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ABSTRACT

Ethanol was extracted from Pennisetum purpureum (Napier grass), Costus afer (Spiral ginger) and Saccharum
officinarum (Cane sugar) to determine their respective and comparative yield and also to determine its fuel
composite qualities. Samples were selected from water logged area at Uturu, Abia Sate. They were cut into bits,
measuring 1 cm to 5 cm in length and dried under sunlight. The dried samples were pounded to pulp and
transferred into 15 L buckets, where it was allowed to ferment with the aid of Saccharomyces cerevisiae and water.
Fermentation was completed in four days and the filtrates of the various samples subjected to distillation to yield
ethanol. Redistillation of the ethanol was carried out using a reflux condenser to yield a very pure ethanol. Ethanol
yield of the three samples were found to be 500 mL/Kg of Saccharum officinarum, 150 mL/Kg of Pennisetum
purpureum and 279 mL/Kg of costus afer. Percentage purity of the ethanol was found to be 95.8%, specific gravity
(SG) was 0.7620 Kg/L and the boiling point range was 80°C-90°C. The ethanol-PMS blend showed significant
increase in the Rated octane number (RON) with a decrease in the Reid vapour pressure (RVP) as the blend ratio
increased. Conversely, increasing the ethanol-PMS blend revealed systematic changes in the digtillation profile
with respect to Initial boiling point (IBP), Final boiling point (FBP) and Total recovery (TR) with reference to the
standard distillation data of pure PMS.
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INTRODUCTION

Biofuel are any kind of fuel made from living thin@r from the waste they produce. There are weng land
diverse list of the sources which includes:

* Wood chippings and straw

* Pellets or liquids made from wood

* Biogas (methane) from animal waste

* Ethanol, diesel or other liquid fuels made fromqessing plant material or waste oil [1][2][3][8][6].

Biofuel production and optimization of productiomopedures, is worthy of continued study becauseatof
environmentally beneficial attributes and its reable nature [1][6][7]. A major hurdle towards wabeead
commercialization is the high price of biofuel. has been reported that one of the ways to adtiredsigher price
hurdle is to research and develop methods to reithéceost of its production [1].

In recent years, the term biofuel has come to nibanast category above-ethanol and diesel mada t@ps
including corn, sugar cane, rapeseed and sweetop@H9]. Bioethanol, an alcohol is usually mixedth petrol,
while biodiesel is either used on its own or in itare. Ethanol for fuel is made through fermermtatithe same
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process which produces it in wine and beer. Othethaus of biofuel production have been reporteles€ include
blending of oils, micro emulsion, pyrolysis andngasterification [10][11]. Blending has been repdrto be
preferred since it does not require a long proeasksit is simple [12]. Transesterification has beescribed as a
general term used to describe the important classganic reactions where an ester is transforméalanother by
interchange of the alkoxy moiety [13]. Transegigation have also been reported to involve strigphe glycerin
from the fatty acids with a catalyst such as sodampotassium hydroxide and replacing it with amyatrous
alcohol that is usually methanol [1]. The resgtmaw product is then centrifuged and washed wekewto cleanse
it of impurities. This yields methyl or ethyl es{®iodiesel) as well as a smaller amount of glgtex valuable by-
product used in making soaps, cosmetics and nurs@tber products. The three basic methods of pebeuction
from oil/fat are the base-catalyzed transestetifica the acid-catalyzed transesterification angyeratic catalysis.
The most commonly used method among these is the-twtalyzed transesterification technique as tihésmost
economical process [14]. Besides bioethanol, tieeadso interest in trying biobutanol, another alglofor aviation
fuel.

