Available online at www.scholarsresearchlibrary.com

s ke Sc,é’)o
. o Q‘@
Scholars Research Library :( s
Scholars Research % 3
Archives of Applied Science Research, 2012, 4 (155561 ‘éé"\/;
(http://scholarsresearchlibrary.conmvar chive.html)
Library

ISSN 0975-508X
CODEN (USA) AASRC9

Super Phosphoric Acid Catalyzed Biodiesel Productimfrom Low
Cost Feed Stock

Bharatkumar Z. Dholakiya

Department of Applied Chemistry, Sardar Vallabhbhai National Institute of Technology
(SVNIT), Ichhanath, Surat, Gujarat, India

ABSTRACT

The conventional process for producing biodiesel is base catalyst and requires anhydrous
condition and feed stock with low levels of free fatty acid (FFA). Basic catalyst gives the higher
reaction rate than acid catalyst. However, the basic catalysts involved soap formation of free
fatty acid leading to the deactivation of catalyst and high production cost. Inexpensive feed
stocks containing high levels of free fatty acid cannot be directly used with the base catalyst.
This work deals with the synthesis of biodiesel from high free fatty acid containing crude
degummed cotton seed oil (CDGCS0), using 5 wt % (weight of the oil) super phosphoric acid
(SPA) as catalyst and evaluating the effect of the molar ratio (oil : alcohol) on percentage
conversion. Molar ratio 1:10 showed greater yield. The acid catalysts do not form the soap and
can simultaneously conduct esterification and transesterification of free fatty acid and oil to
biodiesel. However, they are slower and necessitate higher reaction temperatures. Nonetheless,
acid-catalyzed processes could produce biodiesel from low-cost feed stocks and lowering the
cost of production.

Keywords: SuperPhosphoric acid, FFA, low cost feed stock, CDGCBiOdiesel.

INTRODUCTION

Biodiesel is a nonpetroleum-based fuel that comsidtalkyl esters derived from either the
transesterification of triglycerides (TGs) or thgtezification of free fatty acids (FFAs) with
alcohols [1]. It is an alternative to petroleumssibfor reducing emissions of gaseous pollutants
such as CO, SOx, particulate matters and orgampoands [2, 3]. The flow and combustion
properties of biodiesel are similar to petroleunsdzhdiesel and thus, can be used either as a
substitute for diesel fuel or more commonly in fokdnds [4]. It is a clean burning fuel which is
non-toxic, biodegradable and considered as theofiuttle future.

Commonly, biodiesel is prepared from TG source$ sicvegetable oils, animal fats and waste
greases. There are several routes to obtain beldiesn various feed stocks. But the most
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common method is transesterification [5]-[8] in waiiaccording to stoichiometry, 1 mol of TG
reacts with 3 mol of alcohol in presence of a gjroatalyst (acid, base or enzyme), producing a
mixture of biodiesel (fatty acid alkyl ester) angiaerol (Scheme-1) [9, 10].

H,C—OCOR, R,OCOR, H,c—OH
| Catalyst + |
HC—OCOR, + 3R,OH =———= R,OCOR, + HC—OH
+
H,C——O0COR, R,OCOR, H,C—OH
Triglyceride Alcohol Biodiesel Glycerol

Scheme 1 Transesterification of triglyceride (TG) ¢ Biodiesel.

The transesterification reaction requires a catalysorder to obtain reasonable conversion
rates. The nature of the catalyst is fundamentaesit determines the compositional limits that
the feed stock must conform to. Furthermore, tlaetren conditions and post-separation steps
are predetermined by the nature of the catalyst.uSarrently most biodiesel is prepared using
base catalyst, such as sodium and potassium md#®xand hydroxides. Even though
transesterification is feasible using base catathist overall base catalyzed process suffers from
serious limitations that translate into high praditut costs for biodiesel. Strict feedstock
specifications are a main issue with this proc@$sThe total FFA content associated with the
feedstock must not exceed 0.5 wt% in case of bagalyzed process. Otherwise, soap
formation seriously hinders the production of fgedde biodiesel [1, 11, 12]. Soap forms when
the base catalyst reacts with FFAs in the feedkst@cheme 2a). Soap production gives rise to
the formation of gels, increases viscosity and ttyeacreases product separation cost [9]. The
alcohol and catalyst must also comply with rigorgpecifications. The alcohol as well as the
catalyst must be essentially anhydrous (total wetetent must be 0.1-0.3 wt% or less) [13].
This is required since it is assumed that the pieseof water in the feedstock promoted
hydrolysis of the alkyl ester to FFA (Scheme 2hj aansequently, soap formation.

o) (0]
+ NaOH + H,O
a). 2
) R)LOH RJKONM
FFA Soap
o Base Catalyst 0
oo 4 wo Beecamnst f 4 oy
R OR' R OH
Alky Ester FFA

Scheme 2 (a) Base catalyst reaction with FFAs to @iluce soap and water (b) Water promotes the formatin of FFAs.

