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ABSTRACT

Fast depletion of fossil fuels, rapid increasetie prices of petroleum products and harmful exhaosssions from
the engine jointly created renewed interest amasggarchers to find the suitable alternative fu@lse interest in
using Hibiscus species (Hibiscus cannabinus andsklits sabdariffa) as feedstock’s for the productibbio-diesel
is rapidly growing. The properties of the crop atloil have persuaded investors and policy makerssider these
two plants as substitute for fossil fuels to redgeeenhouse gas emissions. The literature survewslthat two
Hibiscus species plants are wildly growing hardgaps in arid and semi-arid regions of the courdnydegraded
soils having low fertility and moisture. The seeflshese plants contain 21-25% oil. It is foundttphysical and
chemical properties of Hibiscus cannabinus and stibs sabdariffa oil and biodiesel are very closéotsil diesel.
In this study, the oil has been converted to biselidy the well-known transesterification processl ased it to
diesel engine (Cl engine) for performance evaluatiBerformance tests was conducted on a singledspifour-
stroke water-cooled compression ignition engine nemted to an eddy current dynamometer with differen
percentage of Hibiscus cannabinus and Hibiscus agffd biodiesel blended with diesel. The performarand
combustion characteristics of blends were evaluatedhriable loads at constant rate speed and tesuére finally
compared with the diesel. The authors hereby caeclthat Hibiscus cannabinus and Hibiscus sabdariffia
biodiesel can be used as an alternative fuel inbllieading form.

Keywords: Transesterification process, Blended fuel, Dies®line, Exhaust emissiortdibiscus cannabinuand
Hibiscus sabdariffail biodiesel.

INTRODUCTION

As civilization is growing, transport becomes esisgipart of life. The biggest problem is the gragipopulation &
depletion of fossil fuel. About 100 years ago, thajor source of energy shifted from recent solafossil fuel
(hydrocarbons). Technology has generally led toemtgr use of hydrocarbon fuels, making civilizatimlnerable
to decrease in supply. This necessitates the séarelfternative of oil as energy source [1].

In addition, crude oil prices fluctuate in the oa&l and international market, with a tendency dawer years to
steadily increase. Recognizing these facts, themuorent is actively promoting the use of biodieseh partial, or
even full, replacement for diesel fuel, the widse wf which could decrease the nation’s dependenc®reign
crude oil and resulting benefit of conserving fgrecurrency reserves that would have been earméokexude oil
imports. Moreover, the production of vegetable &dsindustrial biodiesel production can open newarkets for
agriculturists while also providing more jobs.

Biodiesel, mixture of fatty acid methyl esters (FEMis generally produced from a varied range afledand non-
edible vegetable oils, animal fats, used frying @hd waste cooking oils by transesterificatiorhwitethanol in
presence of a catalyst (acid, base or biocatalyd{.[The biodiesel is quite similar to conventibdeesel fuel in its
physical characteristics and can be used aloneixedrin any ratio with petroleum based diesel firelmost
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existing modern four-stroke combustion ignition s#ik engines with very few technical adjustmentsnor
modification. Biodiesel as a neat can be used diseat substitute for petro diesel and is techhjcehlled B100.
The preferred ratio of mixture ranges between 5%) @hd 20% (B20). The blending ratio has been iiyated by
various authors on Cl engines. Up to 20% blendiihgiadiesel with diesel has shown no problems igiea parts
[5-7].

Both edible and non-edible oils are used for biseli@roduction, but currently used are the ediid&[8, 9]. This is
because the production of biodiesel from non-edifileis currently affected by the factor of coffeetiveness due
to its competition in many of the applications. éfere, new, low-cost possible alternative feedstoere
undergoing continued evaluation by researcherslfl]2in India, biodiesel is produced mainly fromma@dible oils
like jatropha, pongamia, neem oil etc. Howeverrdtere alternative edible oil-yielding crops whidn be utilized
as feedstocks, such as soyabean canola oil, swerfloly palm oil, coconut oil which are new and losost. A new
contender of twdHibiscus specieplants are emerging as potential feedstock: heihgnd roselle oil, which are not
yet been extensively studied, but is gaining adbfattention as alternative fuel for diesel engisasxce it is
renewable, non-toxic, environmentally acceptablé,[&nd can be domestically produced. In additmwaluable
by-product, glycerin (glycerol), may be used in flsap, pharmaceutical, and cosmetic industries [18]

Hibiscus cannabinuandHibiscus sabdariffaare the plants which belong to Malvaceae fankihgwn worldwide
by many different common names such as hemp, amtosegile, Jamaica sorrel, and in India in kannad&undi.

