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Abstract: Ordered core(PEO)-shell(PHB) microfibers were prepared by coaxial electrostatic spinning
technology and high-speed rotating receiving roller with polyoxyethylene (PEQ)/chloroform solvent
as core spinning solution and poly (f-hydroxybutyrate) (PHB)/chloroform solvent as shell spinning
solution. The surface morphology, core-shell structure, thermal properties, crystallization properties
and mechanical properties of core(PEO)-shell(PHB) microfiber film were characterized and analyzed
by SEM, TEM, DSC, TGA, XRD and DMA. The results show that PEO/PHB microfiber has
remarkable core-shell structure; fiber arranges in the same direction and the average diameter are
0.57-1. 27 pm; the crystal structure of core(PEO)-shell(PHB) microfiber includes a- type crystal of
PHB and monoclinic crystal of PEO; when the spinning voltage is increased, the diameter of the fiber
decreases, and the crystallinity increases first and then decreases; the fiber diameter increases with the
increase of injection speed, and the crystallinity first increases and then decreases; with the increase of
the collection distance, the fiber diameter first decreases and then increases, and the crystallinity first
increases and then decreases. By changing the single spinning condition, the corresponding fiber films
with the spinning voltage of 18 kV, the push velocity of 0. 07 mm/min and the collection distance of

8 cm all have high mechanical properties. Compared with pure PHB fiber and PEO fiber, the thermal
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stability of each component in ordered core(PEO)-shell(PHB) microfiber is improved.

Key words: polyoxyethylene; poly (8-hydroxybutyrate) ; core-shell microfiber; mechanical property;

thermal property

AL 4 A8 HARTE 5 pm LUF B LF 4, A
AT 1 RUSE 2800 i Tt 3 19 8 L 2 T R A5 R o A e T
I3z N A B R R B e A R R ¢
P SRS, R R 2 2 SRR SR T 2 B
BTl 22 11 D5 [ Bl A2 T 2 T K Rk K f —
il B SN K AT A ) R 1% 3 AT A6 o) A 2 AN TR
iR Z R (AR S Y rh s g LA )
QP R T A AR AN £T AL R A2 B I 0T, DA SR
4 oL IS CIRUN  E Y T W s A AR Y e
U 0 A W RE 280 O S L 2R A2 N B R AT )
SRR MR A A OB R AR Y
JO 5 A e 5 R £ 2 T o TR T 24 W R L A AR S
JREETIREN . DR AT A 5 45 R 11 A 2T AE 420
TR 200 T Ak AT e A R A 0 S A

R BRI T ERER (PHB) J2—Fh B A B &A1 %
fiff 1 2B A 25 M N R P T SRR A R TR AL T
PR Ol bbbt A S BV AR )2 N . BRI
PHB #5207 M 25 i o KL SR K MR AR R T 7
B R4 B . R L BIESE 3 206 PHB 5 HAh A= 4
15 4338 2 VR TR 0 O O8I AR TS AR R AR R
K FH L 25 22 R 45 0 B — 2 Rk i PHB B 3LE
R A £ A, AFE S ] il Pl 277 R R T A HE S L B g
2 PR REAE S 00 PHB A% 570 48 40 41 i /0 A7 438

RE LN (PEO) f& — P 25 7K M R B 1 = 4 1, B
A RGF A YA 2 1 AR R A R, B B Y
PEO ¥ WAL 5 i i 2 v Fn s B mT g pE L, PR, AR
TAEABLR P () %l 0 P 27 2225 8 0 g R e O 2 SR )
A IFHES ) PEO/PHDB % 5% 48 40 27 4k , WF 5% 4 24
TSR AR AR A0 45 & B AR RN T 2R MR 15
M LA | A £F 4 i — 25 0 H 1 52 A 6 R B 2B i s 4
BT Al

1 SCIGER 4y

1.1 EERF

PHB:My=4X10°, PDI=2. 2, P4t K224t
PEO:My=1.5X10°, PDI=1.7, | ¥§H B5HF5 I,
SEHE b e, B 2GR B AR A BR A A
1.2 PEO/PHB 1% 5 &8 4 41 4 i il &

DL =G B S 5 500, 4 ) TG o O 4 Rl 2.5 0%
() PHB 25 22 15 W M BT 5 43 800 120 1 PEO %5 22 %

W. KA SS-2535DD [F] 4l # HL 25 22 % 4% . il % 4l
PHB & 4. 4fi PEO £ 4k, PHB/PEO L iE & 4
PEO/PHB B 7c B M2 4k . 95 22 54 5 S Bk 22 G/
17 G(22G: N4& 0. 41 mm,4ME 0. 72 mm;17 G: W&
1.01 mm, M E 1. 49 mm) ., 25 2212 & 35 °C . A X 1R &
50 % , BEICHR 5 7 2800 v/ min, £5 2215 A] 4 h, &5 22 i 1K
12~18 kV, HEEBSE 0. 04~0. 07 mm/min, 5 5 I 5
8~14 cm,
1.3 RIER MR
1.3.1 45 EAE

FIH] SSX-550 47 & SF 49 1 v+ b 1l B8 WL 4% 2F 4
JIEE B T T 55 3 M ] image-j &A% Ab B3 451 I o 2F
Ye AR RS LFYERE S 2= A 50 BRI E
. FIH HT7700 i 4§ i 55 M 48 PEO/PHB £F 4 fiit
MR 451
1.3.2 &4 $ht ge I

