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Glycerol, a major by-product of biodiesel production, was employed as a fuel extender
in this study. The study can be divided into two main section i.e. 1) glycerol ethers synthesis
from glycerol etherification with tert-butyl alcohol (TBA) in reactive distillation, and 2) self-

etherification of fluidized catalytic cracking (FCC) gasoline and glycerol.

For the first section, firstly, the equilibrium thermodynamic analysis is investigated by
applying three group contribution methods i.e. Joback’s, Benson’s and Gani’s to determine the
equilibrium composition by minimizing Gibbs free energy approach. Gani’'s group contribution
method provides the best agreement with the experimental results. Secondly, the kinetic
parameter determination was performed to fit with the experimental results carried out in an
autoclave reactor. The Langmuir-Hinshelwood based on activity model shows the best reaction
rate description. Furthermore, the obtained kinetic rate expressions are also well verified with
independent experimental results in fixed bed reactors reported in literature. Finally, the
production of glycerol ethers in reactive distillation (RD) is investigated. The suitable RD
configuration consists of 6 rectifying stages and 6 reaction stages without stripping stage. The

simulations are in good agreement with the experimental results.

For self-etherification in the second section, the process was originally investigated by
etherifying the entire (FCC) gasoline with glycerol. The reactions were carried out in a
pressurized liquid phase reactor in the presence of three different catalysts (i.e. Amberlyst 16,
Amberlyst 15, and B-zeolite) at 70 °C and 2.6 MPa with a volume ratio of FCC gasoline to
glycerol ratio of 84:16 for 10 h. The catalytic activity could be ordered as Amberlyst 16 >
Amberlyst 15 >> B-zeolite. The properties of FCC and etherified FCC products were

determined by the standard analysis of research octane number (RON), blending Reid vapor



pressure (bRvp), distillation temperature following the standard methods of ASTM D-2699,
ASTM D-5191 and ASTM D-86, respectively. It was found that the olefin content decreased
opposing with increasing of octane number due to ethers of glycerol formation and the
etherified gasoline product has lower bRvp than that of original FCC gasoline. The process of
FCC gasoline etherification with glycerol showed great environmental benefits; in addition,

ethers produced renewably from glycerol could extend the gasoline volume.

Keywords: Glycerol, Renewable energy, Etherification, Reactive distillation, FCC gasoline



UNAALD

svialas9n13: MRG5180163
A A I~ A a &
Falasen1s: MIBanLazaaNLUUT:UUNAARNTUSznauNAITasaadines
d‘ v dq’ a
wWalmdwsawRanaunu
W98 1) nmaaiansd a3 23wa ipsdfiednid amInsasfaling (hnihlasinis)
6 Aa o [ o o 6 6 a [ v A A &K
2) maanaad avgndty daaxiingeied  InasnIaluwinenay (indienyinm)
E-mail Address: kworapon@su.ac.th
=
sz13a1lATINIT: 24 LHaw

a o ::9( Y o = d! a >3 6 2 a = L% A‘l’ a
Nnwildiinimasaadadunianmwrinaay laanniinaa luladimann il uiTaingsg
NALN MIANBIFINITOLLIIALTN 2 §IwRan Lann NINRaR1IUTzNaUBInasa NN Tasan
€ A A a a < = aaa aaa a a a oV
wazinasifiss 0afia uasnageslwnanausuullfisen uwssd jAsonmafiedinailuarvauis
ImﬁumnmzmumsﬂgSVLWEﬂmzvlaﬁﬂLm‘snﬁal,l,a:ﬂﬁlfﬁa‘saa

