4‘ Korean Journal Of Agricultural Science

) |

Check for
updates

& OPEN ACCESS

Citation: Woo DG, Kim TH. 2019. Fuel
properties of biodiesel produced from
beef-tallow and corn oil blends based
on the variation in the fatty acid methyl
ester composition. Korean Journal of
Agricultural Science 46:941-953. https://
doi.org/10.7744/kjoas.20190076

Received: August 27, 2019
Revised: October 28, 2019

Accepted: November 01, 2019

Copyright: © 2019 Korean Journal of
Agricultural Science

This is an Open Access artide
BY__NC distributed under the terms of

the Creative Commons Attribution Non-Commerdial
License (http: //creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commerdial
use, distribution, and reproduction in any medium,
provided the original work is properly cited.

ENGINEERING

Fuel properties of biodiesel produced from
beef-tallow and corn oil blends based on
the variation in the fatty acid methyl ester
composition

Duk Gam Woo', Tae Han Kim*'

'Research Faculty of Agriculture, Hokkaido University, Sapporo 060-8589, Japan
*Dept. of Bio-industrial Machinery Engineering, Kyungpook National University, Daegu 41566, Korea

"Corresponding author: thakim@knu.ac.kr

Abstract

Biodiesels are being explored as a clean energy alternative to regular diesel, which causes
pollution. In this study, the optimum conditions for producing biodiesel (BD) by combining
beef tallow, an animal waste resource with a high saturated fatty acid content, and corn
oil, a vegetable oil with a high unsaturated fatty acid content, were investigated, and the
fuel properties were analyzed. Furthermore, Multivariate Analysis of Variance (MANOVA) was
used to verify the optimum conditions for producing biodiesel. The influences of control
factors, such as the oil blend ratio and methanol to oil molar ratio, on the fatty acid methyl
ester and biodiesel production yield were investigated. As a result, the optimum condition for
producing blended biodiesel was verified to be tallow to corn oil blend ratio of 7 : 3 (TACO7)
and a methanol to oil molar ratio of 14 : 1. Moreover, the interaction between the oil blend
ratio and the methanol to oil molar ratio has the most crucial effects on the production of
oil blended biodiesel. In conclusion, the analysis results of the fuel properties of TACO7 BD
satisfied the BD quality standard, and thus, the viability of BD blended with waste tallow as
fuel was verified.
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Introduction

Hio| @ CjAle 712 7fot EejZ o2 fARE A8 2 A 84 o, FEA AW 5 A4
Hlo] Qo A0l A] FEE0 R = A A SR 95%0]/d0] 28 ofufjol] A3l == A Aol =] o]
CHMudge and Pereira, 1999). H}o] @ T2 ghibAd A8 2 3 A8, WeF= Aol 2o] 7|3
ol A& Al CO, HC, SO,, PM 59| Hl|7] B &-=-0] 7]& 73 -l HIsH ol A7) i = ThSpeidel
et al., 2000; Tomasevic and Marinkovic, 2003; Ryu and Oh, 2004; Zullaikah et al., 2005). 0] 2 T}
o] FU8E G, 57, 2457 52 AEA FA171H95% o)/ Arg-g ol wket A7 7+
A, Aegaklel f9.9F 37| By WA -2 EA7E A 4 Qlth(KEorbitz, 1999;
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Gui et al., 2008).

AukA| 0] Hio] @ T] Al o] AYAIh7H= 1 2H]-80] 75 - 88%= XFAISHKGhayal et al,, 2013). H}0] 2 t]Alo] 7}4 o
AlE/d 2A9] w2 7HA 0= Qe A7 7HAHETE 1.5 - 2l o} A A /-8-8tol] of2]-g-0] ThMaddikeri et al., 2012).

