R BN 2
<. 20232107008 B RA, 10759

AWM FKRE
Rx &R X

FJ BB S PR BRI 5 B A ER R e RY & (N

fELFI R
A fdeaE N i 36
s TR IEF BlH®
i (T K A I H+
A PR ST
il e Tk 48
W o A T ¥ %

HE e T AFET
2026 F 6 A



Study on Solid Base Catalysts for Methyl Esters from Renewable Lipids via
Transesterification
A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of

Professional Master

By

Yuan Dun

(Materials and Chemical Engineering)

Dissertation Supervisor: Associate Prof. Qinqin Wang

June, 2026



AT R 2L SOMB A P B B A PR 33245 7 0

L SCHL B )

AT R AE A SO TEIR TN 4 5 F AT (B TAR BRSO B S . 45
WFFE, BR3Cch B4 UMM A, ARIAEEIHEN N C L LIRS (5t
FURA e R ALY TE T TR TTRRAY AN AR, B EAESCP AR T WIBG 8] F 2%
1B 2.

mrsss: B P, wim: b 68 | A

i P BB 1S

ANTEET BAFFRFARRH . LR IIE, FRABURR AL
I 1 8 2 30 5 8RR R AL AR SO LT IR ANARR AR . AT AU 2000 U 2 R B
WARTFIF VPR BY o AT AL AT BRVF AT AR 2600 ST BN PR Y G B R %
AR AR PR AR B AR . (RS 10 AR e R 5 & R A .

Frss. % i %xbe bg | B
giiss: K5 mil: 202b ® A |



HE

I R Y G A Dy 2 € ) A R IR ) B L R oy, DR LR SR AR e . IR APV DL e
AT SE AR 2 BRI PR RS, B N R AR R IR SN LRI RSG5 Qe AL BT, Tolk BAE~
F I F R S AR A B S e 125, (R IZ A TFAEME LAY B8 Sy R AR B R B P2 K
VR KEE MR . FPRETE MR 550 v S A A AR AT A AL TR), T BRAR AR = oA |
Bk sg ek e A BB Lo ASCUART AR R, SR E AR TRE A FI B 5, AR
&) s E EALEE . TR VIR R F P AR BT I R 7S, B TER PR RE A AL A R OF
R HMBOR R, FEAFEL RN E:

(D) BE0EH%E T R FRB 48Kk (KF. NaF. LiF. KCl. KBr) S5%{LEE (Mg0) E4&
(R T AT AR A 7R, HE SR T IR i ) T A 48 i I DA 46 FR R o ZE P A LRI, KF-MgO fiEfL 77113
LR S (AL PERE, 75 71808 3%, 65°C, 4h, BEIEE/RLL 18: 1 264F R, MRBiER FERICR N 92.4%.
WFFAESZ: MgO FHIE M F (02) MEEET (M) 5ERBHREMHHRE T (F) ZIAfFEE
B EAER, HEFH O>F Mg> i FRAH . 5oE)E S 7 i EEsE (Lir<Na'<K"), 21{E
HBEF- O F1 Mg> A5 FL ¥Ry, ETTI TR el B A e v Ve e PR ATRI P e A TR 1 5 i 2
ZRMERR, UESE T RMETE R A O R R B DGR A o X PR A ELAE FH I RESR AL 71 I
T B T (HO BIREST, AR ZERE S ek & H A EE (CHSO07) AR, SR m R e

(2) AT P KF 905K i 8, e i 5 Tl BT o K ke e, B0t 7 — i KF
CSC T AR ) e R v [ AR A TR, TR A el 4% FR R . TERALIR BSR4 T, 50% KF-SA AL 7
(¥ BRI R IL B 91.6%. K/FI] Ca/O* LA R4 | OF LT3 B, M 1 R s A7
FAEHE O* At 50% KF-SA WIS AH ELAE AR A T F20€ Hh IRJAH KCaFs ITE AL, A AMUE
Bt TIEVEEAL A, IR T R . BRAh, AL 2 IR A S iE R OR R R T, HRAST
& ER

(3) BT bl I P B8 A S Tl [ B e AR, 4% T — R A A -
(Ce0r-CA) H A AR BRI, CeOr 5 Ca(OHY, Z A K FEIMEFIEHE T i 2 A1
e, ET WIS T . BEE CeOy BT, S BMIRELZEH T, 2 CeOy BAEN 30 wi%
W, AR IR B KAE 76.6%, BLINFEOUAG SN 264 T R R i, 15 90.8%. HLERAF TR
BRSO AT AR S AE R IR (CHAO), MR E R S B B VRS IR A 2 5 I
Rio AR 30%Ce-CA HEALFIRILHR T i Fese v, ESAGIAE 5 SRR s

