International Journal of Chemical,
ISSN:

Materials and Biomolecular Sciences
2415-6620

Vol:6, No:4, 2012

Effect of Biomass Feedstocks on the Production of
Hydrogenated Biodiesel

Panatcha Bovornseripatai, Siriporn Jong

Abstract—Hydrogenated biodiesel is one of the most promising The most prominent of these energies which can

renewable fuels. It has many advantages over coiowveh biodiesel,
including higher cetane number, higher heating eallower
viscosity, and lower corrosiveness due to its abseof oxygen.
From previous work, Pd/Tifgave high conversion and selectivity in
hydrogenated biodiesel. In this work, the effecbioimass feedstocks
(i.e. beef fat, chicken fat, pork fat, and jatropilx on the production
of hydrogenated biodiesel over Pd/}iBas been studied. Biomass
feedstocks were analyzed by ICP-OES (inductivelypted plasma
optical emission spectrometry) to identify the etof impurities
(i.e. P, K, Ca, Na, and Mg). The deoxygenation lgataPd/TiQ,
was prepared by incipient wetness impregnation YI&¥d tested in a
continuous flow packed-bed reactor at 500 psig,°325H,/feed
molar ratio of 30, and LHSV of 4 hfor its catalytic activity and
selectivity in hydrodeoxygenation. All feedstocksavg high
selectivity in diesel specification range hydrocard and the main
hydrocarbons were n-pentadecane (n-C15) and ndegmae (n-
C17), resulting from the decarbonylation/decarbatigh reaction.
Intermediates such as oleic acid, stearic acidnitialacid, and esters
were also detected in minor amount. The conversfaniglycerides
in jatropha oil is higher than those dficken fat, pork fat, and beef
fat, respectively. The higher concentration of rheétapurities in
feedstock, the lower conversion of feedstock.

Keywords—Hydrogenated  biodiesel,

Pd/TiO,, biomass feedstock

l. INTRODUCTION

T present, the energy consumption has surged dubet

rise of the world population which led to the sudde
decrease in energy supply especially in fossil.flibere are
many concerns with the use of fossil fuel, inclgdimited
fuel reserves, unpredictable crude oil price, andianted gas
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compensate diesel fuel is biodiesel as it has garfer mance
as regular fuel engines, emit less pollution, armh de
produced from renewable raw materials.

Biodiesel is referred to the fatty acid methyl egtleAME)
or mono-alkyl esters of long-chain fatty acids ded from
vegetable oils or animal fats via tranesterificatiprocess.
Biodiesel is biogradable and produces lower levelaw
pollutants than fossil fuels. Notwithstanding, besél price is
usually higher than the fossil fuels and it has samdesired
properties, e.g. high viscosity and low heatingueaivhich
may cause engine problems especially at low terhpera
These properties are the result of the contenxgfen in the
product. However, the hydrocarbon like biodieseliclhis
called “renewable diesel”, “green diesel”, or “hgdenated
biodiesel” is also available.

The hydrogenated biodiesel can be produced via the

hydrodeoxygenation of triglyceride-containing feted&s at
elevated temperature and pressure (300°¢58nd 500-2000
psia) in the presence of conventional hydrotreatiatalysts
[11]. There are many advantages of hydrodeoxygematver

hydrodeoxygenationtranesterification, including higher cetane numéaed heating

value, low viscosity, and less pollutant emissiare do its
absence of oxygen atom in its molecule.

There have been many research works focused orebad
and biodiesel production from vegetable oil (i.elnp oil, corn
oil, and jatropha oil) [2,3,7,10] and some resedadiused on
the effect of various impurities in feedstocks whieduce the
activity of hydrotreating catalysts [9,12]. Howey#re report
on the utilization of animal fats, which are comrsigd as the

emission, e.g. SPand NQ. The number one blame of thesealternative feedstocks, is still limited.
concerns goes to the emission of diesel engines fro The objective of this research is to study the affef

automobiles and industrial equipments that use. fEebm
these problems, the development of alternativesaisthinable
energy is
consumption, as well as to reduce the unwantecegassion.
There are several sustainable alternative energyssu
including hydropower, thermal energy, wind energglar
energy, biomass, and biofuels.
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feedstocks (i.e. jatropha oil, beef oil, pork fatd chicken fat)
on the deactivition of 1 wt% Pd/Tiatalysts for production

important to satisfy the demand of energyf hydrogenated biodiesel. The activity and selégtiof the

catalysts and major impurities in feedstocks wikoabe
investigated.