To conform to such demanding feedstock specifiostioecessitates use of highly refined
vegetable oil whose price can account for 60-75%effinal cost of biodiesel [14]. Other less
expensive sources of TG feed stocks such as crilldeaste oil, and yellow greases can be
used to counteract the high price tag associatéu viodiesel produced from refined oils using
acid catalyzed system. The type of feed stock gdliyeselects the nature of catalyst. If the FFA
content is high, acid catalyzed esterification doled by transesterification is used. If FFA
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content is low the base catalyzed transesterioais most desirable and is relatively faster
than acid catalyzed transesterfication [15]. Fod aatalyzed system, sulfuric acid has been the
most investigated catalyst, but other acids, sscH@!, BF; H3PO, and organic sulphonic acids
have also been used by different researches [b@&.ifffluence of process variables on the acid-
catalyzed transesterification reaction has beeartep in several studies [17]-[21]. Freedman et
al. [17] and Canakci and Van Gerpen [18] examirmeddffect of the alcohol type on the acid-
catalyzed transesterification of soybean oil atgeratures just below the boiling points of the
alcohols. The results indicated that the effedhefreaction temperature, rather than the type of
alcohol used, dominates the rate of the reactiocth dictates the time required to achieve
complete ester conversion. Canakci and Van Gerfi8h ghowed that the ester conversion
increased with an increasing temperature, molaio raf alcohol to oil and acid-catalyst
concentration.

Goff et al. [20] conducted a study to investigate efficiency of different acid catalysts at
elevated temperature under different operating itimng and determined that,850O, was the
most effective catalyst for the transesterificatieaction. Freedman et al. [21] investigated the
acid-catalyzed butanolysis of soybean oil at anfaoil molar ratio of 30:1 and 1 wt %,80,
catalyst concentration at different temperaturethenrange of 77-117 °C. The results indicated
that the complete conversion was achieved in 20shaiu77 °C and 3 hours at 117 °C. Zheng
et al. [19] studied the acid-catalyzed transestatibn reaction kinetics of waste frying oil using
MeOH:oil molar ratios in the range of 50:1-250: M atid-catalyst concentrations ranging from
1.5 to 3.5 mol % (on the basis of the oil) at terapges of 70 and 80 °C. The results
demonstrated that the acid-catalyzed transestidic reaction of waste frying oil in MeOH
effectively follows pseudo-first-order reaction &tits.

The demanding feed stocks specifications for basalyzed reactions have led researcher to
seek catalytic and processing alternatives thalkdcease this difficulty and lowers the cost of
production. Methodologies based on acid catalyeaedtrons have the potential to achieve this
since acid catalysts do not show measurable subtgptto FFAs. For this reason the
development of acid catalyzed methodologies iddhas of this paper.

The aim of this work is to develop the process bng super phosphoric acid (SPA) catalyst to
produce the biodiesel from low cost feed stocksiderdegummed cotton seed oil). A major
hurdle towards widespread commercialization is high price of biodiesel. And hence, an

attempt is made to produce low price biodiesel bing crude oil. In this study, CDGCSO

containing 5% FFA is chosen as a feedstock foriegmd production. The effect of varying oil :

alcohol molar ratios of 1:40, 1:30, 1:20, 1:10 dn8 with catalyst (SPA) amount 5 % of the
weight of the oil on the transesterification reawtyield were investigated.

MATERIALS AND METHODS

Reagents and Materials

Crude degummed cotton seed oil obtained BhavaniMilll Limited, Botad, Gujarat, India.
Super phosphoric acid and 1-butanol used in theeptestudy were purchased from S. D. Fine
Chem. Limited, Vadodara, Gujarat, India.

