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ABSTRACT KEYWORDS
In order to further enhance the reduction rate in engine-out smoke Curcasoil biodiese!;
emissions, now anovel biodiesel named Ethylene Glycol Preparation;

Characterization;

Methyl Ether Curcas Oil Monoester has been developed in the laboratory.
Physicochemical properties.

Thefuel was synthesized with curcas oil and ethylene glycol methyl ether,
and the structure wasidentified through FT-IR and *H NMR. Because this
fuel has one more ester group than the traditional biodiesel, its oxygen
content was higher. Engine test results showed that engine-out smoke
emissionsweredecreased by 73.0%-92.9%, and NO,, COwere aso |lessened
significantly. But unburned HC emissions generally had no noticeable
change as compared to pure diesel fuel or mixture of the biodiesel and 0#
diesel fuel. Physicochemical test also confirmed that the new biodiesel
could be used asa subgtitute or additive for 0# diesel. With theincreasingly
stringent for vehicle exhaust pollution control in China, Ethylene Glycol
Methyl Ether Curcas Oil Monoester biodiesel should have exciting
application prospects. © 2013 Trade SciencelInc. - INDIA

indiesd engineexhaust emissiong*®. However, since
thereis only one ester group, i.e. two oxygen atoms,
exigingineach monoester molecule, theoxygen content
insuchbiodiesd isat acomparatively lower levd, sothe
reductionin exhaust isnot just assignificant asantici-
pated when diesd engineburnsit or itsmixturewith die-
< fud. Experimentshave shown that thereductionrate

INTRODUCTION

Inrecent years, growing awareness of thecomplete
depletion of petroleum ail inthe near futureand serious
atmospheric pollution caused by automaobileindustry has
inspired much research for clean dternativefued sto sub-
stitutefor fossil fuel§+3. Oneof themost promising d-

ternativeenergy sourcesishiodiesd becauseitisrenew-
ableandavailableworldwide A Traditiona biodiesd used
to bethemethyl ester of vegetableoil, whichisprepared
through transesterification of vegetableoilswith acohal.
Many studiesshow that such biodiesal, containing cer-
tain amount of oxygen, canlead to remarkablereduction

inengine-out smokeemissonsiscorrd aedwiththecon-
tent of oxygen of thefudl, and ether groupshave excel -
lent fire performancewhich canimprovetheignition per-
formanceof theester group, ie, cetanenumber. Thenthe
improvement of cetanenumber can reducesmokeemis-
sonsfurther. Inorder to enhancetheeffect of traditiona


mailto:wanghe717@163.com

BTAIJ, 8(2) 2013

First AJiang Dayong

249

————, FyurL PAPER

biodiesd inreducing engine-out smokeformation, the
introduction of other ether group into itsmoleculewas
attempted. Therefore, anove biodiesd, Ethylene Glycol
Methyl Ether Curcas Oil Monoester hasbeen synthe-
sized withcommercid refined curcasoil and ethylene
glycol methyl ether asreactantsin thispaper, which has
one more ether group than thetraditional curcasMo-
noester. It can be expected toimprove performance of
engine-out emissions, whileimproving thefire perfor-
mance.

Asiswdl known, curcasoil comesfrom manioca
whichisoneof theforestry plantswiththe highest rates
of oil productivity. Because of itswidely adaptingto
different regions, low-cost planting, and with no need
for arableland, there hasbeen largescaecultivationin
Chinasuch as Sichuan, Guizhou, Yunnan, Fujianand
other provincesin recent years. Another raw material,
Ethylene Glycol methyl Ether wasused for pressindus-
try extensively asacommon chemica material, whose
sourceand pricecan beboth guaranteedincivil. Sothe
new biodiesd hasagreater application vaue.