1. EXPERIMENTAL

A. Materials

Dodecane [CKCH,)(CHs, 99.9 % purity, Merck] was
used as a solvent of all feedstocks in this researc
Palladium(ll) nitrate hydrate (Pd(NR.xH,O, 99.9 % purity,
Aldrich) and commercially titanium dioxide (THD power,
Degussa P-25, were used as metal precursor andrsupp
respectivly.

B. Catalyst Preparation

1 wt% palladium supported titania catalyst was preg by
using incipient wetness impregnation method. Th@®,Ti
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support was initially dried at 110 °C overnight aradcined at liquid products from the hydrodeoxygenation werssdived
500 °C for 4 hours. The TiOwas then impregnated with thein pyridine and silylated with N,O-bis (trimethylid)-trifluoro
aqueous solution of Pd(NJ. Distilled water was used as acetamide, BSTFA (99 % purity, ACROS), to improve t
solvent for preparing the metal precursor solutioibe chromatographic behavior and then were analyzedamy
impregnated catalyst was then dried at 110 °C dyetrn Agilent Technology 7890A gas chromatograph equippit
followed by calcined at 500 °C for 6 h. The prepatatalyst a FID detector. EicosanexEls, (99 % purity, ACROS), was
was finally pelletized, mash and sieved to theiglartsize added as internal standard for quantitative calimria.
20/40 mesh. All feedstocks were analyzed for trace amounts of
impurities (i.e. P, K, Ca, Na, and Mg) by ICP-OES
(inductively coupled plasma optical emission spmuetry).
The surface area of the fresh catalyst was measyed The residual substance from burning feedstock 8t°60for
Brunauer-Emmett-Tellet (BET) surface area analyzeysg min was dissolved in HN@t 70°C for 20 min and then
(Quantachrome/Autosorb 1). The sample was firsgaBsged fjjtered and diluted to 100 ml. Then the sampleutioh was
to remove the humidity and volatile adsorbents eaish on  feq py peristaltic pump into a nebulizer wheresitchanged
surface under vacuum at 180 for 4 h prior to the analysis. jnto mist and introduced directly inside the higmperature
Then, N was purged to adsorb on surface, and the quanttity pjasma flame of about 7000 K. The intensity of¢hgssion is
gas adsorbed onto or desorbed from their solichsart some jndicative of the concentration of the element withhe
equilibrium vapor pressure by static volumetric oet was  gample.
measured. The solid sample was maintained at atardns

C. Catalytic Characterization

temperature of_ the sample cell until the equilibriwas M. RESULTS ANDDISCUSSION
established. This volume-pressure data was useadltolate ] o
the BET surface area. A. Catalytic characterization

Thermogravimetric analyze was performed by using a Textural properties of the TiOsupport and Pd/TiO
Perkin Elmer Pyris Diamond TG/DTA to determine thecatalysts (surface area, total pore volume, andnnmare
thermal decomposition behavior and to obtain sigtabdiameter) obtained from Brunauer-Emmett-Tellet acefarea
calcination temperature of the catalyst. The dsadple of analyzer are shown in Table 1. The surface aredi0Of
approximately 5-15 mg was heated from 50 to 800nith a (Degussa P 25) is 50.50%g which close to the given
temperature increase rate of 10 °C/min in a stalic property (50 riig). The surface area of prepared catalyst is
atmosphere. lower when compared with the TiGupport due to the deposit

Temperature programmed oxidation (TPO) was cawigd of the metal on the support surface.
to determine the amount and characteristics of éolaed on

the spent catalysts. TPO profiles of the spentlysttawere TABLE |

performed in a continuous flow of 2% /Ble while the TEXTURAL PROPERTIES OF THICATALYST
temperature was linearly ramped to 1073 K with ating rate Surface area  Total pore Mean pore
of 12 K/min. The 30 mg of sample was placed in adddrtz Catalyst (Sgen) volume diameter
fixed bed reactor. The GQroduced by the oxidation of coke (m/g) (cn/g) (nm)

was further converted to methane over 15% Ni/Al2&talyst
in the presence of hydrogen at 673 K. The methémaired P25- TiG 5050 0.230 18.50
was analyzed online by a FID detector. The amount o P25-IWI 48.80 0.228 18.70
oxidized coke was calibrated using 100 pulses of @O.

