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Repott Tile Synthesis of Biodiesel by Using Supercritical Carbondioxide
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Report for Bachelor Degree of Chemical Engineering

Department of Chemical Engineering
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King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

This senior project proposes a study of biodiesel synthesis by using supeccritical carbon
dioxide to enhance the transesterification of trioleate fatty acid, palm oil with methanol, and to
reduce usage and washing out the catalysts from biodiesel product. The experiments were carried
out in a 5 - ml batch reactor at a temperature of 40, 50 and 60 °C and pressure from 15 to 25 MPa
with a constant molar ratio of fatty acid to methanol 1:40. For the reaction of trioleate fatty acid
with methanol at the reaction temperature of 40 °C and a constant pressure of 15 MPa, the
diftusion time of carbon dioxide into methanol was about 60 mins thus after increasing the
reaction time to 70 mins, 13.34 % biodiesel was observed. The heat of overall reaction of
transesterification was 118 kJ/mol.  However, by using a 5 - mi batch reactor to synthesis
biodiesel from palm oil and methanol at the temperature ranges from 40 to 60 °C and a constant
pressure of 15 MPa, low conversion to biodiesel about 1.08 to 1.66% was observed due to
tmperfect diffusion and non-homogeneous mixing.  Therefore, to enhance the diffusion of
supercritical carbon dioxide and mixing between palm oil and methanol, a 2 - L high pressure
vessel equipped with an agitating unit was used. From the experimental results, at the temperature
ranges from 40 to 60 °C and a constant pressure of 20 MPa, the amount of biodiesel from 17.7 to

26.7 % were taken place with the viscosity in the ranges between 28.1 to 23.0 ¢St.
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PJABQD
o -4 u 2a =
D // = AunlszAnsmsunives A lu B (su./3u%)
= gaunQiALYIol a3u)
MM, = mninluenaved A 1z B a1ua1AY
P = anuA Gunziheaia)
T 4p = callision diameter %3 8A341)5 Lennard Jones (84a7A581)

= o & o as
Wuaauls oIl aN¥y Lennard Jones

Qp = collision integral Taitiving

i t : ! = o o
Tuptsldaunish (2.7) wdoaniun o, tar Q, Fuaasn o Wuiladdy
o Y v P & - = 1 ar al
AU kT/e ,, 1300 k fiDAININ Bolizman HAY 1.38X107° (ergs / ke 4 ) WUFIMGINUALTAS
' L4
usanszisznaelmana laom @, uanadesidiuns@ifunagiuiiusinsziinedu
sa o d ey o ! ar & o o
asdifudadunsinaunsgil hifiusansziwonu o, Salinudesuulilen 1.0
= . o o & o
MI1eH 2.6 uaem e, uazAuls o,y YBATINEEAT INTINdEyaR Y

=3 [ = A 1ol 9 [ o ars ars CaN dy
nitavowRnlunsaii lifidoya A1z, uaz o, TuTndOARINeNUFURUTAE T
gk = 077, (2.8)

e k= LIST, (2.9)
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= Usuasae luangaaealnd (w. /sy lua)
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UTnasdings (@ niuTua)
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= UHIUINGA ((AATW)

o

]
I

L]

ANWAUINgA (nzithana)

Qs

a as & A o o o o qu‘: 1 v c:’
dwiuszupdinufanesesfilsenouiluuded lifitrennsonint o, unz ¢, 18aail

Wl N X ;J‘g (2.13)

Eup V", 1!'5,433 (2.14)

W  ow o 1 ' a el ' =
ANUTURUTaUMST (2.13) uaz (2.14) DiounsolFiueiantivald druaumsi @7 19

o as a v & Idu‘: P [ 5 9/ o 9 ya‘ =
Annadulszansamuwivasied Wifidy fAfanununiui gndedlaod 14 hgumgd

4 1,000 tnadu redisuuulszunaiivoas 8

A1519% 2.6 A1A3% Lennard - Jones AUl ndoyaniumia 9]

