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Process optimization and crystallization behavior of PET/PEG microfibers prepared by melt centrifugal
electrospinning technique
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(1. School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, China; 2. Zhenjiang Guangfuyuan Technology Co., Ltd.,
Zhenjiang 212000, China; 3. School of Energy and Power Engineering, Chongqing University, Chongqing 400044, China)

Abstract : To address the difficulties in solvent recovery associated with solution electrospinning of poly(ethylene terephthal-
ate) (PET), as well as the low production efficiency and challenges in fiber refinement inherent in traditional melt electrospinning,
PET/PEG blend microfibers were prepared using a self-developed melt centrifugal electrospinning device, with poly(ethylene
glycol) (PEG) introduced as a plasticizer. An L, (4°) orthogonal design was employed to systematically investigate the effects of
centrifugal disc temperature, spinning voltage, and centrifugal rotation speed on fiber microscopic morphology and diameter distribu-
tion. Comprehensive characterization including wide-angle X-ray diffraction (XRD), differential scanning calorimetry (DSC), and
thermogravimetric(TG) analysis was conducted to elucidate the crystallization dynamics and thermal stability of the fibers under
ultra-rapid cooling conditions. The results indicate good compatibility between PET and PEG. Within the investigated range, centrif-
ugal rotational speed is the primary factor influencing fiber diameter, followed by spinning voltage, and finally temperature. Uniform
microfibers with an average diameter of 8.28 wm and a coefficient of variation of 17.15% were obtained at a centrifugal disc temper-
ature of 270 °C, a spinning voltage of 45 kV, and a rotational speed of 1 080 r/min. Structural characterization revealed that the ultra-
rapid cooling effect (with an extremely high estimated cooling rate) during the process effectively suppressed the incorporation of

PET molecular chains into the crystal lattice, resulting in a unique metastable structure of fiber characterized by "high orientation

BIEIERE: #o0 T, RIBEE , FENT5E5 ) R i v 2 R RS B R BT

We#s B H#A: 2026-01-26

S| AR BIoT, T, LR, % IRl 0§ 0 27 PET/PEG AN 4 T 2L 545 AT R[], TR FH , 2026, 54(4):95-102.
HUO Yuanping, DING Hao, WANG Yuyang, et al. Process optimization and crystallization behavior of PET/PEG microfibers prepared by
melt centrifugal electrospinning technique[J]. Engineering Plastics Application,2026,54(4):95-102.



96 AR

2026 4E, 45 54 4 55 4 1)

and low crystallinity." The double-melting peak behavior in DSC curves confirmed the existence of imperfect crystallites inside the

fibers and recrystallization during heating, reasonably resolving the correlation between the broadened diffraction peaks in XRD and

the thermal melting behavior. TG confirmed that the blend fibers possessed good thermal stability within the intended service

temperature range. This study provides a feasible approach for solvent-free, high-efficiency preparation of PET-based microfibers.

Keywords : melt centrifugal electrospinning ; PET/PEG blend fiber ; microfiber ; ultra-rapid cooling ; crystallization behavior
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Fig. 1 Schematic of melt-spinning electrospinning device
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Tab.1 Factor and level settings

Level Spining Applied voltage  Rotational speed
temperature(4)/°C (B)/kV (C)/(r+min™")
1 260 30 720
2 270 35 900
3 280 40 1080
4 290 45 1260
F2 EXTWHER
Tab.2 Table of orthogonal experimental design

No. A B C

1" 1 1 1

2° 1 2 2

3" 1 3 3

4" 1 4 4

5" 2 1 2

6" 2 2 1

7 2 3 4

8" 2 4 3

9* 3 1 3

10* 3 2 4

1" 3 3 1

12* 3 4 2

13 4 1 4

147 4 2 3

15 4 4 1

16" 4 3 2
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Fig. 2 Morphology of PET/PEG fibers obtained from orthogonal experiments
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Tab.3 Orthogonal experiment results of fiber morphology

No Average fiber Standard deviation of Coefficient of
’ diameter/pm fiber diameter/pm variation/%

I 15.89 5.86 36.88

2 11.71 4.12 35.18
3* 11.49 2.82 24.54
4 10.62 2.32 21.85

5 12.26 5.12 41.76
6" 13.82 4.58 33.14

7* 7.53 2.75 36.52

8’ 8.28 1.42 17.15

9* 11.01 4.67 42.42
10* 9.30 3.71 39.89
11’ 11.20 3.48 31.07
12* 9.73 2.41 24.77
13" 10.35 5.27 50.92
14* 9.97 3.65 36.61
15" 11.97 2.95 24.64
16" 11.18 3.29 29.43

3 4584 PET/PEG LT 4 K40
Fig .3 Morphology of PET/PEG fiber in group 8
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Tab.4 Range analysis of three process parameters on average fiber

diameter
Item A B C
ke, 12.43 12.38 13.22
ke, 10.47 11.20 11.22
ks 10.31 10.35 10.19
ke, 10.87 10.15 9.45
R 2.12 2.23 3.77

D

Notes: kyy,, kp,. kp;,and ky, represent average values of average fiber
diameter at levels 1,2,3,and 4 for each parameter, respectively; Ry is
range, defined as difference between the maximum and minimum aver-

age values.

x5 3MIZSENFHERREENREDT
Tab.5 Range analysis of three process parameters on standard

deviation of fiber diameter

Samples A B C
ke, 3.78 5.23 422
kg, 3.47 4.02 3.74
kg, 3.57 3.09 3.14
kg, 3.79 2.28 3.51
R 0.32 2.95 1.08

S

Notes: kg, kg,, ks, and kg, represent average values of the standard
deviation of fiber diameter at levels 1,2,3,and 4 for each parameter,
respectively; R is range, defined as difference between the maximum

and minimum average values.
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Fig. 4 XRD patterns of PET/PEG blend fibers under different spinning
voltages and pure PET pellets
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Fig. 5 DSC curves of PET/PEG blend fibers under different spinning
voltages and pure PET pellets
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Tab. 6 Thermal analysis data of PET/PEG fibers under different

x 100% (1)

spinning voltages and pure PET pellets

Applied AH / AH/
T/°C T /°C T /°C < " X/9
voltage/kV "¢ o o Jdgh Jd-gh L%
PET
79.68 160.89 242.06 18.22  57.87 2832
pellets
30 61.7 128.7 2514 3321 5051 13.15
35 61.1 1325 251.2 34.18  52.00 13.54
40 62.9 131.1 251.8 353 54.73 14.46
45 64.5 129.3 2523 3349 5405 1562

Notes: 7, is glass transition temperature; 7, is cold crystallization
temperature; 7, is melting temperature; AH_ is cold crystallization

enthalpy; AH_ is melting enthalpy; X, is initial crystallinity.
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