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ABSTRACT KEYWORDS
Under the microwave irradiation, CaO could be dispersed on the NaY Supported catalys,
zeolite to form strong basic sites on the host. After activatiol, some CaO/ Caciumoxide;
NaY composites were found to exhibit an extraordinaryly high base Rapeseed oil;
strength. Therefore they were expected to be novel superbasic catalytic Biodiesel fuel.

materials. The transesterification of rapeseed oil was carried out by using
treated CaO/NaY as catalyst, the conversion rate and yield of biodiesel
were studied. The result showsthat under the small test optimized reaction
conditions, i.e. crude rapeseed oil 100g, ethanol-oil mole ratio 6:1, mass
fraction of catalyst 2%, reaction time 2h, and reaction temperature 55!,
the conversion rate and yield of biodiesel reach more than 97%. The
amplification experiments result shows that crude rapeseed oil input was
13.37 kg in 20-L reactor, and based on the small test conditions, the
conversion rate of raw oil, yield of biodiesel and glycerol reach morethan
95%. Thefluidity of the biodiesel fuel at low temperature was much better
than that of No.0 diesel fuel and the flash point was as high as170!. The
biodiesel fuel could be blended with No.0 diesel fuel at any ratio.
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INTRODUCTION

Biodiesal can beused asasubstitutefor fossil fu-
els, with renewabl e, easy to biodegradation, non-toxic,
whichislow in sulfur and waste gasemissionsof harm-
ful substancein the advantagesof small, isaenviron-
ment friendly fuel. Thetransesterification of vegetable
oil, animal ail, waste cooking oil asraw materiadsand
alcohol (methanol, ethanol) was carried out!*?, the
product is biodiesel (fatty acid ester), by-product is
glycerin. Thetraditional ester exchangereactionusing
homogeneous catalyst®4, such asNaOH, KOH, so-
dium methyl ate dosage, about 1% (oil weight) or so,

reaction temperatureisgenerally the boiling point of
methanol, reaction speed, high conversionrate, but at
the sametime also hasthe obvious shortcomings, the
product should be neutral washed and bring alarge
amount of industria waste water, cause environmental
pol lution, post-process ng complex. Using supercritica
non cataytic method for the transesterification reaction™
8 short reaction time, conversion rate can reach 95%,
the product does not need washing, post-processingis
simple, but thea cohol oil moleratioishigh, thereac-
tiontemperatureand pressure morethan methanal criti-
cal temperature and critical pressure, the production
process of equipment requirement ishigh. Lipasefor
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ester exchange reaction, product separation and post-
processing isconvenient, no waste water generation,
reaction temperature asroomtemperature, reactiontime,
but for severd days, lipaseimmobilization, activity and
price isthe key®. Solid base catalyst used for ester
exchangereaction(**2, smpleproduction technology,
product post-processing isconvenient, no wastewater
produced. Firstly, microwavelega systemwasused
for load type catalyst CaO/NaY to catalytic the
transesterification reaction of rapeseed oil, andthenthe
main propertiesof biodiesdl wasinvestigated.

EXPERIMENTS

NaY zeolitewasbought fromwenzhou cadyst fac-
tory, itschemica compositionfor Na,,[(ALO) ,SO,, |
268 H,0, specific surfaceareais 766 m?/ g. CaOis
Shanghai chemical reagent company product. CaO
powder and NaY zeolite according to certain quality
ratio mix evenly, placed in the microwave oven (work-
ing frequency for 2450 MHZ), radiation twenty min-
utes, get CaO/NaY sample™s,