22 ZAE shast| floh H A8, HIAE AlEA 2, A9 22 SEAAY 5 HIAE Y-S Hio| 2

U g 2 g-83= A7} ol o] F0]z]| 1L 9 thDemirbas, 2009; Bankovié-Ili¢ et al., 2014; Singh et al., 2015). 1 3
A= A Q= Hio| e tAle] g 2 n|= ol Z| JEZ (U.S. Energy Information Administration, EIA)2] 2018
| vio] @ O 5 ARSRF Aol w2 2] AR 229 ton O & 2017 ARGl H]BH oF 1.4 v SIS A
B UEFITHEIA, 2019). 0213t 92| & Hio| @ T]Ho] g5 &2 ARg-&hol| ujet ite7t S AAE 4+ vy ==
A&7k Ze|= = w2k S E8shs B4 SR 9] o] = A 4= UTHSousa et al., 2017). Bankovié-Ilic et al. (2014) O]
2H 222 A7 2 AYAKSHHRo]| @ tjAlo] tiy= 027 USLE YHFA 9l vlo] @ t]Ale] Trlel 0.5 USS/LY} A
8 789 ©r}el 035 US$/Loll B Sl ZH2F 46, 23% & 71 © 2 B 1151t} Cunha et al. (2009)- -3-2] XAk (free fatty
acid, FFA) 3F%0] 0.6 - 0.9%%] %A & ©]-8-3} alkali-catalyzed methanolysis §+3-0 &2 Z|tl 97%2] of| AE] H2HE0| Lt
Epdti B UsHint AREQl &2 o AE|2 wEk vhE-2 R-2] XRAF ghefo] 19 o]stY wf Y&st Hgho] o]
0] Z2ITH Al-Hamamre et al., 2012). Zhang (1994)°]] T2 H 2|2 Y8 & 3t AZhe] Eal Ao AH|Z BHSoj|A] Het
2/2 Y EH]E 6: 1,NaOH 1 wt% 2710l A2 Hio] @ t]Ao] Z2hg-2 80% 2 94| 9] =2 F-e| A4k &HaFe]
FFO = Qlol) Mehgo] A et B stk {2 A4 deFo] =& 739 ol AF ugh RES- Al B3 |
7go] gol whAgsto] z|Aake] of AE| Hgho] A&heR] 2| H THDemirbas, 2009). Y&t of| AH| = w2k ¥R 9]
A= 9219 FE|AHAS A AsHs A 2] ZHgo] QtE]=t o]=2]gt X |2] g2 Hio] 2 tAo] Jitrt
£ o] 29lo] & 4 Qlth(Hanna et al., 1996; Zullaikah et al., 2005). ©]o]] & AALoj| A= x| 9] G-2] A HHAF A A 2}
A glo] AlE/d 2Rl E44fet 92| & 23 @ U & Hio] @ TS Al Xstal A4kst Hio] @ tjAlo] F4S i
7¥st AL gk

7|& Aol tp=H Hio] @ tAe] ARE/2 AuRAY A A Aol B JFS =il Basta
CHGiakoumis and Sarakatsanis, 2018). ZS}2|{4to] WO MEb7}7} eobx| 11 BEdgFo] Z7hakA| et =9t CFPP
(cold-filter plugging points)”} 0L ThCunha et al., 2009; Ramos et al., 2009; Adewale et al., 2015). §FH E-3ZSFR]HMAH S}
o] ot Z - = Lo}z 2|7k AFskoba A o] LhihZl Th(Atabani et al., 2013; Giakoumnis and Sarakatsanis, 2018). -$-%] 2]
739 IR AL GO 42 - 51% R =11 G4 f= BRI 3 85-90% 2 Ul =0k Al /] Y FollM =
#-& §-=E A o] 945} 2 & 0| thDemirbas, 2005, 2008; Patil and Deng, 2009; Bi et al., 2010; Giakoumis and Sarakatsanis,
2018). A5 Y a2 AJAHE Hio] @ T]A] 49 =X = 5- 535 mm’/s (Wyatt et al., 2005; Mata et al., 2011)°] 3L,
CFPP+= 8 - 10°C (Wyatt et al., 2005; Lapuerta et al., 2009) 2 =0} A5 0|75} 25}, A zalQlzt We| w3 5o] 247}
HHAYS 4 Qlo] X5 Y8 & $hupo] @ tjAlo] /f88k= o3 A7 o] THTeixeira et al., 2009; Teixeira et al., 2010).
ol2fgt A& YE = gt Hio| @ tAlo] 2 2{-5E/dS 7iAHsh| Yol AlE/d LYt £33t vio] @ o] v
S A7} o] Fof 2] Ytk Pereiral et al. (2017)2 55 Y52 APAISH ko] @ AT} 22| & Y52 APAHSH BEo] 2
OAS S3tst Hio] @ oA E/4J-8 A7t At APy o] =il A2 85 /0] 7iEtta B ustgict.
Yasar et al. 2011)°]l TF=H 7hs2} @ Uit x5 E3toto] A4 Hio] @ o] 749 929l Hgo] =5 &
=7 ol 7kt @ Y H] 80l E24E F =7 oItk B 1Sk Taravus et al. (2009)= SHHtEt7] 2
A7} -2-x] o] 3t Hlo] @ LA A Xo|A A2 55 54 EAIZ Argo] o3& ¢-X]et jHlelr] 2.U-& 233t Hio]
2 OA2 FHE7}F A CFPP7} ok Hio| @ T o] B4 7| &S ThEoh= 2 0 &2 B stlet dafuh, A2
F5E/30] S35t S 2 Uik @A & EHet Hio] @ T o) A& At FHESH Aot