Msiszney qAsN 1Al €,/K (nau) G (S9ansnn)
Ethanol C,H,OH 391 4.455
Carbon dioxide CQ, 190 3.996
Hydrogen H, 33.0 2.968
Hydrogen chloride HClI 360 3.305
lodine I, 550 4982
Methane CH, 136.5 31922
Methanol CH,OH 507 3.585
Oxygen O, 113 3.433
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Y ESTNY T (tAAI) D,,P
s’ dhamaAui)
Carbon dioxide
Benzene 318 0.724
Carbon disulfide 318 0.724
Ethy! acetate 319 0.675
Ethanol 273 0.702
Ethyl ether 273 0.548
Hydrogen 273 5.572
Methane 273 1.550
Methanol 298.6 1.064
Nitrogen 298 1.601
Nitrous oxide 298 1.185
Propane 298 0.874
Water 298 1.661
FI'I‘SN‘?‘I 2.8 The Collision integrals, Q, aﬂuﬂaﬁéﬁ'uﬁ'u kT /e [9]
kT /e Qp kT (e Qp,
For mass diffusivity For mass diffusivity
1.25 1.296
0.30 2.602 1.30 1.273
0.35 2.476 1.35 1.253
0.40 2318 1.40 1.253
0.45 2.184 1.45 1.215
0.50 2060 L.50 1.198
0.55 1.966 L.55 1.182
0.60 1.877 1.60 “1.167
0.65 1.798 1.65 1.153
0.70 1.729 1.70 1.140
0.75 1.667 1.75 1.128
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15199 2.8 The Collision integrals, 2, 1§uiladduiy kT/e [9] (o)

kT/e Qp kT /e Q,
For mass diffusivity For mass diffusivity

0.50 1.612 1.80 1116
0.85 1.562 1.85 t.105
0.90 1.517 1.90 1.094
0.95 1.476 1.95 1.084
1.00 1.439 2.00 1.075
1.05 1.406 2.10 1.057
1.10 1.375 2.20 1.041
I.15 1.346 230 1.026
1.20 1.320 2.40 [.012
2.50 0.9996 4.50 0.8610
2.60 ; 0.9878 4.60 0.8568
2.70 0.9770 4.70 0.8530

= d o o e ~ 3/ Iy o d d
2.9 MsInTzreentsznevvewmandumlulenan Aramatinlamosiasiug

L) =1 . L L
aﬂ?ﬂiﬂi‘uﬂﬂﬂﬂﬂ (High Performance Liquid Chromatography: HPLC) [10]
=3 'd = o o or 4 a1 9/ o La

M3unseHmSumesddiznouvoswdndiust lwloftraainialdmaiinSians ey

o3 L] =y o a1,
1Ana103% 194 Sumeos 1nsu11ans W (Thin-Layer  Chromatography  © TLC) ufa
In5111an351W (Gas Chromatography : GC) uaz lomesvosiudanialnsulnns ¥l (High

v .
Performance Liquid Chromatography: HPLC) ImoluusazdTuussiideiidanuanaiafiu
aon TmadmazinfTnasadilsznovve wwdnsus luTedna Taslfimatn HPLC 145y
=Y A a A (K] =3 o 1 o o Vv I=) ar ]
awilonga issnndlumatiaidehigaonlunsesoudredis hiduiludeundoudaoda
[~ as s ' n’: ' = a a - o -
Tilueyiusyesmsdreniaiug iulensuiiesth lSnsziimiousumaiin Ge
= [ =y o
11INNIAUATIBNTITNIEIMIMINLTY  Shiro Saka uazame [10] 1a3msrz i
. |
PBinmesmlszneumaniives luTefiwa#t 1dnnl §AsemaudloameT sy voaiiy
o p 1 = 1 = o qyd 9 é U R L A