Experiment of transesterification reaction: Accord-
ing to the a cohol-oil molar ratio, join dryed oil and
methanol in 250mL four flask, stirred, heated to reac-
tiontemperature, join CaO/NaY catalyst, keep return
reaction for several hours, distillation out redundant
methanol, reection liquidfiltered, whilehot, the catalyst
separated, thenthefiltrateinto separatory funndl, stew-
ing, overnight stratification. Upper productswasbio-
logical diesdl ail, and thelower layer wasglycerol re-
spectively, weigh, analysis. The content of fatty acid
methyl ester in biological diesd oil productswasde-
tected by using 1102 type gas chromatograph. Chro-
matographic parameters. hydrogen flameionization
detector,2mx3mm stainless steel packed column, OV-
17stationary phase, furnace temperature 250°C, de-
tector temperature 320°X, sampler temperature 300°C,
samplefor 0.1ul, interna standard method (interna stan-
dard content: el even acid methyl ester) caculatingthe
content of fatty acid methyl ester™. All experimental
drugswereandyticaly pure.

Physical and chemical of cruderapeseed oil analy-
Sis

The measurement method of theacid valuerefer-

ence GB/T5530-2005, moistureand vol atile matter de-
termination method of reference GB/T5528-1995. The
measurement method of the erucic acid reference GB/
T22507-2008. relative molecular mass of oil average
can beca culated by sgponification va ueplant, themea:
surement method of the saponification valueof refer-
ence GB/T5534-1995.

Determination of conversionrate:Becauseof glyc-
erol production rateisequal to theconversion of veg-
etableail, through the saponification-periodic acid oxi-
dation method was used for determination of the con-
tent of product glycerin, and conversionfor vegetable
oil converson.

M easur ement of glycer ol production

Inbiological diesd pilot production, glycerin con-
tent determination using international standards
1SO2879-1975 “industrial glycerol content determina-
tion-titration method”.

RESULTSAND DI SCUSSIONI!

Physica and chemical indicatorsof cruderapeseed
oil: TABLE 1 showscruderapeseed oil acid valueis
0.25mg-g-1, moisture and volatile matter mass fraction
was 2.47%. Erucic acid massfraction was 14.6%, far
higher thanthenationd standard of pollution-freerape-
seed oil industry (NYY 5118-2002) erucic acid massfrac-
tion not morethan 5% of therequirements, not suitable
for normal food, but can be used asraw oil biodiesel
production.

TABLE 1 : Physical and chemical indicators of crude
rapeseed oil

M atter

mass
g?hi frag?on frl\éllcat\isgn Saponification Relative
/(mg moisture of erucic vaIue/l()mg-g- mor;eggslar
‘g-1) and acid /%

volatile

1%
0.25 2.47 14.6 173.89 969.22

Test resultsof cruderapeseed ail

Influence of the ester exchange reaction of raw
materid oil inventory: Ontheconditionsof catayst mass
fraction 2.5%, reaction temperature 55°C, reaction
time120 min, threekinds(7:1, 6:1, 5:1) of alcohal ail
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ratio (moleratio) raw oil inventory to theinfluence of
the ester exchangereaction wasinvestigated. There-
sultsshownasshowninFigure1-2.
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Figure2: Influencesof samplemasson yield

Figure 1-2 show that themost obviouseffect of the
inventory of low a cohol-ail ratio. Alcohol-ail ratio 5:1,
raw oil 50g, conversion and yield were below 90%,
thereason might bethat raw oil 50g, relativea cohol-
oil ratio 5:1, massfraction of methanol wasrelatively
small, too much acohol to gasin theform of reaction
vessd, andinthereactionliquid and raw oil reaction of
methanol production had greatly reduced, go against
reection thepositivedirection, glycerininthesolubility
of methanol isbigger, too much acohol made gener-
ated from the reaction system was difficult to |eave.
whendcohol-ail ratio6:1or 7:1, raw oil morethan 100g
the conversion and yield basically unchanged. Sothe
underbrush with 100g inventory was advisable.

