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Research Title: Utilization of oil from rendering of beef fats as feedstock for
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Faculty: Science Department: Chemistry

ABSTRACT

In this research, factors affecting biodiesel production from beef tallow via base
catalyzed and two-step catalyzed transesterification processs were investigated.
Factors including type of catalyst, amounts of catalyst, methanol to oil molar ratio,
temperature and reaction time were tested using conversion yield (% yield) and purity
of methyl esters (% FAME) as criteria for determining the effect of tested parameter
on quality of biodiesel. Results showed that rendering of 1 kg of beef fats yielded
0.81 L of oil which subsequently turns into tallow at room temperature. The tallow
consisted of saturated fatty acids as majors components. In base catalyzed reaction,
sodium hydroxide (NaOH) was a more effective catalyst than potassium hydroxide and
calcium hydroxide. Optimum conditions for base catalyzed tranesterification of beef
tallow were as follows: 0.5 wt% of NaOH, molar ratio of methanol to tallow at 6:1,
reaction temperature at 45 °C and reaction time of 45 minutes. At this optimum
condition, the conversion yield of tallow biodiesel was 92.1 % and the purity of
methyl ester was 97.1%. Slight increase in purity of tallow biodiesel to 97.9%
obtained when beef tallow was transesterified using two-step catalyzed process, while
a negative effect on conversion yield was observed. The conditions for two-step
transesterification were using 2 wt% of H,504, methanol to oil molar ratio of 6:1 at
45°C and reaction time of 40 minutes in the first step, followed by using 1 wt% of
KOH, methanol to oil molar ratio of 6:1 at 65°C and reaction time of 60 minutes in the

second step.

Keywords : Biodiesel, Beef fats, Beef tallow, Tranesterification
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6. Weviuisenvuasuivuanaindld ivedndauiadunsisuen aanald 1
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= o S v oA 5% & g a ¢ A
7. luwgnndiweseadiogtuanesn Iiivdeusiuuudndumiaeanainielule
=
Alwa
8. A1mgiAL JunsEinifianian pH wiuineunauds
a [ < ar ar a ° v dl' o e g ] A
10. wuueulansaludoudams 1 n3u asdlululediiwa uhlutdumuwenidauidiun
a ' H ] al Y
wdeey 3nliunsesienszaunseiues 2 lieusnleiendainean
11. thlulefwaildluliemiouiigumgll 150 °C estmeleumusaiiviest)
panlivua dahmindiethlufunnssifuinandn (%yield) muaunis (3.1) wazdiasien
o) < 1 4 = 1 . 1
USinaufialedmesmewmaiin H Nuclear Magnetic Resonance spectroscopy ('H-NMR)

WaZAUINAINUIEVTVDALTIALOENES (% FAME) muaunisi (3.2)

. wt.of biodiesel produced
Yield (%) = : P

x 100 (3.1)

wt.of rendered oil

100x(2xPeak area of —OCH3)
3XPeak area of Xx—CH,

Methyl ester content (%) = (3.2)

3.3.2 nmsuanlvlediwanieufisemrudieainesniatulagleiusejise
UvUsastunoy

i d
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1 < ' Ao ' aaa o ]
‘Iuﬂumauu MINIANYINNISAN ‘]‘Vluwama"dgﬂi&l’lﬂ\‘lLLaﬂﬂugﬂw 24

o oo LY £ -l
UavgminnsAnev/mnaudsaulutunaud 1:
nsadafasmlusisjises

v v v v

* Y3uaudase *qaumaiilumsvia spalumaviuiiien | | *dandnlasluaves
Ui ufisen (10, 20,40, 60 U7 vnueaser sy

(1.0%, 2.0%, 3.0%w/w) (45, 55, 60°C) (6;1, 10:1, 20;1)

[ | | j

<\@\V]\?sz|/",
Fudnalunsaouen
v

a = ) P
annzlunsudnlulefwalutunaun 2:
$1984991n Dias et al®

* Sasdnlasluaveamusasmini 6:1

* Ysuadlwuvaidesilansenles : 1.0%, w/w

* qaumgiilumsvijiien : 65°C

\_* anlum st : 60 wl -/

s d [J = ey, = ‘.'
JU# 3.4 JadeihnisAnuluufisemsudieameifiatulagly
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Tniinsuanlulediwaiseasdondusl

3.3.2.1 Sumewil 1 msldwausefasenidunss

1. Halasulafiienldun 100 n3u luguilgumgfiiviinsfine Usvana
10 wiudaldaslurianunanaiune

2. Fodsgunsaiynivdnd faguit 3.3

3. wlgumusanusasidlasluadidsimuall arsnsadafininaiui
Fesmsuazillazansluwmusairdon s duieieai

4. wansazarefumsoulalute 3 asluluvaafunay Ymsniukausewme
wimdn finrudaseu 400 seustewnit inmsindndlaniGudunanmsiuisediogaumad
yosansuadldnudisivun

ﬂl o = ey d o L2 <' 1] 1
5. LN@VI’]U{]ﬂiU’]ilﬂﬂiUG]’lllL’Jﬂ’WlﬁE]\‘iﬂ’]‘i windnAtsiaslunsasuen UINVDEY

v
L o Ei

ludnnesiiihdugamgdiiauiiviugiser ievaeulilindnsurifanisudeds deialy
10 u#

6. lundnfnsiiagsuaeen tiourluiuiitevelutunsuiiaes

3.3.2.2 Sumeuii 2 maldiuafaseiiua

1. ddadasiidnduneud 1 idaiwmih whldadumntunauauae

2. Andagunsaideinandnugud 3.3 wienduguiiiulute 1 igumai 65
°C Uszana 10 Wi

3, wissuanusanusasanlasluanaidiui 6.1

4. Flnunadualensonled 1 Wenduilaswmin uasilasanslum
veafiwieulilude 3 sududedeany

5. asazareiwienldlute 4 aslulurafunaulude 2 iansauwan
feuvaiminiiniiniisey 400 sausiounit inmsindndrigamali 65 °C unan 60
W

