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Abstract

A mixing ratio of the oil in water (O/W) emulsion of palm oil and the non-ionic surfactant (Tween-Span type) possessing
different hydrophile-lipophilie balance (HLB) values was evaluated in this work. An optimum condition was determined
through analysis of main and interaction effects of each quantitative factor using central composite design model-response
surface methodology (CCD-RSM). Quantitative factors used by CCD-RSM were an emulsification time, emulsification speed,
HLB value and amount of surfactant. On the other hand, the reaction parameters were the viscosity and mean droplet size
of O/W emersion. Optimized conditions obtained from CCD-RSM were the emulsification time of 12.7 min, emulsification
speed of 5,551 rpm, HLB value of 8.0 and amount of surfactant of 5.7 wt.%. Ideal experimental results under the optimized
experimental condition were the viscosity of 1,551 cP and mean droplet size of 432 nm which satisfy the targeted values.
The average error value from our actual experiment for verifying the conclusions was below to 2.5%. Therefore, a high favor-
able level could be obtained when the CCD-RSM was applied to the optimized palm oil to water emulsification.
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Figure 1. Chemical structure of Tween-60 and Span-60 in this study.
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Figure 2. Variation of viscosity as a function of emulsification time, emulsification speed, HLB value and surfactant amount.
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Figure 3. Variation of the mean droplet size as a function of emulsification time, emulsification speed, HLB value and surfactant amount.
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Table 1. Central Composite Design (CCD-RSM) for Viscosity and Mean Droplet Size (MDS) of Emulsions after 7 days

Experimental factors levels

Response values

Time [min] Speed [rpm] HLB [-] Surfactant [wt.%] Viscosity [cP] MDS [nm]
1 10.0 5,000 7 5.0 875 952
2 15.0 5,000 7 5.0 955 947
3 10.0 6,000 9 6.0 1,401 713
4 10.0 5,000 7 6.0 1,229 702
5 17.5 5,500 8 5.5 1,560 454
6 15.0 5,000 9 5.0 1,057 906
7 12.5 5,500 8 4.5 1,188 790
8 12.5 6,500 8 5.5 1,544 509
9 10.0 5,000 9 5.0 965 911
10 12.5 4,500 8 5.5 1,497 577
11 10.0 5,000 9 6.0 1,176 731
12 15.0 6,000 9 6.0 1,460 707
13 12.5 5,500 8 5.5 1,580 446
14 15.0 6,000 7 6.0 1,377 685
15 15.0 5,000 9 6.0 1,245 725
16 12.5 5,500 6 5.5 1,058 921
17 12.5 5,500 8 5.5 1,580 445
18 10.0 6,000 9 5.0 1,177 884
19 12.5 5,500 8 5.5 1,581 447
20 15.0 6,000 9 5.0 1,321 880
21 15.0 6,000 7 5.0 1,115 915
22 12.5 5,500 8 6.5 1,295 693
23 7.5 5,500 8 5.5 1,552 461
24 12.5 5,500 8 5.5 1,576 448
25 10.0 6,000 7 5.0 1,045 921
26 12.5 5,500 8 5.5 1,578 450
27 12.5 5,500 10 5.5 1,372 751
28 10.0 6,000 7 6.0 1,329 681
29 12.5 5,500 8 5.5 1,578 447
30 15.0 5,000 7 6.0 1,270 675
31 12.5 5,500 8 5.5 1,577 448

= Table 22| P-value®} F-value® 149t} 6702 & &% % (HLB
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Table 2. CCD-RSM Variance Analysis of Regression Coefficients of Viscosity

Source SS MS F-value P-value
Module 1,175,039 83,931 4.4 0.003
X 16,043 16,043 0.84 0.373
X, 99,743 99,743 5.23 0.036
X, 63,572 63,572 3.33 0.087
X, 200,057 200,057 10.49 0.005
X} 41,867 41,867 2.2 0.158
X7 63,322 63,322 3.32 0.087
X; 436,289 436,289 22.88 < 0.0001
X} 390,743 390,743 20.49 < 0.0001
X X, 97 97 0.01 0.944
X, X, 980 980 0.05 0.824
X X, 1,781 1,781 0.09 0.764
X, X, 8,997 8,997 0.47 0.502
XX, 1,572 1,572 0.08 0.778
XX, 12,814 12,814 0.67 0.424
Lack of fit 305,064 30,506 9425.25 < 0.0001
R’ 0.6303
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Figure 4. Contour graph of Viscosity according to various variables using CCD-RSM.
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Table 3. CCD-RSM Variance Analysis of Regression Coefficients of Mean Droplet Size (MDS)

Source SS MS F-value P-value
Module 856,541 61,181 5.19 0.001
X 195 195 0.02 0.899
X, 3,744 3,744 0.32 0.581
X 5,474 5,474 0.46 0.505
X, 149,397 149,397 12.67 0.003
x? 25,641 25,641 2.17 0.160
X7 75,038 75,038 6.36 0.023
X; 443,559 443,559 37.61 < 0.0001
X} 291,125 291,125 24.69 < 0.0001
X X, 65 65 0.01 0.942
X X 8 8 < 0.0001 0.979
X X, 14 14 < 0.0001 0.973
X, X 11 11 < 0.0001 0.976
X, X, 290 290 0.02 0.877
X X, 5,145 5,145 0.44 0.518
Lack of fit 188,677 18,868 9,270.14 < 0.0001
R? 0.6716
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Figure 5. Contour graph of MDS according to various variables using CCD-RSM.
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Figure 6. Multiple optimization graphs of Viscosity and MDS using CCD-RSM.
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