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Abstract—Hydrogenated biodiesel is one of the most promising The most prominent of these energies which can
renewable fuels. It has many advantages over ctiovah biodiesel, compensate diesel fuel is biodiesel as it has smrfer mance

including higher cetane number, higher heating eallower a5 regular fuel engines, emit less pollution, arh de
viscosity, and lower corrosiveness due to its abeeof oxygen.

From previous work, Pd/Tifgave high conversion and selectivity in
hydrogenated biodiesel. In this work, the effecbioimass feedstocks g .
(i.e. beef fat, chicken fat, pork fat, and jatropifa on the production OF mono-alkyl esters of long-chain fatty acids ded from
of hydrogenated biodiesel over Pd/}iBas been studied. Biomassvegetable oils or animal fats via tranesterificatiprocess.
feedstocks were analyzed by ICP-OES (inductivelypted plasma Biodiesel is biogradable and produces lower levelaw

optical emission spectrometry) to identify the @wtof impurities pollutants than fossil fuels. Notwithstanding, skl price is
(i.e. P, K, Ca, Na, and Mg). The deoxygenation IgataPd/TiQ,

was prepared by incipient wetness impregnation Y I&¥H tested in a
continuous flow packed-bed reactor at 500 psig,°G25H,/feed . ;
molar ratio of 30, and LHSV of 4’hfor its catalytic activity and May cause engine problems especially at low teryrera
selectivity in hydrodeoxygenation. All feedstocksavg high These properties are the result of the contenkggen in the
selectivity in diesel specification range hydrocar® and the main product. However, the hydrocarbon like biodieseliclhis

hydrocarbons were n-pentadecane (n-C15) and ndegiee (n- called “renewable diesel”, “green diesel”, or “hgdenated
C17), resulting from the decarbonylation/decarbatigh reaction.

Intermediates such as oleic acid, stearic acidnipialacid, and esters
were also detected in minor amount. The conversfaniglycerides : ) . b
in jatropha oil is higher than those aficken fat, pork fat, and beef hydrodeoxygenation of triglyceride-containing fetedks at
fat, respectively. The higher concentration of métapurities in  elevated temperature and pressure (300°€5and 500-2000
feedstock, the lower conversion of feedstock. psia) in the presence of conventional hydrotreatiatalysts

produced from renewable raw materials.
Biodiesel is referred to the fatty acid methyl egt€AME)

usually higher than the fossil fuels and it has samdesired
properties, e.g. high viscosity and low heatinguealvhich

biodiesel” is also available.
The hydrogenated biodiesel can be produced via the

[11]. There are many advantages of hydrodeoxygematver

Keywords—Hydrogenated  biodiesel,  hydrodeoxygenationtranesterification, including higher cetane numaed heating
Pd/TiO,, biomass feedstock value, low viscosity, and less pollutant emissiare do its

absence of oxygen atom in its molecule.
l. INTRODUCTION There have been many research works focused oiebad
T present, the energy consumption has surged duket and biodiesel production from vegetable oil (i.alnp oil, corn
rise of the world population which led to the suddeoil, and jatropha oil) [2,3,7,10] and some resedodused on

decrease in energy supply especially in fossil.flitlere are the effect of various impurities in feedstocks whreduce the
many concerns with the use of fossil fuel, inclgdiimited activity of hydrotreating catalysts [9,12]. Howeyéne report
fuel reserves, unpredictable crude oil price, andlanted gas on the utilization of animal fats, which are comsi as the
emission, e.g. SPand NGQ. The number one blame of thesealternative feedstocks, is still limited.

concerns goes to the emission of diesel enginesn fro The objective of this research is to study the cffef
automobiles and industrial equipments that use. fEedbm feedstocks (i.e. jatropha oil, beef oil, pork fad chicken fat)
these problems, the development of alternativesaisthinable on the deactivition of 1 wt% Pd/Tiatalysts for production
energy is important to satisfy the demand of energyf hydrogenated biodiesel. The activity and seldgtiof the
consumption, as well as to reduce the unwantecegassion. catalysts and major impurities in feedstocks wilsoabe
There are several sustainable alternative energyssu investigated.

including hydropower, thermal energy, wind energglar

energy, biomass, and biofuels. I. EXPERIMENTAL

A. Materials
Dodecane [CK(CH,)10CHs, 99.9 % purity, Merck] was

P. B. is with The Petroleum and PetrochemicalleQe, Chulalongkorn used as a solvent of all feedstocks in this researc
University, Soi Chula 12, Phyathai Road, PathumwBangkok 10330, Palladium(ll) nitrate hydrate (Pd(NJ2.xH,O, 99.9 % purity,
Thailand (e-mail: panatcha.b@gmail.com)