¢
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olo] & il 524 el $X\o 124 2019 84492 BT ulol2 o) At 24T e
=]

[e]
HalT 5412 B 44 vlol @ tle] 7Hs A e sl Al st

Materials and Methods

SM=

Aol ALESE 92 = plo] A 20| B @ B o] 85t ZAPFAS W o &2 0 A5 &6l ASHEHE BT E
= AlAst] ARSI Spafo] B2 Al Qi A= 2 A2 ARESIATE Table 12> A gof] ARE-SF 2 U o] &5}
HIE Uehd 202 92 @At 448 @ AS Z4249:1,7:3,5:5,3:7,1:99] FHH| 2 E35leict 2 do &
&L 7|&E 53t Y-S o] &35t Hlo] o O] OS_?LOHH T2 AN 2 S| &2 ARESto] 92|29 HE
S 20%2 5 S35 ThDias et al., 2008; Jeong et al., 2008; Park et al., 2008; Albuquerque etal,, 2009). A glof] AFE-SH
LT3 99.8% MIEHE(Duksan, Korea)2 AF8-6F 1L, Zll= 714 o] A5l #-g-/d o] 2 2] S0l sodium

hydroxide (93% GR grade, Duksan, Korea) S AF&-5}F9 Th(Tubino et al., 2014).

Table 2= A9} G442 2 A o] A 242 UEPll Z10 = 92| 9] 79 A4 Slgo] Wil 442 2
9] 749 ExSA|HPAlo] 2 71 0 2 LFEFGTH Alcantara et al., 2000; Demirbas, 2005; Domi et al., 2018; Giakoumis and
Sarakatsanis, 2018).

Table 1. Names of samples used in experiment.

Blend oils Nominal name Tallow oil contents (%)

Tallow : Corn oil TACO9 90 (45 g)
TACO7 70 (35 g)
TACO5 50 (25 g)
TACO3 30 (15g)
TACO1 1065g

TACO, tallow and corn oil.

Table 2. Fatty acid composition for corn oil and tallow.

- Saturated fatty acid (%) Unsaturated fatty acid (%)

Cl4:0 Cl6:0 Cl8:0 Cl6:1 Cl8:1 Cl8:2 Cl8:3
Corn - 11.8-12.9 2-213 0.12-1.7 24.8-31.9 48.9-61.3 0-0.76
Tallow 24-54 23.3-32.8 41-19.3 0.1-43 35.1-424 29-15.7 -

C14 : 0, myristic acid; C16 : 0, palmitic acid; C18 : 0, stearic acid; C16 : 1, palmitoleic acid; C18 : 1, oleic acid; C18 : 2,
linoleic acid; C18 : 3, linolenic acid.

OAE|Z @3t ut2

Rl |

ojAH 2 weh RS2 HHS-2 5 mehZo] F=4 o]kl 60°C = oFal ST 300 rpm, ¥HS-A|ZF 1 he] 2741
(Gryglewicz, 1999) ©l|lA4] sodium hydroxide (NaOH) 1 wt% (Tomasevic and Marinkovic, 2003)5 AF8-5191 1 HlEH-2/25}
SR BH|E= Q2)9] =2 FFA RS 1135101 8:1,10:1,12: 1, 14: 1, 16 1.2 HSFA]A A 519 thAkhihiero et al.,
2013). O AE| 2 W ¥ & FEjAIE STt vio| )AL ROl AT 7] & o] 8oto] Regh & 2hR EES AlA
571 Yol 7= MHsIA L JF 21 B AlAE 28l 250°CE 6021t 7+ sl o AH 2 weh §hg
2 A5 7247} 53] REESEI A 1 Ak Hetgh o 2 YR
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Hiol@ LI BuEY

-

Az vto] @ tj o] 2|Hhkit M e ol AH| 2 (fatty acid methyl ester, FAME)+= EN 141032] ®H 0 = FAJ5}Q{ct A
25 A== 7k AT 2okE 22 1)(GC6850, Agilent, USA)O| ™ B2 0] 23} AZ7]E2 AFR5I9T) Hlo] @ T4 AJA
A90 0

A 12 A
Lo . . A t of fatty acid methyl ester (g)
Biodiesel (BD) production yield (%) = et ofoiT(g) %100 1)

BD production yield: HFO] 2 T AYAk~8(%)

Amount of fatty acid methyl ester: A|'YAF | AH 2 £ F7K(g)

Amount of oil: ¥ =5 2 = FH(g)