NWAR Lswaomaiia HPLC lasld anzlumsiinszyvidsil e 19inToatadsiiinmuss
1A (reflective index detector : RID) ABANHYTIA Asahipak GF310-HQ Tuszunsigaimnieud
WUY eluent  ¥930£% TAu 8051015 IvavesTgniamasuieiny 1.0 Tadansaeuld uaz

oy v da =1
ﬂ?UﬂHQmHQNﬁlﬂﬂﬂﬂﬁnu‘l’l 40 DI H KO &
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Rajnish Kumar agaae [11] ﬁwmﬁmﬂzﬁmﬁﬂi:nmwm"l.uTaﬁmammJﬁﬁ?m
o« = or : s ar =
mnmmﬁmasﬂmmuwmumuﬂaﬂmuﬂmuﬁ"wmﬂuﬂ gel  permeation chromatograph
a o - a
{GPC) Tnely Uv detector ABDDUUYUA Styragel (7.8 mm ID x 300mm) 11!‘531J‘1.I’J{]ﬂ1ﬂ

d"l d‘ o ar y C!.. 1 s <1 ey ’ =
ATOUALLY cluent YB3 Ingdu dasims IvavesigamamAsuiitniiu 1.0 Tadansaoui

=)

Y S a = 4 a q
lumsinszvnansmat I lofwadas HPLC 019 1dinseans0 3w ldnaisyanse

'
= o a o &

ar - g é [+] =9
a7293 NN ¥ UIATea HPLC Ao UV detector Tuuizaztiin1 1451 inEa o
= :ir.:i o u:'\ o 1 4 o 1 =1 :’ as u'/ =3 " -1
f'lu'Ifmwawnwuﬁz'lnaumﬂgiuimmwau wu luTedmanimiiiudauvies une1ei
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= L]

Fosadadiotinnldimied lulensaninlasadiwe lsan a1 suousugaun iyt
thdu thavmAeSu waz luiudad mudenuilsfomsidonlfintosnsrv3auuuaridosy
Foasursnlafimod Fuily universal detector Sa151N0813 TnvoFoR I IIANG 1 IVD A G
ﬁﬂmmmuaaszw:iNmi17%c%’aqmﬁmﬂ:ﬁﬁﬁgmﬂmgauﬁ [4] aoe l3AAnsuenEIIA199

vameyiia lusinsuat lu Tefranolunoduiives HPLC 121 18410m10 1435 M5 gradient

sinmuoauaeluigmiamieufinaeana fatumsdun 3330 s 129 a0l isocratic HPLC
woldiu RI D Sefinrms uilusdistslunsudilymdendns

Noureddini nazame [12] #1133z Tedmasni 1w a M A0 18 omaiin
HPLC Taold RID unzapdufaiia Spherisors 5z ODS ) luszunignimedeufinuy
isocratic clution 404024 launazozdlalulnidludasidi 2 : 1 snsmisIvavesigain

4 e = oo 1 1 o=y L ar g =
Eﬂﬁﬂu%!‘i’ﬂﬂﬂ 0.7 HARaA AN LAZAIUANGMUUNUVDINDANUN 35 SIANYDIH YT [4]

2.10 augalgnsauni

“ as d’.‘ <2 2 = o = s aa o« = o
Tuaddodl dlunsAoudiaugalfisouniivenlfisomsmdommeslinduyos

¥

oy o’ = as i 14 ()
dilhduraziumivea mswiaugalfisousiianisoniidlasasaninhifideya

af

as

A 1 e ) " -~ PO 9/ Ay -]
gUUNAMTAT Nutiud191990 13 1a0193RT 1A 1A 1AT0Y AN 1A9INNITNARADY ITUREINY

MRS BUUBURAT

¥
Iz ar 3

Msnmnedesaznisulasiuigaauaaiuzdseifun I Inud IR

a q

.
d!J b= ) L] =1

Tums  suvwmamaniilolfAsvuiadudgeaugaguugiinazanuauvaszuuasi uaz
as = 1 = At Voo 2 L [ t:iy o o o
Waanudas (AG) linldswmlamismidugud meldanzsuiimuisamianuduius

szramnldoundasndsnudaszunnifiu (AG") nuRnIRauaa (Equilibrium

Var o
constant: K) 1adail

AG® =—-RTInK (2.15)
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' = & oo o fa a o & = L= a {
mnsnauqavealfasouihuilinduduguvgil Fananodatoumgiivilseilainei
. é P~ T =y ey wv ci as &
avgammiaunuamzvenl§isonivg lasnisudoundamdinudaszunesgu (AG”)
o ] [ & " = as as o aaan & 1
dumnnuuandtvemdsausarzsenindadusifumshil§asondeedluaniiz

