Hans Journal of Chemical Engineering and Technology #L3% T 5K, 2025, 15(4), 222-231 Hans X
Published Online July 2025 in Hans. https://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2025.154021

BIEACOLERRMAEHIZ BT =01k

ExM4, T #H, o, K K, RELE
ARAEMAN R 2 2 T 5 BHRA A A B AR M AR S 3R B S =, RJEIL MR /R

Weks H . 20254F5 210 FHBER: 20254F7H3H; KA H: 20254F7H11H

wm B

EHE G IR S CO BB i T2 R AR AR E R E BRI BN A HEN BB, KR
RHEH—MEFAMFETE: HRBEEKRENREBHIERTIAE, BERKWERRE: MEIANS
EPPERIERI A B R AR, BREARABIGHRCOAE. BTBERELKSHMERL, HBeRETS
SEBONEBUE 7730 MPa. I8 40°C . i 8]3 h. SER LA 1:1 RAIFSZIFR I, % T 2R R 1598.51%
+ 1.37%, HENRELENBERNSE. ZTEERERT REEESHRERE, AmsEn Kok
R E TIAAEF=REE T ArREA TR,

Xiid
HRIE S COZKE, BRBEMR, KL, T4

Optimizing Phospholipid Preparation via
Supercritical CO: Lipid Removal

Zhiwei Huo, Bin Wang, Yankun Liu, Sen Zhang, Xiuhua Zhao*

Key Laboratory of Forest Plant Ecology, Ministry of Education, School of Chemistry, Chemical Engineering and
Resource Utilisation, Northeast Forestry University, Harbin Heilongjiang

Received: May 21%, 2025; accepted: Jul. 3", 2025; published: Jul. 11*, 2025

Abstract

In response to the problems of acetone cosolvent residue in the traditional supercritical CO; extrac-
tion process of phospholipids and equipment blockage resulting from the direct treatment of con-
centrated phospholipids, this study presents a novel green and synergistic process. Initially, the con-
centrated phospholipids are pretreated using the water displacement method, which signifi-
cantly reduces the viscosity of the material. Subsequently, high-pressure-resistant PP ball packing

EIEE .

CESIH: EEMS, TN, X, sk, BB BT co, IR BRI & BEAE T ZD]. e TRS A,
2025, 15(4): 222-231. DOI: 10.12677/hjcet.2025.154021


https://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2025.154021
https://doi.org/10.12677/hjcet.2025.154021
https://www.hanspub.org/

EEM

is introduced to enhance the mass transfer efficiency. Finally, supercritical COz degreasing is imple-
mented. Through single-factor experiments and response surface optimization, the optimal process
parameters are ascertained as follows: an extraction pressure of 30 MPa, a temperature of 40°C, a
time duration of 3 h, and a packing ratio of 1:1. The verification experiments demonstrate that the
oil extraction rate of this process reaches 98.51% * 1.37%, and no organic solvents are employed
throughout the entire process. This approach effectively resolves the issues of equipment blockage
and solvent residue, offering a reliable technical solution for the green industrial production of high-
purity powdered phospholipids.
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Table 1. Single factor experimental conditions
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Table 2. Factors and levels used in response surface analysis
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Figure 1. The results of the single-factor experiment

1. BERELNERE

3.2. N EMRHER

DRI A CO, HEHUE AE i e R fe 44, 383 Disign-Expert13.0.1.0 fiA ) 4L & it
(CCD)SFHEE A A5 Hh v A idE 47 Mo LTI SE 36 T2 Ak . 456 B R B A0S T, B piE & RSO R B i o 1)
WARE AT AR B, A TREBURE Xi(A). ZEEUET) Xa(B) ZEHURTA] X3(C)y LA 4a e SR
Bl Xu(D), Foe R0 R AP B R B AR AL e I 5 SR AR Tl I 1) v 2 R S I e R 2% 4, 19
20 WREIGEE R an% 3.

Table 3. Response surface optimization result Response value (n = 3)
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1 42 32 3.0 1.0 26.37
2 42 30 3.0 1.2 26.23
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3 38 30 3.0 0.8 25.86
4 40 30 32 0.8 27.61
5 38 30 2.8 1.0 26.21
6 38 30 3.0 1.2 27.53
7 42 30 32 1.0 27.31
8 40 28 2.8 1.0 27.68
9 40 28 32 1.0 27.31
10 42 28 3.0 1.0 25.33
11 38 30 3.2 1.0 26.77
12 40 30 3 1.0 29.81
13 42 30 2.8 1.0 27.62
14 42 30 3.0 0.8 27.61
15 40 30 3.0 1.0 30.51
16 40 32 2.8 1.0 26.86
17 40 28 3.0 0.8 27.23
18 40 30 3.0 1.0 29.77
19 40 30 2.8 1.2 27.89
20 40 30 2.8 0.8 28.19
21 40 32 32 1.0 27.17
22 40 30 3.0 1.0 29.87
23 40 32 3.0 1.2 27.56
24 38 32 3.0 1.0 26.51
25 38 28 3.0 1.0 26.34
26 40 30 3.0 1.0 30.21
27 40 28 3.0 1.2 27.66
28 40 32 3.0 0.8 26.65
29 40 30 32 1.2 28.68

#t— 5@ T Disign-Expert13.0.1.0 Fi A X R 1 - COo $2HUK A A5 Fh A5 B X1(A) 2 HUE 77 Xo(B)-
AL E] X3(C)  PALIR4a i g 5 R LU Xo(D)PUAN R R o ma 5 b AT 7 2400, 45 R WEE 4 Fios.

Table 4. ANOVA for quadratic model
F 4. ZREBEMN B ES

Source Sum of Squares df Mean Square F-value p-value
Model 48.05 14 3.43 19.24 <0.0001
A-Temperature 0.1302 1 0.1302 0.7297 0.4074
B-Pressure 0.0154 1 0.0154 0.0864 0.7732
C-Time 0.0133 1 0.0133 0.0747 0.7886
D-Packing ratio 0.48 1 0.48 2.69 0.1232
AB 0.1892 1 0.1892 1.06 0.3206
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AC 0.1892 1 0.1892 1.06 0.3206
AD 2.33 1 2.33 13.03 0.0028
BC 0.1156 1 0.1156 0.6479 0.4343
BD 0.0576 1 0.0576 0.3228 0.5789
CD 0.4692 1 0.4692 2.63 0.1272
A? 29.89 1 29.89 167.5 <0.0001
B? 20.42 1 20.42 114.41 <0.0001
c? 5.8 1 5.8 32.49 <0.0001
D? 6.75 1 6.75 37.85 <0.0001
Residual 2.5 14 0.1784
Lack of Fit 2.09 10 0.2094 2.07 0.2517
Pure Error 0.4043 4 0.1011
Cor Total 50.55 28

Table 5. Reliability analysis of response surface fitting regression equation Fit Statistics
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Index mark Model

Std. Dev. 0.4224
Mean 27.6
CV.% 1.53

R? 0.9506

Adjusted R? 0.9012

Predicted R? 0.7489

Adeq Precision 14.0823
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Figure 2. 3D response surface plots (a)~(f)
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