In principle, biofuels are a way of reducing grdeuse gas emissions compared to conventional wanggels.
Burning fossil fuels releases carbon dioxide aneérifissions of greenhouse gases, in particulay €dtinues
unabated, the enhanced greenhouse effect maytaterorld’s climate system irreversibly [9][15][16Biofuel has
been described as the fuel of the future [17][28§0, rapid socio-economic changes in some devegppountries
like India, China, etc, are influencing dramatigahe fuel consumption pattern world over [19][2B}en if infinite
amounts of petroleum were available, the historgltdrnative energy source is worthy of study fravany points
of view; not the least of which is the urgent néadind alternatives to oil supply from politicalunstable regions
of the world. Another note-worthy reason to coesidlternative fuels is the risk of continued netia on oll,
relative to global climate change, a problem maeently appreciated. Therefore, these negativetsfiaf fossil
fuels on environment and decreasing reserves iseréd@ studies on new fuel types that can be usedotor
vehicles [21][22]. It has also been reported thhaeol programme in Nigeria is expected to imprautomotive
exhaust emission in the country, reduce domestcafspetrol and free up more crude for export anditjpn
Nigeria for the development of green field fuel8][2

Bioethanol fuel is simple to use, biodegradablen-toxic and essentially free of sulphur and arocsa{4].
Bioethanol fuels are virtually inexhaustible, andmebstically produced from agricultural resourcdsisl also
oxygenated, thereby providing the potential to oedparticulate emissions in compression-ignitiogiess [4].
Bioethanol can be used directly on its own as idrbys ethanol (95% purity) or as an anhydrous ethg9.5%
purity) blended with gasoline [23]. Interestingtiie blends achieve the same active boasting (ekaock effect)
as petroleum-derived aromatics like benzene or liretalditives like tetraethyl lead. Researchesehacreased
over the years on how to extract ethanol in comrakrquantity from non-edible agricultural products
[51[25][26][27][28][29][30]. Eventually, the suces in this field of research will go a long wayiterease the
prospects of ethanol as an essential biofuel coeorOf course, the benefits are numerous, onehwihidude
checkmating rising global pollution and incessamtéases in prices of potential agricultural prasilucAlternative
source of energy derivable from ethanol (bioethpatiier than from edible agricultural products ilves studies on
juice extracts from non-edible plants suchcegus afer, pennisetum purpureum and juice extracts from non-edible
fruits and seeds of forest products among othé&sllulose materials of some plant species which washergo
fermentation are also potential source of ethamobfofuel purposes [7][31]. Promising new teclugis are being
developed that uses enzymes to break down cellalodeelease the plants sugar for fermentationdtiianol.

Therefore, this research was focused on accesbmgadtential yield of ethanol frorostus afer, pennisetum
purpureum and saccharum officinarum and also determined its fuel qualities with premimotor spirit (PMS)
blend. The PMS-ethanol blend quality of the bibfivas determined and changes in fuel propertiethadblend
ratio was varied from the standard were also deten

MATERIALS AND METHODS
Materials
Samples ofsaccharium officirarum (sugar cane)costus afer (spiral ginger) angennisetum purpureum (Napier
grass) were collected from a water logged areatimd) Abia State, Nigeria. The yeastcharomyces cerevisiae
was obtained from the skins of a grapefruit andrptrtee in a wild growing farm at Michael Okpara \misity of
Agriculture, Umudike, Abia State, Nigeria. Sucrasas obtained from BDH limited Poole England andism
hydroxide (NaOH) was also obtained from BDH limit€bole England.
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Methods

1.Fermentation procedure

The samples were properly identified at the Depantnof Plant Science and Biotechnology, Abia Stitéversity
Uturu, Abia State Nigeria. The samples were ctd bits and crushed in a mortar to form pulp. Pléps were
transferred into three separate transparent 8 kdisc Warm water was added to the pulp untibitered the entire
pulp in the bucket. The water served as a solfrent that will aid in properly exposing the juiextract of the
sample to yeast attack and effective fermentatidig df saccharomyces cerevisiae, a variety of fermentative yeast
was mixed with the pulp and the content was thonbuggitated. The buckets were properly covere@sdo
minimize attack by wild yeast on the juice extrastéch could yield side reactions and undesiralbtelpcts. After
48 hrs, pinches of sucrose were added to the mudptlze mixture thoroughly agitated. The aim ofthias to
catalyze the decreasing activities of the enzyméka fermenting mixture.