6. \fovhufisenaunsuimuanaiodl’ Winsdndusiadunsiouen dids
171 fu

7. lwsnnAlweseaiiegtuasean Wivdeusduuudaiuaiaeameduie
lofiea dedeidumunssinhiiunssuaunsduiimmeuhtuneuneudts sty
Waladendama 1 nfuadululedion diluduniubunar 30 uiit tefdathdaud
wieeg udinsewnanszanunsaaved 2 isuenluifsudaminesn

8. inlulafwaildluliimnuioudigamai 150 °C Wunan 60 udl e
szmpIIueaLashmAsegeanlinua antfuduiminieiluduaesidud

a . a =y o v o 1
nandn (%yield) muauns (3.1) wagimsgidsunaunfialedmesmemain H  Nuclear
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1 ° o« Q‘ o
Magnetic Resonance spectroscopy (' H-NMR) LLasmmmmmusqwﬁmaaLumawama{ (%

purity) aAunsT (3.2)




uni 4

NaN15IY

4.1 msafainuanluula
nmsthlagdula 1 ﬁian%’umﬁ"mﬂu%utﬁﬂ‘]ﬁ'agﬂﬁ 4.1n wanhuuderseainy
ouuu 30 it egldduiiduthiiuussinn 0.81 dns Snvarveniuiidealdwuandly
SUt 4.19 uazlddnidunn 121.21 afy deAmBudndinlasminvesndnfusiildan

M3l wlduniuwasnininduiovas 87.88 wavesar 12.12 lasuniin auainy

(n) (v)

af o o o W & ' ° % o o
JU#l 4.1 (n) dnwazvesluiuladiomuduiudndendiluides uaz (v) diuinidealaen

ludiula

4.2 asaUsznauvesngulInlesiula

Y o d

(.Y P2 a 4’ U =t d' 1 o v
ifunafalafiuTuiaautusendIng 0.0080 fe 0.0160 &wdandvuuegiey
un wasiivsununsaluiudasy (Free Fatty Acid, FFA) 0.32% antdudimuilunsaminiu
0.79 fadnsulnunawdoslansonlesdonsy (n15199 4.1) wansliiuindrtudianalaann

Tusiulaaunsadwdnluledsameuisemsiudieamesiiadulagldivaiudiseujiten
161{[13, 19]

< wa e 2 v d vwy o
A99 4.1 ﬁuUWﬂ'Nﬂ'lUn']wuang'NLﬂuﬂaﬁu’luu'ﬂaﬂﬁlﬂqqﬂlﬂNUIﬂ

duU HANTIATIEN

A (moisture) 0.012+ 0.004 %(w/w)

USuunsaluiudase (FFA) 0.32+0.06 %(w/w)

Arrnudunsa (Acid Values) 0.79+0.01 mg KOH/g
nan1sissveiianarusurunsalefuiiduesdusenou (Fatty Acid

Composition)  luuiiadalsainluiula Inevesujiimsiadinsey gudnaasuuay
1RSI anvwideInemansuasmaluladwisUsealnemomaiiaudalasunlans i

v a ¢ @ o
(Gas Chromatography) lanan1saasiest asuanslumisnem 4.2
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o a o o %2 o da )
A19199 4.2 siiauasUinansaluduiidussdusznevludniiunidealaanlesiula

Molecular
Designation Acid name weight for %composition
acid
C8:0 Caprylic acid 146 0.06
C12:0 Lauric acid 200 0.39
C13:.0 Tridecanoic acid 214 0.02
C14:0 Myristic acid 228 8.78
Cl14:1 Myristoleic acid 226 0.68
C15:0 Pentadecanoic acid 242 0.63
C15:1 Cis-10-Pentadecenoic acid 240 0.17
C16:0 Palmitic acid 256 32.74
C16:1 n-7 Palmitoleic acid 254 1.62
C17:0 Heptadecanoic acid 270 1.16
C1r:1 Cis-10-Heptadecenoic acid 268 0.33
C18:0 Stearic acid 284 25.93
C18:1 n-9 Oleic acid 282 2493
C18:1 n-7 Cis-Vaccenic acid 282 0.97
C18:2 n-6 Linoleic acid 280 0.79
C18:2t9t12 Linoelaidic acid 280 0.13
C18:3 n-3 a-Linolenic acid 278 0.09
C18:3 n-6 Cis-6,9,12-Octadecatrienoic acid 278 0.11
C18:4 n-3 Moroctic acid 276 0.12
C20:0 Arachidic acid 312 0.16
C20:1 n-9 Cis-11-Eicosenoic acid . 310 0.07
C20:2 n-6 Cis-11,14-Eicosadienoic acid 308 0.02
C20:3 n-6 Cis-8,11,14-Eicosatrienoic acid 306 0.02