SPA catalyzed biodiesel production from crude degumed cotton seed oll

SPA catalyzed biodiesel synthesis were performeal timree neck 1000 ml round bottom flask

equipped with stirrer, thermometer, water condeaserheating system. The biodiesel synthesis
was studied at different oil:1-butanol molar ratf@s40, 1:30, 1:20, 1:10 and 1:5) under reflux at
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120°C and with catalyst (SPA) amount 5% of the weighthe oil. Reactants were introduced
together with the appropriated catalyst mass ané tf reaction was considered when desired
temperature (generally 190) was reached. Samples were drawn at two houesvait and
percentage conversion was estimated by Gel Pemneafihromatography (GPC). After
completion of reaction, excess 1-butanol was cotalyledistilled off and the mixture was
carefully transferred to a separating funnel aridwadd to settle (Fig. 1). The upper layer
consists of biodiesel whereas the lower layer ¢oathglycerin and most of catalyst. The upper
layer was purified using hot distilled water andcerithdried over anhydrous sodium sulfate
(N&SOy). Figure 2 shows the washed, dried biodiesel amdec degummed cotton seed oll
containing 5 % FFA. In this method, 1.0 gm of anoys NaSO, was taken for 100 ml of
biodiesel, stirred for 15 minutes and then wasvwadld to settled and decanted. The decanted
dried biodiesel was filtered with the help of vasugpump for final removal of solid traces.
Finally, biodiesel fuel properties were determiméth the help of the standard tests (Table 1).

Fig. 1 Separating Funnel: Fig. 2 Biodiesel after washing & drying and
(1) Upper layer — biodiesel. crude degummed cotton seed oil with 5%
(2) Lower layer — glycerin. FFA.

Experiments were conducted as above to measuredheersion of FFA and TGs in the
CDGCSO to corresponding yields of diglycerides (R@sonoglycerides (MGs) and biodiesel.
All experiments were performed at atmospheric pnessill the completion of reaction. Initial
analysis of reaction mixture by GPC showed thatoitained FFA and TGs (Fig. 3). The
analysis of percentage conversion of FFA & TGs @GsDMGs and biodiesel were carried out at
two hours intervals using GPC. At intervals of thaurs samples were drawn, filtered through
0.2 um polytetrafluoroethylene syringe filters. G#@ls containing 0.04 gm of filtered sample
were weighed and diluted with THF to make up 20nmgsample solution for GPC analysis.
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2.00 a.00 6.00 8.00 100 1200 1400 1600 1800 2000 2200 2400 26.00 28.00
Minutes

Fig. 3 GPC of CDGCSO.

The GPC of reaction mass was done by using Wat&€ @strument with Waters 600
controller and pumps. The HPLC grade TetrahydrafilddF) was used as a mobile phase at a
flow rate of 1.0 ml/min. The GPC system was equibpéth three columns: PLgel 50°A
Oligopore and PLgel 100 %connected in series. Waters 2410 Refractive Indseator and
Waters 2487 Dual absorbance detector were used with internal temper of 35C for peak
detection. The system was operated using Watellerivlium 32 software. The running time
required for product characterization was approx@tya35 minutes. Calibration curves [22]
were generated from the standards: triolein (T@leth (DG), monolein (MG), butyl oleate
(biodiesel), oleic acid (FFA) and glycerol (GLY).h@ areas under the peaks in the
chromatograms were used to determine the perceofathe constituents (TG, DG, MG, FFA
and biodiesel) present in the sample. Figure 4 shbe 99.79% conversion of FFA and TGs to
biodiesel at 1:10 oil:1-butanol molar ration aftérhours.
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Fig. 4 GPC of Biodiesel.

H+

R,, R,, Ry: Carbon chain of fatty acid

R,: Alkyl group of alcohol

Scheme 3 Homogeneous acid-catalyzed reaction mechsm for the transesterification of triglycerides:
(1) protonation of the carbonyl group by the acid atalyst; (2) nucleophilic attack of the alcohol, foming a tetrahedral
intermediate; (3) proton migration and breakdown ofthe intermediate. The sequence is repeated twice.
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RESULTS AND DISCUSSION

The Acid catalyzed transesterification process dussenjoy the same popularity as the base
catalyzed process. The fact that the acid catalyzaction is about 4000 times slower than the
base catalyzed reaction has been one of the maisome[23]. However, acid catalyzed
transesterifications hold an important advantagéh wespect to base catalyzed ones: the
performance of acid catalyst is not strongly akedby the presence of FFAs in the feedstock. In
fact, acid catalyst can simultaneously catalyzé lesterification and transesterification of FFA
and TGs respectively to biodiesel. The acid catdyesterification of FFA follows a mechanistic
scheme similar to tranesterification. Accordinghstead of starting with a TG molecule, as in
the transesterification reaction (Scheme 3), tagiagg molecule is FFA.