o o a _a I3 a A A a a o =
fnsunInaadinesannitraseauszinesifes 0ofla woanageslasnanswuuui
Ugnsen  ludrduusnidunsfasanaugangmnnamaas  lasiSniuaaunidatu 3
adl v 1 ad aa o ad = o o & A
AFldun T5veelauva Fvasuudu uazifuemil gnihanlslumdusasdlsznausn
a 1 Q a =) { ; { A 1 a o
nzaugalasiinmmidinainudaszresfiudidfige Ganuinifrasnifanisariuie
pvddaznauaIninnzauga ldanga daudentdunsmamindinasmasaunaaaaizas
UinsenlasrimnesssluinIasljnialsfiasaussan laawuinuuuiiaasvasusaddus-gurs
‘é a aAa a v { qq// 1 a

radsaTunsluzduendidaunsnefuisnaniinasadldinanzauiga Snnsdminfiaeinig
€n=i v a A a 6 A va o A va o %
WRUNAAEA T lagiaTuraranmaaasluatasdnsoiunuiaileangdidnauldd ludreu
garoidunisniandioateadineslunenauunuiiujizen wodrgUuuusesnanauunudl

Ujfsonimanzaungadssnaudiorusedrodsdiwin 6 ou swnafiadjisendmwn 6 Tu
uaz luiTuaasUdy laonaaniuudnaaIzaanaadnuNITE W INaN1INaaadLdnasnG

1 A:i = aaa Aa A % &V = al 6
mwnaaaLﬂumiﬂﬂmﬂgﬂsmmsm@ama‘ﬂummaaLmaIsnauarmﬂs:mumswga"lmj

a =) é o 4 =) = L Qs { a
Azazladn LLmﬂmLLazﬂfﬁ'Lsﬁaiaammmimaaﬂum%aoﬂgmtﬁ‘*ﬁu@a@LLimuﬁqmv&QM 70
IANTALTUR ANNAW 2.6 LWNzUNEAa FaaInLAFlTAkdanaLTaIas 84:16 LlwIaT 10 Talad
L e Aaa ca & o Aaa Aa ea & v A &
wuaassl Jasonauiuasasd 16 uavdfisennaninaviuasasd 15 uaziuddlalad

v‘hmﬁmmzﬁqmauﬂ"ﬁmaaﬁm"'uhyﬁwmimaaummaanmu’iﬁ'ﬂ ANANNAK LAY Reid LA



ﬁ’]qm%ﬂﬁﬂqiﬂéﬁ*@qqumiﬁqu ASTM D-2699, ASTM D-5191 sz ASTM D-86 @1’]11610’]@3@ I@U
0 :’ o a s a 1 J 1 o 0
WU’J’]W]&I‘HNa@ﬂmgﬁﬁﬂ‘i&l’]mimaﬂuﬁ?ﬂ@m @ﬁaaﬂLﬂugdﬂluLLazﬂ’lﬂ’n&I@uvLamada’]iwﬁmﬁﬂ’l
H A A v = a & o A e Ao A o & A AN va a
@l’]ﬂx‘iLNQLYIElilJﬂ‘LlLLﬂﬁIGﬁau@]\‘l@luﬁj\‘lLﬂu@lmauuwﬂﬂu‘ﬂ@mﬂﬂi Na@ﬂNMLuﬁaLwaqﬂvL@Nﬂiuqm
& A ' A v @ a wa A v o a “ A Y
3J’]ﬂ°llWIi\‘1Lﬂua’su‘ﬂ&l’]ﬁ]’]ﬂﬂ’]ﬂ“ﬁwa\‘ix‘]’mﬁgunU%LLN&QN&NU@]‘HVL@UGLﬂ%N@]iﬂUﬁGLL’J@]ﬂBNN’m

& a_ o
Thanag

J [ A o A aaa a A 6 o = aaa 23 a
Aan: naloalas WQGGW%WH%L’JU% ﬂgﬂiﬂ"lﬂ’ﬁwﬂ@lmﬂﬂi %anammuuﬂgmm LLﬂﬁIsﬁﬂ%

a 6 a a
'ﬂ?ﬂﬂixﬂ?%ﬂ?iwgﬂvLﬂsﬁﬂZ@]$vlﬂ@]ﬂLLﬂiﬂﬂ\‘]



	3 Abstract