Influenceof dcohoal ail ratio and catalyst dosageon
thetransesterification: According to the ester exchange
reaction equation, it wasknown that moderate excess
methanol to responseto positivedirection, reference
reportsintheliterature®, alcohoal il ratio 6:1, reaction
temperature 55°C, reaction time 120 min, the effects
of the dosage of catalyst on the transesterification
wasinvestigated. Theresultsshown asshowninFig-
ure 3-4.
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Figure 3-4 show that a cohol-ail ratio 6:1, thecon-
version and yield were higher than that of 7:1 corre-
sponding va ues, catayst dosagein 1%to 2.5% range,
theconversionrate and yield wereincreased, whihle
2.5%, reached to 97.15% and 97.18% respectively.
Catalyst dosage continueto increase, the conversion
ratedid not change, but yield declined dightly, and cata
lyst dosage too much would affect the reaction mass
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transfer rate, to acertain extent, prolong reaction equi-
libriumtime.

Influence of reaction time on the
transesterification:Alcohol oil molar ratio 6:1, reaction
temperature 55°C, catalyst dosage 2.5%, influence of
reaction timeon thetransesterification wasinvestigated,
theresultsshown asshowninFigure5.
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Figure5: Influencesof reaction timeon conversion rateand
yield (small scale)

TheFigure5 showsthat thereactiontimefrom 0.5h
to 2hgradudly extends, conversonrateand yield basi -
caly ascendant trend. Theinfluenceof reactiontimeon
the conversionismore obviousthanthat of biodiese
production rate, and the reaction time 2h, the conver-
sion and yield were above 97%.

Determined the best conditions of the
transesterification: Using orthogond test method to de-
terminethe best ester exchangereaction process con-
ditions, preliminary experimentsand literature®'3 show
that theinfluencefactorsof theester exchangereaction
for: reaction temperature, catalyst dosage (A), molar
reactant ratio (B) and reaction time (C), etc. Influence
of temperature on the transesterification wasvery big,
At low temperature, conversion ratewaslow, there-
actiontimewaslong, temperature 55°X was appropri-
ate. Theother threefactors selected threeleve respec-
tively: 1.5% (A ), 2% (A,) and 2.5% (A,); 5:1 (B)),
then (B,) andthen (B,); 1.5h(C),2h(C)and2.5h
(C). Theresultsasshown TABLE 2.

From rangevalueRin TABLE 2, it was known
that theinfluencefactorsof fatty acid methyl ester con-
tent wasasfollows: catalyst dosage> a cohol oil mole

TABLE 2 : Orthogonal test result and analysis of
transesterification of rapeseed oil

Methan ol : Yieldsof
Catalyst " React fatty
Test . rape . .
samples (on ol seedoil(molar 1on acid
basis)/% : time/h  methyl
ratio) ester /%
1 1.5(A) 5:1(B,) 15C;) 831
2 15 6:1(By) 2(Cy) 93.8
3 15 7:1(By) 25(C;) 911
4 2(A,) 5:1 2 925
5 2 6:1 25 98.0
6 2 71 15 93.8
7 2.5(A3) 5:1 25 95.5
8 25 6:1 15 99.0
9 25 71 2 97.3
optimum 2 6:1 2 97.7
I 264.0 267.1 271.9
I 280.3 286.8 279.6
m 287.8 278.2 280.6
R 23.8 19.7 8.7