C22:0 Behenic acid 340 0.03

TN9 4.2 sudiuldnlutiulaUseneumensalutiundn 3 vdaeswmudduarninnly
Teumaiiae nsaundufiin (Plamitic acid; C16:0) nsnaifissn (stearic acid, C18:0) uavnIm
Toiadn (Oleic acid; C18:1) ludnduiosay 32.74, 25.93 uaz 24.93 mudwu defuin
nasmvesUiinunsaluiudusiidudiulseneunuiniidngefieiesas 69.9 uansliifiudn

o = Y < a 9 Y o ¢[28] &
Tusfulaiinsaladuduiifussdusenevlulinnugasnadesiunisdnuvesiundd ™ 7
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swrwhluiludnifsndeatuuaslednsaluiudusuduesdiussnaugeia 60-90% i
Thhmilalivnzauiiszinuilans Wesnidefuvssmuthluudrszdmanialufiulu
nssuaden suniluiulaaaineseaiinias (LOL) Tusnney dwaliidalsadeldidusing
wiu lsanaeaidoaiale 1udu® ueniilothdeyauiinunsaluiuiiiussdussnauluthiu
fdaldnluidannamed 4.2 WannauvmnaluanalnsedsvemySaravesnsaleiiy
Janansdydnuallnesdnus R lugud 4.2 wuiwnaluanalasdoves R fidwiiy 223
o/mol uasiilesanlpsndiselsaimisaradiudiudszney 3 M dnudefinalianaved R,
R, Wag R 5uAUWMIAY 669 ¢/mol LLastﬂaﬁﬁ‘lUimﬁumaTmaQa‘ludauﬁwm
Triglyceride #3 1 Tuanaussnaudiwesnanrasmsusu (O) windu 6 ezneu lelasiau (H)

[

a "W < t % o oda v o
Wity 5 avmey wazeondiau (O) Wiy 6 svaau (UM 4.2) aslainhdiunidalaannluiu

Fitisnaluanalasdgviniu 842 g/mol
H

H— C— OOCR,

H— C— QOCR,

H—C— OOCR,
L

JUN 4.2 1A596T19984 Triglyceride

4.3 nmsudalulafwanisufisemsudisamaiiiatulasld@inswiiseviia

LUH

4.3.1 Wavasyiad nseugnservias

dlawSsuiisusesasvosufialeaines (BFAME) - uavievasuandn (% yield)
oslulofiwaitldvinnisidiva 3 sdadudiisaifaten (s 4.3) wuilulefiwaiingn
Tnoldlafvulensonleniduduswiisen aeldsesavfiaeamesuariosasvomaninly
Uhnnugaiige secasluensudnluledwalagldinunaidonlansonles (OH) (Hudase
UjAsen luvariliansalinseidosasveaniialoaefuasfovasvesnananls lold
wnaideslansenled (CalOH),) \udnswiise ioradunaiiosnanauannsaly
nsgaautuiitveseaidenlensenled SsmnududinanerluisdlfiAnugiseasnetd

¥ [17]

wiusenirnnsaluiudassifiluhduduaildidudnssfise vialmAnaydu o

a 1

fsanmanudunsaveddulefiwaiindnlalagld NaOH waz KOH ilusiseufisen wui

P o, ¢ o a o Vo v ' a
fienanudunseegluinaeiunasgrumuiivseniansugsiandanulamualife liiu 0.5
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a a o ' o ¥ o [29] o ' [ o oA [
NaaﬂﬁlﬂwLL‘VlaL%ﬂulgﬂiaﬂ‘l‘ﬁﬁﬁaﬂiﬂuquu ﬂ']ﬂwaﬂ']iﬂﬂﬂﬂ\?ﬂ\?ﬂﬁ'\'}‘lﬂ\?é]luq]qLaaﬂl‘ﬁ

lodsulensenlenidudiissfiselumsiinuwsialy

c‘ ] o/ [] o aa , o
A1319% 4.3 Na‘uawummmaﬁ'l't’:'&lumLsaﬂﬂnsmma%'aaawaqLuwataamai (%FAME)
Youazvaenanan (%Yield) uazArnrnudunsnveslulefiuaiild

yinusaLua wialeawves NaKan (yield) manadunsa
(¥awarlngriwmin) (¥avarlngtiwmin) (mg KOH/g)
NaOH 95.47 + 7.48 90.25 + 1.47 0.25 + 0.07
KOH 88.41 + 8.81 88.44 1+ 3.98 0.30 £ 0.13
Ca(OH), N/A' N/A' N/A'

1’ [ =] 1 5 3 3 £ o =
111“1]61‘.1'?1 Wesnnlinumsuentusswinuuiateawasnunilgesen

4.3.2 navasUsuusnseuizenlameulansenles

Uiinaiisswinsedndutiedeiiddyranunmusdlulefiva Tasluguin 4.3
wansnavesUialudsnlensenlediidneusinuiosaswiialodinesuazfosasues
nandnlulefwaiiliannisiuiisen iweldsnmdiulasluavesumusasieluiula 6:1

gamgiiuasiatumaviiseiniu 60 asrwaldod way 60 w1 audey

100 T — 100

95 + f + 95
3 9 é i - 90 ®
E 5 - 9 1e 3
o« o
5 : ¥
& 80 - T 80

75 + T5

70 [ 1 L 1 1 : 1 A 1 1 : 1 1 1 1 : 1 [ 1 1 7] 70

0 0.25 0.5 0.75 1

NaOH (%w/w)
;51]‘7'; 4.3 waveslSualuineuloasonled (NaOH) nadosazussufiaoanas (% FAME)

wassasasnanaa (% Yield)

P ' PN < o S @

9nUR 4.3 nudnmsiiudiinalsderlaasenledain 0.25 wWediduslagunin
Wi 050 wWesidudlastmin ssldanuuiarivesniiaeavesiiniuainiosas 80.7 +
3.0 Wudevar 95.2 + 2.6 uadiaiiudSunaleideulensenlesidu 0.7 Wesiduslasvin
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wuheuuianivesfialeamefildtialiunnsafufudelduinaludenlansenlys
0.5 Wendudlasimiin uansidiuimsiiuuinadisajitelilassiulefwadlés
AmUSaviTessfialamefnnty usnaninuihiviinuiswjiseladenlensenled