EXPERIMENTAL SECTION

Preparation

Initially, theselected curcasoil wastreated through
extraction with ethanol as solvent at atemperature of
90°C to remove tiny amount of organic fatty acid about
0.38mgKOH/ginit and thenwaspurified under vacuum
condition. FT-IR andysisjustified that therewasno vi-
bration(—OH) absorption peak in the region of 3200cm®
13600cm™, indicating that there waslittlefatty acid
and ethanol inthetreated curcasoil in Figure 1.
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Figurel: FT-IR spectrogram of curcasoil after treatment
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The subsequent transesterification reaction was
carried out in aflask with the acid-free curcas il of
300ml and ethylene glycol methyl ether of 110ml at a
temperature of 60°C using 1.2% KOH as catalyst,
Specitications of some used chemicals in preparation
werepresent inTABLE 1. Upon completion of there-
actionwhich lasted for approximately 0.5h, the crude
product wasfirstly neutralized with diluted HCI solu-
tion and separated from thewater phase. Subsequently,
it was purified in avacuum to remove ethylene glycol
methyl ether |eft over in the ester phase after 12h. Fi-
nally, it wasdried using CaCl,, agent, and theyield of
biodiesdl inlaboratory can be closeto 90%.

Sructureanalysis

Thechemicd gructureanays swasconducted with
FT-IR and P*"H NMR analytical techniques”®. The
test conditionswere d so confirmed.

FT-IR anadys swasperformed on an EQUINOX55
FT-IR spectrometer whosesamplecell isKBr crystd.
A superconducting NM R spectrometer of INOVA type
made by VARIAN Company wasemployed to accom-
plish P*"H NMR analysis. CDCIB,, wasselected asa
solvent, and TMC asastandard reference. The spec-
trometer operating frequency was400 MHz.

Physicochemical properties

Asadditives or substitutes of O# diesel, the new
biodiesal should meet the use standardsfor diesel en-
gine. Selecting the different volumeratio of biodiesel
with 0-100% respectively, someimportant physi co-
chemical propertiesweretest at temperature of 25°C,
including miscibility, smokepoint, kinematic viscosity,
solid point, closed cup flash point and so on.

Enginetest

A single cylinder, four-stroke, water-cooled, DI
diesdl enginewas adapted to completedetermination
of exhaust emissions performances. Thetechnica pa
rameters of theenginearetabulated in TABLE 2. An
AV L DiSmoke4000 smoke opacity indicator was used
to record smokeintengity in extinction coefficient, and
anon-lineexhaust emission anayzer wasutilizedto ex-
amine CO, HC and NOx emitted. AnAngle Cadibra-
tion Apparatus and a Pressure Transducer of Kistler
typewere used to pick up crankshaft angleand in-cyl-
inder pressure. A CS20000 DataGathering & Analyz-
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TABLE 1: Specification of theused chemicalsin experiment

Chemicals Density(g/cm?)/20°C  Boiling point (°C)  Molecular weight Standard
curcas oil 0.917 — 857.0 Primes state
ethylene glycol methyl ether 0.913 134 76.1 analytically pure
ethanol absolute 0.789—0.791 78 46.1 analytically pure
potassa 950 — 235 chemically pure

TABLE 2: Specification of DI diesel engine utilized

Parameter Magnitude Parameter Magnitude
Bore 100mm Rated sped 2300 rpm
Sroke 115mm Rated power 11kw
Connecting rod 190 cm Combudion o shape
length chamber
Displ acament 0.903 L g%lpress on 18

ing System was utilized to processdata.

For comparison study, O# diesdl fuel meeting China
nationa technica specificationwasutilized and named
BO. Inthemean time, it was mixed with the curcas oil
monoester (B100) in avolume proportion of 3:1(B50)
and 1:1(B25) to investigate the effect of the mixtures
on engine-out exhaust emissions performances.

Theenginetestswere carried out under thefollow-
ing condition: ambient temperature of 23°C, humidity
of 86%, and enginewater-cooling temperatureof 95°C.
In the experiment, when the engine went into stable
operation at afixed steady state, all kinds of determi-
nationswere made according to certain well-defined
procedures.

RESULTSAND DISCUSSION

Chemical structure

Figure2and TABLE 3listed themain absorption
frequenciesdisplayedin IR spectrum obtained for the
new curcas oil monoester. No absorption peaksabove
3100cm-1 wasfound, implying thet thereisno hydroxyl
group (-OH) inthe synthesized product. Therefore, it
was easily confirmed that the product isan ester in-
volving ether group.