Thus, a great advantage with acid catalyst is ttiey can directly produce biodiesel from low
cost feed stocks, generally associated with higA Eéncentrations and thus, lowering the cost
of production. As refining of crude oil costs ardu 0.12 per liter and were applied to the final
cost of biodiesel production [24]. To achieve tRIBGCSO with 5% FFA concentration was
used as a feed stock and the maximum vyield of ésafiat optimum molar ration of oil:1-
butanol were study. The results of percentage asioreof FFA and TGs to corresponding DG,
MG and biodiesel are summarized in Table 2 to 6.

Canakci & Van Gerpen studied how the molar ratiecéd reaction rates and product yield in
the transmethylation of soybean oil by sulphuric d&8]. And their results indicated that ester
formation increased with increasing the molar rateaching its height value, 98.4% at 1:30
molar ratio. Crabe et. al. also determined thecef®éé molar ratio within the range of 1:3 -1:23
and concluded that the height molar ratio requicedcomplete transmethylation could be found
between 1:35 and 1:45 by extrapolation [25].

In present study best results were achieved with 20 oil:1-butanol molar ratio. The
percentage conversion of oil to biodiesel was ai@arastically by changing the oil:1-butanol
molar ratio under the same conditions (Figure Scr@asing the oil:alcohol molar ratio from
1:40 to 1:10, reduce the time of reaction from 2urk to 10 hours for more than 99 %
conversion. As 5% FFA can get esterified to biogliethere is yield improvement by 5% using
SPA catalyzed process from low cost feed stocksu®yg SPA catalyzed process, there is no
need for strict feed stock specifications, as thereo soap formation and problem associated
with layer separation. In short cost effective les&l can be produced from low cost feed stock
by using SPA catalyzed process with minimum separatost and without soap formation with
remarkable improvement in overall percentage dflyie

Table 1. Specification of low cost feed stock biogksel.

Sr. No. Property ASTM Biodiesel Units

1. Free Glycerin D6584 0.004 % mass

2. Monoglyceride (MG) D6584 0.179 % mass

3. Diglyceride (DG) D6584 0.160 % mass

4. Triglyceride (TG) D6584 0.181 % mass

5. Total Glycerin D6584 0.099 % mass

6. Acid Number D664  0.45 mg KOH/gm
7. Water Sediment D2709 0.045 % vol.

8. Water by KF D6308 0.075 ppm
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Fig. 5 Effect of molar ratio on biodiesel percentag conversion with respect to reaction time.

Table 2. Results of percentage conversion of FFA dTGs to corresponding DG, MG and biodiesel (BD) vtin

1:40 oil:1-butanol molar ratio.

Sr Feed Stock Mog Iratio FEA ngtsk/)'st R_It_aaction R_tla_action o % Conversion
' eed Stoc il: emp. ime (]

No Lbutanol) P (%) °C) Hrs) TG PG %MG  %EBD
1. CDGCSO 1:40 5 5 120 2 61.42 18.50 0.89 19.19
2. CDGCSO 1:40 5 5 120 4 38.14 24.08 0.74 37.04
3. CDGCSO 1:40 5 5 120 6 2485 23.34 0.63 51.18
4, CDGCSO 1:40 5 5 120 8 16.43  21.50 0.51 61.56
5. CDGCSO 1:40 5 5 120 10 10.50 17.69 0.46 71.35
6. CDGCSO 1:40 5 5 120 12 6.76 14.32 0.32 78.60
7. CDGCSO 1:40 5 5 120 14 4.26 11.05 0.27 84.42
8. CDGCSO 1:40 5 5 120 16 2.29 7.15 0.21 90.35
9. CDGCSO 1:40 5 5 120 18 1.31 4.62 0.15 93.92
10. CDGCSO 1:40 5 5 120 20 0.72 3.22 0.09 95.97
11. CDGCSO 1:40 5 5 120 22 0.5 2.30 0.07 97.83
12. CDGCSO 1:40 5 5 120 24 0.10 0.37 0.00 99.53
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Table 3. Results of percentage conversion of FFA dTGs to corresponding DG, MG and biodiesel (BD) vtin

1:30 oil:1-butanol molar ratio

Sy Coed Stock Mog_lratio FEA Cégtg'la)\/)st R_I(_aaction R$action o % Conver(?/ion
’ eed Stoc il: emp. ime 0 ()

No. 1-butanol) (%) (%) °C) (Hrs.) 176 #PG g WED
1. CDGCSO 1:30 5 5 120 2 52.66 16.97 0.76 29.61
2. CDGCSO 1:30 5 5 120 4 25.63 18.09 0.69 55.59
3. CDGCSO 1:30 5 5 120 6 13.72 1428 056 71.44
4. CDGCSO 1:30 5 5 120 8 6.86 1040 050 8224
5. CDGCSO 1:30 5 5 120 10 3.43 6.20 0.60  89.77
6. CDGCSO 1:30 5 5 120 12 1.66 3.39 0.49 94.46
7. CDGCSO 1:30 5 5 120 14 0.73 2.11 0.36  96.80
8. CDGCSO 1:30 5 5 120 16 0.33 1.24 0.15 98.28
9. CDGCSO 1:30 5 5 120 18 0.04 0.45 0.03 99.21
10. CDGCSO 1:30 5 5 120 20 0.04 0.20 0.00 99.76

Table 4. Results of percentage conversion of FFA dTGs to corresponding DG, MG and biodiesel (BD) viin

1:20 oil:1-butanol molar ratio.