2118 0.25 Wosdurlngrhmtinuas 0.5 Wedduslasthwmin W¥evavvewandn wie %
Vield In&iAsafu (915 + 2.1 was 91.7 % 0.8 swd1du) vaeiimsiuuiinaledou-
lansonledmdu 0.7 Wedi@udlasimdn vlvevavvewandniildiaanaunde
85.1+1.6% ﬁ"’qﬁawL{"Juwaijmmawnmmmmsa‘lumsﬂ“mmm%u‘uaq NaOH dudleldly
Unannniu asibiiaufisenasweiiadusaziaaylfinniy dwalidslulefivald
TuUSinatesas denndpstuauisevosinsmed Avuinnisiuuinalsdfeslensenles
210 0.5 184 0.65 wag 0.75 Weasduslagiwmin ylldSesazvemaninvio % yield ana
nSevaz 91.4 wAs¥ouar 84 uasievay 78 MLEIAU INNANITNAADIRINAIITNAUTS

denltuTinusiswiseludouleasenlednisoras 0.50 Tagminluldlunsdnusely

4.3.3 pavasonsrdiulaelualuniueanaiisiy

Q [l ' ¢ o :,' e [ [ dd ] ) a

snsrdrulasluaszrinueansssdnuinduiaiiutadeniinast1euinnoUsunc
wazmnuuigvsvadlulefimafiovinadu Tnglugui 4.4 uanwavesuiuudnsidulaglua
vasvueasetuiiie Uinnfesasuiaoaiesuasiesazusmananlulofwadilaann
mahuiser deldudinalsdoulansenled 0.5 Wesidusdlagimin gruvgivaziaily

mMsvufAsewindu 60 asrigalded uae 60 U ARy

100 T + 100

95 + é + 95
@ 90 dE . ® E-' 90 5
X . ]
g g5 f 1e 3
= F 1 ] ;

&80 1 o } 80

75 + T 75

F i ]
70 R e S R 70
1:1 3:1 51 71 91 11:1
Molar ratio of MeOH: 01l

JUT 4.4 anuduiussenindnsdaulagluavesumueassuiuiuissazvas
wiialeames (% FAME) uazisuasnanan (% Yield) vasluladiwaild
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9ngUR 4.4 nuihnsinsednlagluaresumiusanetniuan 3:1 1 6:1 vih

- e a £ a o X v v
TWidlulefwaniinuusgniveauiialeamesiintiuainiosas 79.6 + 8.1 (Jufesay 96.7
+ 2.3 uonnilsldsosazunnanannse % Yield uAURIN 80.2 + 2.4 Wasidumidu 89.6
+ 0.6 Wostdud au19lsfAnIunuing FAME uaz % Yield Suuiltiuanasdnias (95.8 + 3.8
uay 88.8 + 3.7 muas) Wistiusnsrdiulesluaveauniusanetitiudu 9:1 vafloraduy

o 'y - X o a °
nalonInUsuasumueanundulussuy un1sasaevesndiwesealuumiuea vinlv
aaa = 2 4 o 8/ i) 1 = 1 % [17]

aunavesiionindoundulundeile dwmalvlalulefigatesas ~ 9nuan1svaass

@ 1 ;73 v .3 ] 2 oy 1 U ‘o’ L] = U
fanant1eiu Judenldensiduluaumiusansiidu 6:1 lunisdnwsaly

4.3.4 wavesgamgAnttinfaze

'qmvuqﬁL{‘Juﬂﬂé’awﬁaﬁﬁmanszww\'aé’m']mmﬁmﬂﬁﬁ?mwmuﬁmama%?\lm‘z‘f'uasha
an nelugudl 45 uanwavesgumgiindseudinaiesazufiawamesuasievaves
wandnlulofiwaiidnnisihufaten welduinaludsulansenled 0.5 Wedidudlag

dmin  dasdnlaslualmusasediiu 6:1  wasiiarlun1sviiujisewiniu 60wl

AUAINU
100 - 100
98 'é é é" 95
L % - Loo =
o= o o .
® F ] ®
= 94 < ] :
2 1es 3
15 92 T N P
- F 1g &
90 -t ]
88 __E E"' 75
86 N 1 1 1 1 _} 1 1 1 1 : 1 1 1 i : 1 1 1 1 : 1 1 1 1 ] 70
40 45 50 55 60 65

Temperature (°C)
IJ =2 ° o aon ) o
Jun 4.5 wavaeqquuﬁ‘lw’:’w'nJﬂnsa'ma%'aaawaaLwataamas' (% FAME) uag
Jovaznandn (% Yield) vedluladiwanla

303U 4.5 wudluledwanudameujisemaudieameiiindulagly NaOH

Wudsw)isen fusinunnuuiavsvesuiaednesanasain 97.1 + 0.7 Wesidusivie
¢ 4 o o ° aaa a1 av
95.2 + 1.6 uay 92.6 + 2.2 Weiud Wegamaglinldlunsiujisetinigeiuain 45 °C

