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Conversion Characteristics on Beef-Tallow and Sunflower Oil Blend
Biodiesel and its Treatment Method to Reduce Kinematic Viscosity
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Abstract The conversion characteristics and fuel properties for producing biodiesel (BD) by blending
beef-tallow, an animal waste resource with a high-saturated fatty acid content, and sunflower-oil, a
vegetable oil with a high-unsaturated fatty acid content, were investigated. For this investigation, the
effects of the control factors, such as the oil-blend ratio and methanol-to-oil molar ratio, on the fatty
acid methyl ester and BD production yield were also investigated. The kinematic viscosity reduction
effects of BD using heating and ultrasonic irradiation were verified, and the optimal temperature of each
BD-diesel fuel blend for reducing the kinematic viscosity was derived using the correlation equation. As
a result, the optimal conditions for producing blended biodiesel were verified to be TASU7 and a
methanol-to-oil molar ratio of 10:1. The analysis results of the fuel properties of TASU7 satisfied the
BD quality standard; hence, the viability of BD blended with waste tallow as fuel was verified. The
experimental results on the kinematic viscosity reduction showed that heating is more effective in
reducing the kinematic viscosity because it took less time than ultrasonic irradiation, and the equipment

was cheaper and more straightforward than the ultrasonic irradiation method.
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Hlo] Q TJA(BD: Bio-Diesel)2 A4 ¥4, 554
A 5 FAA Ho]ujAo A §HEoi A= T 95%0°]
Aol 28Y ool AEsl El= gelHR= CO(Carbon
monoxide), HCHydrocarbon), PM(Particualate
matter) 52} #7MIEEE R0l BIsl A viEETH4,
5. E3L AR fARE E9% BT} performance
factorg 7HA|AL Qlof 71& 7139 £& WA gQlo] HiE
A8 5= o] FARE WAl oUA & ZgHt
I 4] 2, vl et o] YRR AEY Y
< 90%°1F ARSSEAL Qlof ARt 714 AFs, Al
U 2% 3FY E4E 59 AV & 5
A 2YY 2 TR Qg HoletAY] &2 7}
A8sto] EA17F "oH6, 71. Bankovi¢-Ili¢ et al.
(2014)° W=2H A& YRE P43t vio| ot do] 7t
AL US$ 0.27/LE 7]1& A& A Hiol 2o (US$
0.5/L)7 Z(USs$ 0.35/D)2] 71& vl Ztzt 46,
23% W2 20 & HsHIrh8]. 53] sfHierlay ¥
2 742 US$ 0.42/L= & Hio|etjd JArA9] oF
84%E AARITHO). olo] wet TE A, H48-H
I 22 HiA AYS &8sk Hio| o] #gt
TE°] olFo{A 1 JYrH7, 101

HEA A F A= A Qe voletd ¥
220189 v|=9] A Holetd Ag g AMERE 93
= 9F 224t tono 2 Addiy] oF 148 J7KsE Ao=
BUEQITHI1] A= ESFAAE TeFo] 47-63%=
Eol Ae717} =11 4Bk /do] EXRE =2 5=
=2 CFPP (Cold filter plugging point)Z <l3}] A&
5730 2ol SltH12l. A4 Y9 A% Exs
AL ghgol 85-96%[12]1% &t 5 =9 CFPP7t
HH13]. 59, siEieirlie A AlA vleletd 4=
9] OF 13%E AAISt] | (84%) ThHa & ol ARE-
e 988 ZIRTAE FeFo] oF 9%E RTH14]. ol
B Ao A= ESIA]HFAE (SFA: Saturated fatty acid)
I} EXSIAHPAHUFA: Unsaturated fatty acids)e] &
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StEg 74 B vloletde] AREA NS sl
SR} sftEt] Q4 Hiolerde] e ' ARSI
2t gt
Hlo] et Ao] Yu7t H= fAEY] A4 2442 A
EAS AAsIE 2 8919F Dogan et al.(2013)

L
g

o] W= 9] SFA g=fo] ghAstal UFA ool &
7FESE FEA, §540] Skete] AAst 227t ot
Aokl 25kt 10]. Taravus et al.(2009)°] w24
SAet splErlas EFet voledde FHme
CFPP7} ZHAdhs 202 Uepgrt 94 20 wt%, siHt
27l 2 80 wt%S TSt HiolerjAe] FHEeL
CFPP: ZH2Z} 4.2 mm®/s, OF -7CE 94| 100 wt% H}
o]t ZHE oF 8 mm?/set CFPP 7Tl vl 2
A Bt Ao® BsirH15] 1=u, A S|
£0] 371 A3$- SFA g S0l wet BHET St
Hug AE4 oY Egto g 484 &3t HlolQ
Al FHEE TaA71E Rolle A7 loH16].

