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Preparation and characterization of a novel biodiesel entitled jatropha
oil propylene glycol monoethyl ether ester

JIANG Da-yong

(Research Department , Engineering University of Chinese People’s Armed Police Force ,Xi’an,Shaanxi 710086 ,China)

Abstract: [Objective] A novel biodiesel from jatropha oil with high oxygen content was synthesized in
this study and its physicochemical properties and engine emissions performance were analyzed as well.
[Method] The novel biodiesel named jatropha oil propylene glycol monoethyl ether ester was prepared u-
sing refined jatropha oil, methanol and ethylene glycol monomethyl ether as reagents and KOH as catalyst,
whose molecular structure was analyzed and validated by FT-IR and ' H-NMR. The optimum synthesis con-
dition was determined by orthogonal test L, (3'). The physicochemical properties of formed biodiesel and
its blends with 0 # diesel,including dissolubility,closed cup flash point,solid point,smoke point and kine-
matics viscosity (40°C),were tested by the national standard methods. Smoke emissions of 0 # diesel,jatro-
pha oil methyl ester and jatropha oil propylene glycol monoethyl ether ester were also measured with en-
gine speeds of 1400 and 2000rpm,respectively. [Result] When molar ratio of methanol to jatropha oil was
10 : 1,catalyst amount KOH was 1. 2% of feedstock quality,reaction temperature was 70°C s and reaction
time was 90 min, the yield of jatropha oil propylene glycol monoethyl ether ester can reach 91. 3%. Jatropha

oil propylene glycol monoethyl ether ester has good physical and chemical properties,and its engine per-
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formance was better than 0 # diesel and Jatropha oil methyl ester under the same loads. [Conclusion) With

the higher oxygen content than ordinary biodiesel,Jatropha oil propylene glycol monoethyl ether ester can

not only be used as additive in diesel fuel, but also be used alone.
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Fig. 2 Synthesis procedure of jatropha oil propylene glycol monoethyl ether ester
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Table 1 FT-IR data of raw product jatropha oil propylene glycol monoethyl ether ester

WS 5/ em ! FE AR Ik Bl 2 W A3
Frequency Group attribution Vibration type Strength

2 924.52 —CHBgsp, —CHBgp {45 9% 5 vBas 55 Weak

2 853.79 —CHB;sp, —CHBsp XTRRAR 46 R 8 vBes 5 Strong
1743.96 C=0 5k v 5 Weak

1 462. 60 —CHBgp Bzl % Weak
1.378.26 —CHBsp B FR AR i iR 2 5 Fr 4 Middle
1166. 77 C—0—C XK 43R 5 vBas 4 Middle
1119.05 C—0—C T T 2 AR B vBas 5 Weak
722.31 (CH2)n (n>4) 55 Weak

R2 BRAMBR _EZEBEHESYHESRELRSE SN
Table 2 'H-NMR data of raw product jatropha oil propylene glycol monoethyl ether ester

L% 8 /ppm T ¥4 LD VT B XL T
Chemical shift Proton peak splitting Peak area Proton number
4.227 3 1. 56 2
3.593 3 1.54 2
3.393 1 2.14 3

3 HMAMBMA _BEIBEEYERESFTIZAUANLCHEXRRKRER
Table 3 Result of the orthogonal test L (3') for production process optimization of

jatropha oil propylene glycol monoethyl ether ester

A B B fii: fL 5 C K D S

S R TR ; o T i 7 %/
P MR It L/ % L/ 8] /min D
: Ratio Catalyst Temperature Time Y
1 6:1(1) 0.8(1) 50(1) 30(1) 76. 2
2 6:1(1) 1.0(2) 60(2) 60(2) 79.2
3 6:1C(1D) 1.2(3) 70(3) 90(3) 85.5
i 8:1(2) 0.8(1) 60(2) 90(3) 86.7
5 8:1(2) 1.0(2) 70(3) 30(1) 82.0
6 8:1(2) 1.2(3) 50(1) 60(2) 84.0
7 10:1(3) 0.8(1) 70(3) 60(2) 89. 3
8 10:1(3) 1.0(2) 50(1D) 90(3) 81.3
9 10:1(3) 1.203) 60(2) 30(1) 89.2
K, 240.9 252.2 241.5 247.4
K, 252.7 242.5 255.1 252.5
K; 259. 8 258.7 256.8 253.5
R; 18.9 16.2 15.3 6.1
x4 BRRAWEBEA_EIBEEEYEBRNELMELE
Table 4 Physicochemical properties of jatropha oil propylene glycol monoethyl ether ester
e o iz sh#h E (40°C) /
RSB % Rt Solubility o R/ C . B 0
HExi/C . i 45,/ mm (mm? + s~ 1)
Percentage < . Closed cup . . . .
o o Solid point . Smoke point Kinematic
by volume 0°C 25°C flsah point X R o
viscosity (40°C)
0 % it Dissolve % it Dissolve —11 57 15 2.77
10 ¥ f# Dissolve % f# Dissolve —10 91 18 3. 20
20 %5 i Dissolve % f# Dissolve —9 165. 4 23 3. 30
30 % i Dissolve % f# Dissolve —8 195.3 30 3.62
40 % f# Dissolve % i Dissolve —7 224.2 35 3.99
100 % f# Dissolve % i Dissolve —4 =290 =50 5. 80

Bl 4 JRAER B HLEE 3 430 S 1 400 F1 2 000 [ 4 W] UL FEAH [R) % 250 3 Rk 0 Btk A HE i
v/minZ5PF R L T i A A ) S B0 B A HE R . i B S s LA 0 38 ORI 3G o 3 i W Bl 2
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