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Table 1 ~ Experimental materials

240 A=Wy e
B BKEE (40 °C)/mm?es™ 6.45 2.90
[A/C 94.0 86.5
g mL 1.12 0.85
pHA{E 3.60 6.84
FrIKE % 13.00 0.35
[C1/% ,wt 54.96 85.62
[H1/% ,wt 7.60 13.11
[0]/9% ,wt 37.23 —
[N1/% ,wt 0.15 —

IR ZRBIMBE T s AWM B A Gt/ AR B FEAL L
AR RVEH s B R TR A AR I AR
B VI IR HAR e M e BB AR L FE 109%~30%
JE RN, LA AR AR X b . R, AR S B
75 FLAAE P/ S 0 LA IR R E S AR
B AR BN T 30% 09 BT, & e FL AL
Span80 Fl Tween80, H. HLB=5, B FL AL 7 {4 B 43 %k
K 5% , IR A AR Ry B ZL R BUAR B4 B0 A= P ik
TR 20% , FLALIREE A 30 °C.
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Fig. 1 Emulsification process
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Table 2 Factors and levels of design

H% e
-2 -1 0 1 2
B 75 AR [k Hz 20 30 40 50 60
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Table 3 Experiment design and results

o P WL
T A OVREENGL R mn RN WEE Rfm  BRand

1 -1 -1 -1 -1 62.0 4.60 30
2 1 -1 -1 -1 41.6 5.10 18
3 -1 1 -1 -1 63.0 3.00 39
4 1 1 -1 -1 42.0 3.70 28
5 -1 -1 1 -1 200.0 1.85 33
6 1 -1 1 -1 78.0 3.11 31
7 -1 1 1 -1 210.0 2.65 49
8 1 1 1 -1 114.0 3.52 43
9 -1 -1 -1 1 88.0 4.30 43
10 1 -1 -1 1 61.0 4.68 20
11 -1 1 -1 1 118.0 2.10 56
12 1 1 -1 1 61.0 3.40 24
13 -1 -1 1 1 210.0 3.00 53
14 1 -1 1 1 89.0 3.10 42
15 -1 1 1 1 215.0 2.60 52
16 1 1 1 1 141.0 3.00 48
17 -2 0 0 0 210.0 1.20 55
18 2 0 0 0 78.0 2.11 30
19 0 -2 0 0 17.0 8.05 4
20 0 2 0 0 199.0 3.65 41
21 0 0 -2 0 16.0 9.90 2
22 0 0 2 0 52.0 5.40 30
23 0 0 0 -2 174.0 2.70 47
24 0 0 0 2 210.0 1.30 51
25 0 0 0 0 223.0 1.50 50
26 0 0 0 0 230.2 1.68 55
27 0 0 0 0 210.0 1.65 51
28 0 0 0 0 219.0 1.55 52
29 0 0 0 0 201.0 1.45 52
30 0 0 0 0 208.0 1.40 55
31 0 0 0 0 214.0 1.38 56

P BB AR ESLAE R AR bR BE RSB IR P< XX, 5200 0 25, ORI IR N 1 35 31 5015 BRI Ak,
0.0001, il ESL 545 A R BIH TR E A (4), | B il Bk AR /N EZE R T
A 8 1 5 T R A A v R A A AR — RO R R TR R R PR AR B I R W B 1 A
Xo Xy, ZWRI X, X3 ESL 52l L 25, A B0 75 Ty Z8 00 K/DN 5 68 A 31 B[R] EST 52 ) A H: i 2
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(P<0.000) B ZRA Xi X X5 X7 X, BERRWA ESLERMEIE A5,
IR X, SCEIR XX, HAR T Ml A Wi 2 515 B3
F4 EAFEEEMESN
Table 4  Significant analysis of regression equation
MEAE(EST) IMERkIAE (ESL) Hrimest(El(ESL)
L AR AmE SR H B SEHA [
it SS DF FiE P SS DF FiE P SS DF FiE P
AL 153100.00 14 10.750  <0.0001 104.900 14 11.170 <0.0001 6311.42 14 14.700  <0.0001
X, 2002091 1 26370 <0.0001 2.240 1 3340  0.0864  950.04 1 30980 <0.0001
X, 10360.11 1 10.170  0.0057 8.850 113190  0.0022  852.04 1 27790  <0.0001
X, 2010241 1 25720  0.0001  12.110 1 18060  0.0006  925.04 1 30.170  <0.0001
X, 248881 1 2450  0.1374 0.720 1 1070 03163  234.38 1 7.640  0.0138
XX 11230 1 0110  0.7440 0.066 1 0099 07572 1.56 1 0051 0.8243
XX;5 5160.01 1 5.080 0.0386 0.004 1 0.006 0.9401 189.06 1 6.170 0.0245
XX, 2401 1 0024  0.8798 0.083 1 0120  0.7301 95.06 1 3100  0.0974
XoX; 32041 1 0310  0.5824 3.230 1 4820  0.0433 0.56 1 0018  0.8939
XX, 9501 1 0.096  0.7603 0.300 1 0450  0.5133 39.06 1 1270 0.2757
XX, 27660 1 0270  0.6099 0.390 1 0580 04582 7.56 1 0250  0.6262
X’ 10312.72 1 10.140 0.0058 0.420 1 0.620 0.4429 82.44 1 2.690 0.1206
X7 2240386 1 22020  0.0002  24.640 1 36740 <0.0001  1282.86 1 41.840 <0.0001
X7 6180582 1 60.750 <0.0001  54.320 1 81000 <0.0001  1980.85 1 64600 <0.0001
X2 139738 1 1370 02584  0.0340 1 0050  0.8259 0.15 1 0005  0.9447
2% 16277.90 16 10.730 16 49058 16
P4 1569587 10 16.180  0.0014  10.650 10 77.370  <0.0001 45858 10 8.600  0.0080
AR 582.03 6 0.083 6 32.00 6 <0.0001
MUFT169400.00 30 115630 30 6802.00 30 <0.0001