BTAEE A7 vHslel da /54 B B4
2 52 FHAEE AUEHET SRS WA
AAE U HIo| &4 7FIRAS WRYAZITH4,
u|gsks Adfste] &
A7Rgsol tgFe =t
=g 345 98l Im
et al.(2008)2 Hlo] QLA 2215 ZAfsto] EXteh
o e eSSk sHokEo] AP E o TSk 35t
E2 07 oto] A=E Ao 27%7HA] TAAE 5 9L
b B 178k3tH19]. Yoon et al.(2008)2 0T 2+ 80T
oMl vloletde] FHEE 72 39 mm’/s, 2.5
mm’/s2 2% F710) wat BHE7} 93.5% FAgichal
HUSFATH20]. Galle et al.(2013)0] W2H S-S vf
o] TjAE 90T R 7Hgstd HielQrjAe] WU, THA
go] AstElo] FR9] THEL} vt =EH] ST
7t ZAasitty BskeH21]. Hloletjde] FHE 7
A a= ARAAS P @t 9ot Sivalakshmi
et al.(2013) o w2H Hlo]tjAd tud ofg 2 3
7t 5ol SHE Aot ASdagnt driH|gol
FAFET B 15tdcH22]. Du et al.(2018)0] WEH
vto] o tj Ao FHET} 25.5% HAsHE BEIAA7]7}
41% E01E0] A4} 20% 718 & Yok HustH
oH23].

olof] £ AFolAls A9t sfutelrfE Este] A
23t vpol QtjA o] HEEAT AREGS st Bt
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Ao} e Hestel 2710 wlel hE FAHE dd
ane PEota vwsle] wet aubHel vl B
AT g2 e AR St

2. Mz % dihH

2.1 A=
AU HlolaR ol 988 o] §le] £A}

g FEPHOE YU FEol1 E-ES ARTHE
A7 F A3 ALH sl g AE 9

9902 ALg3ILE. Table 12 A1) AFgT .29
)2 e Aow 9A QU Sutelr el B3
Hlge 920918 20 wi% MSE B2 247} 91, 73,
5:5, 3.7, 1:99] |2 EgoIATH15, 24]. A

FIOI‘ r[r

o] ¥ 5T 50 golth. Ao AT IF-22 99.8%
Feke (Duksan, Korea)S ARE3IA, S ut

S7d0] £1l 7140 Aot & oAHZ wd vt
5o F2 AREE FABUEE93% GR grade,
Duksan, Korea)& ARFSIATH25].

Table 1. Names of samples used in experiment

Blend oils Nominal name | Tallow oil contents (%)
TASU 9 90(45g)
TASU 7 70(35g)
qhatow o TASU 5 500259)
TASU 3 30(15g)
TASU 1 10(58)

2.2 ()-”AF_-”E nlsk v

- O

o AHZ W3 ¥EHTR: Transesterification Reaction)
> WE2EE HEEe] E=4 oI5kl 60CE shal i
HHEE 300 rpm, WESARRE 1AZEY] 2AACA Zu
NaOH(sodium hydroxide) 1 wt% [26]& AME5FA L
Hes/EdA Ele 611, 8 1, 10:1, 12:1, 14112
HEIAA ARSATH27]. SEYAE S HlolL
qds &9 4971& O]Qﬁ}oq g = 4% 8
EEE2 AASH] A8 SFF= AFEsd 250C2