S. J. is with The Petroleum and PetrochemicalleGe; and Center of
Excellence on Petrochemical and Materials Technologhulalongkorn Degussa P-25, were used as metal precursor ancbrsupp

Aldrich) and commercially titanium dioxide (THD power,

University, Bangkok 10330, Thailand (e-mail: siipg@chula.ac.th) respectivly.
S. O. is with Center of Excellence on Petrodbamand Materials .
Technology, Chulalongkorn University, Bangkok 1033Mailand (e-mail: B. Catalyst Preparation

1 wt% palladium supported titania catalyst was areg by
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support was initially dried at 110 °C overnight aradicined at liquid products from the hydrodeoxygenation werssdived
500 °C for 4 hours. The TiPwas then impregnated with thein pyridine and silylated with N,O-bis (trimethylid)-trifluoro
aqueous solution of Pd(NR. Distilled water was used as acetamide, BSTFA (99 % purity, ACROS), to improve t
solvent for preparing the metal precursor solutiofie chromatographic behavior and then were analyzedarty
impregnated catalyst was then dried at 110 °C dyetrn Agilent Technology 7890A gas chromatograph equippéd
followed by calcined at 500 °C for 6 h. The preplatatalyst a FID detector. Eicosane,gE4, (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
C. Catalytic Characterization ir.npurit?es (i,e. P, K, Ca, Ng, and .M_g) by ICP-OES
(inductively coupled plasma optical emission spmuitry).
The surface area of the fresh catalyst was measbyed The residual substance from burning feedstock 8t°60for
Brunauer-Emmett-Tellet (BET) surface area analyzerso min was dissolved in HN@t 70°C for 20 min and then
(Quantachrome/Autosorb 1). The sample was firsyamged fjjtered and diluted to 100 ml. Then the sampleuoh was
to remove the humidity and volatile adsorbents B 0N fed by 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 higimperature

Then, N was purged to adsorb on surface, and the quanttity yjasma flame of about 7000 K. The intensity oféhgssion is
gas adsorbed onto or desorbed from their solichsarét some jngicative of the concentration of the element iithihe

equilibrium vapor pressure by static volumetric Ineet was  gample.
measured. The solid sample was maintained at atatdns

temperature of. the sample cell until the equilibriwas . RESULTS ANDDISCUSSION
established. This volume-pressure data was usedltolate ) 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, andnmeare
thermal decomposition behavior and to obtain siétabdiameter) obtained from Brunauer-Emmett-Tellet scefarea
calcination temperature of the catalyst. The dsadiple of analyzer are shown in Table 1. The surface arediOf
approximately 5-15 mg was heated from 50 to 800with a (Degussa P 25) is 50.50 ’fy which close to the given
temperature increase rate of 10 °C/min in a static property (50 mM/g). The surface area of prepared catalyst is
atmosphere. lower when compared with the TiQupport due to the deposit

Temperature programmed oxidation (TPO) was camwigd of the metal on the support surface.
to determine the amount and characteristics of folmed 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 add#rtz Catalyst (SgeT) volume diameter
fixed bed reactor. The Groduced by the oxidation of coke (m?g) (cnig) (nm)

was further converted to methane over 15% Ni/Al2&talyst
in the presence of hydrogen at 673 K. The methdmaired P25- TiGQ 50.50 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 &20.

D. Catalytic Activity Testing Thermogravimetry and differential thermal analy$isG-
DTA) was used to study the thermal decompositiomaler
and the suitable calcination temperature of thalgstt Fig. 1

continuous flow reactor. First, the prepared catalyvere i o .
placed in the reactor and reduced by flowing hydrogt 200 ?h‘?WS TG-DTA curve of 1 Wt@ Pd/Tyzatalyst prepared by
incipient wetness impregnation method. The DTA eurv

psig, 200 °C foz 35 h. .The hydroqleoxygenatlon Wasshowed two main exothermic regions. The first egathic
conducted at 325 °C, 500 psig, LHSV of 2 &nd H to feed K | h %D | ibuted h
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 exatier
. g a nigh MESARMD. 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 thaghtlosses
regulator, respectively. The liquid product waslected in a b y 1ol

stainless steel cylinder trap at the bottom of tazac end at a tempergturg of approximately 500 Thgrefore, the
appropriate calcination temperature for PdAiTi€atalyst is

E. Feed and Product Analysis 500 °C.
All feedstocks were analyzed for fatty acid comfioss by

gas chromatography with flame ionization detec®€(FID)
in accordance with a modified AOAC 996.06 methotie T

The experiment was carried out in a high pressweslfbed
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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 obsenat

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 C18:0 C18:1 C18:2
Beef 33 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 39.23 185
The inductively coupled plasma optical emission

spectrometry was used to detect the amount of ebaraents
which are the main impurities in feedstocks. Thetatse

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

deposit on the support, while peaks above 400 ri@icated
the strongly coke deposit. The peak of coke depamsithe
spent catalyst from all feedstocks observed at &zatpre
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 weieo
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).
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amount of metals in each feedstocks are shown eTl/.
From the result, all biomass feedstocks contairstgeificant
concentrations of impurities.