Molar ratio FEA Catalyst Reaction  Reaction % Conversion
Sr. No. Feed Stock (Qil: (%) (SPA) Temp. Time % % DG % %
1-butanol) (%) (°C) (Hrs.) TG MG BD
1. CDGCSO 1:20 5 5 120 2 28.12 26.18 0.56 45.14
2. CDGCSO 1:20 5 5 120 4 1150 19.11 059 68.80
3. CDGCSO 1:20 5 5 120 6 4.26 7.19 0.48  88.07
4, CDGCSO 1:20 5 5 120 8 1.80 3.31 0.39 9450
5. CDGCSO 1:20 5 5 120 10 0.70 3.12 0.18 96.00
6. CDGCSO 1:20 5 5 120 12 0.50 1.32 0.09 98.09
7. CDGCSO 1:20 5 5 120 14 0.02 0.43 0.04  99.51
8. CDGCSO 1:20 5 5 120 16 0.00 0.35 0.00 99.65

Table 5. Results of percentage conversion of FFA diTGs to corresponding DG, MG and biodiesel (BD) viin

1:10 oil:1-butanol molar ratio.

. ) Mozar Ira’[io FEA C(ataly)st Reaction Reaction % Conversion
Sr.No.  Feed Stoc Oil: SPA Time % %
Lbutano)y (T Temp-fO) ) 1 %DG g %BD

1. CDGCSO 1:10 5 5 120 2 8.83 10.32 0.42 80.43
2. CDGCSO 1:10 5 5 120 4 2.18 4.69 0.32 92.81
3. CDGCSO 1:10 5 5 120 6 1.80 1.58 0.27 96.35
4, CDGCSO 1:10 5 5 120 8 0.52 0.36 0.21 98.91
5. CDGCSO 1:10 5 5 120 10 0.00 0.16 0.05 99.79

Table 6. Results of percentage conversion of FFA dTGs to corresponding DG, MG and biodiesel (BD) vtin

1:05 oil:1-butanol molar ratio.

Molar ratio FEA Catalyst Reaction Reaction % Conversion
Sr.No.  Feed Stock (Qil: o (SPA) Time % o % o
Loutano) @) Temp-fO gy g %DG g %BD
1. CDGCSO 1:05 5 5 120 2 12.07 10.93 0.20 76.80
2. CDGCSO 1:05 5 5 120 4 3.04 7.22 0.21 89.53
3. CDGCSO 1:05 5 5 120 6 0.54 4.80 0.07 94.59
4, CDGCSO 1:05 5 5 120 8 0.16 3.31 0.50 96.03
5. CDGCSO 1:05 5 5 120 10 0.12 1.61 0.31 97.96
6. CDGCSO 1:05 5 5 120 12 0.09 0.50 0.15 99.26
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CONCLUSION

In this study SPA catalyzed transesterificatiorctiea of crude degummed cotton seed oil was
investigated. As mention earlier, the oil:alcohoblan ration is an important parameter for

transesterification reaction. From the obtainediltssit can be evaluated that 1:10 oil:alcohol
gives best results and reaction time decreasesdeittease in molar ratio from 1:40 to 1:10. In
present study 1:10 oil:1-butanol molar ratio, 5%ASfatalyst, 1268C reaction temperature and

10 hours of stirring are considered to be the lpesidition to develop low cost method to

produce biodiesel from crude degummed cotton séed o

As SPA catalyzed biodiesel production converts Pl TG to biodiesel, there is no need to
make TG free from FFA and it gets converted to igisel thus, increasing the percentage yield
and ultimately reduce the cost for final productlezre is no need to remove FFA from crude
degummed cotton seed oil. Further there is decrie@aswlar ratio from 1:40 to 1:10 for height
conversion at shortest time, there is also redose for separation and recovery of alcohol that
accounts for final cost of biodiesel. In short ceffective biodiesel can be produced by using
SPA catalyzed process from low cost feed stock.
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