Figure3and TABLE 4 illustrated P1PH NMR data
ganedfor thecurcasoil monoester. Chemicd shift 5.342
ppm belongsto the protons attached to C=C groupin
the molecules, whilechemical shift 4.227 ppm, 3.593
ppm, 3.393 ppm respectively belong to the protons
existinginthegroup -COOCH2CH20CH3 intheor-
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Figure2: FT-IR spectrum of curcasoil monoester

TABLE 3: FT-IR spectrum data of CurcasOil M onoester

Frequency Group Vibration

(am™) attribution type Strength
2926.37  -CHBg,-CHBs VB4 S
285450  -CHBam,-CHB;z VB S
174030  C=0O v S
1457.99  -CHBg 5 m
124425  -CHBsm s m
117520 C-OC VBas m
113151 C-O<C VBg m
72299  (CHpn(n>4) w
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Figure3: *H NM R wave spectrogram of Curcas Oil M d-
noester

der fromtheleft to theright. More peaksoccurringin
the chemical shift region below 3.000 ppmall are at-
tributed to protonsin thefatty groups (-R) and other
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non-fatty ester compounds. Therefore, the chemical
structure of the new prepared biodiesel waseasily con-

firmed asRCOOC H,C,H,0CH,
TABLE 4: P1PH NMR Dataof CurcasOil M onoester
chemical pggtéokn caupling pe;l;ta(;ﬁa/
shift(ppm) splitting congant(H2) number
5.342 triple 64 1.28Y/-
4227 triple 36 156/2
3.593 triple 36 154/2
3.393 snglet — 214/3
<3.000 more — more

Physicochemical properties

Sol ution experiment showed that Ethylene Glycol
Methyl Ether Curcas Oil Monoester canbemixed mis-
ciblewith O#diesd intermsof any proportion and tem-
perature. Figure4 also exhibited that other physico-
chemical propertieshave good performancesothat it
can be used as additives of diesel fuel or substitutes
done.

Exhaust emissions

Two typesof engine operation modes running at
1400 rpm and 2000 rpm wererespectively selected to
study the changes of exhaust emissionsunder different
partia brake mean effective pressures(BMEP).

Figure5 displayed the effects of thenew curcasail
monoester on engine-out smokeemissionsat 1400 rpm
and 2000 rpm respectively, and it wasvery clear that a
considerabl e decrease had been approached. When
the engine burnt the B25 under partial loads at 1400
rpm, therewasare ativereductionin smokeemissions
by 26.2%t0 52.4%. Within the sametested partial load
range, the decrease by 51.9% to 71.4% was a so ob-
tained for B50. At 2000 rpm, reductions by 12.8% to
27.8% and by 51.6% to 74.1% were reached respec-
tively for thetwo mixtureswithinthetested partiad |oad
range. After burning B100, the reduction by 69.0%to
81.0% and by 83.3% to 89.3% in smoke emissions
wereknown a two different partia loads, whose effect
wasmoreobvious. Asakind of oxygenated fuel (more
than 10% oxygen), the mol ecul e of biodiesel doesnot
contain aromatic, and theratio between hydro and car-
bon (C/H) isfar lessthan the saturated hydrocarbon.
Becausesmokemainly generatedinthediffus.on com-
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bustion, oxygen capacity can beimproved theissue of
local hypoxia, sotheaccession of biodiesdl canincrease
premixed combustion, and decrease diffuson combus-
tioninareasof high concentration of fuel especidly.
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F_igure5 : Effect of Curcas Oil Monoester on smoke emis-
sions

