reaction

Spectroscopic methods used to analysis of biodiesel
are proton nuclear magnetic resonance ('H-NMR).
In this research, the yield of methyl ester was calculated
by the following equation (4) and (5). Calculation of
%yield of methyl ester by 'H- NMR relate integrated
area of the signs due to a-carbonyl methylene protons
which can occur in triglycerides and methyl ester (62.3)
with integrated area of methoxy proton of the methyl
ester (83.7). The results found %yield of methyl ester is
93.89% [6].

ocu
C = 100x| —— 3 (4)
34
“cn
Where
& = percentage conversion of triglycerides
to corresponding methyl esters
e integration value of the methoxy
protons of the methyl esters and
Ay = integration value of methylene protons

The methyl ester content ( C ) expressed as a fraction in
percent, 1s calculated using the following formula;

(T A)-A C. xV
i = El _EI" El o0 (5)
A £l m

Where

Z!\ = the total peak area from the FAME
Cigoto Cay

A ey = the peak area of methyl heptadecanoate

Ei = the concentration, in mg/mL, of the

methyl heptadecanoate solution

Vg = the volume, in mL, of the methyl
heptadecanoate solution

m — the mass, in mg, of the sample

3.2 '"H-NMR BC-NMR and GC-FID analysis of DMC
biodiesel

Figure 1 shows that the spectrum of 'H NMR has
peak at 836 and 83.7. These peaks appear from the
vibration of ~OCH; which 1s the characteristic functional
group of methyl ester and glycerol dicarbonate (GDC)
respectively [7]. The occurrence of methoxy peak could
demonstrate that the transmethylation can be used for
biodiesel production.
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Fig.1 'H-NMR spectrum of DMC-biodiesel

Furthermore, the occurrence of biodiesel can be
confirmed with ivestigation of byproduct FAGC and
GDC by “C NMR spectrometry in CDCls. The “°C
NMR spectrum exhibits signals generated by the carbon
atom of the fatty acid hydrocarbon chain, the methyl
group of FAME, and three distinctive peaks of FAGC at
54.8 ppm, 60.1 ppm and 68.8 ppm (Fig.2). And the next
peak at 171.5 ppm of carbonyl carbon refers to carbon
atoms of 2-oxo-1 ring and 3-dioxolan of FAGC. From
al above, it can be confirmed that, triglyceride can be
converted to methyl ester without glycerol (low value
by-product) by transmethylation reaction. Moreover, this
reaction produced FAGC which can react with excess
DMC to produce glycerol dicarbonate as shown in
equation (2), and glycerol dicarbonate can react with
water to produce glycerol carbonate ( high value by-
product when compare with glycerol}) as shown in
equation (3) [8]

]

y b
HLC-CH-CH,

Fig 2. "C NMR spectrum of DMC biodiesel

Gas chromatography (GC) was used to confirm all of
component in biodiesel. Analysis of mixture determining
ester, mono-, di-, triglyceride, FAGC, glycerol
dicarbonate and glycerol carbonate was carried out in
one run.
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3.3 Reaction of used frying oil with DMC

3.3.1. Effect of molar ratio of used fryving oil and
DMC on the yield of methyl ester

Molar ratio of o1l to DMC is an important factor that
affects to %yield of biodiesel produced from
transmethylation reaction. Description of
transmethylation reaction i1s | mol o1l react with 2 mol
DMC produce 2 mol and | mol of methyl ester and
FAGC, respectively. Because transmethylation reaction
15 a reversible reaction, therefore, it i1s necessary to add
excess DMC to accelerate the rate of a forward reaction.
Figure 3 shows that %vield of metyly ester increase
when molar ratio of oil to DMC increase (3:1-135:1). The
highest %oyield of metyl ester is 93.89% at molar ratio of
oil to DMC 9:1 and 6 hours. However, %yvield of methyl
ester slightly decrease at molar ratio of oil to DMC 12:1
and 15:1. Since more DMC will dilute system, as a result
DMC will reduce the chances of collision between oil
and NaOCH; catalyst. Hence the optimum ratio of ol to
DMC was 9:1. On the other hand, when pure NaOCH3 in
the form of solid was used as catalyst in transmethylation
reaction, it was observed that the catalyst was inactive
due to its low solubility in DMC. Nonetheless, the oil
can be converted to methyl ester by this reaction, the
%yield of methyl ester is very low. In this work, the
liquid NaOCH; 30% in methanol was applied as the
catalyst [5].

100 4

80 4

60 4

YaME (Yawt)

il —8— 3% wt Solid NaOMe
—k— 5 %wt Ligud NaOMe

0 ; s 5 2 18 is

Effect of molar ratio of use d frying oil and DMC {mol/mol)
Fig.3. Effect of molar ratio used frying oil with DMC on
the yield of methyl ester. Reaction condition: amount of
5%mwt solid NaOCH; and 5%wt liquid NaOCHj; respect
to oil; reaction time 6 h.

3.3.2. Effect of amount of NaOCH; on the vield of
methyl ester

From figure 4, the effect of amount of NaOCH; on
%vield of methyl ester was studied in range of 1-10%wt
NaOCH;. The study showed that if amount of NaOCH;
1s less than 2%wt, %yield of methyl ester will be less
than 10%. Since catalyst are able to accelerate reaction
by decomposition to basic sites and then combine with
DMC. After that DMC decompose to methoxide ion
(CH;0) and biodiesel will be produced from methoxide
1on and triglyceride. Therefore, the smaller the amount of
catalyst, the smaller the amount of methyl ester. On the
other hand, when %wt of catalyst is higher from 2%-4%
amount of methyl ester dramatically increase, due to
basic sites of catalyst increase. However, when %wt.



Catalyst is more than 3% amount of methyl ester will not
be changed because of catalyst is enough for biodiesel
production by transmethylation of ol and DMC. In
addition, increasing catalyst will gain viscosity of
system. High viscosity causes more difficulty in mixing
and complicate separation of catalyst after finish
reaction. Hence, 3%mt. WNaOCH; will be chosen to avoid
these problems and to reduce cost of production.
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Fig4. Effect of amount of NaOCH; on the wield of

methyl ester. Reaction condition: molar ratio of used
fiying oil and DMC: 1:9; reaction time & h.
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3.3.3. Effect of reaction time on the vield of methyl
ester

Transmetylation reaction time was studied from 2-12
hours, It was found that %wyield of methyl ester increase
within 2-6 hours and be stable after & hours as shown in
figure 3. The highest %yield of methyl ester is 93.89% at
reaction time 15 & hours, As a resut, the optimum
reaction time is & hours to save time energy and cost of
production.
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Fig.s. Effect of reaction time on the wield of methyl
ester. Reaction condition: molar ratio of used frving oil
and DMC: 1:9; amount of NaCdCH;: 3wt respect to oil

4. CONCLUSIONS

The transmethylation of used frying ot and DMC can
be used to produce biodiesel as an alternative energy.
This reaction can reduce the accumulation of glyveerol in
biodiesel industries as compared to the conventional
biodiesel production process.

From the reaction conditions (molar ratio of used
fiving oil to DMC, amount of NaCCH: and reaction
tme) on methyl ester vield were investigated, the
optimum condition was dentified. The information from
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these conditions can be used as an alternative method to
produce biodiesel.
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