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Fig.1 Equipment for gaseous esterification reaction
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Tab.2 Results of L, (3*) orthogonal test and

analysis of data

sy A B c =H  ER/ %

1 1 1 1 1 91. 84
2 1 2 2 2 95.72
3 1 3 3 3 97.19
4 2 1 2 3 96. 45
5 2 2 3 1 99. 63
6 2 3 1 2 96. 38
7 3 1 3 2 99.58
8 3 2 1 3 95.42
9 3 3 2 1 99. 35
K, 94.92 95.96 94.55 96. 94
K, 97. 49 96. 92 97.17 97.23
K 98. 12 97. 64 98. 80 96. 35

R(# %) 3.20 1.68 4.25 0. 87

TE:Fo10(2,2) =9.00, Fyo5(2,2) =19.00, Fy o, (2,2) =
99.00,
®3 EXKBAESWER

Tab.3 Analysis of variance of orthogonal test

ISR i 22 - J5 A1 H F
A 17.24 2 14.50
4.28 2 3.60
27. 64 2 23.24
W 1.19 2

2 mi g A R S R o A R W A g B
MK T A LB C 378K 3 R B fies 17
PR B R A R 5 A% U 2 T AL R A5 2R R W i
S R I EE LR 99.63% AT 7 KZ, BF
A 99. 58% s RO 22 ) s Mr & W, 4% [H 1 X i Ak
FREI B R/AMKIK R € ALB BV i BE A A 5
P BRI ]

MFE3 Tr 2 d R or i, Fy = 14.50, 90 F
F, 0, (2,2)=9.00 5 F, ,5(2,2) =19.00 Z[a], i3 8

A 700 R A 3 B T K T NG R b 2R e B
BN A& K- S IR AL R &, K P 2 K F 3 225
AKF, =3.60 <F, ,,(2,2) =9.00, 13 B J )i B i)
FEIR SR BEIE K S N X BE A R TE B F =
23.24 A F F, s (2,2) =19.00 5 F,,, (2,2) =
99. 00 Z[a], i W] Sz N ik B 7 32 50 15 1 7K F P9 % i
(S AL ST e

Lia VL b oy, A5 R JEE I i B D7 R TR A R A
A AR BE B I A 25 1 Ay < A A 50 5 5 43 % 15 %
SR B [E] 60 min , Jz 1 i 105°C, Bl ge 41 5 /K F
Wit
2.3 WIERBKXIXE

Fie B DL Bl iR 15 1) e Ak 4 & 2% 14, HU 1000 g
A o IR I T R R AT I UE B R, 4 R R R
fHF% % 0. 64 mg/g, SAHBRfb % 1K 5] 99. 65% , Ui ]
TE AR 50 2 0 0 Ak S5 1 B A B i o R 1 SRR
%,
2.4 EGBECHIBEREEFRAYGRE

S R AR R A Ak ) i P AR R T AR A AR,
TETRR AR B i S mlh b, ¥ B8 1.5 75 J i T 4 A A
AL TR T AR O 4% B8 IE A2 R 56 345 19 1 Ak 25 1
HEATE A A5 R UL 3,

4 100.0
995
L’ 99.0
= A
g 2 —WRH W% 98.5 ﬁgr
b gt
g 08.0 &
=1
B 975
0 97.0
1 3 3 4 5 6 7
EEEHRE

&3 [ R R e 70 H A R

Fig.3  Solid acid catalyst repeated use performance
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Tab.4 Comparison of physico-chemical indexes of wastecooking oil biodiesel with GB/T 19147—2003 and GB/T 20828—2007
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Biodiesel Production through Gaseous Esterification Reaction Using
Waste Cooking Oil Fatty Acid Catalyzed by Solid Acid

Liu Weiwei'> Ma Huan’® Yuan Lixia' Yao Jianmingl Wu Jinyongl Chen Xiangsongl
(1. Institute of Plasma Physics, Chinese Academy of Science, Hefei 230031, China
2. College of Engineering, Anhui Agricultural University, Hefei 230036, China
3. School of Life Sciences, Anhui Agricultural University, Hefer 230036, China)

Abstract; For more efficient and environmental friendly production of biodiesel from high acid value oil,
a simple method was developed and investigated to produce biodiesel by combination of gaseous
esterification and solid acid catalyst, and the waste cooking oil fatty acid was taken as the reactant. The
orthogonal test was used to plan the experiments and optimize the reaction conditions, catalyst loading,
reaction time and temperature, and the optimal conditions were obtained, 15% catalyst dosage, 60 min
reaction time and 105°C reaction temperature. Under these conditions, the catalyst could be reused for 5
times, and the acid value of biodiesel was only 0. 64 mg/g. The reaction rate of esterification could reach
t0 99.65% , and the quality of refined biodiesel could meet the national standard GB/T20828—2007.

Key words: Biodiesel Waste cooking oil Gaseous reaction Solid acid catalyst