9! aa o a t;‘ [ dy
wImIgIU mﬂgﬂmmmﬂ‘uuﬁlumu
aA + bB -— ¢cC + dD (2.16)

»
uazszuvvealfnsonilithuinngaund (deal system) s K annsndiuanldsin

o & T N T
ANV NVUVBITTINIAUNUDSHARAUN TN AU Fi

¢ ~d
K= Sclo 217)
CiCs

¥
ar  as T

= aaa = ar :’ as d  as
AsrunIsmanIRaugauelfasoivsudeames indu aosiiiuildudy
wueamiused e laninanududu u 39duaa (Equilibrium  concentration) 1B

o T a oo s = -0 & =, o ar t ¥ ¥
panlsznounien lundadmal vinnalnmsMadjasomaidiomnaslintudanandiay

[ 14
aunsomimasiauga ldluusazlfnioiaieg dene hii

e __Cjﬁc_‘ﬂi& (2.18)
CTG CMeOH
Kqu.Z - _g_f‘iﬁ(_:ﬁL (2.19)
CDGCMeOH
Keqm = %@_ 2.20)
CMGCMEOH

HavpIguvplinemsdsuulamdsnudasrinas g iueealfiser i Annudunai
o’: @ as ° o & 4 o ar
vuldnnanudusiusnguuwamans d(AG' /R)/dT = —AH 1 RT Faiiori1unsuu
aumish 215) i ld ldmadeaumsh 220 Fudluaumsildmaanuiouvesl fiTer

{Heat of reaction)

d(nK,) AH;
dr RT?

(2.21)
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iohmsnasesmminsfiaugavenlfiForigampiiaieg wwansammanudou

2 S 1 d‘ = | 1 ar & ]
waelfAseaieg vinounmsi 221 leomsifounsidsenines K fu 1T oz ldan

o o AH & & o s
ANuFUYBInI iy - Fadluannmsnug e o1idion

I(l .
finsulgasenn (2.1) TG + ROB ——= DG + Bio
AH
Slope,,, =——+ (2.22)
: R
K,
dmiulgisem 22) DG + ROH S—= MG + Bio
AH
Slope, . =——= (2.23)
0K, Z
KJ .
AmSulfnsem 23) MG + ROH ———* GL + Bio
AH
Slopey, ¢, =~ RJ (2.24)

' aaa da a0y as . o 9/
Tasmanudeusnvelfisomswdioamaifndu (AH,) mwsodwnldnn

[l b
MRS IMYDIN AN BUVBARATN (2.1), (2.2) 1Az (2.3) Al

AH . =AH, + AH, + AH, (2.25)
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i o/ ' = d?
2.11 maeaazmaulasdunifady o anzanga (Equilibrium conversion)(4]
msaauf1a1dl @15 A TuaumsSuaduius aunsh 2.16) hdfaso T ls

. v
Tiu Feoaznisudasduiluannls 7l lunisdudléd

= 9t ar & = o &
LIF.I'II.I‘UE\QSE]ﬂazﬂ"l‘ilkﬂ'ﬁ\‘lﬂ‘u%lﬂ@ﬁ'ﬁ A (XA) 1ulﬂﬁﬁlﬁﬂgﬂimllﬂﬂﬂ$ﬂﬂ

x, = tuluavesas A Hinlgasorliaedmouluavesms A #itlou

24
MIn x, = (0, n,)/(n,) {2.26)
Taoh  n,  vuwode Swauluasesds A Anaisudy
=3 a =
n, vueds S luavedas A anailag

o o q. 1 & =y Ly =y ¥ o =1
dwmsuszuuidnnniwmiialfnsounatiundonsu s2iinsls  extent of reaction
1 e o 9 as c§ L3 3 as .
soaudazi fasolumsdnumissazmamlasiu Faonzadias A Tugivesdadiu