2.Distillation of the Fermentation Syrup

On the fourth day, after which fermentation hassedafollowing the drastic reduction of carbon (BXide bubbles
that evolved from the fermenting syrup, the ferrednjuice extract was filtered from the pulp. Tlilgdte was

added to the distillation flasks in bits. Boiliebips (glass chips) were added also to the distifiaflasks so as to
reduce side swerving of the filtrate during boiling

The ethanol was collected from the distillationsRa between 8C and 96C during the first distillation. In
subsequent distillations, the ethanol was colledietiveen 82T and 84C. The ethanol obtained was further
purified by adding sodium hydroxide and allowing thixture to stay over night.

3.Preparation of Ethanol — PMS blend and distillation

The ethanol-PMS blend was prepared using 95-5%4,080; 85-15% and 80-20% composites respectivelys ivais
done by measuring 95 mL of PMS and 5 mL of 98% rtha@aroduced and mixing the two solvents in a 500 m
volumetric flask, where the blend was thoroughlgisin to ensure homogeneity of the blend. The ditleerds were
prepared following the same method.

Each of the respective blends was poured into 1D0/oflumetric distillation flasks. Boiling chips we added to
the blend in the distillation flasks. The flaskere coupled into the atmospheric distillation equépt where the
blend was made to boil and the various distillatlkimes with the corresponding temperature measufde: test
criteria used was the American Standard Test Me(ASTM No D854), and the mode used include; initialling
point (IBP), 5%, 10%, 15%, 20%, 25%, 30%, 35%, 4@%80, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
distillate with their corresponding temperatur&d boiling point (EBP) and total recovered (TR)reveneasured
appropriately.

4.Determination of other parameters

The specific gravity (S.G) of the ethanol, PMS &mel blends were determined using a pychometer n®@el6A
2000, by Gilson Company Inc. The refractive inddxtlee ethanol, PMS and the ethanol-PMS blends were
determined using a Palm Abbe digital refractomatedel PA202. The percentage purity of the etharthet was
computed by comparing the ratio of the specificvigyaof ethanol extracted and ethanol in its pufesin by the
equation;

% purity = S.G. of ethanol extracted/ S.G. of petteanol (1)

The Reid vapour pressure (RVP) test was perfornsatjithe American standard Test Method (ASTM No RB7
[32].

RESULTS AND DISCUSSION

The reaction of the ethanol extract with NaOH wassimove any ethyl acetate formed in the ethangture, so as
to further purify the ethanol. The equation coloédgiven as:

CH;COOGHs + NaOH - CH;COONa + GHsOH (2)

The boiling ranges for the three samples were 88820 and 90-92. The specific gravity (S.G) lué ethanol
extract measured at 45 was 0.7620 Kg/L. The S.G of pure ethanol is 017B§/L. The percentage purity of the
ethanol extracted after reflux distillations wasrid to be 95.8%. The refractive index of the ethavas 1.3449 at
30°C. 1 Kg of sugar canesgccharin officinarum) yielded 500 mL of ethanol; 1 Kg of spiral gingepstus afer)
yielded 279 mL of ethanol while 1 Kg of Napier gsdsennisetum purpureum) yielded 150 mL of ethanol.
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The sample with the highest yield of ethanol veascharin officinarum, followed by costus afer and then
pennisetum purpureum. The reason for this is the varying starch arghsweontent of the three samples. Another
important factor that may have influenced the ethafmeld was the length of fermentation. As a iesd the
comparatively low sugar and starchy contenpainisetum purpureum and costus afar, it was difficult knowing
when fermentation was completed, unlgeecharin officinarum whose fermentation process was vigorous because
of the high sugar content. The highest yield bhabl from the three samples was noted 3 to 4 afigs which the
evolution of carbon (IV) oxide stopped which isaatmn indication of complete fermentation. Fermgoiaprocess
decreases as sugar and juice content of the vasmmugples reduces [33]. During the fermentationogerenough
oxygen was made available because complete exnlo$ioxygen inhibits fermentation [34].