The Hibiscusgenus contains more than 300 species. Most spemeésiced showy flowers, and the plants are often
used in landscaping as shrubs or small tréksiscus cannabinuand Hibiscus sabdariffaare the plants which
belong to Malvaceae family and are native to Sauthesia and West Africa respectively. These twontdaare a
warm season annual or biennial, herbaceous plaotging to about 16-20 ft tall with a woody base eTdtems are
1-2cm in diameter and often but not always branchiée leaves are 10-15cm long, variable in shajle waves
near to the base of the stems. The flowers are8t&ilin diameters, white yellow or purple, and whdnte or
yellow the centre is still dark purple. The frudiiee capsule of 2cm in diameter containing aroun@%6eeds [19].

The objectives of this research include:

(a) Biodiesel production from cruddibiscus cannabinusnd Hibiscus sabdariffaoil, using transesterification
process.

(b) Quality analysis of the biodiesel produced friovo Hibiscus species.

(c) And finally evaluation / performance of the dhiesel produced in Compression engine using blends.

EXPERIMENTAL SECTION

» SAMPLE COLLECTION, PROCESSING AND OIL EXTRACTION:

The seed samples of twiibiscus speciewere collected from Kadganchi, Aland and Gulbadgrict, Karnataka,
India. The oilseeds had some foreign materialsdandwhich were then removed by thorough washwitpived by
shade-drying for 5 days. The oilseeds were winnoteedemove the chaffs. Finally, the cleaned oilseeere
processed in the oil extraction machine. The oib Viiltered to remove small dust particles. Biodigsethen
produced by the process called transesterifica@umantity of oil extracted was determined gravincetty.

> BIODIESEL PRODUCTION:
During the biodiesel production, the FFA contentha oil plays an important role in obtaining thettbr yield of
biodiesel. Depending upon the FFA content of b, biodiesel production/ transesterification prazed vary.

40ml of isopropanol was taken in a beaker and tiearalized with 0.1N sodium hydroxide (NaOH). Hehtill the

solution reaches to 40-50°C. 10g of oil is weighed then added to the pre-heated isopropanol solutater, 2-3
drops of phenolphthalein indicator is added togbltion. Finally, the solution was titrated agaistandard 0.1 N
sodium hydroxide till the appearance of pink colevhiich will be the end point. The FFA content of wias

calculated using the formula-

% FFA- 28.2x 0.1x burette reading/Wt. of sample

Single stage Biodiesel production:

a.Transesterification:

1Itr of oil was taken in three necked flask and ¢filevas heated till the temperature reaches t@5@. Now, the
catalyst was prepared by mixing 30% methanol amtiuso hydroxide (NaOH) as per the free fatty aci&Al of
oil. As the oil attains the temperature, methoxiges added slowlyGlycerol separation:
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Once the reaction was complete, mixture was potoeskparating funnel and allowed it to settle. As glycerol
layer being denser settled down and was draineftaff the mixture.

b.Washing of Biodiesel:

After separation, the layer obtained was the crglyeerol which contains some amount of sodium hyi®
(NaOH), methanol and traces of glycerol. As thegeveater soluble, are removed by washing the bgedlid ater,
the biodiesel obtained was washed using luke waatem(40-50°C), whose pH was known by pouring dht®
biodiesel layer kept in a washing chamber. Waténddenser settles down by dissolving the impisipeesent in
the biodiesel and determined by checking the pMashed water. Washing step wass repeated untilfpthshed
water becomes equal to the pH of water used fohiwgghe biodiesel.

c.Drying the Biodiesel:

After washing step was completed, biodiesel was theated to about 110°C, to remove the moisturéeobn
Finally, the biodiesel produced from the ediblesaiéd of twdHibiscus species Hibiscus cannabinuandHibiscus
sabdariffawere ready to use in diesel engines.

