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Response Surface Methodology to Optimize Production of Biodiesel from the
Mixture of Soybean QOil Sediments and Soapstock
JIN Bo,ZHU Min,FAN Pei,ZHAO Jun-yi, YU Long- jiang

(College of Life Science and Technology , Huazhong University of Science and Technology , Wuhan 430074 , Hubei , China)

Abstract : As the global fossil fuel deficiency and environmental degradation are becoming more and more serious , biodiesel
is received increasing attention as an alternative, non- toxic, biodegradable and renewable diesel fuel. The production of
biodiesel from the mixture of soybean oil sediments and soapstock was investigated in this work. In the first step ,the mixture
was extracted with ethyl ether and the mixture was divided into three phases. Ratio of the weight of mixture to the volume of
solvent was 1:2(g : mL),and extracted at room temperature for 2 h. The organic top phase contained triglycerides and
phosphatides was extracted with cooled acetone and the acetone insoluble ( phosphatides) ,a fairly high value by- product,
was obtained , which could reuse and reduce the cost of biodiesel production. The triglycerides were also separated. In the
second step,soap phase was then acidified with sulfuric acid to yield fatty acid. The mixed fatty acid was efficiently conver-
ted to methyl esters by acid- catalyzed esterification. The response surface methodology was used to optimize the esterification
reaction conditions of fatty acid. Results showed the factors influence the esterification reaction was the molar ratio of metha-
nol to oil,reaction temperature and reaction time, orderly. The molar ratio of methanol to oil and the reaction temperature
had significant interaction. The optimal reaction were 5:1 methanol/ fatty acid( mol/mol) with 3% H,S0, (wt% ) reacted at
87°C for 4.74 h,giving a maximum ester yield of 92.5%.
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Fig. 1 Process flow diagram for biodiesel production
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Table 1  Effect of solvent volumes on the yield
of crude phosphatides(wt. % ) isolated
from the OS-SS mixture

Vi A EA{AFL Acetone volume
Ethyl ether
volume 2.0 4.0 6.0 8.0

1.0 1.60+0.18 1.74+0.19 1.82+0.18 1.93+0.17
1.5 1.82+0.15 2.65+0.26 2.52+0.17 2.45+0.23
2.0 2.26+0.17 2.87+0.11 3.18+0.14 3.17 +0.19

3.0 2.04+0.13 2.65+0.20 2.97+0.25 3.11+0.16
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Table 2 Analytical factors and levels for RSM
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IKF- Methanol/fatty Reaction

Reaction time/h
Level acid molar ratio X temperature/ “C

X, : X,
-1 3:1 2 60
0 4:1 4 75
+1 5:1 6 90

MR 2 B9EHE , A Design — Expert 7. 0 #5144
Xof i B 5 2% PR R AT mUH G J5 , FTAS- 3 51 [0
HT7#E

Y = 88.62 + 6.33X, + 2.38X, + 4. 88X, +
112X, X, + 4. 56X, X, + 0. 21X, X, - 4. 73X} -
4.52X; - 5.38X;
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Table 3 Program and experimental results of RSM

iz X, X, X, L
Number Conversion/ %
1 -1 -1 0 70.56
2 1 -1 0 83.68
3 -1 1 0 72.82
4 1 1 0 90.42
5 -1 0 -1 74.53
6 1 0 -1 75.36
7 -1 0 1 72.54
8 1 0 1 91.62
9 0 -1 -1 70.23
10 0 1 -1 74.82
11 0 -1 1 82.21
12 0 1 1 87.64
13 0 0 0 88.76
14 0 0 0 88.13
15 0 0 0 88.97
F 4 RBIRSHTER
Table 4 Results of regression analysis
J7 2EA R FOrE AME 5 F1E P-value
Source SS df MS F value  Prob>F
Hi% Model ~ 874.70 9 97.19  16.77  0.0032
X, 320.42 1 320.42 55.28 0.0007
X, 45.22 1 45.22 7.80 0.0383
X5 190. 81 1 190. 81 32.92 0.0023
X X, 5.02 1 5.02 0.87 0.3947
XX, 83.27 1 83.27 14.37 0.0128
X, X5 0.18 1 0.18 0.030 0.8683
X3 82.65 1 82.65 14.26 0.0129
X3 75.39 1 75.39 13.01 0.0154
X% 106.72 1 106.72 18.41 0.0078
%% Residule 28.98 5 5.80
ST Lack of fit  28.60 3 9.53 49.88 0.0197
Zli1% 7% Pure error  0.38 2 0.19
Mg 9% Cor total  903. 68 14
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Table 5 Properties of biodiesel synthesized from soybean oil SO-SS mixture,

No. 2 diesel fuel, American and German biodiesel standard

IR WRH WA U
2K - 244 ’ FEI
Biodiesel ( soybean oil Australian biodiesel
Properties No. 2 diesel fuel German ( DIN)
sediments and soapstock ) standard