Analysis on the first run, collected above’8G&howed high percentage of water in the ethandlimpurities like
acetaldehyde with a mixture of pungent volatileohlus like ethyl and butyl alcohols. However, th@sgurities
were removed by the aid of sodium hydroxide as shewarlier in Equation 2. The rest of the impustigere
removed by reflux distillation until an ethanol wi®5.8% purity was obtained. Pure ethanol was nbthby using
benzene as an estrainer for water contained indtified spirit. This increased the purity of ththanol after
further distillation to 98% which was necessarytfoe ethanol-PMS blend.

The ethanol-PMS blend was prepared using 95-5%,090; 85-15% and 80-20% composites respectively. The
premium motor spirit consists of a blend itselftiofee major components, which include Reformateghtiaa and
Straight run gasolinf26]. The reformate serves as the bulk fuel fombastion engines. The Naphtha aids in
upgrading the octane property of the fuel and dbsrenergy characteristics such as high heatrabastion while
the straight run gasoline improves the volatilihatacteristics of the fuel. During the blend, itswabserved that
ethanol mixed excellently well with PMS with littr no agitation. Prior to the analysis of thel fipaalities of this
biofuel that is ethanol-PMS blend, a distillatiamadysis was run for a PMS obtained from a publil &tation. The
result showed the octane number to be 90.3, thé Reour pressure to be 0.52 psi and the spegificity to be
0.7468 Kg/L. The distillation data result showeximitial boiling point (IBP) of the distillate tbe 38C. For 5 mL,
10 mL, to 90 mL, the temperature increased unifgrexicept at 40 mL and 50 mL distillate where thmgerature
value jumped from 8T to 104C. The end boiling point was observed at°f®d4nd total recoverable distillate was
97% by volume. This is shown in Figure 1 below.

2350 -

200 -

150 A

100 A

Observed Temp (°C)

50 -

D T T T T T T T T T 1
IBP 10 20 30 40 50 60 70 60 80 EBP

Distillate Volume (mL)

Figure 1: Observed distillation data for PM$S

For the 95-5% PMS-ethanol blend, the IBP was oleskat 39C, 1°C higher than that of pure PMS. The other
blends showed IBP of 4C, 41°C and 42C for 90-10% blend, 85-15% blend and 80-20% resgelgt The
temperature of the various blends increased unlfoas the distillate volume increased fronf@3o 112C for the
95-5% blend. For 90-10% blend, the temperature misreased gradually until at 50-55 mL distillatbere the
temperature jumped from 82 to 108C. For the 85-15% blend, the temperature increasédrmly with increase
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in the distillate volume until at 60 mL to 65 mLstlilate where the temperature again jumped froAC38 11£C.
Finally, for the 80-20% blend, the temperature dlke the other blends increased uniformly withragse in
distillate volume until at 60 mL to 65 mL distilat where the temperature again jumped frofC9® 114C.
Figure 2 below depicts the variations of distillatdume with respect to temperature changes duhadlistillation
analysis of the various blends.
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Figure 2;: Observed distillation data for Ethanol-PMS blends

It could be observed after careful examinatiorhefdistillation data that after a certain distélablume, anomalous
changes in temperature occurred. It was also védehat this distillate volume boundary moved pesgively
upwards from 40 mL to 50 mL in the pure PMS to 60 #65 mL in the 80-20% blend. The reason for this
variation in temperature changes at certain dastilivolume after a careful study of the resultsagtbthat PMS
which readily boil in the ethanol-PMS blend gettitlisd faster than the ethanol after a particulainp resulting in
the increase in temperature range due mainly thititeer heat content of ethanol.