The impurities were classified into two groups,adlKMg,
Na, K and Ca) and phosphorus. Alkalis are the ahtur
impurities in feedstock and phosphorus is the sgration of
phospholipids. The balance between the cationsl{alknd
anions represented by the phosphate anion origodtom
phospholipids is also studied. Their balance casdsn from
the compensation between milliequivalent of catigvseq.)
and concentration of P (mmol/kg) as shown in TalMe
Milliequivalent can be obtained from equation (ijhere
anion charge was equal to -2, as the phosphat gdound
to the glycerol backbone in phospholipids.

_ Z (cation [¢hargex cation [¢onc.)/ cation [atomic Diveight
- laniontharge

1)

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 deadtivatte
will increase with the increasing concentrationirapurities.
In the specific case when the concentration ofooatiof
alkalis and phosphate anion are in balance, depuosit be
formed that will cause plugging of the reactor [12]

C. Catalytic activity

To study the catalytic activity and selectivity in
deoxygention over Pd/TiQOcatalyst, 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 analyigdgas
chromatograph. Table V summarizes the conversidrizeef
fat, chicken fat,pork fat and jatropha oil and the product
selectivity at various times on stream.

1SN1:0000000091950263
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TABLE IV
CONCENTRATIONS OFMAIN IMPURITIES IN EACHFEEDSTOCKS
Feed Mg (ppm) Na (ppm) K (ppm) Ca (ppm) P (ppm) M eqg. (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 bmn

converted to long chain hydrocarbons in diesel ifigation
range (C15-C18). The main products obtained from
feedstocks were n-pentadecane (n-C15) and n-hejztadén-
C17), resulting from the decarbonylation/ decarlbatign
reaction which one carbon atom is removed out dajiral
fatty acids in each oil molecule. The intermediasegh 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§) may be
affected by the impurities in each feedstock (TdMg The
higher concentration of metal impurity tended twegithe
lower conversion which may result from their depiosi on
catalyst surface.

In additional, the higher concentration of phospisdended
to give the higher coke deposition which may resglfrom
abligomerization reactions catalyzed by phosphodid drom
decomposition of phospholipids.

V. CONCLUSIONS

In this work, the production of the hydrogenateddisel
from biomass feedstocks over 1 wt% Pd/Ji€atalyst has
been investigated. All feedstocks can be conventeddesired
products, hydrogenated  biodiesel (C15-C18)
deoxygenation reaction. The main products of addf&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 thedst®ck, the
lower conversion of triglycerides was due to theaition of
impurities on the catalyst surface. Moreover, thghér
concentration of phosphorus gave the higher cokmsigon
due to the oligomerization reactions catalyzed bggphoric
acid.

TABLE V
CONVERSIONAND PRODUCT SELECTIVITY FROM HYDRODEOXYGENATION OVER PD/ T10, CATALYST
Feedstock Beef fat Pork fat Chicken fat Jatropha di
Time on stream (h) 2 4 6 2 4 6 2 4 6 2 4 6
Conversion 4061 33.70 2424 56.27 50.08 46.21 151.841.32 3785 6197 56.41 56.77

Selectivity (%)

Total C15-C18 56.18 50.50 5259 59.61 54.98 52.46 58.61 51.75 7047. 52.80 49.79  49.23
n-C15 1408 11.17 1253 1419 1298 1220 14.94 2213. 12.37 8.25 7.48 7.33
n-C16 4.67 531 4.69 261 2.50 254 2.16 1.86 1.571.12 1.29 1.44
n-C17 2955 2445 2705 37.34 3429 3241 37.01 7732. 3053 3944 3630 35.19
n-C18 7.87 9.56 8.32 5.47 5.21 531 4.49 3.89 3.244.00 4.72 5.27

%; 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 4505 4288 3859 4325 4575 40.08 47.08 1451. 46.62 49.64 50.18
hexadecanol 0.00 0.00 0.00 117 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 2.47 251 2.65 11.94 13.26 13.72 13.395.93 17.73 17.54 16.25 16.52
stearic acid 15.10 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 19.86 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 1.59 131 1.17 1.16 0.58 570 0.58
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