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Development of Biodiesel Production Equipment from Animal Fats
and Consideration for Reaction Condition of Animal Biodiesel

Yong Hun Kim*, Young Hak Cho

Abstract

In this paper, we analysed fatty acid methyl ester contents in the biodiesel which is produced from the newly developed
biodiesel production equipment. The lard oil was used as the raw material through various experimental conditions. Thirty
one experiments were conducted, which were based on the experimental conditions that designed by central composite design
method. The effects of four independent variables, including reaction temperature, reaction time, oil to methanol molar
ratio, and catalytic amount, were investigated at five levels using central composite design (CCD). Fatty acid methyl ester
content was chosen dependent variable. Although the results of analysis of the surface with an irregular surface geometry
showed that the biodiesel was partially impure after the reaction due to the natural characteristics of the lard oil as the
raw material, we could confirm the relationship between them from the facts that the production amount of fatty acid methyl

ester changes according to reaction temperature, reaction time, oil to methanol molar ratio, and catalytic amount.

Key Words : Biodiesel(H}o].2. t]A), Lard oil(B}= 3, Raw materials(2l %), Reaction condition({F-8-274), Fatty acid methyl ester(FAME,
ZHPAF HElo| AH| 2), Biodiesel production equipment(H}0]. 2. T A2 #}X)), Central composite design(Z413HAIAA)),
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Fig. 1 Trans esterification reaction of triglyceride
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Fig. 2 Design of biodiesel production equipment
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Fig. 3 Biodiesel production equipment
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Fig. 4 Flow chart of biodiesel production process
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Table 1 Factors and their levels for central composite design

Variable

Symbol

Reaction
temperature Xi 50 55 60 65 70
(©)
Reaction time
(min)

Oil to
methanol
molar ratio
)
Catalytic
amount Xy 0.5 1 1.5 2 2.5
(wt %)

X 10 15 30 45 60

X3 1:5 1:10 1:15 1:20 1:25

Wik, GA7hE Aol AMg-sFITh RAI2H BHg-of ARE-gF
AL HeE(+E 99.9%, Duksan pure chemical CO.
Ltd, Korea)<, §H3-ol AHESH Sl 2+ AtSHz-E(Duksan
pure chemical CO. Ltd, Korea)E AR&-3}4tt.

R0l whe ol ol Al AF AAI= SARH Wl
w2 2 W5 Au AnAg, 290 AR 52 Et
ot glo|E|E WS EHE A H(Response Surface Methodology;
RSM) 9] W o] w2} Minitab(Minitab INC., Korea) X & 12
= ARg-sko] §41514Ict. Minitab W €] 541 % AW (Central
Composite Design; CCD) Z&1HE o] &35}0] ‘?_}8_-_1‘ o]
MRS, S AT YR g Asle] vEg v, Zujg 53]
SR 5 454 QY] BEE ARSI 72 ABS B %
oo AE| 23} Hhe-9] k-2 high level 70C, low level
50C 2 AAsgon, vh-2-A|7HE high level 60&, low level
105, 187 Y48-9%99] WEke 8] high level 1 : 2

low level 1 : 52 A3}t ZulZF2 high level 2.5wt%,
low level 0.5wt%7} B =2 Z+zF =49 level S A A5}
G Table 1 % 9ol4 443 AHEAE Yersich, 4
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Table 2 Central composite rotatable second-order design, experi-
mental and estimated data for 5-level-4-factor response
surface analysis

o}, 7k~ I 20bE Ten A2 2L KONIX HR GC 4000B
GC, Z4H2 HP-INNOWAX(30m x 0.32mm x 0.25um)E A}
gatgrt. 9B 2wl 70C(Imin $4]) - 4 10C/min
- 195C(@2min $4]) - £ 10°C/min - 240C (8min -3-A))&
st on, QAE 25 9 HE7] 2hE BEFE 260C 3o
o, PRVIARE 1k AFS AHESISIh HE7]+= FIDE
AR

EF 542+ Fame Acid Methyl Ester Mix, C4 - C24,
Unsaturated(Sigma — Aldrich CO, Korea)E AM&-3}%10.1,
Az ol YAl AAE HE o AH 29 FA o At
T2 b 54ste] ZAsEGiT)