60=7F 7ot H2 E-ES AASHIH. vol2uAd
A% A2 A=d 247 53] BHESIlY 1 i 3
w2 UERfIH

2.3 HIO|C|A EY M

Azt wpolerjdel Akl wE o AE|(FAME:
Fatty Acid Methyl Ester)= EN 14103928 HA3}
Ak ARRE A= FATERE T (GC6850, Agilent,
uspol  EZol2st  FE7|(Flame
Detector)E AMRSIAT} Hlo| QT YAk
2 Aklstglrt.

lonization
8.2 4 (1)

Biodiesel prouction yield(%) =

Mo: A4t HlE o8 F7F (g)
M: ARget 2 37 (g)

M

Q. |9} HigkZ/ Al EH]7F FAME S} |t
oletid gikpgo] mA= FFE FASH] HAs
SPSS 20.0 (IBM Corp., USA)& AHg-sto] thisk 24F
4 (MANOVAYE AHASHL AA8L Tukey
HSDE AREsH3ith 2H2+9] H9 aQlo] Hio| e A4k
&7 FAME 2ol A= 9 w85k 18l 4] (2),
4] (3)& o]gsto] AW 7|oJ&(PC: Percentage
Contribution ratre)& AAIote] AEHE7F Ao 1]
A= FFS ZA6II 710 AddS A exte]
719 o] 15% olst7t HojoF ZF =5 1319 7]
& &2 AF T 5 Slohzsl

S, =58, — V,xdf, )
8§ =48]l 9] 49 wAAEY #

SSi =9a]l i WA &

Ve AY oape] FA

dfii 5989 i9] /=

’
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EER

PC(%) =
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Table 2. Standards for the quality and testing of the

biodiesel
Specification Unit S?alﬁgi;:d Standards of tests
Content of FAME |volume %| = 96.5 KS M 2413
plucgoéil:l;?im © <0 KS M 2411
Cetane number - > 47 ASTM D 6890
Sulfur content mg/kg <10 KS M 2027
Carbon residue wt% <01 KS M ISO 10370
Flash point T > 120 KS M 2010
Kinematic viscosity| mm?*/s 1.9-5.0 KS M ISO 3104
Density kg/m® | 860-900 | KS M ISO 12185
Calorific value MJ/kg KS M 2057

24 ¥ £F

7HdT 220 2Ab o2 M HSHE S5 9
3l heater(Corning, PC-420D), sonicator (VCX750,
Sonics & Materials Inc, USA), %A (LVDV-1I
+Pro, Brookfield Eng. Laboratory, USA)E ARSI
o A==4 2% HYE 20T, 40T, 60T, 80T, 10
0T, 120T, 130CE sttt 251 2AR} 7Hdo] w
AEY Hrs ARE HAARGY Y1 2o o
3t BAE E7goto] Atstatt. a8k Ad
UL R Hro] A&t e AY2 53] BHES)
o AH&E A9 BH=Rl 2.35 mm’/sol5t
= d8d FY 2L &S] 3t A A
&SIt TEH A (H)E ol8std] dud M2

A& vE BHE(mm’/s), T 2%(0), a,
b, c= A4S UEHdTH29]. 8= &7l AREE Hio]
L20AL vo] A9 HlEE 20 vol. % HIAA 4
o &343t BD20-BD100& A&t BD20-2 Hio]
04 20%, A 80%S Uity

S|
A

V=aT*+bT+c )

3. Zat ¥ uH
3.1 SYRY Hi0|”ORe| Het 59 =4

Table 3& TASU ¥lol20)89] 09 Sah], Hehe
97 Bole] W2 FAME gt vlo] o0 AR

=2 0w
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thet ZaHe e Zolch. Sk §2/2H] 10, 02
S| TASUTONAS) Hlolord A3t Aurt 94
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A2 e s
FAME ¥} BD $&9°] B2