Taolua (v) vosmsusnz ¥ila

I’lj A nj.o -i-lr’j&',. (2.27)

=
Il

n n, +ve

<

I
18

H‘(

Tab extent of reaction (¢,) ¥03UAT01 i nsasiwraldninminaiauganniua
I v .
udy daiudmivdgasomsudieamaifnduveniuinhdvivammsaginsaudauns
' aaa 3 ar dv ] : as ¢ Ao 9/ o o e = - o«
w1 &, voumaz Ui 1ddei derhiuthdumhunlFlumsiuljsnidlasedwe liduas
= 7o g
lan@ro lsasuau

K _ Yoo (&, +&, +e X npg o + £ + ;)

g2l T -
YreVaworn  (Po —E X oo — & — €3 ~£3)

(2.28)
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Vol g+, +e)e, —¢
Koy, = oY MG _ (&, +¢&, +e3)(e, — &) (2.29)
Yoc¥ueon (Npgo *+ & ~& ) Moy 0 — &, — €, — &)
VYoV (g, +&, +&)(e
Kﬂﬁ_3 _ _YeoYor  _ LT &y +8,)(E;) (2.30)

YicYueon (& =& )Mo o0 — & — &, —&;)

A, ’ ' oo a ' P

Wadmamunia g vowdazyfasonland irldumualuaunsi 27 e2ld
dadaulasluavosmsudazsiianaozavga suirlunidosaznisudasdu 1auniss
(2.31)

W= /0 | (2.31)

L @ o oa o a
lagarivsazmiudasdundialdosiludivondessaunuauysol (Degree  of

R ooy o Sy ar ] :‘ ar o ar
completion) "Ui’)ﬂﬂgﬂﬁﬂ’lﬂi’luﬁlﬂﬁl'ﬂEJTlﬂll,ﬂ‘ﬁu53“313“1Nuﬂj1ﬂ33ﬂﬂluﬂ'luaa

g :; @; 3/
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3.1 a13nd
L tindu
2. 1{1 (HPLC Grade)
3 dahdy @nwsea)
4. Vuoddmiau (Phenolphthalein)
5. B2% A1 (Acetone : HPLC Grade)
6. az%im"lu"lmﬁ' {Acetonitrile : HPLC Grade)
7. ufamsvou'lagenlad 95% (Carbondioxide)
8. n3aluiiules Tofon 65% (Tricleate fatty acid)
9. LUNIUDR 99% (Methanol : Analytical grade, Lab-Scan)
10. TwunaFoulalasinuwinias (Potassiumhydrogenphathlate | KHP)

11, Tw@oulsas Elﬂvlﬁliﬁ {Sodium hydroxide : Analytical grade, Lab-Scan)

d
3.2 aifnyal
=Y o
. 1A
P= L
2. UAnes
3. wagyuy
4, VAOARAAIT
5. wwiadTinag
6. tlawdougneuna
¥
7. 810 AIUANRUNRAL
. maﬁnﬁﬂﬂa {Thermocouple)
£ = <
9. nIenlgnIaluuune (Batch reactor)
10. wSoadannuviauuued luan (Say bol
11. $huoaseau (Syringe pump : MODEL 260D)
' [ W
12. 1030IFNIMUNANNAIDIA NALUL 4 AU

13. w3sslamesdofinusganialnsulans W (HPLC)
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5 6 1. Carbon dioxide cylinder
Vent 2. Check valve

3. High pressure pump
9 4. Gas filter

5. Temperature display

6. Pressure display

7. High pressure vessel

8. Temperature control

9. Valve
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