2 S| e} miekZ/5-A] EH7F FAMEgG L Bho] @t Aikpgol mlx]= S 47571 Ash SPSS
20.0 (IBM Corp., USA)= AH-&-510] THATF AR A (MANOVA)S A AI5HA AL Aakghe] f-2o/d-E AA 5] st A
—‘?—715]73 2 Tukey HSD (honestly Significant Difference)S AH-8-5H3ATk. 2+ 4 ?.ﬂ Qlo] FAME &fx} Hio] @ t)All AJak

8] 0|x]= S FH5H7] Yol 4 2, 4] 3:& o]-&5to] AE 29l ZFz}e] 7] oS (percentage contribution)S- A4t
O]'oﬂ‘:]’ 710j&2 ZF AP gl I RHgsto] Axtol tigh A acle] Aoid AMHE yehd 4 Jloh 712
20 2 7]ofgo] F HEE-2 100%7} E|ojoF 5t A& @ x|o] 7101 H|&-2 AA| A3 o] A/ ol tigh =P &
A& 3HEE 15% o]5H7} = ookt Wu and Leung, 2011).

SS, =SS~ V, X df ®)

Purified sum of squares deviation (SS;): A& 291 i2] 47 WaAF2] g

Sum of square deviation (SS;): A& 291 i HAFA|&-2] &

Vo Al @Afe] B df: AP 29 i) AR

T=

.I

g [0
0 -|-|-'ﬂ-|

PC (%)= E x100 3)
Percent conmbutlon (PC): AT 221i9] 7]4E(%)
SS: A A7 2e10] WA F2] o
Table 3= 2897 vlo| @ tle] Bejalald £4d Bajo] st Uhg-0 2 2 uh3} 22 7] 28 Lhehd Aol
o} ufo] @ tixle] ol g B4 BAe gl gatel o] ol=jslo] EAlalgirt
Table 3. Standards for the quality and testing of the biodiesel.
Specification Unit Quality standard Standards of tests
Content of FAME Volume % =96.5 KS M 2413
CFPP °C <0 KS M 2411
Cetane number - > 47 ASTM D 6890
Sulfur content mg/kg <10 KS M 2027
Carbon residue Weight % <0.1 KS M ISO 10370
Flash point °C > 120 KSM 2010
Kinematic viscosity mm’/s 19-5.0 KS M ISO 3104
Density kg/m’ 860 - 900 KS M ISO 12185
Calorific value MJ/kg KS M 2057

FAME, fatty acid methyl ester; CFPP, cold filter plugglng point.
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Results and Discussion

HIO|2 CI& Het £

[ Sy

Table 4= 4], 244 2 3N (tallow-corn oil, TACO) Ho| 2 T]Ao] @ & =] Heh2/ -] EHof whE
FAME3at HPOli O Aikgo] A Aakg vepd Zlo|th 2 Y 23tH|o] w2 FAME &} HPOli =El]
At 82 2 EFH| TACOT0MA 7Hd =7 UEFal TACO9OIA] 7HE e 2o 2 Urebigth tehe/§-4] &
H]of| k2 FAME &7} Hio] 2 T] A AJakp-8-2 Hehe/3-2] EH| 14 : 104 7F =7 el ﬂﬂﬂi/le =
H] 16 : 1914 7P 22 Z1 0 & Uepdth 94, &4 2 S3tHlol e A Az 24 5 é 3HH] TACO7, H|
Sy Xl EH] 14 : 191419] FAMEZat Hio] @ T AJAk48-2 712198 1, 82.3% = 7 M 948 2 0 & UFEdTh
HERS/ A ZH] 14 1 Bt Bk £UE HERe-2 ouhe-& A oy|1 Sa =5 Z7HAIA Xl Akt o AH 2
9| —Erfﬂa o|gd7| 5tof Hiol @ O HeheS W= &42& TR THMeher et al,, 2006). FE3H HERZ-9] Qfo] H.=
SHH ol AH|2 W@t §kg-o] F25] o] Fo] 2| x| & eHd Wk-g-o] UERGFTHEncinar et al., 2002). 7] 5273 A%
(EA], AN 72 E§stHlol 2 0 %4_—?01] E}E‘?‘ FAMES o] Z|tf 2F 95%2 Hio] 2. t]Ae] FAME &5
715496.5% ©) S THESHA] o= Z1 0.2 H 1% A THDias et al., 2008; Pereiral et al., 2017). o] 2 t]Ao] £ =
Zofe] 5=, ¥R, ek i 22 vk x 7ol upet §iskE 4= qlon g F-AlE/] 2 St o] T A
Z A R do] el up2 A7 HekZ/f-A] EH|E AFE-Sh= Z10] F 2. 5HTH(Meher et al., 2006; Dias et al., 2008).