/=24 1000149
247} 96.06%, 79%=

¢

UEPHDL @ 4egH] TASU7 1419 FAME &3 BD
T B A7 94.4%, T6%E 7P w2 HAER

vegth dee/4A B 10& 71802 WEe 12
ml, 14 mol o142 FAME 3, Hio|et|d it
Zrashs Aoz yehgtt E3E 2 d5ghH] TASU9Y
3% BE AT HQolA Hlo| et de] 71&(FAME 3
96.5% °E TS ofA| ok ACE Yyt g
ZEujE o83k TRY A% 98 |FANY KR4
(FFA: Free fatty acid)@sFo] 0.5% ©Js} & ujj Hkg-o]
HgoHA o|FofA =t A9 B FFA7} 1.3% o4
TFEo] o] TRYHS Al ohFe] H|[F3t dAYsto]
FAME st} AAka=go] kagt Ao= woHET{30.
31]. ®3t, ©X9] 13T SFAT} &S FFASHES %o
aIE TAAA BHgo Eadt e Fe FTMIZIG
(32]. 2=, 274 wgkgold Hghgo] F9=H |5
=7t S7ts]o] SR} ol AE Q] 287t o]FA = o
Agkgo] ZrAHETH33 ol Ax A, sfuierlR
33 Hlojo g AR Al oY E9hu|go] wE 2 o
e /94 EH1E PEohs Zo] Holedd Al &
a3t gRlojzt Wk

Table 4, 5& Z47+9] A¥W47F FAMEgE} Hlo]
Q) ABAg=go| uX|= ol s EAF Eolch
Table 4= HWgE/§A B4 od EdHo =&
FAME $&& EAREAS A7t A3 0x19] 7]ofgo]
THE 7 ZHaRlo] Axlo] njA= FFe HEGS A
FEe ZF 249 fo8g2 99% oo E YeRdth
AR 0] Aytz AlXbE SY 3 FAME Eef] of
3t 714 8(PC)2 EH]& 50.9%, 2 &3] 5.9%, &=H]
€3 2 JBFH|9] WS A-go] 36.2%= UERt FAME
ghgoll vietE//A E8l7F 7P & QTS X Ao

2 U

Al
=

Table 52 "&h&/fA Evlet 2 Egtvlof w&
Holetd Bikrge BARRAT ddE Adeatd

7]odgo] 7%E Uehdtl Hlo]QTid MAlgol tisk
71088 BHE 47.4%, EH&3 2 J5gu|o] W oA
& 41.2% 29 T 44% o2 Yergt). voler]
A PAgoME HEE/HA EX7 MY & Q=
e Aoz FIE it
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Table 3. Effect of oils blend ratio and methanol to
oil molar ratio on the FAME content and
BD production yield

Methanol to oil Blend ratio FAME BD production
molar ratio content(%) yield(%)
TASU 9 92.1 73.5
TASU 7 91.1 71.2
14:1 TASU 5 89.7 69.2
TASU 3 86.1 64.7
TASU 1 85.3 63.8
TASU 9 96.4 80.9
TASU 7 96.2 79.4
12:1 TASU 5 95.7 77.8
TASU 3 92.2 73.9
TASU 1 89.3 69.8
TASU 9 95.5 78.2
TASU 7 98.5 83.4
10:1 TASU 5 97.3 81.4
TASU 3 94.8 76.6
TASU 1 94.2 75.6
TASU 9 92.8 74.3
TASU 7 95.7 77.7
8:1 TASU 5 96.2 78.6
TASU 3 96.4 79.1
TASU 1 96.6 80.1
TASU 9 85.2 61.7
TASU 7 90.6 70.4
6:1 TASU 5 92.4 73.4
TASU 3 93.2 75.7
TASU 1 95.8 78.1

ole} 72 Aik= EFRA HloletAdo] o E9H]
£ol| wheh A9hA 2/98|7F HstE| T FFASHRE 83
% 59 HalR dhgo g7 EE A wehE/fA] Eh
9] Zpo]7} bgtoll w2 Ao 24, sfuletrls
Q2%Yg o|83lt HoletA Az Al HGF] HghES
AMgol= o] QU&F viol et A A|RoA FQ5HA
JEojof @olog mrher

Table 4. Analysis of variance of the FAME

Table 5. Analysis of variance of the BD production

yield

Factor SS df Y F SS”’ PC(%) | P-value
Mimolar 0,5 43l 4 | 485.86|211.63(1934.24| 47.4 |< 0.0001
ratio)

Bblend | 0003l 4 | 47.21 | 2056 |179.65| 44 |< 00001
ratio)