Wy 55°C wag 60 °C mudinu uanantinuinsesazasinandnlulafwaivuilduanasly

LY = M v v [ a W LY 7] = 4 a
anwmsﬂéﬁaﬂaaﬂu Nammaaﬂﬂaaanumm%mamwswaﬂ[ : %QWU?W?@UGS‘U@\‘!LN‘W@LEJZ“IL“V]E]{
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divumanaaiisgamgiilumsvinfiseidlndidesiuganenveauniuea vislens
] ] a ! <l
Wunaidewnmnumusauisdnuianissemenaneiule dwalniumiuealuinaveavad
1 = J ° aaa LY 1 ¥ =2 Py r-\d
liiisanedanisyufisen anuan1svaasdang 1ty Judengungiin 45  aedn

wadealultluns@inwsaly

4.3.5 savesszeziIa1lun15Ugnsen

wanfinansevusedasnmainufitomsudioameifady lasluguit 4.6
uanmavessTEraniineUS I Setasialeamesuariesarvosmandnlulefigadildain
msvhuisen deldusualudienlensenlest 0.5 Wesidudlnsiwiin shsdnlagiuaves

wvueasiauiu 6:1 wazgamgiilunisvinizewvindu 45 ssrnealdva adau

100 ¢ -+ 100
98+ T .
9 + § 1
. + 95
= 3 - =~
S of 7 ] 2
3 . )
€ o+ ¢ RN
< E ] >
g 81 1 IRPEE
86 + ]
3 T 85
84 t T
82 + -
80 3 ) 1 1 1 : 1 i ' L : 1 rina) ] : ] 1 1 1 80
40 50 60 70 80

g Time (min.)
JUN 4.6 navassvzIailivinufisendefesazvasuiiaeaines (% FAME) uaz

Louaznanan (% Yield) vaslulodwanld

NUT 4.6 wuiszesnalumsyiuFAseuuduain 45 uit by 60 unit vl
Aruusgvisvesnfiaeamesiuulinfisduein 929 + 55 wWefidud 1y 971 + 238
Weidud uanifleiuszozinalumaiugisomdudu 75 wiit wohldufiaeamesly
Vsinadesar 966 + 1.4 Fadeinduditlndidsstuariildisioldina 60 uniilunisii
Jjnsen Lﬁaﬁﬁmmﬁaaawawamﬁmﬁ"lﬁwuiwmsLﬁmsazna'ﬂumiﬁwﬁﬁ%mmu%vutﬂu
60 w7l viliSesasnandniiuwaliuiudududertuinlunsduefasazfiaeanes us
deiusrernauutuidu 75 wnil ilWSevavvesaniniiuvuiliuanaunieiios 889 +

0.4 Woasidus
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4.4 mswdnlulefwadisuiisemsudieameifintulagldfasefiseauuy
&
doatunau
Uifsummudieamesindulagldfussufiseuvuaesiuney dadunseuiundl
UszAndnmngeluniswialulefiva Wewnlddisaujisenviiansanumediisaujisen
siavalunisiuisen lasluduusnazvirujisenlasldnsmbudaisaljisen hean
USunaweansaluiudassidegluinduiie/luiudad antuvassgnldidudisafitentu
Y o < P a ¢ & ¢ 1 Y aaa ¢ aa & a MY
Juiiaes welldsulnsndiwelsaluoanes dwaliujisemsudieameslinduiinlaegng
o g v oo v s @ = @ a ] = ]
anugel wanilipsnihduiiBeldnnluiuladdinsnliudassdudiuuseney Jseradawa
t = = caly v aaa < o e o 2 [
AoRuAmuarUIaesuialeamesiidnUjisemsudieameifiadulaglvivaly
fsaUfiseniiveedraufion Muideiflavszgnaldujisemaudieamaiiiatulagly
Fussuiseuuvdestunsulunisndnlulafiuea elunisiiuaanmuasUsnnveauia
cd & vy o 9 & P ) Aclvu { aaa a oo
waesindnlanniviula wisunsfnuidedesieg lutureunldiiseujiseviiansanid

4 o ¢ ¥ o v w1 dy
NasaJIngasiunaladine’s Naﬂ']i“/lﬂﬁ’i]\‘lmﬂLLaﬂQ‘l’nu%’J‘U@ﬂ\‘lﬂEﬂUu

4.4.1 WavavUsuIUNTATANITN

navesTinuisARseiinnsareieazfinleamesiassosasvosanandils
yhmsinulaswdsulinansadaiiaindlliviugiseandesas 1 Tasdwin Wufesas 2
uardovar 3 Taehminvesleiulaniuidu annydwiunsviuinseluduseud 1 Ju
Milie Snsrdulngluavesamiueaneiiudy 20:1 [gaumniuasinartunsvin jisen
WU 60 semnTalEed way 60 U ANUEIRY ﬁmumannse‘i’m%’umsvhﬂﬁﬁ%m%y'umauﬁ
2 fio Usinawunadealansonledfosas 1 Tnsthminveniuiy sasvdiulnsluavasium
veasevsiuiiu 6:1 grungil 65 ssrusaidoa Iiaan 60 wiil nansmenosiuansluguT
a.7

105 T - 100
: T o5
100 -E é g_ 90
B s d % (% e 8
g . . F 80 E
£ . )— 75 ¢
ol Lo
: ° T 65
80 o i 6p
0 1 2 3 4
H,S04 (%w/w)

d o & - 1] [
JUN 4.7 navasUSananiadailaindoiosazvaiiawanad (% FAME) uas
Logazranan (% Yield) vaslulanivadile
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o 1 a a o ey a 4 g LY
NFUR 4.7 wurnsiiulsnaunsaganlIsnan 1 wWoesigudlagdminidu

g
a a

4 Y] a o a - X
2 Wotiduilasiwvin aeldlulefwaniiauuSansiuiaeawmesiiniuain 96.2 £ 1.9

4
] 1

Wosidud {u 989 + 1.1 Weddus sailifunailesandanmaiaufieniudu uwiile
Wasinansadainindu 3 Wefdudlastmdn wuihBnaifiaeamesidanaavie
95.0 + 1.9 Wedidus aenrdestuuiduvesdagns’ inuiinsanasweaSinauiialed
weinidanays deldlessu (1) Farlamunslawmsndaduiissufiserniansaly
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Abstract