» QUALITY ANALYSIS OF BIODIESEL:

The Biodiesel which was to be used in the enging tetameet the standards, which was necessary fterbe
performance of engine. The quality parameters tillemsity, viscosity, flash point and copper corrosiwas
determined and maintained for betterment of diesejine life. The quality parameters were determibgdhe
following methods:

a.Density test by Hydrometer method:

500ml of biodiesel was measured in measuring cglingbOOml) and brought down to reference tempeeatur
(15°C).Allowed it to set up. Gently lower hydromeiato biodiesel in the cylinder and the point dieth the
biodiesel touches the stem of the hydrometer, tieathydrometer level.

b.Kinematic viscosity by Canon-Fenske method:

The biodiesel was filled in the Canon- Fenske wiseter tube number 100 to bulb mark at top, closettbe. The
viscometer tube was then kept in viscometer wadén.lHeated to 40°C and maintained the temperé&ture period
of 40 min. Then the tube was opened and simultasigdhe stop watch was started. The stop watch sigsped
once flow reaches the bottom of mark in a bulb. Time seconds on stop watch was noted and calduthe
viscosity in CST.

Kinematic viscosity = Time taken in seconds x aalilon factor of viscometer.

c. Flash point test by Pensky Martein’s method:

The cup was filled with sample biodiesel whichasbe tested to the level indicated. Placed thedidhe cup and
the temperature was set to about 5-6°C with coatiststirring. Then the test flame was dipped inkoapor when

the temperature was within 10°C.Checked after etér¢ rise in temperature. When test flame produtistinct

flash, the temperature was noted.

d.Copper strip corrosion test:

Poured measured quantity of biodiesel in a coppap sorrosion test bomb. The polished copper stwigs
immersed in the oil in the test bomb apparatus.t Kiegp copper corrosion test bomb in the water battically and
heated the water bath to 50°C and maintained thne $ar 3 hrs. After 3hrs removed the strip and carag with
ASTM copper strip corrosion standard.

» EXPERIMENTATION:

Since biodiesel is produced from vegetable oilsarfying origin and quality, the pure biodiesel mostet before
being used as a pure fuel or being blended withveational diesel fuels. Various parameters areirfygortant
factors, which influence the choice of fuel andigiethe quality of biodiesel-

» Viscosity of the fuel

» Water and sediment present

» Ash content of the fuel

» Boiling range of fuel

» Specific gravity of fuel

» Carbon residue that will be formed
» Ignition quality of fuel
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» Fuel viscosity of fuel injection

The experimental work was carried out on a singlinder, four strokes, diesel engine connectedddyecurrent
dynamometer for variable loading. These temperatare shown on digital temperature indicator. Dibseette is
used to measure the specific fuel consumptions lpriovided with necessary equipment and instruméonts
combustion pressure, fuel injection pressure arahleangle measurements. These signals are intdrfaxe
computer through engine indicator fo#-PV diagrams and fuel injection pressure- crankeadgagram. Windows
based Engine Performance Analysis software pacisafgdly configurable. B-PV diagram and performance curves
are obtained at various operating points. Provigsaaso made for interfacing airflow, fuel flovenperatures and
load measurements with computer. The set has stané-type independent panel box consisting obax, fuel
tank, manometer, fuel measuring unit, differenpisssure transmitters for air and fuel flow measat, process
indicator and engine indicator. In the experimeptalgram, first the performance test on 100% dissearried out
and observations are noted down. The various paeasnenables study of engine for brake power, atdit power,
frictional power, BMEP, IMEP, brake thermal effio®y, indicated thermal efficiency, Mechanical affiucy,
volumetric efficiency, specific fuel consumption/FAratio and heat balance. The blends are prepfoed
volumetric basis.

Diesel with Hibiscus cannabinusnd Hibiscus sabdariffaoil biodiesel in various percentages are blended a
performed. For preparing 10% blend, 900 ml dieseiixed with 100 ml oHibiscus cannabinusand Hibiscus
sabdariffaoil biodiesel. The sample is kept under observafiw one week. After one week, authors concludied t
both the plants oil biodiesel is completely miseillith diesel. Same procedure is adopted for patioar of blends
of 20, 30 and 40% blends. Afterwards the perforreatests of these blends are carried out in diesgihe by
following the same testing procedure as that ofali@nd various performance parameters are detedmirhe
performance tests for the various blends are chaig from 10% to 40%.

Variable load tests are conducted for 0, 1, 2,,3antl 5 KW at a constant rated speed of 1500 rpth fuiel
injection pressure of 180 bars and cooling watértemperature of 60°C. All observations recordesteweplicated
to get a reasonable value. The performance chaistitie of the engine are evaluated in terms okdrdermal
efficiency. Brake specific fuel consumption (BSF®yake specific energy consumption (BSFC), and esha
temperature. These performance characteristicscanpared with the results of baseline diesel.