W B Density at 15°C/g * cm ~° 0.89 0.83-0.86 0.875-0.900 0.875-0.900
FhiE Kinematic viscosity at 40°C/Cst 5.2 3.0-8.0 6.5-8.0 3.5-5.0
[N 5 Flash point/°C 113 >55 > 100 >110
P Calorific value/KJ g~ 34.6 35.3-36.3 - -
FR{H Acid value/mg KOH - g~! 0.38 <0.50 <0.50

3 &g

LRI A= 1y 5 0 B4 JIT TR i ) e A T A AR 2
o AR A T T ARy SR AR 7 A ) e
s JEURHZ ZE O B N WRAR | P PR R, AP R el
[T MACFE AR T WA 1 A v B 80 7 oty A R AER 2B 4
S B A 7 AR, Ve 22 R A AR A B I A A )
S R T I N7 T 3 X PR P S T S B A T T AR
e, FAR RN RIET AR . 7 2 Hra R R W 45
PR R BE JR FEA FEAL R A2 R o, HEUOR
O3t E RS N s 8], T R B 7K B AR B o I 2 A 52
PRI 250 1009 O7 28 A A I B (i 2 X =
0.99;X, =0.37;X; =0. 80 H sk S I iy fie 4 T
LR NBERREE /R LA S5+ 1, ORI 6] 4. 74 b, [
R 87°C, oy [ 51 75 e 900 P T s 17 e A 3 ml ik
7 93.8% . Zeid Bk, W F -5 52 B 22 [R]AH X 52
22/ 2% o Al D, SR RS 1T 23 B 325 6 15 Ak
SR TS BEATIEA , T RS i a0 1) DA B4 TR 1 B
HEAZHARE FIRE SR 8y 8 50, %o e (T 20 2% A
([ GREEP GORUIRITIN Cili D ek 7/ =08 35 %i X S o /T

DA S D Ay TSR i 6 P 24 90 S AR T A A2 245
TR T 5 T [ S v B A ] e, mT LA 5
TR

&% 3k

(1] WEBATL, BR, B4R, 55 A Sl & BoR s ox ke [ 1],
AT ,2006,35(12) : 1119-1124. (Han M H,Chen H, Wang
J F et al. Advance in research for preparation of biodiesel oil [ J].
Petrochemical Technology,2006,35(12) . 1119-1124.)

(2] DG, AW e, B s proe (1], i
Wfg,2006,31(4) :59-61. (Ma C G,Si Y B,Hou H F. Prepara-
tion of biodiesel with soapstock [ J]. China Oils and Fats,2006,
31(4):59-61.)

[3] SR EES, GAM Pk m R ER Tl &40
S 7). KT RME,2007,26(4) : 603-606. (Guo H Z, Jiang
H L,Zeng H Z. Prepation of biodiedel from soybean oil with high
acid value by two- step catalyzed process[ J]. Soybean Science,
2007,26(4) . 603-606. )

[4] Canakei M, Gerpen J V. Biodiesel production from oils and fats
with high free fatty acid[ J]. Transactions of the American Society
of Agricultural Engineers,2001 ,44 :1429-1436.

(TF#% 531 W)



532

334

[13]

[14]

[15]

[16]

[17]

[18]

[19]

SR, AT AR SR. PRGN R 5 R B A TR S T
B ARBEFE[T] . AR RE 1997 ,11(3) :138-142. (Dou T D,
Li B T,Shen C R. Research on rapidly detecting Phytophthora so-
jae by ELISA[J]. Plant Quarantine,1997,11(3) :138-142. )
SCEERTRIERY V. 2 s BEHU RGN 2 B SR AR P 1R A
BIR LR [T]. AR degell K240, 2002, 33 (3) : 209-
212. (Wen J Z,Zhang X L, Xin M. Polyclonal antibody- based
immunoassay for detection of Phtophthora sojae in pure culture
and in inoculated soybean seedlings[ J]. Journal of Northeast Ag-
ricultural University,2002,33(3) :209-212. )

JEV R, ek SRR A, S R SIS AR WF T — e ST Y
NEKELT]. KEE,1995,9(5) :257-261. (Zhou Z H,
Yan J ,Su Y C,et al. Research on quarantine of Phytophthora so-
Jjae-isolation and identification of pathogen[ J]. Plant Quarantine,
1995,9(5) :257-261.)

Nygaard S L, Elliott C K, Cannon S J, et al. Isozyme variability a-
mong isolates of Phytophthora megaspermal[ J]. Phytopathology,
1989,79 . 773-780.

SCEEEE . R AR 3 TR G 8 R Ty R T AL A i A
FLD]. MR AR JEMROE K2 R2E B, 2001 ; 45. (Wen ] Z.
Detection and identification of Phtophthora sojae and transmission
of Phytophthora root rot of soybean[ D ]. Harbin: Northeast For-
estry University,2001 ; 45.)