D. Catalytic Activity Testing Thermogravimetry and differential thermal analy$isG-
The experiment was carried out in a high pressuesl fbed DTA) was used to study the thermal decompositiomabior
P gnp and the suitable calcination temperature of thalgstt Fig. 1

continuous flow reactor. First, the prepared catalyvere .
: : shows TG-DTA curve of 1 wt% Pd/Tyatalyst prepared by
placed in the reactor and reduced by flowing hydrogt 200 incipient wetness impregnation method. The DTA eurv

psig, 200 °C for 3.5 h. The hydrodeoxygenation was,

conducted at 325 °C, 500 psig, LHSV of 4 4nd H to feed showed two main exothermic regg]_s. The .f'rSt eguiiic
molar ratio of 30. Then, the stream of 30 vol.%dfgeck in n- peak at temperature lower than 13Dis contributed to the

dodecane was fed to the reactor using a hiah removal of physisorbed water molecules. The exaotier
. g a high pre P region between 150 and 500 °C corresponds to theval of
The flow of carrier gas and the reaction pressur@s w

organic remnants and chemisorbed water molecule,
controlled by a mass flow controller and a backspuee respectively [6]. The TG result reveals that theghtlosses
regulator, respectively. The liquid product waslectied in a P Y 15l-

stainless steel cylinder trap at the bottom of taac end at a tempergturg of approximately 500 Thgrefore, the
appropriate calcination temperature for Pd/Ti€atalyst is
E. Feed and Product Analysis 500 °C.

All feedstocks were analyzed for fatty acid comgioss by
gas chromatography with flame ionization detec®€(FID)
in accordance with a modified AOAC 996.06 methotie T
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Fig. 1 TG-DTA profile of 1 wt% Pd/Ti@catalyst prepared via
incipient wetness impregnation method (IWI)

The amounts of coke deposit on spent catalyster(aft
TOS) are illustrated in Table Il. The peaks obséna

TABLE Il
FATTY ACID COMPOSITION OFFEEDSTOCKS

Saturated Mono Poly
unsat. unsat.
Oil or Fat
Myristic Palmitic Stearic Oleic Linoleic
Acid Acid Acid Acid Acid
C14:0 C16:0 c180  c181 c18:2
Beef 3.3 26.13 16.38 40.71 1.26
Chicken 0.49 20.08 4.34 33.78 31.52
Jatropha 0.06 13.81 6.89 45.84 31.98
Pork 1.84 21.44 9.4 39.23 18.5
The inductively coupled plasma optical emission

spectrometry was used to detect the amount of &braents
which are the main impurities in feedstocks. Thetaise

temperatures below 400 °C represented the weakke coinvestigated in this work are Mg, Na, P, Ca and Tke

deposit on the support, while peaks above 400 ri@icated
the strongly coke deposit. The peak of coke depmsithe
spent catalyst from all feedstocks observed at ezatpre
about 350 °C which indicated to the weakly coke.

TABLE Il
AMOUNT OF CARBON DEPOSIT ON THESPENT CATALYST

Feedstocks Carbon deposit (wt.%)
Beef fat 10.42
Chicken fat 6.26
Pork fat 8.69
Jatropha oil 10.47

B. Feed and product analysis

The fatty acid compositions of all feedstocks wefeo
analyzed followed the AOAC 996.06-GC method. Frdma t
results as shown in Table Ill, the main fatty acidsall
feedstocks are palmitic acid (C16) and oleic a€itlg).

amount of metals in each feedstocks are shown bieTi/.
From the result, all biomass feedstocks contairstgeificant
concentrations of impurities.

The impurities were classified into two groups,ailKMg,
Na, K and Ca) and phosphorus. Alkalis are the ahtur
impurities in feedstock and phosphorus is the ispr&tion of
phospholipids. The balance between the cationsl{plnd
anions represented by the phosphate anion origogdtom
phospholipids is also studied. Their balance casdan from
the compensation between milliequivalent of catifseq.)
and concentration of P (mmol/kg) as shown in Tale
Milliequivalent can be obtained from equation (Where
anion charge was equal to -2, as the phosphatg ggdaound
to the glycerol backbone in phospholipids.

_ z (cation[thargex cation [¢onc.)/ cation [atomic [weight
- |anion[eharge

@)

Meq

The most pronounced imbalance was observed for faeef
which showed the worst performance (Table V). i ¢hse of
imbalance between cations and anions the deadivatte
will increase with the increasing concentrationirapurities.
In the specific case when the concentration ofooatiof
alkalis and phosphate anion are in balance, depasit be
formed that will cause plugging of the reactor [12]

C. Catalytic activity

To study the catalytic activity and selectivity in
deoxygention over Pd/TiOcatalyst, the production of
hydrogenated biodiesel from beef oil, chicken fairk fat,
and jatropha oil were conducted at 325500 psig, liquid
hourly space velocity (LHSV) of 4'hand H/feed molar ratio
of 30 for 7 hours. The liquid product was analyisdgas
chromatograph. Table V summarizes the conversidrizeef
fat, chicken fat,pork fat and jatropha oil and the product
selectivity at various times on stream.
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TABLE IV
CONCENTRATIONS OFMAIN IMPURITIES IN EACHFEEDSTOCKS
Feed Mg (ppm) Na (ppm) K (ppm) Ca (ppm) P (ppm) M eq. (mmol/kg) P (mmol/kg)