» SOFTWARE
The computer was interfaced with engine and the BY®IG PC11050 IC Card was connected to COM port of
CPU. Engine soft is the lab view based softwareckwis used to control the entire engine readings.

RESULTS AND DISCUSSION

BIODIESEL PRODUCTION:

Characterization of crude Hibiscus cannabinus and H. sabdariffa oil

The crudeHibiscus cannabinusnd H. sabdariffaoil used in this study was clear, viscous, andoyelin color,
without having undergone any further refining faeuas a biodiesel feedstock. Its properties wetermeed to
ascertain suitability for biodiesel production anddetermine a suitable production process for féesistock. The
predominant fatty acids in the oil and its variGmportant propertieéTablel1). The fatty acid composition of the oil
plays a significant role when biodiesel is useduas in diesel engine [11]. The crudBbiscus cannabinuandH.
sabdariffaoil consisted of a high proportion of unsaturatioomprised primarily of oleic and linoleic acidsdaa
lower proportion of saturation, comprised mainlypafmitic acid.

In this study, the average molecular weight of ¢ilefrom its composition, was calculated to be 854 of two

plants approximately. The viscosity of the crudeaditwo plants was 12 times higher when comparethat of

diesel. To avoid any negative impacts on dieseinengerformance, the viscosity had to be reducexhtacceptable
level; therefore, alkalicatalyzed transesterificativas performed. Several researchers have esiadlihat free
fatty acid (FFA) and moisture contents in oils weignificant factors affecting alkali-catalyzedrtseste- reification
[8, 20, 21]. The oil should have a low FFA contartd all materials used in the reaction should utestantially

anhydrous [8]. Reports in the literature indicdiatthe FFA content in the oil should be less th#nprior to alkali-

catalyzed transesterification [12, 13]. The oiledign this study had FFA content below 1% and doathminute

traces of water. Therefore, this oil had suitalilaracteristics to be used as a feedstock to probiackesel by a
one-step process, alkali-catalyzed transesteiidicat

215



Rashmi Gadwal and G. R. Naik J. Chem. Pharm. Res,, 2014, 6(10):212-223

Tablel. Properties ofH. cannabinusand H. sabdariffa

Fatty acid composition H. cannabinus | H. sabdariffa
(i) Palmitic acid (C16:0) 17.8 18.15
(i) Stearic acid (C18:0) 5.02 4.09
(iii) Oleic acid (C18:1) 35.60 33.31
iv) Linoleic acid (C18:2) 38.00 38.17
(v) Linolenic acid (C18:3) 2.18 2.09
Density 890.16 919.9
Free fatty acid content 0.664 0.67
Kinematic viscosity 53.00 36.35
Water content 0.058 0.087

Determination of FFA percentage
The fattyacid percentage was calculated using dnendla and the fattyacid percentage was found t®.66%

(H.cannabinusand 0.55%H.sabdariff3.

Single stage biodiesel production
As the FFA of both the oil samples was less thansg¥he biodiesel production was carried out byglsirstage
process. For about 1ltr of crude oilldibiscus cannabinuandHibiscus sabdariffa78.8% and 75.5% of biodiesel

was produced respectiveljable 2).
Table2. Yield (%) of Biodiesel

S.NO Sample FFA B|od|ese|'before Glycerol (ml) | Biodiesel after wash B'Od'.ESEI after Yield (%)
washing drying (ml)
1. H. cannabinus | 0.664 790 186 690 670 78.8%
2. H. sabdariffa 0.652 790 182 685 660 75.5%

Quality parameters:
Further, the quality parameters of biodiesel preduitom the twdHibiscus speciewas determined by checking the

density, viscosity, flash point, fire point and pep corrosior{Table 3). The biodiesel produced which is to be used
in the engine has to meet the standards, whicteéessary for better performance of engine and miaed for

betterment of diesel engines life.
Table3. Quality analysis of Biodiesel

Samole Density | Viscosity | Flash point | Fire point Cobper corrosion

P (Kg/m®) | (mPas) | (°C) &) PP
Hibiscus cannabinus 0.875 5.2216 168 178 No corrosion
Hibiscus sabdariffa 0.856 4,936 165 175 No corrosion

This Experimental investigation gives the compiefermation of performance characteristic of Cl i@grunning
on different blends oflibiscus cannabinubio-diesel with different percentages of neat elieshe engine was set
to run at compression ratio 18:1 and injection gmes of 180 bars and the experiment was conduoctedafiable
loads at constant rated speed. The results arlatatibelow and the corresponding graphs have grploltted-