M+B  |1715.06] 16| 107.19| 46.69 [1678.32| 41.2 |< 0.0001
Error | 229.58(100| 2.296 28469| 7

Total | 40769 |124 40769 100

32 Hlo|RC|Mo| 12 £4

Table 6= TASU7 Hfo| U4, fjule}7]f Hiol 2t
A (SU BD)[34], $-A] Hle]2TA(TA BD)[351 T+/d5t
I e AL HE oJAEE YERR Zo= TASU7 vt
o]QujAo] ZSLA|AF HEo| AE|(SFAME: Saturated
Fatty Acid Methyl Ester)} EXS}A|HFAF HE o] AE]
(UFAME: Unsaturated Fatty Acid Methyl Ester)&%F
2 ¥} 41.9%, 56.4%% UERL SU Hio] 2t H]s|
UFAME %2 745191l SFAME 32 S7Fstith
Hol @t AS G5k A4 HE o AE Q] 2AH=
AL, dEE, Ae7te} 22 o]t ArE/do|
B2 FaFE v)ZITH36].

Table 6. Fatty acid methyl esters composition for
various biodiesels

Unsaturated fatty acid
methyl ester (%)

Saturated fatty acid
methyl ester (%)

C14:0| C16:0 | C18:0 [C16:1[C18:1|C18:2|C18:3

Biodiesels

TASU7 BD | 1.8 168 | 233 1.1 522 31 -

SU BD - 4.5 4 - 82 8 0.2

TA BD 2.7 253 347 | 20 [ 317 | 08 -

Factor SS df A% F SS* | PC(%) | P-value

M(molar
ratio)

916.66 | 4 |229.16 |281.58| 913.4 | 50.9 |< 0.0001

B(blend

ratio)

109.61| 4 | 274 |33.67|10635| 59 |< 0.0001

M=#B  |68835| 16| 43.02 | 52.88|651.16| 36.2 |< 0.0001

Error 81.38 |100| 0.814 125.09( 7

Total 1796 |124 1796 | 100

SS: Sum of square deviation, df: Degree of freedom, V: Variance,
F: PF-ratio, SS": Purified sum of squares deviation, PC (%): the
percent contribution

Table 7% TASU7 Hpeletds}, SU Hpol2Hd
[34, 37, 38, 40], TA Hlo]HA[18, 41, 42-45], B+
(CD: Conventional Diesel)9] A5EAIS YEIH AHo]
o 98 B S Aeve AR, gatdast 22 o
AFAI G- TA Qe BAHCE APt =2
AF dagdo] FEY HiEEs =7k d4E
tH40l. TASU7 Hioletjd2 SU Hio]r]dof uls
palmitic (C16:0), stearic (C18:0) acids®} 72
SFAME®] &&Fo] =31 UFAMEQ! linoleic (C18:2),
linolenic (C18:3) acids 5°] ®oF Net77}t S7Fst A
o= ETH40].
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Table 7. Fuel properties of conventional diesel and
various biodiesels

Description TASU7 BD | SU BD | TA BD CD

Cetane number 56 46.6-51.9) 58-59 48

Calorific Value (MJ/Kg) 412 38.1-41.339.9-41.9 45
Kinematic viscosity a| . B

40 C (ifs) 4.53 4.16-4.74[4.1-5.35| 2.35

CFPP (C) -15 -6-2 8-10 -33
Density at 15 T ~

(ke/m3) 874.1 863 [870-877| 820

Flash Point (C) 168 165-177[150-172| 60

Carbon residue (m/m)%|  0.004 - 0.05 0.12

Sulfur (mg/kg) 1 - - 11.7

TASU7 vfole iAol Bk 41.2 MJ/kgl & SU

Hio] Qo] Wrgsko] Hls F7Ie AoRE et
Verduzco et al. o] W2 BDO] WdFL A|HFAF B}
ol GRS ol EA}FFo] 2 stearic acids (C18:0)2F
2o SFAMEQ] HdEke UFAME?R! Oleic acid(C18:1),
Linoleic acid(C18:2)°l ®]all &rhal X1l cH46].
olo] w} TASU7 Hio] 2t SU Hpo] QtjAof H]sf
EAFo] & SFAMEZF S7Hstol| whet rggo] S71st
Ao WoET). /9] dd=k] Hlsf vio] o]
gfo] W2 AL 10-12% F= Hio] Ao 3h3-x o
U= AkrgFo g gt Aoz WETHA().