Beef fat 2.14 54.20 7.03 25.01 16.61 1.98 0.54
Chicken fat 1.63 5.70 2.32 14.06 8.31 0.57 0.27
Pork fat 1.84 5.14 2.16 14.68 10.01 0.58 0.32
Jatropha oil 3.62 4.43 1.98 19.44 20.28 0.76 0.65

The results showed that all biomass feedstocks lmn

converted to long chain hydrocarbons in diesel ifipation

In additional, the higher concentration of phospisdended
to give the higher coke deposition which may resglfrom

range (C15-C18). The main products obtained froh abligomerization reactions catalyzed by phosphodid drom

feedstocks were n-pentadecane (n-C15) and n-hejztaeén-
C17), resulting from the decarbonylation/ decarlbatiyn
reaction which one carbon atom is removed out afircal
fatty acids in each oil molecule. The intermediasesh as
stearic acid, oleic acid, palmitic acid and theeoshproducts
like tridecane (C13) and tetradecane (C14) areddsected.

From the results, jatropha oil feedstock tends it@ ghe
highest conversion followed by chicken fat, porkdad beef
fat, respectively, while the selectivity toward theoduct in
diesel range hydrocarbons (C15-C18) is not sigaifity
difference for all feedstocks. The conversion (€a¥f) may be
affected by the impurities in each feedstock (TdMe The
higher concentration of metal impurity tended twegithe
lower conversion which may result from their degiosi on
catalyst surface.

decomposition of phospholipids.

V. CONCLUSIONS

In this work, the production of the hydrogenateddigsel
from biomass feedstocks over 1 wt% Pd/i€atalyst has
been investigated. All feedstocks can be conventeddesired
products, hydrogenated  biodiesel (C15-C18)
deoxygenation reaction. The main products of atd&tocks

are n-pentadecane (n-C15) and n-heptadecane (n-C17)

resulting from the decarboxylation/decarbonylati@action.
The conversion of triglycerides in jatropha oilhiggher than
those of chicken fat, pork fat, and beef fat, retipely. The
higher concentration of metal impurities in theds®ck, the
lower conversion of triglycerides was due to thpatdtion of
impurities on the catalyst surface. Moreover, thighér
concentration of phosphorus gave the higher colmsigon
due to the oligomerization reactions catalyzed hggphoric
acid.

CONVERSIONAND PRODUCT SELECTIVITY FRL?/IBI-I;\I(ED\R{ODEOXYGENATION OVER PD/ T10, CATALYST
Feedstock Beef fat Pork fat Chicken fat Jatropha di
Time on stream (h) 2 4 6 2 6 2 4 6 2 4 6
Conversion 40.61 33.70 2424 56.27 50.08 46.21 151.841.32 3785 6197 5641 56.77

Selectivity (%)

Total C15-C18 56.18 50.50 5259 59.61 5498 5246 58.61 51.75 7047.52.80 49.79 49.23
n-C15 1408 1117 1253 1419 1298 1220 14.94 2213. 12.37 8.25 7.48 7.33
n-C16 4.67 5.31 4.69 2.61 2.50 254 2.16 1.86 1.571.12 1.29 1.44
n-C17 2955 2445 2705 3734 3429 3241 37.01 7732. 30.53 3944 36.30 35.19
n-C18 7.87 9.56 8.32 5.47 5.21 5.31 4.49 3.89 3.244.00 4.72 5.27

%g 3.48 2.39 3.04 6.38 6.13 5.68 7.80 7.99 8.92 9.32 297 6.33
Intermediates 39.25 45.05 42.88 3859 4325 4575 40.08 47.08 1451. 46.62 49.64 50.18
hexadecanol 0.00 0.00 0.00 1.17 1.10 1.06 0.65 0.69.52 0.00 0.00 0.00
palmitic acid 6.80 7.70 7.22 4.35 4.76 5.14 557 976. 7.96 3.74 3.67 3.71
oleic acid 2.47 2.51 2.65 1194 1326 13.72 13.39593 17.73 1754 1625 16.52
stearic acid 1510 16.59 16.22 1.84 2.18 2.30 1.642.81 3.18 2.05 3.25 3.53
esters 1250 1465 1390 1743 1986 2192 16.82.8717 18.84 2329 26.47 25.60
diglycerides 2.38 3.60 2.90 1.85 2.09 1.62 201 628 291 0.00 0.00 0.82
Others 4.57 4.45 4.53 1.90 1.79 1.59 1.31 1.17 1.16 0.58 570 0.58

via
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