R H Q20 22 75 9 4 1 AN (DSC) Xof £ 2 1) #AFAIE
T EE AT 43 B, MK A5 S N, 40 B 0 3ol B — 30 ~
190 °C, JHE# % 10 °C/min, i F Q50 & 4 #r Y
X T 2 AT IR FE A A, T A% 14 N, SURRL R
BE 30~500 C, FH# % 20 ‘C/min,
1.3.3  £F4e4h Sk i

A XRD-6000X # 17 XRD Wl 2, 9 4 # fZ
2°/min, AL 5°~40°, FIH] jadeb B 73 B #A1FR
FH O VAU G V5 1T O 27 A S0 285
1.3.4  £F4E 2 # P Re It

1 Q800 2 2 PN 43 7 A AE i B v A A =X
W £ YR ) 7 2F PR RE . 45 4E BREAE & K/ R 15 mm X
10 mm, JEE L4 0. 06 mm, 5421 4E BB 5 A FE A T
RN 1 mm/ min, F AR AE =R S50 T #17.

2 ZERE5iFg

2.1 HF PEO/PHB #% =BT HF &I ATITHERR

FE R Al L 25 vh 7 2 S A% R VR AR R A AH R o
5 RJZ AR A 03 R R R R e
JE TR 1) T B 2 ) A A% e AN AT i OC ER  ED
RS2 AR A DR A F 25 i % PHB £F 4 \PEO £F 4t
K PHB/PEO iR #4027 4 19 T/E 3 Ab . XA 7
PEO/PHB #% 72 # 40 £F 4 (4 ] £ - 47 1l A7 PR 5T
Hol s T2 Lo 1.2, 45 RRY], @k



49K HioW

H ¥ PEO/PHDB ¥ 58 # 40 £T 4 1) 1 4% S 1 B 125

b 25 2235 W 20 B ) Al P 25 T2 4 B Rl o At
JrHEF ) PEO/PHB e B et 4, &1 Hd—F
T L& T il 4 19 PEO/PHB 4 52 8 40 27 46 & 511 .
ME 1O AT LUF L 2R 4 R G A Y . S50t
MY EZE N 127 pm, WE 1) AT LLE W,

(b)

PEO/PHB 8 41 £F 4 4 2 3 19 52 DX AT X, 42 B0 1)
W Kb X MR MR, RN
287 nm;5E XN YR 52 )R . HAR R 627 nm; 4K [ fil
HL 97 18 25 1 TN Ry %02 X 0L 1) 41 4 41 5y PEO, 5%
XTI 4T 4 2H 43 PHB,

500 nm

FE 1 A F SR PEO/PHB %588 4127 4 SEM(a) Fl TEM B A (b)
Fig. 1 SEM(a) and TEM(b) imanges of ordered core(PEO)-shell(PHB) microfibers
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Fig. 2 SEM images of ordered core(PEO)-shell(PHB) fibers prepared under different voltages
(a)12 kV;(b)14 kV; ()16 kV; ()18 kV
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Fig. 3 SEM images of ordered core(PEO)-shell(PHB) fibers prepared under different push velocities
(2)0. 04 mm/min;(b)0. 05 mm/min; (c)0. 06 mm/min; (d)0. 07 mm/min
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Fig.4 SEM images of ordered core(PEO)-shell(PHB) fibers prepared under different collection distances
(a)8 em;(b)10 em; ()12 em;(d)14 cm
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Fig. 5 XRD patterns of different fiber film samples
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Fig. 6 XRD(a) and trends of crystallinity(b) of ordered core(PEO)-shell(PHB) fibers prepared at different voltages
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Fig. 8 XRD(a) and trends of crystallinity(b) of ordered core(PEO)-shell(PHB) fibers prepared at different collection distances
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Fig. 11  Stress-strain (a) and TGA(b) curves of ordered core(PEO)-shell(PHB) fiber membranes prepared at different push velocity

2 2 BT 0 614 4 RS . WCHREE RN 8 e i £ A LT AR, (1o 32 2 W
2.5.3 WeSERHEE A P HES PEO/PHB #5241 2F e T A M AR T R ) o A0 £ A i 2 B T AR 4
Y5 7 A P RERY R JEErpR” i s> PHB B BB 70 508 s L A 31 85. 5005 Hoflh

K12 O Bp— o R B B A B R HES PEO/ WRERES TR AT B9 25 2 B, JL R 4L 04 B r BO 7304
PHB ¥ 5c il 40 £ 4 I B - A8 i 26 F TGA gk, 7“3V B o BB 2 SO 7R 25 0 Ze A, 93 A IF L 21 4
HIE AT LA L 2R R B -0 A i 2 ¥ B BE 4] S5 A 022 5 LA 2R 5L B A [R] A9 R g -1 A8 it 46

(€)) 8 cm (b) —=—8cm
20t 100 ——10cm
© ——12cm
< 14 cm
QE“j 15t s 8o e
2 s 60f
o 10+ P
%) & 40t
=
5 12 cm 20l
0 1 1 1 0 1 1 1
0 20 40 60 80 100 200 300 400 500
Strain/% Temperature/C

B 12 RIS B R 45 00 7 HE81 PEO/PHB 4% 5% 45 48 15 13 712 728 #h 26 () F1 TGA £k (b)
Fig. 12 Stress-strain (a) and TGA(b) curves of ordered core(PEO)-shel(PHB) fiber membranes prepared at different collection distances
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