Table 1: Overview of ethanol — PMS blend result

. Ethanol-PMS blend %
Parameter (units) | Pure PMS 955 90-10 8515 80-20
RON 90.30 91.40 91.48 91.5 91.52
RVP (psi) 0.52 0.49 0.486§ 0.484 0.482
S.G (Kg/L) 0.7468 0.747Q0 0.7471 0.7473 0.7475
IBP (°C) 38 39 41 41 42
EBP (C) 194 188 192 180 185
T/R (%) 97 97 98 98 98

The results from this ethanol-PMS blend has shdvat ¢thanol could be blended with gasoline in &t@rof 5-
95%, 10-90%, 15-85% and 20-80% by volume respdgtiwith little or no agitation. Of course, this big could
further be varied even until a pure ethanol fuelused in internal combustion engines. An overvigimthe
properties of the ethanol-PMS blend results aravehim Table 1 below. It could be seen that the Rddetane
Number (RON) property of the fuel blend varied bgiifierence of 1.22 units from pure PMS to 20-8094/blume
of ethanol-PMS blend. This is against opponentsiafuel whose fear or argument centers on the idrastiuction
of octane number of the fuel, one of the most ingrfactors used in rating a good fuel. Tandbal [4] reported
higher values for the octane rating of alcohol #vad to reap this advantage; the compression odiioe engine has
to be increased to about 12:1. The results framgtudy also showed that the difference in ihtiailing point
(IBP) of PMS blend, that is the 20-80% ethanol-Pbiéhd is only 4C, implying that little or no modification need
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to be done to the combustion engines. Also, litdaation was observed in the specific gravity@Bvalues from
that of pure PMS to 20-80% ethanol-PMS blend, ileesbeing only 0.0007 Kg/L.

The end boiling point (EBP), that is the point dtieh the thermometer reading was maximum duringitbilation
analysis varied only slightly from 18@ to 185C. The Reid vapour pressure (RVP) of the fuelegasignificantly
from 0.52 psi for pure PMS to 0.482 psi for the8% ethanol-PMS blend. The extent of its signifmam@rises
because of the limiting volatility of any good fughich it must posses in order to combust uniforany readily.
The total recovery (TR) of the various blends wasigh as that of the pure PMS. The total recoieithe total
volume of distillate recovered after the distikatianalysis. It is a quality control criterion amelps in determining
the purity of the fuel as regards to total comlilstor volatile matter present in any fuel. Unlievious reports
where agitation was known to have been employethglriend preparation of ethanol-PMS blend, thislgthas
illustrated the excellent blending property of ethlawith PMS even without agitation. This was &skeid by using
very pure ethanol for the blend preparations. d$ wbserved that little contamination of the ethddS blend will
lead to phase separation, two distinct layers stipgrPMS and ethanol.

CONCLUSION

The potential source of raw materials for the patitn of ethanol involves many plants containingoclydrates in
the form of sugar or starches which can be subjjectdermentation. Alcohol fuels as anti-knockrueng agents
were known long before tetraethyl lead was disoedeand their technical qualities have been weltadtarized.
The best part of biofuel is that they are free dpbBur and aromatics, something that cannot be chithditional
fuels. Also, biofuel is not like other alternatifueels that are available today. It is the onlgmadative fuel that has
passed all the health effects testing requiremafitse clean Act Amendment. Biofuel that is ethaAbIS blend in
this respect is much better for the environment ttie traditional fossil fuel. Bioethanol is mafiem renewable
resources making it a wise fuel choice and ensuhegrotection of our environment for future gextiem. It also
has significant lower emissions compared to theopmim diesel that is still widely used today. Blmnol is worth
studying when one considers the threatening glg@bablems resulting from combustion of fossil fueWell
established researches have shown that fossibtuek cleaner in the presence of ethanol blendre&sing the role
of ethanol in meeting fuel demand will require avirgy research and development to improve biomdsmet
conversion technologies, along with consistentslegive supports for biofuel production and greéet efficiency
in the automotive industry.
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