The present study has been focused on base catalyzed transesterification of
beef fats to produce biodiesel by varying process parameters such as types and
amounts of catalyst, methanol addition, reaction temperature and reaction time.
Sodium hydroxide (NaOH) was a more effective catalyst than potassium hydroxide
(KOH) and calcium hydroxide (Ca(OH),). Optimum conditions for base catalyzed
tranesterification of beef tallow were as follows: 0.5 wt% of NaOH, molar ratio of
methanol to tallow at 6:1, reaction temperature at 45°C and reaction time of
60 minutes. At this optimum condition, the conversion yield of tallow biodiesel was
92.1 % and the purity of methyl ester was 97.1%.

Keywords Animal fats, Beef tallow, Alkali Catalyst, Methanolysis, FAME

1. Introduction

The predicted shortage of fossil fuels and related environmental concerns along
with the rapid rise in energy demand encouraged the search for petroleum fuels’
substitutes. This search resulted in an alternative diesel fuel called "biodiesel" which
is technically defined as a fuel comprised of mono-alkyl esters of long chain fatty
acids obtained by transesterification of vegetable oils or animal fats with a low
molecular weight alcohol such as methanol or ethanol (National Biodiesel Board,
2014a). Not only it can replace petroleum diesel without the need for modification or
adjustment of engines, biodiesel offers significant cleaner engine emissions with
respect to petroleum diesel such as complete combustion and a lower content of CO,
hydrocarbons, and particulate in emissions as a result of the higher oxygen content in
the biodiesel (United States Environmental, 2002; Miller, 2008). In addition reducing
greenhouse gas emissions, exhaust emissions of SOy from biodiesel are essentially
eliminated compared to diesel (United States Environmental, 2002; Sivasamy et al.,
2009). Furthermore, biodiesel emissions show decreased levels of polycyclic
aromatic hydrocarbons (PAH) and nitrated polycyclic aromatic hydrocarbons
(nPAH), which have been identified as potential cancer causing compounds (National
Biodiesel Board, 2014b). Therefore, this alternative diesel reduces the health risks
associated with petroleum diesel. .

The transesterification of oils and fats to the corresponding fatty acid alkyl
esters (FAAEs) proceeds with catalyst or without any catalyst. Nevertheless, the
reaction in the presence of catalysts has seen wider application owing to its reaction

*Corresponding author.
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rate and yield (Demirbas, 2005; Sivasamy et al., 2009). In addition, homogeneous
alkaline catalysts, such as sodium hydroxide and potassium hydroxide, are most
commonly used in industrial transesterification processes for biodiesel production,
mainly because of the low cost of the catalyst and the good conversions that can be
achieved in short reaction times and at moderate temperatures (Sivasamy et al., 2009).
In the transesterification of oils and fats, the three ester groups of a triglyceride
molecule in which three fatty acid moieties are attached to a single alcohol moiety
(i.e. that of glycerol) react with three molecules of methanol to yield one molecule of
glycerol and three molecules of esters each containing single fatty acid and methanol
moieties. It has been well demonstrated in numerous literature that the purity in term
of ester content and yield of biodiesel in the transesterification reaction are affected
by several physical and chemical variables. The ones known as greatly influencing
the reaction are: the methanol/oil molar ratio, types of catalyst (homogeneous or
heterogeneous, acid or basic) and amount of catalyst, reaction time, mixing intensity,
and temperature (Kilic ef al., 2012; Sivasamy et al., 2009).

The main issue in replacing biodiesel with petroleum-based diesel is the cost,
which is not competitive. About 75-90% of the production cost is associated with the
feedstocks itself (Charoenchaitrakool and Thienmethangkoon, 2011; Martinez et al.,
2014). In order to have an economically favorable biodiesel, considerable research
has been focused on finding the potential alternative raw materials which are much
less expensive than virgin vegetable oil. Animal fats like beef tallow is reported to be
a promising alternative raw material of transesterification to make biodiesel (Ma et
al., 1998; da Cunha et al., 2009; Leung et al., 2010), because the price of edible beef
tallow was driven down by the market(Ma et al, 1998). In addition, its use is
declined due to changing feeding habits of people and the soap industry cannot take
up all the excess animal fat produced (Bhatti et al., 2008). Furthermore, the
replacement of tallow by vegetable oil in the production of food supplements for
cattle as a result from a preventive measure to avoid the transmission of BSE (bovine
spongiform encephalopathy), also known as “mad cow disease,” to the cattle
population and its human version CJD (Creutzfeldt-Jakob disease), had led to an
increasing number of discarded tallow (Mendonca et al., 2011). Thus, biodiesel
production has become a prime option for beef tallow usage. Therefore, the present
study was focused on the use of beef tallow as a lower cost feedstock for biodiesel
production. The main objective was to assess the effects of different experimental
parameters such as catalyst (types and amount), methanol : tallow molar ratio,
reaction time, and temperature on conversion efficiency of the base catalyzed
transesterification of beef tallow for biodiesel production. Purity in term of fatty acid
methyl esters (FAME) content and biodiesel weight yield of the final product were
evaluated as the response variables under study.