ratio > reaction time. According to the content of
methy! ester in biological diesdl oil products, the op-
timal conditionswasA3B2C3. But thereactiontime
from level a°Ctolevel b°Cincreaseto improvethe
content of fatty acid methyl ester hadelittle effect,
therefore, the reaction time chooseda®C level; When
catalyst dosage 2.5%, although the highest content
of methyl in product, saponification phenomenon
appeared in the process of reaction, gel disc pre-
cipitation from product, the product of biodiesel and
byproduct glycerol separation aso difficult, fromvi-
sual analysistable can also know, catalyst dosage
fromlevel a°Ctolevel °Cincreased, theincreasein
fatty acid methyl ester hade slowed, comprehensive
consideration level a8C wasmore appropriate. Rape-
seed oil and methanol transesterification reaction was
reversiblereaction, acohol-oil moleratio increased
help reaction to lifewas direction, when al cohol -oil
moleratio 6:1, the highest content of methyl a cohol
in product, and moleratio 7:1, the content of methyl
instead of down, thiswas because the amount of al-
cohol increased, the reactant concentration of oil
became |low and made the reaction ratedrop, inre-
action time ester exchange reaction had not became
bal ance. M ethanol too much would makethe sepa-
ration of glyceral difficult, and methanol recovery cost
and theloss of methanol increase. So the best al co-
hol-oil moleratiowas6:1.
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Resultsof biodiesel amplification experimental:

Influence of reactiontimeon thetransesterification:
Accordingtothetest resultsof biodiese madeof crude
rapeseed oil production, In 20-L reaction kettle, input
raw oil 6.50kg, acohol-oil moleratio 6:1, catayst dos-
age 2%, reaction temperature 55°C (60°Ciscloser to
the boiling point of methanol, considering the safety of
industria application, thelower reactiontemperature),
onthiscondition, for different reactiontime, biodiesd
conversonrateandyield wasinvestigated. Theresults
asshown Figure®6.
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Figure6: Influencesof reaction timeon conversion rateand
yield (amplification experiment)

TheFigure6 showsthat thereactiontimefrom 0.5h
to 1h, the conversion and yield with the extension of
timeincreased quickly, whenthereactiontimeafter 1.5h,
conversion rate increased from 95.22% to 96.65%,
changewasrelatively slow. Theconversionandyield
were above 90%, comprehensive consideration of the
amplification experimentd conditions reactiontime2.5h,
biodiesel conversion rate was 96.65%, theyield was
95.22%. It wasreported™” that thetraditional catayst
get yieldwas 92%, indicating that CaO/NaY load type
catayst performancewas good.

Biodiesdl conversonrateandyield of amplification
reaction werelower than that of test, themain reason
was: (1) Thebiodiesd of water phasewith no recov-
ery; (2) Thebiological diesal inglycerin containsno
recovery; (3) A small amount of lossin the process of
transfer of products.

Biodiesd performance: Biodiesdl cold filter point -
11°C, solidifying point -16°C, greatly lower than that

BioTechnology o

of 0#diesd, flow properties beteer than that of O #
diesd inthelow temperature; flash point wasashigh as
170°C, storage, transportation and using more secu-
rity; content of sulfur wasextremely low, diesd engine
exhaust emissionsof SOx drops greatly; content of
aromatic wasO0, did not contain aromatic hydrocarbon
composition, had no carcinogenicit; biodiesd had higher
motion viscosity, in no effect of fuel atomization, more
eadlyinthecylinder wall formalayer of oil film, soas
toimprovethemoving partslubricity, reducewear and
tear parts. inadditionto thehighiodineval ue, the other
main performanceindicatorswereinlinewithO#die-
sel standards (GB 252-94). The content of oxygenin
biological diesal was11%, higher than that of O#die-
sel, required amount of oxygen in the combustion
processislessthan that of 0# diesel, combustion and
ignition performancethan that of O# diesdl.

CONCLUSION

Combination of thereaction results, test conditions:
acohol-oil ratio 6:1, catalyst dosage 2%, reactiontem-
perature 55°C, reaction time 2h, conversion rate and
yield of biodiesel were above 98%; Amplificationin
20-L reactor and based on the small test conditions,
conversionrateand yield of biodiesel reach morethan
95%; In additiontothehighiodinevaue, the other main
performanceindicatorswereinlinewithO# diesd stan-
dards, indicating that CaO/NaY |oad type catalyst per-
formancewasgood to crude rapeseed oil that contains
acertain amount of freefatty acid had good catalytic
effect, could be applied to large scal e production ap-
plication.
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