Figure6 presented thetest resultsof CO emissions
under different BMEP at the speed of 1400rpm and
2000rpm. Thefiguresreveal that at thelow load CO
emisson doesnot changesignificantly, andwithincress-
ing of loads, CO emissonsdsoincreaserapidly. When
theBMEPislow, theengineisworking a oil-poor state.
Dueto theexcessive amount of air, fuel can be more
completely combusted, and thusCO emissionsremain
at astably low level. Asthebiodiesd increased in con-
tent of fuel, CO emissionsaso rapidly increased under

the high load. Because of the low calorific value of
biodiesdl andthelow temperaturein cylinder under the
highload, combustionisnot sufficient. Thereisanother
explanation for theincreasing CO emissionsthat the
oil-rich areasmay beformed when the combustion be-
ginstodeteriorate, sothat CO emissonsincressegradu-
dly.
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Figure6: Effect of CurcasOil Monoester on CO emissions

Figure 7 exhibited the resultsof NOx under differ-
ent BMEP at 1400 rpm and 2000 rpm respectively,
anditisclear that NOx emissionsincrease with the
enhancing load regardless of what kind of fuel burning,
but it did not change noticeably among all tested fuels.
Dueto more adequate oxygen of mixtureand thelower
temperaturein combustion chamber under thesmall 1oad,
NOx emissionsof biodiesd anditsmixturesappearsto
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below-high compared with BO. Although biodiesel has
high cetane number and short ignition delay, whichisa
trend to reduce NOx emissions, but the maximum tem-
perature a soincreased inthe combustion chamber with
theincreased premixed combustion, whichisthemajor
factor toincreasethe production and emission of NOx.
So the NOx emissions of biodiesel arelessthan the
diesel dightly at the speed of 2000rpm.
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Figure7: Effect of CurcasOil M onoester on NOx emissions

Figure 8 exhibited the effect of the curcasoil mo-
noester on unburned HC emissionsat 1400 rpm and
2000 rpmwerea soinvestigated inthe experiment. It
wasfound that HC emissionsdisplay thelaw of fluc-
tuation when four fue swereburnt. But intwo load con-
ditions, HC emissionsincreased with the oxygen con-
tent of fuel. Thelikely reasonisattributed to thelower

heating vaueof biodiesd. When biodiesd ismixedwith
diesd, thedecreasedignition delay of mixtureresultsin
thereduction of heat in combustion process, sothetem-
perature of gas starts to drop more suddenly, which
makesthequenching layer thickeningin chamber. Be-
causefud inquenching layer isdifficult to vapor, there
iIsmore and more unburned HC not participating in
combustion asthe quenching layer isthickened. When
unburned HC ismore than the decreased part of HC
due to the extra oxygen from oxygenated fuels, HC
emissonsbegintoincresse.

20

18 | —*BO _,__,—t—‘”"”_f‘
—=—B25 . a A

18 2

| ——Bs0 -
a0 A

P

HC (ppm)

g

3

4

2

0

0.1 0.2 0.3 0.4 0.5 0.6 0T 0.8
BMEP (MPa)
(a) n=1400 rpm
20
——}—-BO
25 | _m BUL .
—a— B50 )»
_ [ —eBL0O L :/’_,,,,,—-1
g R G P
sy P
U s e
(== P ‘___‘_‘/.’/' f_,-«*“
S i R fod”’fJ

=1 4———____F'r*""

o . X X . .

0.1 0.2 0.3 0.4 0.5 0.6 [ 0.8

BMEP (MPa)

(b) n=2000rpm

Figure8: Effect of CurcasOil M onoester on HC emissions

CONCLUSIONS

A novel biodiesel named Ethylene Glycol methyl
Ether CurcasOil Monoester containing ahigher amount
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of oxygenthantraditiond biodiesel hasbeen prepared..
Someimportant physical chemica propertiesof thenew
curcas oil monoester are proven to have good perfor-
mancein termsof any proportion with O# diesel and
temperaure.

When diesdl engineisfueled withthiscurcasoil
monoester and itsmixturewith diesel fuel inthe pro-
portion of 1:1 or 1:3 by volume,, engine-out exhaust
emissions such as smoke, NOx can be substantially
reduced under partial load modes, but CO, HC emis-
sonshaveno sgnificant change, evenwhenrisngeertain
load.

Thisfuel hasgood charactersin economy and en-
gine out emissions, which can be used asadditives or
subgtitutesfor O#diesd.
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