2. Materials and methods

2.1 Materials

Beef fats used in the present study were obtained form a butcher shop of
Bangkok, Thailand. Methanol was purchased from Aldrich (99%). Potassium
hydroxide (AR, Labscan Asia), soduium hydroxide (AR pellets, Merk, Germany) and
calcium hydroxide (AR, Labscan Asia) were employed as the alkali catalyst in the
reaction.
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2.2 Tallow Preparation

At the laboratory, the collected beef fats were sliced into pieces, dry-rendered
and filtered in order to remove gums, protein residues, and suspended particles. The
rendered product was clear yellow liquid while it is still hot and became white solid at
room temperature. The obtained tallow were stored in airtight glass jars and kept in
refrigerator to prevent oxidation.

2.3 Transesterification of Beef Tallow with Methanol

Base catalyzed transesterification of beef tallow with methanol were carried
out in a three neck round-bottom flask of 500 mL volume equipped with a water bath,
a magnetic hot plate stirrer operating with temperature sensor (Schott Instrument,
model SLR) and a reflux condenser. To perform an experiment, 100 g of tallow was
fed into the flask and heated up to the tested reaction temperature. The calculated
amount of alkali catalyst in weight percentage was dissolved in a volume of methanol
required for the desired molar ratio yielding a methoxide solution. This solution was
then heated to the tested temperature, subsequently added to the reaction flask and
stirring was started immediately. After the reaction has reached the preset reaction
time, the heating and stirring were stopped and the mixture was transferred to a
separatory funnel and allowed to settle overnight for separation of biodiesel and
glycerine phases. The latter which is at the bottom of the funnel was drawn off. The
upper ester phase was heated at 80°C for 15 min in order to remove excess methanol.
Then it was washed several times using boiled water until the spent water became
clear and its pH around 7. Sodium sulfate was then added to the product in order to
adsorb the excess water, the mixture was stirred for 15 minutes and then filtered to
remove the adsorbent from the final purified biodiesel. The biodiesel was then
weighed and subsequently analyzed for FAME (Fatty Acid Methyl Esters) content
using '"H Nuclear Magnetic Resonance spectroscopy (IH-NMR).

2.4 Analysis

The following properties of tallow were determined: acid value, determined
by volumetric titration according to ASTM D664 standard; moisture content
determined by oven drying method; and free fatty acid composition analyzed by gas
chromatography according to standard operating protocol of Industrial Metrology and
Testing Service Centre, Thailand Institute of Scientific and Technological Research.
Biodiesel yield (% Yield) relative to the weight of tallow was estimated using Eq. (1).

Vield (%) = “2lot 2 Potees x 100 @

"H NMR analyses were performed on a Bruker DPX 300 MHz spectrometer
(Bruker, Germany) with XWIN NMR 3.5 software using deuterated chloroform
(CDCp) as the solvent. The purity of the final product in term of ester content (%
FAME) was calculated through Eq. (2) according to Gelbard et al. (1995):

100x(2xPeak area of ~OCH3)
3xPeak area of x—CH»

FAME (%) = 2
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3. Results and Discussion
3.1 Beef tallow Characterization

The rendered beef tallow used in this study contains very small amounts of water
(0.01%) with the percentage of free fatty acids (FFA as palmitic) of 0.32 £ 0.06 %
suggesting a suitability in term of this feedstock quality for alkali-catalyzed
transesterification process(Leung et al., 2010; Igbal et al., 2011). Analysis of fatty
acid composition by gas chromatography revealed that up to 70% of fatty acids in the
tallow were saturated fatty acids comprising mainly palmitic acid (32.8 wt.%), stearic
acid (26.0 wt.%) and myristic acid (8.8 wt.%) as shown in Table 1. This finding is in
agreement with previous reports by Bitman (1976) and Miller-Klein Asscociates
(2006). In addition, the tallow has very low levels of polyunsaturated fatty acids
(PUFAs), those that have beneficial effects on human health. This makes beef tallow
become less acceptable for dietary intake since saturated fatty acids in the tallow
could increase blood cholesterol concentrations as well as increased incidence of heart
disease(Williams, 2000; Doyle, 2004). Based on the prescribed information of fatty
acids as shown in Table 1, the molecular weight of the beef tallow used in the
research was calculated to be 840.84 g/mol

3.2 Catalytic activities of hydroxides

Table 2 shows the result of transesterification of beef tallow with NaOH, KOH
and Ca(OH), at 0.5 wt% loading amount of catalyst to tallow, 6:1 molar ratio of
methanol to feed stock, 60°C and 1 h reaction time. Comparing three catalysts, NaOH
exhibited the higher catalytic activity in the transesterification of beef tallow since it
gave the maximum yield of biodiesel and the highest FAME content. Potassium
hydroxide was slightly less active with the yield and the FAME content around 88%.
Part of differences may be attributable to differences in hygroscopic properties
between sodium hydroxide and potassium hydroxide. The stronger hygroscopic
properties of potassium hydroxide causes the chemical to absorb or adsorb moisture in
the air easily (Knolle et al., 2003), hence decreasing its catalytic effectiveness. While
calcium hydroxide showed no catalytic activity in the tranesterification of beef tallow.
This observation is in agreement with the work of Gryglewicz (1999) who find out
that Ca(OH), does not catalyze the methanolysis reaction of rapeseed oil due to its
weak base properties. Therefore, NaOH was chosen to catalyze the transesterification
in the rest of the experiments.

Catalyst concentration also plays an important role on yield and ester content
of biodiesel produced from beef tallow. As demonstrated in Figure 1, the highest
yield and FAME content was exhibited at 0.5 wt% of NaOH catalyst loading to the
feedstock. While the FAME content was not significantly different as the loading
amount of NaOH increased to 0.7 wt%. However, further increase in NaOH quantity
to 0.7 wt% resulted in decrease in the biodiesel weight yield due to soap formation
which increased exponentially with catalyst concentration as demonstrated by Singh
et al. (2006).