Table 4. Effect of oil blend ratio and methanol to oil molar ratio on the fatty acid methyl ester (FAME)
content and biodiesel (BD) production yield.

Methanol to oil molar ratio Oil blend ratio FAME content (%) BD production yield (%)
8:1 TACO 9 84.8 65.8
TACO 7 89.1 70.2
TACO 5 90.2 70.9
TACO 3 92.3 72.9
TACO 1 95.2 77.6
10:1 TACO 9 90.1 70.9
TACO 7 92.6 73.1
TACO 5 93.1 73.8
TACO 3 95.8 77.2
TACO 1 93.4 74.3
12:1 TACO 9 92.3 72.6
TACO 7 96.8 79.3
TACO 5 95.2 76.1
TACO 3 94.9 75.7
TACO 1 91.7 71.8
14:1 TACO 9 96.2 79.1
TACO 7 98.1 82.3
TACO 5 97.2 81.4
TACO 3 93.5 744
TACO 1 90.6 72.0
16:1 TACO 9 94.6 76.7
TACO 7 94.3 74.5
TACO 5 87.9 68.0
TACO 3 87.5 68.2
TACO 1 85.2 65.6
TACO, tallow and corn oil.
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A5 |2 o] FrA gt 22 o AE|2 Wt §hEol ekd g nix| =] YHH O 2 FFA $Hgo] =2 /4
9] 742 XX 2] 7S Fol FFAS A78h & vio] @ oAl 2 Zghsity, e, & Aol A= FFA A7 2+ glo]
Hio| @ oAl = Hekghol wje} Hoh B2 ol mghZo] k= 210 & TWHEITE Ma and Hanna (1999)°]] 2™
HehE/FA] ZH7h o Hhg S ot Aehgo] SVt B E fejA At ghdo] =2 A 5RA] 49 =2 me

/54 E8]7F QP Th B 15T Macetal. (1998) ofl w2 92 o] 3q-5] o Q= FFA St & g2 of
2E|2 B RESol F23t 2910 2 FRASHFT} Refo] F7F5IH ol AE] 4280 ZhAgHt i B 15 Ding et
al. 2011)°]l 2 P E-7A]2] =2 FFASR Y 8 S o aats ZaA7| B2 st dhg-S 9fs) Zuljet

Hekgo] Akgafo] Z7Istttal Huslelt) ot AR Al A s o] EopA| AL H| =223} i35}

AZA 2 Hato g2 Be|7} ofgdthal B 115 thMuniyappa et al., 1996; Lam et al., 2010). ZESFA AR E-3E S %
Aol Hlel =2 A=t s 7= et w2 A et U e s 7= 989 49 Boh B2 HEhao] 2HH
(Meher et al., 2006).

oj/gel Antz & Aol A R H XA HES/fA] 287t A A2 2E] o AH 2 kgl ARGE
+= HehE/F-A] EH|(Freedman et al., 1984) B} =2 72 92| 9] &2 FFA St 918 94| Wo] R s
of EapAATe] e 2 QI Ao 2 WTkEr

HO|2 CI ®I= Zate| SAH &4

Table 5 - Table 8-2 HEFZ/2H| 2} @ Q) S5H|of| u}-2 Hfo] @ T)A o] FAME &tefx} vlo| @ o)A AJAlk 4~8-S 7k7F
U5 H] gk yl-golch

Table S P|Ek&/R-4) B]ol] th2 FAME #ol] thet o el al 2z sehe/ 5] 24] 14 1014 FAME 7%
o] 7} A et HEr/8-2] 2H] 14 : 17} L R] BH|-8 7+ FAME 3t H|a AT} 9-0|3k50] 7k} g0
T (a=005)E 0t A2 2o 2 UEHTh

Table 5. Multiple comparisons of fatty acid methyl ester (FAME) content (%) in accordance with methanol to
oil molar ratio.

Methanol to oil molar ratio Mean 95% CI
difference -value
(Mean of FAIME content)  (Mean of FAJME content) I-J) g Lower bound  Upper bound
14:1(95.1) 8:1(90.3) 4.8 <0.0001 3.9115 5.6405
10:1(93) 2.1 <0.0001 1.2115 2.9405
12:1(94.2) 0.9 0.028 0.0675 1.7965
16 :1(89.9) 5.2 <0.0001 4.3678 6.0965

CI, confidence interval.

