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Preparation of Biodiesel on Nano Ca-Mg-Al Solid Base Catalyst Under
Ultrasonic Radiation in Microaqueous Media
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[ Abstract ] Nano Ca-Mg-Al hydrotalcite was prepared by coprecipitation using urea as precipitation
agent,and characterized by means of XRD, FTIR and SEM. With the aid of ultrasonic radiation,
biodiesel were prepared from Jatropha oil and methanol in microaqueous media with calcined nano
Ca-Mg-Al hydrotalcite as solid base catalyst. The results showed that Ca-Mg-Al hydrotalcite existed in
laminar structure, particle size distributed uniformly, and the interlayer pillared anion was carbonate.
Under conditions ; ultrasonic power 210 W, duty ratio 0. 7, reaction time 30 min, temperature 60 C,
mole ratio of methanol to Jarropha oil 4 : 1 and catalyst mass fraction of 1.5% ( based on Jatropha oil) ,
yield of biodiesel was 94.3% . The specifications of biodiesel after purification completely met DIN V
51606 :1997. The main causes of catalyst de-activation were surface absorption of by-product glycerol,
aggregation of catalyst particles and partial collapse of laminar structure. After removing the glycerol
from surface of catalyst by washing with ethanol, the catalyst could be reused for 12 times.
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2.1 RAELR
2.1.1 XRD RIF45H
Ca - Mg - Al LDH fJ XRD 3% E L& 1,

B 1 Ca-Mg-Al LDH fJ XRD &
Fig.1 XRD spectrum of Ca-Mg-Al hydrotalcite
nanoparticles( Ca-Mg-Al LDH).
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(NH,),CO, —2NH, { +CO, T +2H,0 (2)
NH, + H,0 —NH; + OH" (3)
CO, + H,O0=—HCO; + H* —=CO0¥ +2H" (4)
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zCa” + nH,0 — Mg Al,(OH),(CO;,) s, *
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Table 1 Lattice parameters of Mg-Al hydrotalcite( LDH)
and Ca-Mg-Al LDH

Sample a/nm c/nm
LDH!!] 0.304 2.34
Ca-Mg-Al LDH 0.302 2.31

a=2d(110), ¢=3d(003), d is interplanar distance.
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Fig.2 FTIR spectrum of Ca-Mg-Al LDH.

2.1.3 SEM EIFLH
Ca - Mg — Al LDH F1 CLDH f#j SEM & H 43 3
WL 3 A 4,

I pm

E 3 Ca-Mg- Al LDH f#j SEM B
Fig.3 SEM image of Ca-Mg-Al LDH.

lum

B4 CLDH f¥) SEM FE H
Fig.4 SEM image of calcined nano-Ca-Mg-Al LDH(CLDH).

ME 3 AT WL, Ca - Mg - Al LDH £ R 2R



A M

- 1074 -

(4

PETROCHEMICAL TECHNOLOGY

5, BRI i 5], I R 442, 6 nm, 2
fE# 72.3 nm, Ca — Mg - Al LDH #5355, L4
Ca - Mg - Al LDH 410370 il £ 4= 560, = 9 5
AL A 0. 7% ,{H Ca — Mg - Al LDH f8 /5 4 1,
) CLDH &4 Wit 0° ,07 ,0H , iR 58 i
AL e, AR 4 7T WL, CLDH £ BT 2
REEH, - HR KN 371.2 nm, JBEEF 584, 1 nm, B
HLHEFEH Ca —Mg - Al LDH /)N HEE,
2.2 HEMpLEimagtEeE

/N R BR(E 3 5, A CLDH 44k /i
T B TR A RN T 2 A W v, R AK L
PSR E . N T RS /IME T B R
A WS AR A AR R R E /M IR S R
FRKALTE, TR ITIR 210 W 52516 0.7 6
B 1E] 30 min 2R R 60 C, B2 b4 < 1 AL
B1.5% (ET/Mi A RE) WEH T EHE
F)/INFR - 5 PR B 17 IR 28 e S, AR ) 48 mmz
kF94.3%, EMAYEREHETEMFE
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Table 2 Properties of prepared biodiesel
Parameter Prepared DIN V
biodiesel 51606 : 1997
Density (15 C)/(g * mL ") 0.884 0.875 -0.900
Flash point/ C 187 =110
Viscosity (40 €T )/(mm? -s~')  3.96 3.5-5.0
Acid value/mg 0.32 <0.5
Free methanol content( w) ,% 0.1 <0.3
Free glycerol content(w) ,% 0.14 <0.2
Total glycerol content( w) ,% 0.147 <0.25
Sulphur content( w) , % 0.003 <0.01
Cetane number 57 =49
Water content/{ mg - kg ™' ) 172 <300
Ash content( w) ,% 0.024 =<0.05
Color Buff —

Reaction conditions; ultrasonic power 210 W, duty ratio 0. 7,
30 min, 60 C, n( methanol) : n( Jatropha oil) =4 : 1, w( CLDH
catalyst) =1.5% ( based on Jatropha oil).

2.3 EUeFKBERRASH
HARIAENERZRREA 3 (1) =P aEl
PRI E TR R, BEAR T RN 5 R
B L3 (2) ALRIE A 3 2 B R Y
H; (3) AL 451 & 4 45 1k, CLDH # b FI7ESR
— R AT, AR Y ST 94. 3% , By B IS
ANZATAL BRI T 58 — WOR P, A= 49 56 T U 3R [

T
2009 £ 55 38 %

F90.7% ;MHEELABEEEERTE =R RN

it A s AL KR 81.5% . B=REHG, #

FEFTEHE KRR, i fb R R & K EH R
th, BN B 5 4 )5 , Xt M % 4 ¥ 47 FTIR 43
B, s R LB 5, MW S BT L, T E 7 A9 FTIR
W 5 H i AT M FTIR 3% 08— 30, 300 f b Al %
T I PR 2 0 R B 7 g 0

9 T F S IR A A A 2R O R 2 —
BREREMBAARNE BN mEERTT
WA, #EALFIEE B 12 IRJE , A& 90 5 s R AT
45 89. 1% , LB I =9 H T2 S B b 7] 5 3
R . [EERIZEE R M 13 WG, P semil R
KT R, SRR B B 505, 34 sk 2 A
HEFHFT TR, A R Mg™, Ca™ Al
WEFMELRI M TE A 2 IR R BB R, XS
Liv £ Bt 45 R— 3, XK IE/5#) CLDH 4
TERIHEAT SEM FEAE , RIELE R ILE 6,

fww

500 [ 000 [ 500

2000 2500
Wavenumber/cm™

5 fLFIREY R FTIR &

Fig.5 FTIR spectrum of adhesive substance on
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catalyst( by washing with ethanol ).

B 6 Ski%iy CLDH L7y SEM Fi by
Fig.6 SEM image of de-activated CLDH catalyst.
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