TASU7 Hto]2tjAo] ZhRetaiyt R g0 v
3 Wi Aol 713 A& Al fE7HATF AA viEE Ao
2 fEnH37, 471

TASU7 Hlo]Qt&o] CFPPE -1.5CE TA Hio]Q
tjAo] CFPP 8-10Tel Hlsl A g4 Aoz Yet
Y3 vl QujAe] EA7|&l CFPP 0T °J3kE T3t
At} 28u, SU Htole o] v CFPP7L 2 A2
QA geF Z7to] whet ekAZoelrt 71 SFAME ol
7¥sto] CFPP7F B w2 ZACo2 WHETH39]. Dogan
and Temur (2013)0] w29 vlo]o Ao EAHL7}
Aol AAsE 2571 Wopxltkal B skrH10]. o]
of et FHE FAE B9 AR89 AL 54
Mgt & 9lg Aoz woEc

Hlo] @ TJA9] =2 =T SFAME 3} Al&o]
71 EAaYA}o] W Ao g TASU7 HloletAo] 53
EE vlolotde] HHE E471%9 1.9-5.0 mm’/s
£ wESIYTh E3H TA HlolenAo] H|E] e
SFAME &#C & Qo S-=7t WA Yttt [46]. 1
2L}, TASU7 Hpoletjde] FHEE 489 5H=
Hlgl] oF 1.94] Eof AAFELES A7, 7HE EF

=

[s]

Ak

385

2, 4= 3F A% BAE 2L S UrH14, 171

TASU7 Hloloul8e] dArs4 84 A vloler]
4 £4 7|22 BT uEsls Ao8 Yeht $AS b
olorle] ARE AT 5 i Fe g ARSI
SHAIT 9219 & HIAPAT PFe] FFo2 Svhe

AL /WSS AT 5 %ol olF et 9
3 weto] a7Er,
33 ¢IE X2 Yol M2 SHE Hsl

Fig. 1= TASU7 BD-7% £ =(BD20- BD100)
£ 71Es19S o] BHx HeE YERd Aol 19
o] AL FHo BHEE HASH A 0Z Hlo]or

i

fo

-6 SR Lot FAEY HUWALE 19
o Lhergist.

BDS} A9 S3Hled AAHaAAE ol8st F
9] £4%09l 2,35 mm?/selshrt H dud XF 7}
g 2xE AHE319Th BD100S 110T, BD8OL 97T
oA 2z} 2.82 mm?/s, 2.76 mm®/s7t HA BHEE
Ueh} 479 SHE o3tz AR = Aoz 4
ERgdt}. BDGO, BD40, BD20S 7+ 90T, 71.5C, 57.
509 W A%/} 2.35 mm?/solakE 4 Sitt. BD
o] 90| £84E THEI %A Uerdal BD H|
0] 5258 3L TAEL F AoE Ut 2
Lo @2 BDY] A% ¥dle= A4 o) w2 JF
S ®=t} Yuan et al.(2009)0] WE2WH FHE7} 7
=2 AHRARQI stearic acidsE 98.9 CT=Z 7I¥sHd &
Ax7t 5.61 mm?/solA 2 mm?/s2 FAdle] EHE
FaZo] 7P Atk Hsk{rH48]. 3, FHETt
5.7 mm?/sQl Soybean@lEoAE®}t 7.1 mm?/sQl
yellow grease WEoJAEE 100CE 7IEFS o] &
HEl Z7F 138 mm?/s, 1.51 mm?/s& ZAsie] £
A9l ATl fAkeE AFOE LERTHA9)

Fig. 2= 231} &AF A] TASU7 BD-H
o] A% HWskE YEhd Aoz I79] 42 2gut
Ao 2 AR89 259t FHEY] A AE UERd
Zoltk. AAEA LS o83l AR BHE olait He
LEE AE3 27 BD100S 116To1A 3.38 mm?/s,
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