Table 62 PIEFE§4] S0l w2 vlo 2 il w 489 T B At Hek/6x) 4] 141 19] Hlo] 2
TP A -8-2 77, 8% 71 57 Uerste pilek 291 2] 14 13} Lpol ] BlERS8A] 2] 2ke] Hlo]@ o]

A Ak &2 v ek A, B A ate] 792182 00001 PIREO R LERY 52 vJ”gE“f}

Table 72 24 EH|of| wh2 FAME &g H st 21 0 & 2 Z3H|TACOT ol|412] FAME Bw&3o] 94.1%
27V U U Hlal 23] {2 gHE-2 K 0.0001 Eok 2] LR fof Rt 2o = Sl w Tk

Table 82 2 E5HH| o] wh Hio] 2 T A4t 4-8-2 H| Rt 2102 2 U S/ TACOT o4 2] Hiol 2 T 7
o YA 82 75.9%% 71 = A e T 2 EeH| o whE vho] @t YAt g ]l Aiks fofhEo] B
e =005)E 0 2A| LeR Bate] ol 42 Eeld 4 9l
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Table 6. Multiple comparisons of biodiesel (BD) production yield (%) in accordance with methanol to oil

molar ratio.
Methanol to oil molar ratio Mean 95% CI
I T difference  p-value
(Mean of FAME content)  (Mean of FAME content) - Lower bound  Upper bound
14:1(77.9) 8:1(71.5) 6.3 <0.0001 5.0294 7.7146
10:1(73.9) 3.9 <0.0001 2.6454 5.3306
12:1(75.1) 2.7 <0.0001 1.4094 4.0946
16:1(70.7) 7.1 <0.0001 5.8174 8.5026

CI, confidence interval.

Table 7. Multiple comparisons of fatty acid methyl ester (FAME) content in accordance with oil blend ratio.

0Oil blend ratio 95% CI
Mean
I J difference pvalue
(Mean of FAME ~ (Mean of FAME I-J) Lower bound Upper bound
content) content)

TACO 7 (94.1) TACO 1 (91.2) 4.8 <0.0001 2.0715 3.8005
TACO 3 (92.8) 2.1 <0.0001 0.4795 2.2085
TACO 5 (92.7) 0.9 <0.0001 0.5675 2.2965
TACO 9 (91.6) 5.2 <0.0001 1.6595 3.3885

CI, confidence interval; TACO, tallow and corn oil.

Table 8. Multiple comparisons of biodiesel (BD) production yield in accordance with oil blend ratio.

Oil blend ratio 95% CI
I J di%\f/[ ren al
(Mean of BD (Mean of BD (f {ei;lce prvatue Lower bound Upper bound
production yield)  production yield)

TACO 7 (75.9) TACO 1 (72.3) 3.6 <0.0001 2.2774 4.96
TACO 3 (73.8) 2.1 <0.0001 0.7854 3.4706
TACO 5 (74) 1.9 0.002 0.5134 3.1986
TACO 9 (73) 2.9 <0.0001 1.5054 4.1906

CI, confidence interval; TACO, tallow and corn oil.

Hlo} 9.9l S50l ThE FAME 355, Hlol @ )il Atk 8.8 77 0} vl et A3 A e 5
B394 vhol i Az 27 5 ok 2/ 2] 14: 1, 2.9 B3] TACOT/ 7P 943 =
o
A

=
Table 9, 102 A= 23S EAhe Aot Auk2 Z47ke] Ay 22150] FAME &t Hol @ vl At ol m 2|

Ir
o2
ol
e
n)

ol
gha
1z
e
=
oo
0,
=

Table 9= H[EFS/-5-2] 2|9} @ A &35H|o]| u}2 FAME 3FkS BARE S ATta A3 @ 2}9] 7)o 8-0] 8.9%
2 7} @9lo] Al Ailof n|x|= J o] HAA-2 A= ZF B0 Al g2 99% o] 4o 2 UEehit BAkR
A o] Aat= AlLkE 2Q1¥ FAME 3Holl thsh 7]o-&(PC)2 SH|E0] 31.7%, 2.F 23| 7} 7.6%, SH| &1 2
=] o] WS Akgo] 51.8%% LJERLE El
o 2 Lelsit}

Table 102 HEHS/R-2] 24| 2t @Y S5H|of| wh2 Hio] @ ]l Aak8-8 BARRASH At2 AE Q Q1 o]
2 oA AAk-gof thsh 7]of & (pC)ol| e 7| &2 EH] 83 @ A EFHH] o] W T AFE-0] 48.1%, EH]|E-2 31.4%,
2 SH|= 6.6% 02 LHERITE A3 2 219] 7]of80] 13.9%= Z} 2 9lo] Ay Axto] n|x|= Jgke] AHHA]