41

Table 1. Fatty acid composition of beef tallow used in this research in comparison
with other works

Fatty acids Composition (wt%)
" Name structure this study Bitman Miller-Klein
(1976) associates
(2006)
Saturated fatty acids
Lauric 12:0 04 - -
Myristic 14:0 8.8 3 2-6
Pentadecanoic 15:0 0.6 - -
Palmitic 16:0 32.8 26 24-37
Heptadecanoic 17:0 1.2 - -
Stearic 18:0 26.0 14 14-29
Arachidic 20:0 0.2 - -
Monounsaturated fatty acids
Myristoleic 14:1 0.7 - -
Cis-10-Pentadecenoic S, 3 0.2 - -
Palmitoleic 16:1 n-7 1.6 3 2-4
Cis-10-Heptadecenoic 17:1 0.3 - -
Oleic 18:1 n-9 25.0 47 26-50
Cis-Vaccenic 18:1 n-7 1.0 - -
Cis-11-Eicosenoic 20:1 n-9 0.1 - -
Polyunsaturated fatty acids
Linoleic 18:2 n-6 0.8 3 1-5
Linoelaidic 18:2 0.1 - -
t9t12 4
a-Linolenic 18:3n-3 0.1 1 0-2
Cis -6,9,12- 18:3 n-6 0.1 - -
Octadecatrienoic ’
Moroctic 18:4 n-3 0.1 - -
Table 2. The effect of catalysts on transesterification of beef tallow
Alkali catalyts Yield Acid value
() (mg KOH/g)
NaOH 90.25 £ 1.47 95.47 +£7.48 0.25 +0.07
KOH 88.44 £3.98 88.41 + 8.81 0.30+0.13
Ca(OH), N/AT N/AT

T Not available because transesterification did not occur.
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Figure 1. Effect of NaOH loading amount on the yield and purity of biodiesel
produced from beef tallow at 60°C, 1 h of reaction time and 6:1 molar
ratio of methanol to tallow.

3.3 Effect of Methanol Addition

Increasing the methanol to tallow molar ratio had an effect on both FAME
content and reaction yields as demonstrated in Figure 2. When methanol was added
according to the stoichiometry of the reaction as 3:1 molar ratio of methanol to
triglyceride, the FAME content was 79.6 + 8.1%. The FAME content was increased
significantly to 96.7 £ 2.3% in 6:1 molar ratio of methanol to feedstock. Similar trend
was also observed in the percent weight yield of biodiesel when the molar ratio of
methanol increased from 3:1 to 6:1. Increasing molar ratio of methanol to tallow
involves the increased reactant concentration which helps to drive the reaction
equilibrium to the direction of biodiesel formation. However, a slight decrease in the
FAME content (95.8 + 3.8%) as well as the percent yield of biodiesel (88.8 + 3.7%)
was observed with the increase in methanol addition to 9:1 molar ratio. Part of
difference is thought to be attributable to catalyst concentration in the system. At the
same level of catalyst application, the catalyst concentration was relatively low with
higher methanol-to-tallow ratio, which resulted in a lower diffusion rate of catalyst in
the oil phase, thus a lower reaction rate with free fatty acids or triglycerides. In
addition, the glycerol solubility in methanol increased that helps to drive the reaction
equlilbrium backward.

3.4 Effect of reaction temperature

A rise in reaction temperature has shown to have a negative effect on the purity of
biodiesel produced from beef tallow, and in a lesser extent to the biodiesel weight
yield as shown in Figure 3. As reaction temperature was increased from 45°C to 55°C
and 60°C, the amount of FAME present in the final product was significantly
decreased from 97.1 £ 0.7 % to 95.2 + 1.6 % and 92.6 £ 2.2 %, respectively. While
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Figure. 2. Effect of methanol to tallow molar ratio on the yield and purity of
biodiesel produced from beef tallow at 0.5 wit% of NaOH, 60°C and 1 h of

reaction time.
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Figure 3. Effect of reaction temperature on the yield and purity of biodiesel
produced from beef tallow at 0.5 wt% of NaOH, 6:1 molar ratio of
methanol to tallow and 1 h of reaction time.

an increase in reaction temperature from 45°C to 60 °C also leads to a decrease on the
biodiesel weight yield. These observation is consistent with Mendonca et al. (2011)
findings when a combination of the full factorial design and the Doehlert matrix was
applied in an effort to optimize the beef tallow biodiesel production. It may be
speculated that when reaction temperature increases, the gas phase velocity increases
to the point of promoting methanol mass transfer from the liquid phase film resulting
in a reduction of methanol in liquid phase. In addition, higher reaction temperature
accelerates the saponification of triglycerides which leads to decrease of biodiesel
yield when reaction temperature increases beyond the optimal level (Leung and Guo,
2006; Eevera et al., 2009).
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3.5 Effect of reaction time

The increase in biodiesel weight yield and FAME content was observed when there is
an increase in reaction time from 45 min to 60 min (Figure 4). The maximum yield of
and FAME content of was achieved within 60 min. Further increase in reaction time
to 75 min does not increase the FAME content in consistent with the findings by
Eevera et al (2009) as well as Leung and Guo (2006). Besides, longer reaction time
leads to the reduction of biodiesel weight yield as demonstrated in Figure 4. This is
likely in relation to the hydrolysis of ester (reversible reaction of transesterification)
resulting in loss of esters as well as soap formation (Ma et al., 1998; Eevera ef al.,

2009).
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Figure 4. Changes of the yield and the ester content of biodiesel produced from beef
tallow at 45°C, 0.5 wt% of NaOH and 6:1 molar ratio of methanol to
tallow.
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