Li S,Hartman G L. Molecular detection of Fusarium solani f sp.
glycines in soybean roots and soil[ J]. Plant Pathology,2003,52 .
74-83.

Kong P, Hong C, Jeffers S N, et al. A species- specific polymerase
chain reaction assay for rapid detection of Phytophthora nicotinae
in irrigation water[ J ]. The American Phytophthological Society,
2003,93(7) :822-831.

[21]

[22]

[23]

[24]

[25]

MRET, SORE. R GRS W st Z R RAPD 434 T].
A [E R EY) 412 ,2006 ,28 (3 ) :330-334. (Chen HY ,Wen J
7. Genetic diversity analysis of Phytophthora sojae by using RAPD
[J]. Chinese Journal of Oil Crop Sciences, 2006, 28 (3):
330-334.)

WRERIAT, 508 5, E U5 , 45, A e A R S B s i 4 7 M G
FBER DNA-TTS J350 53047 [ 1], At #2741 ,2004,34(2)
112-116. (Chen Q H,Weng Q Y,Wang Y C,et al. Identification
and sequencing of ribosomal DNA-ITS of Phytophthora sojae in
Fujian [ J ]. Acta Phytopathologica Sinica, 2004, 34 (2):
112-116.)

FNLE SR SCR], EURR, AF. R R ITS i [T].
B Al KRR, 2004 27 (3) :38-41. ( Wang L A,Zhang W
L,Wang Y C,et al. Molecular detection of Phytophthora sojae u-
sing ITS-based PCR assay[ J]. Journal of Nanjing Agricultural U-
niversity ,2004,27(3) .38-41. )

BRI, BEdiR A8, E e, 46, REDER M4 TR 1], vade
SMBHE 2% % i (1 AR BL £ 1) L2005, 33 (8) :73-76.
(Chen C Q,Kang Z S, Wang X J, et al. Molecular detection of
Phytophthora sojae[ J]. Journal of Northwest Sci- Tech University
of Agriculture and Forestry,2005,33(8) :73-76. )

ZJ0 Tt 32 H PCR- RFLP HRic # il B INEERR I [ D ] . W& R U
ZRAbA ML K2 A 22 B, 2001 4. (Qin X S. Use of PCR- RFLP
marker to detect P. capsici in Squash [ D ]. Harbin: Agronomy
College of Northeast Agricultural University,2001 : 4. )

TR g 2 L. KL IRBENS T A 2L/ INVRD 1Y () Tl 4
()] KERH,1998,17(3) :219-223. (Yuan F J,Xu J X,
Yang Q K. Isozyme analysis of Cercospora sojina Hara[ J]. Soy-
bean Science, 1998 ,17(3) :219-223.)

(£4% 500 7 )

(5]

(7]

(8]

(9]

Ghadge S V,Raheman H. Biodiesel production from mahua( Madhu-
ca indica) oil having high free fatty acids[ J]. Biomass and Bioener-
gy ,2005,28 ; 601-605.

Meher L C,Sagar D V,Naik S N. Technical aspects of biodiesel pro-
duction by transesterification- a review[ J]. Renewable and Sustain-
able Energy Reviews,2006,10; 248-268.

Hass M J. Improving the economics of biodiesel production through
the use of low value lipids as feedstocks: vegetable oil soapstock
[J]. Fuel Processing Technology,2005,86:1087-1096.

Freedman B, Pryde E H,Mounts T L. Variables affecting the yields
of fatty esters from transesterified vegetable oils[ J]. Journal of the
American Oil Chemists Society, 1984 ,61:1638-1643.

Canakci M, Gerpen J V. Biodiesel production via acid catalysis[ J ].
Transactions of the American Society of agricultural engineers,1999 |

42.1203-1210.

[10]

[11]

[12]

[13]

[14]

Ma F,Hanna M A. Biodiesel production; a review[ J ]. Bioresource
Technology,1999,70; 1-15.

Zullaikah S, TLai C C,Vali S R, et al. A two- step acid- catalyzed
process for the production of biodiesel from rice bran oil[ J]. Biore-
source Technology,2005,96 :1889-1896.

Haas M ], Bloomer S, Scott K. High- efficiency synthesis of fatty
acid methyl esters from soapstock [ J ]. Journal of American Oil
Chemists Society,2000,77 ; 373-379.

Haas M J,Michalski P J, Runyon S, et al. Production of FAME from
acid oil ,a byproduct of vegetable oil refining[ J]. Journal of Ameri-
can Oil Chemists Society,2003,80: 97-102.

TRoRERG XU, TR T R Wl O TRV DI P AR S 4 S L AT 5
[J]. b2 TFE,2007,35(3) ; 63-67. (Xu G Z,Liu H L, Zhang B
L. Optimization of lipase- catalyzed transesterification by response
surface methodolog [ J ]. Chemical Engineering, 2007, 35 (3):
63-67.)