ESI, =215.03 - 33.43X, +20.77X, + 33.02X, -
17.97X,X, - 18.99X? - 27.99X> - 46.49X’

(3)

ESI,=1.52-0.61X,-0.71X,+0.45X, X, + @
0.93X; +1.38X,’

ESI,=53-6.29X,+5.96X, +6.21X, + (s)

3.13X, +3.44X,X, - 6.70X > - 8.32X?
BAERAL S , W B ESL MERRLAR ESL
WS [A] ESL (9 e 28 5 805 91 90.39% . 90.72% .
92.79% , Vit W 45 #6580 ] DU g BE 90% LA L i) iy i A8
b, U 5 SEBRAE 2 (8] ELAT 5 R AH DG . S B0
FA /N DRI AT 2 R XoF 45 W o A 2 A7 43 B A
m

2.3 AWl SRiM AR RE M Y e R T 53

R PRI 2 0F £ 0 30t /5 ol {114 52 i
F [ U3 A k2 T R A R () 5
WA AR PR e B (R ) 3, Al 3 TR . 7
7 TR P R ol o 23 L — s I OL L B
R S (R e (1 P S A, AVRUR A 7 B B ok A
AT, FEMFVER] 8~11 min, IR 20~36 kHz
Y0 FB1 A 3 {ELAD T o AR IR S, Ak 10 i 7 B i) A
TR P A 23 X ik (R A R G, B B R R R
Ut B P 527 % 42 30 VA7, 3K 2 PRI Ay 186 i e 7 A %
S 1 2 AR B M K2 4 /5 vl (%) LA HE
P B TR R, P A AR R ) A B DA % T R
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Fig. 3 Interaction of ultrasonic time and ultrasonic

frequency in 3D model
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Fig. 4 Interaction of ultrasonic time and density of ultrasonic

power in 3D model
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S H I R L 82 WL i il & 7L AL ok AR I BR
WK,
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B P R A 1R 7= A B AU 2 S FL AL EA T i 2 B
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X T2 LA SR R Z 19 25 A R AR — R 7 LY
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Fig. 5 Interaction of ultrasonic time and ultrasonic

frequency in 3D model
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ESL=1.25 pm, BTt [E] ESL=60 d, i1 % 4 25005
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Table 5 Verification results and error analysis

M o7 PE A AR ER2E/%
231.00 6.85
ESI, 248.00 219.00 11.69
214.00 13.70
1.34 7.20
ESL, 1.25 1.37 9.60
1.36 8.80
56.00 6.67
ESI; 60.00 55.00 8.33
52.00 13.33
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STABILITY RESPONSE SURFACE MODEL OF ULTRASONIC
EMULSIFIED BIO-OIL/DIESEL AND ANALYSIS OF
INFLUENCING FACTORS

Wei Xiaoli', Shen Weizheng', Wang Shuyang’, Tan Wenying’, Zhang Aijing'

(1. College of Electrical and Information , Northeast Agricultural University , Harbin 150030, China;

2. Engineering Center for Biomass Energy Technology, Northeast Forestry University , Harbin 150040, China)

Abstract: Aiming at the defects in physical and chemical properties and stability for the bio-oil instead of petrochemical

fuel, a method of preparing bio-oil/diesel mixed fuel by ultrasonic emulsification is proposed. The effects of ultrasonic

frequency, sound power density, ultrasonic time and ultrasonic excitation waveform on the stability of mixed fuel are

studied by a four-factor and five-level universal combination design and response surface analysis method. The secondary

regression model is established by using the turbidity value, oil particle size and oil deposition time as the response

values. The model reveals the factor contribution rate of the ultrasonic factor to each response value, and the significant

influence of the interaction between ultrasonic time, ultrasonic frequency and sound power density on the response

surface model, the model determination coefficients are 90.39%, 90.72% and 92.79% , respectively, the relative errors

are less than 12%, 10%, and 14%, respectively. Therefore, reasonable matching of ultrasonic parameters is beneficial

to increase the emulsification effect and stability of bio-oil/diesel.

Keywords: ultrasonic emulsification; stability model; factor analysis; bio-oil/diesel