:
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2 = 24 2o AR eE2 B 99% o)/ g o2 LR Ho|. 2 T A ibp-Eoll A = 2/ fA] 2|2

Factor SS df A F SS' PC (%) pvalue
A (molar ratio) 536.679 4 134.245 110.906 532.13724 31.7 <0.0001
B (blend ratio) 132.032 4 33.008 27.269 127.19024 7.6 <0.0001
A*B 888.584 16 55.536 45.881 869.21698 51.8 <0.0001
Residuals 121.044 100 1.210 - 150.09 8.9 -
Total 1,678.639 124 - - 1,678.639 100 -

SS, sum of square deviation; df, degree of freedom; V, variance; F, F-ratio; SS', purified sum of squares deviation;
PC (%), the percent contribution.

Table 10. Analysis of variance (ANOVA) of the biodiesel (BD) production yield.

Factor SS df A F SS' PC (%) p-value
A (molar ratio) 828.871 4 207.218 70.978 817.19308 314 <0.0001
B (blend ratio) 183.494 4 45.874 15.713 171.81608 6.6 <0.0001
A'B 1,298.302 16 81.144 27.794  1,251.59032 48.1 <0.0001
Residuals 291.948 100 2.919 - 362.01552 13.9 -
Total 2,602.615 124 - - 2,602.615 100 -

SS, sum of square deviation; df, degree of freedom; V, variance; F, F-ratio; SS', purified sum of squares deviation;
PC (%), the percent contribution.

oje} 72 Aif= EgHFA] Hio| 2 tAo] @ U E9tH|gof whaf AP 2/ 8|7 Sk 3 FRARH I} 2 3t
52| Hek= k3ol 275 = A mEE/ A 24| Zto|7HEAYshs 2o wHE) ofof 94, S &
FAIE o83 Hiol 2 T A2 A @Y S| Eol ke 2] HehES AREShe 2ol Al Hiel2
A Ao M 25| A ojof g A o2 e,

HIO|QCIH HZEN 24

Table 11> TACO7 Ho] 2 T]A, 2424~ @ Q] "}o] @ T]&(com oil biodiesel, CO BD) (Guan et al., 2009), 2-A] H}0] 2.
0] (tallow biodiesel, TA BD) (Cunha et al., 20098 735k 1= A4 E o AHE Yehd 2 2 = TACO7 BD2)
ZolA kel B ShA RbAL FR2 7F7) 41 2, 53.9%= LFEFLE CO BDO Hsl SRR A k2 3716t B
SARFAE SRR Askelt ol @ TS Ad5kal Qs Ahat e o AE] ] 242 MEE R, A=
Ze AsE ol B2 JFS FTHHoekman et al., 2012).

Table 12-= TACO7 BD2} CD, CO BD (Aydin et al., 2011; Serqueira et al., 2014), TA BD (Demirbas, 2005; Wyatt et al.,
2005; Oner and Altun, 2009; Mata et al., 2010, 2011; Fadhil, 2013)2] & 2EAJ-S e Zlo|t}h A& EA & Aeivh=
A2 A} 22 ALF o] WA} = EAHLE N7t =& 79 AAaE o] F/FEThMeher et al., 2006).
TACO7 BD2] 7-%- CO BD®I| B3} Palmitic (C16 : 0) acids, Stearic (C18 : 0) acids@} -2 E3}x|HhAte] GtaFo] Z7}5}
A B3R HFAR] Linoleic (C18 : 2) acids, Linolenic (C18 : 3) acids 5°] 2o} A|Eb7}7} 2715t 21 0 2 whetelct
(Knothe et al., 2003).
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Table 11. Fatty acid methyl esters composition for various biodiesels.

o Saturated fatty acid (%) Unsaturated fatty acid (%)

Cl4:0 Cl6:0 Cl18:0 Total (%) Cl6:1 Cl8:1 Cl18:2 C18:3 Total (%)
TACO7 BD 2.1 20.5 18.6 41.2 0.9 32.1 23.5 0.4 56.9
CO BD - 9.1 - 9.1 - 339 53.5 3 90.4
TA BD 2.7 25.3 34.7 62.7 2.0 31.7 0.8 - 34.5

C14 : 0, myristic acid; C16 : 0, palmitic acid; C18 : 0, stearic acid; C16 : 1, palmitoleic acid; C18 : 1, oleic acid; C18 : 2,
linoleic acid; C18 : 3, linolenic acid; TACO, tallow and corn oil; BD, biodiesel; CO, corn oil; TA, tallow.