R JRITRRTEE; BEscH N PR, I



Abstract

Fatty acid methyl esters serve as a vital constituent of green and renewable diesel, is regarded as a
promising alternative fuel for alleviating the energy crisis and environmental pollution due to its excellent
biodegradability, environmental friendliness, and combustion performance comparable to petroleum diesel.
At present, homogeneous base-catalyzed transesterification is the dominant industrial process for methyl
ester production. However, such catalysts suffer from several drawbacks, including difficult separation,
tendency to undergo saponification, and generation of large amounts of alkaline wastewater. Therefore, the
development of cost-effective, highly efficient, easily separable, and reusable heterogeneous solid base
catalysts is of great significance for reducing production costs and promoting the green development of the
industry. In this work, renewable lipids was used as the feedstock, and systematic studies were carried out
focusing on the design and development of solid base catalysts from two perspectives, alkali metal halide-
modified magnesium oxide and resource utilization of industrial solid waste. The research aimed to construct
high-performance catalytic systems and reveal their structure—activity relationships. The main contents are
as follows:

(1) A series of solid base catalysts composed of different alkali metal halides (KF, NaF, LiF, KCI, KBr)
and magnesium oxide (MgO) were designed and applied in the transesterification of lipid for methyl esters
production. Among all catalysts, the KF-MgO catalyst exhibited outstanding catalytic performance,
achieving a biodiesel yield of 92.4% under the conditions of 3% catalyst loading, 65 °C, 4 h and a methanol-
to-oil molar ratio of 18:1. Research verified that electronic interactions occurred between O?~ and Mg?" in
MgO and F~ in alkali metal fluorides, with electron transfer from O?~ and Mg?* to F~. The increasing basicity
of alkali metal cations (Li* < Na®" < K") enhanced the electron-withdrawing ability of F~ from O?~ and Mg?*,
thereby forming stronger basic active sites. A linear relationship was observed between catalytic activity and
total basic strength, confirming that basicity plays a crucial role in methyl esters formation. This strong
interaction also enhanced the ability of the catalyst to adsorb H* from methanol, thus facilitating the formation
of methoxy species (CH30") in the transesterification system and ultimately improving methyl esters yield.

(2) To address the issue of KF leaching and achieve a balance between high catalytic activity and
long-term stability required for industrial application, a highly efficient and stable solid base catalyst derived
from KF-modified steel slag was designed for the production of methyl ester via transesterification. Under
the optimized reaction conditions, the methyl ester yield over the 50% KF-SA catalyst reached 91.6%.
Electron transfer from K*/F~ to Ca/O?" increased the electron cloud density of O>, enriched the surface basic

sites, and promoted the generation of O?~ active species. The strong internal interaction within 50% KF-SA



contributed to the formation of a stable KCaF3 intermediate phase, which not only effectively anchored the
active oxygen sites but also facilitated methanol activation. Moreover, the catalyst maintained stable activity
after repeated recycling runs, and no metal leaching was detected.

(3) Based on the aforementioned electronic modulation theory and the objective of high-value utilization
of industrial solid wastes, a series of CeO,-carbide slag (CeO,-CA) composite solid base catalysts were
prepared. It was found that the synergistic effect between CeO, and Ca(OH); contributed to the formation of
surface oxygen vacancies and the activation of methanol molecules. With the increase in CeO; loading, the
oxygen vacancy concentration increased gradually and reached a maximum of 76.6% at 30 wt% CeO:
loading. Under the optimized reaction conditions, the highest methyl ester yield of 90.8% was obtained.
Mechanistic studies indicated that oxygen vacancies promoted the dissociation of methanol to form methoxy
species (CH30"), which served as nucleophiles in the transesterification reaction. The optimal 30% Ce-CA

catalyst exhibited excellent stability and retained high activity after five consecutive recycling runs.

Key words: fatty acid methyl esters; transesterification, CH3;OH; adsorption
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Fig. 1-1 Transesterification Reaction Equation
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Table 2-1 Chemical Reagents and Solvents Used in the Experiment
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Table 2-2 Experimental Instruments and Equipment
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