Oil to
Reaction | Reaction | methanol | Catalytic | FA.M.E
Std | Run | temperature | time molar | amount | Content 4, l*Elén-l E—gl _E_A4
(QC )9 Xy (min)a Xz ratio(-), (Wt%)’ X4 (Wt %)
X: _ N - —
- . 3 T Lard §-9F $481 25 Zl5 ARgslol, WS 2430
) 85'20 wte} lard -] Zloof A8 28} 9hg-5 4353t Minitab 4
T T T T e ZESe e T2 59 shid FHRNEAUL o8
T T T T T e 1S SE - 4w ARk o, ol o doldad2
T T T O USOR Qojdl At ¥eladze g FhUS
S o T e 2 Sl 92 23S Table 20 vehgict. FARAAAMe
SR T T Tmoe O AR Asadel) wet A8 skl 92 23k Run
R NI e 25(HESE 65T, WA 45K, v o) AR e By
T o 0 0 meas o= @ e gen, Run 2428 55C, A7k
1111 0 ) 0 0 94.95 15&, vigke of A =4 1:10, S 1wt%) o] 7oAl
2 | 12 0 2 0 95.29 7P S A e a2 e e it
3| 13 0 0 0 85.34 A HpiE HEAH R S-S 4R AAste] 3 EA
2| 14 0 0 0 0 85.34 S 83t 43S Table 30 YefRct SAR SR 2719
1|15 1 -1 -1 1 98.59
2 |16 0 0 0 2 98.82 Table 3 ANOVA for response surface
3|17 -1 1 -1 -1 83.34 Sum of .
> | 18 0 0 0 0 %534 Source squares DF Adj MS | F value | P value
2119 0 -2 91.10 Model 653.66 8 81.707 2.44 0.047
1] 20 0 0 89.46 Xi 88.97 1 88.974 2.66 0.117
2 |21 1 -1 -1 -1 98.57 X 9.41 1 9.413 0.28 0.601
1|22 -1 1 -1 1 95.62 X4 88.44 1 88.435 2.64 0.119
7 |23 -1 1 1 -1 88.31 X1 37.59 1 49.794 1.49 0.236
1|24 -1 -1 -1 -1 73.35 X 117.04 1 117.037 3.49 0.075
8 |25 1 1 1 -1 98.99 XiXa 57.57 1 57.570 1.72 0.203
28 | 26 0 0 0 0 85.34 XiX4 219.85 1 219.855 6.56 0.018
9 |27 -1 -1 -1 1 94.23 XoX4 34.78 1 34.781 1.04 0.319
17 | 28 2 0 0 0 96.27 Residual | 737.20 22 33.509
16 | 29 1 1 1 1 94.32 Lack of fit| 304.54 6 50.757 1.88 0.147
6 | 30 1 -1 1 -1 93.91 Pure error | 432.66 16 27.041
12 ] 31 1 1 -1 1 79.87 Cor, total | 1390.86 30
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wapo] g3t ALES B4 T, Pyl 7|28t de nd
A8 g3 o] Al
Y =87.1152 + 1.9254X, + 0.6262X, + 1.9196 X4
+1.3060X,” + 2.0023X,”
- 1.8969X,X> — 3.7069X, X4 — 1.4744X:X, 2)

A7]00A, Y SEHUFALAL o AH 2 oFFWt%)),
X1 ¥R =(C), Xots WHEAIZHmin), Xaz 0 H(wt%)
ofch.

Table 39| FARZA o] W2 FO)E0] 02 ot & 7
& AASRAS o wgh&e] o] AAE YwA] AF Ft
s 4

3

Methyl ester contents (wt%)

Fig. 5 Response surface plot representing the effect of reaction

Methyl ester contents (wt%)

Fig

temperature, reaction time on fatty acid methyl ester pro-
duction. Other factors(QOil to methanol molar ratio, Catalyst
amount) are zero levels

. 6 Response surface plot representing the effect of reaction
temperature, Catalyst amount on fatty acid methyl ester
production. Other factors(Oil to methanol molar ratio,
reaction time) are zero levels
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Fig. 7 Response surface plot representing the effect of reaction
time, Oil to methanol molar ratio on fatty acid methyl ester
production. Other factors(reaction temperature, Catalyst
amount) are zero levels
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Fig. 8 Response surface plot representing the effect of Oil to
methanol molar ratio, Catalyst amount on fatty acid methyl
ester production. Other factors(reaction temperature, reaction

time) are zero levels
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Table 4 Comparison of DF, BDF 100 and our samples o} E3h Hiol e oA A2 FA| Y] 27 ¥R Eof §)
Fuel Heat Value(cal/g) o] 22wl o] 7HA| FA7F ZEA Eof vl o} §l
= 000 S WS Aol B B ol SAZY ol WA

BDF 100 9,460 EeEl 9FE B2 AoR godd nhs EeEd AA
Our samples(lard oil) 04774 = 303 817] ek A A o 2o FA7E obd el 594 ¢l
A& o] Hagt Ao woheh 2 AfoA Az
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B2 65°C, BHAIE 608, WEhS2] & H] 1:25, ARl References
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