Performance of Biodiesel with its blends:

The IP and IMEP for H100 are very close to dieséba load and slightly higher than diesel at higload (Graph

1 and 2) It is observed from th@Graph 3) of H20 and H40 have higher IThE than diesel an@Hi% very close to
diesel at higher load. The observation from (@Beaph 4) of SFC for biodiesel and their blends are higtment
diesel.H20 and H40 blends are close to dieselghtehiload. And the observation from tttg&raph 5) of H20, H40
and H60 have higher AFR than diesel and H100 isetldo diesel. The observation from t{t&raph 6) at lower
load all blends BMEP closer to diesel and at higbed all blends BMEP values are high. The obsamdtom the
(Graph 7) of H20 and H40 have higher BThE than diesel an@i(H# closer to diesel. Lastly, the observatiomfro
the (Graph 8) of H20 have higher MechE than diesel and H100dser to diesel. Finally, thé&Sraph 9) VolE of
biodiesel and its blend are lower than neat diesehpared to H20 which is closer to neat diesel.
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Heat Balance of diesel blended witHibiscus species bio-diesel

In the heat balance sheet of pure diesel (D10@), &lesorbed by brake power (BP), exhaust gas (H@A&)watel
jacket (HJW) was about 26%, 8% and 36% respectivaig finally, heat radiated was about 2 (Figure 1). In the
heat balance sheet of H20DQ8Beat absorbed by brake power (BP), water jacketMHdas about 1%, 2% less
than that of the pure diesel (D100), exhaust gaSAB) was 3% greater than pure diesel (D100) aedhts!
radiated was equal to that of pure diesel (Di(Figure 2). In the heat balance sheet of H40D60, heat absorb:
brake power (BP) was 1% greater than the pure Id{B460), exhaust gas (HGAS) and water jacket (HJvs
1% and 6% was lesser than that of pure diesel @Pafd heat radiated was about 3% greater pure diesel
(D100)Figure 3).In the heat balance of H60D40, heat absorbed bikebpower (BP) was equal to pure die
(D100), exhaust gas (HGAS) was 3% greater than D1@&@t absorbed by water jacket (HIW) was 3% laba@
D100 and heat radiated wa%1ess than D10(Figure 4).

In the heat balance of H80D20, heat absorbed byelpawer (BP), water jacket (HIW) was 2% , 5% letisan
the pure diesel (D100), heat absorbed by exhass(H@aAS) was equal to D100 and heat radiated wagéztel
than D100(Figure 5).In the heat balance of H100, heat absorbed byehpakver (BP), exhaust gas (HGAS), we
jacket (HJW) was 2%, 1% and 5% lesser than the digsel (D100) and heat radiated was about 8%eyrdzan
pure diesel (D100{Figure 6).

D100

= HBP

= HIW
HGAS

= RAD

Figl. Heat balance sheet of pure diesel

H20D80

| ‘
| u HBP

= HJW
HGAS
= RAD

Fig2. Heat balance sheet of H20D80
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H40D60

= HBP
m HIW
u HGAS
= RAD

Fig3. Heat balance sheet of H40D60

H60D40

= HBP
u HIW
» HGAS
= RAD

Fig4. Heat balance sheet of H60D40

H80D20

= HBP
= HJW
" HGAS
= RAD

Fig5. Heat balance sheet of H80D20
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H100

/ \‘ e
m HIW
HGAS
7%
‘ m RAD

Fig6. Heat balance sheet of H100

EPILOGUE

The aim of this study was to evaluHibiscus specieas a potential raw material for biodiesel productidhis
study demonstrates that biodiesel can succesdfellproduced from crude hemp and roselle seed odlkgli-
catalyzed transesterification with methanol in pinesence of a catalyst (NaOH). Thiodiesel sample prepared
the present study showed better results and naatiley from ASTM standard. And all the variablestlnis study
clearly influenced the alkatatalyzed transesterification in a positive manf&om all of these encouragil
outcomes, and the samples which were given for éurtiasting on diesel engine performance, concltiutscrude
Hibiscus cannabinuandHibiscus sabdariff seed oil could be recommended as supplementarfgeiilstocks fo
biodiesel production.

Use of this biodiesel as a partial diesel substitute carsbthee farm economy, reduce uncertainty of fuellaldity
and make farmers of fuel availability and make farsnmore se-reliant. Also, this help in controlling air pollot
to a great extent.
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