Table 12. Fuel properties of conventional diesel and various biodiesels.

perpion Cone ANty i DT e S st
CD 48 45 2.35 -33 820 60 0.12 11.7
TACO7 BD 9 40.1 4.16 -1.7 872.4 158 0.0042 1
CO BD 52.4 39.9 3.9-4.06 -15 864-865  168-188 - -
TA BD 58-59 39.9-419 41-535 8-10 870-877  150-172 0.05 -
CFPl;,Hcold filter plugging point; CD, conventional diesel; TACO, tallow and corn oil; BD, biodiesel; CO, corn oil;
TA, tallow.

TACO7 BD2] 'HAZF 40.1 MI/kg 2= TA BDL] kol H]al| Zraoh= A o= YT} o= Stearic (C18 :
0) acids¥} 22 HAjefo| 2 s RAke] ZHAdtol w2 7o 2 ekt et UK o 2 Hio] @ tAle] ¥ry
F2 10 - 12% F= FRE0] U= stastFo =2 Qe 7|2 Z7-2] W =ol| vlal YA LePdThHGiakoumis and
Sarakatsanis, 2018).

CFPP& A 2004 2] AR R-5/4dS UehE= A B2 =2 CFPPE A200A 2] A7 AXstZ Qlal Axalelyt <
23 w1} -2 2|2 A 0 71tk Boshui et al,, 2010). TACO7 BD] CFPP+= - 1.7°CE TABD2) § - 10°Co| |3l 2.
Al &AE 70 2 el o] @ oAl Z3217)291 CFPP 0°Co|5HE 235191 th 5149k CO BD2] CFPPXE UH= =7
UFERTh CFPPY] 739 11 AREE 7HAl = 234 ol B2 J7F& Hh=t| TACO7 BD= CO BDO| B3l Palmitic
(C16: 0) acids, Stearic (C18 : 0) acids®] Z3}A|HHito] F715to]| mhet o BDOJ| HIs CFPP7} o] 21 0 & T}
(Ramos et al., 2009).

AL LA SAYR T BE4E S7FSHTHLin et al, 2014). TACO7 BDS] ZSA| A Sk TA
BDO]| H|3] Wol - =7} 4.16 mm’s2 UFER} X 535 mm’/sQ] TA BDE] 573 o ]3] %2 7o 2 vl
THLL =2 7% A5 n|d3 Aok Bebd A4, AR RAPE| O 7HE B4 5 7|l of2] EA1E WAL 5
Qon g Hio] @ tAlo] FHEE AA7|= A2 Hio] @ HAo] AA| ARE-E 9I5l 1l 525K Teixeira et al.,

2009).

TACO7 BD) 2k EhAEa} FEe 50l g 42 o ek} 712 AgA| §57kA7} 2] ej2E 2o
2 ot 712 AN E Hlo] o e FE, kS Aio] 27l gha o] Qlof §57kA0) uiZo] 7o

o} 42 710 2 B &I THLeung etal., 2010).

TACO7 BDO| AR5/ 4] 2t T4t vd o A 20} BSpA R H e o AE|20] 23t2e /S
Soll utol 2 A F3 7|ES B WEshe AR Y-S #RIE 4 9131t 53], TACO 7 BDS] CFPPR} 54 == TA
BDo|| H]3] ZA| WA= AL 7] E0] A9k A5 LA YR, Ui FF, 7hsehf) 23 Hlol 2t o] 5=
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o} CFppol H|8l| 5 0] 742 |t 31% 744511 1L CFPPE F ) oF 6°C & Yoyl Z1 0 & Ueh} TACO7 BD2] A
285EAo] B2 243 210 2 UERITH Taravus et al., 2009; Yagar et al., 2011; Pereiral et al., 2017). ©]4Fe] Z2t=
ol $AE S5 dt E6to] vio| A S Azl uhet A23-54 A2 Aol ojgf 5ol e A
o vo] 2t AT 2 A 9] AR 7FsAd = ERlSkiTh

Conclusion

A, S 2 74 Hiol2 T Arke] HRE/dS et ot TACOT, HIEHE /74| EH| 14914 FAME
S 98.1%, Hiol 2 T *Jé*&# 823%% LFER} 714 9481 382 H e} BAMEAS o] 83 S35 mg
2 BHE 5 AP 7|9 ES AR At S| o HiE2 Al EH] 2 2 4-80] FAME 33 Hiol 2.
Ao 7H 2 9= w%h 202 LESTE TACO7 BDO| /1554 24 2t utole Tl £2 7|&S
TSR 0 2 Lo m 3], 5 =9} CFPP 2+ A B EAJ 2] 7iAlo] 3t w4 2-f-54 BAIZ A
37} olal g w2 Rl 92 & AR 2 E-83 4 USRIkt

i
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