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WE: RARTAE (PCL) AL LRA, AN ARNGH LG LRTERNETALIRE LR, AR T ERKEN
E X RABAGHR FRABRRST N FHR UREAR B A G0, FFREREN, £REH 30°C. 48
* % E 50%. 45 £, & 22.5 KV, 3K FE B 175 cm =R FH 5 N, N- — F AR FBER AR ARIL A 7 1 38945 £ 514
T, PCL R EH 0.2 g/mL BF, 2 7y 5 b at Ao SLIE 5 R 42, 4 @ 42 4P 3% % ) (4.35+0.05) MPa, /2 f1 454 5% %
A (4.66+0.07) MPa, b & Fi4b 7 M AL 2 2 (23.70£0.01) MPa, 3L 5 % (74.410.1)%, 7 B fik A % 105.6°, 4 4
H2% (509.9+68.3) nm, & T fF LR A FrifoslmE, @it AF E TR 120 s, LT s @ 5l
3% JE % (4.1010.05) MPa, 12 f1 354 3% JE 4 (4.39 £ 0.05) MPa, 4 éy 45 4h 3 b 428 4 (21.20 £0.15) MPa, LI % 4
(74.6 £ 0.2)%, #fik A 4 (60.7+2.3)° 9 PCL i Z 42, L2256 /) A R A A KW@ E T I, JLI R AL R T,
RET IR FRE,

KB RO AR, Hu L R R AT R LR 558 TR
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Preparation and Properties of Polycaprolactone Vascular Stent by Electrospinning
Sun Tianshu, FanChuanjie, Chang Yao, Hu Chengyuan, Zhou Xiaodong

(Shanghai Key Laboratory of Multiphase Materials Chemical Engineering, East China University of science and technology, Shanghai 200237, China)

Abstract : An artificial blood vessel stent was prepared by using a self-made electrospinning machine with polycaprolactone
(PCL) as a spinning raw material. The effects of solution concentration on the microscopic morphology, fiber diameter and distri-
bution, mechanical properties, porosity and contact angle of vascular stents were studied. The results show that under the spinning
conditions of temperature 30°C,, relative humidity 50%, spinning voltage 22.5 kV, receiving distance 17.5 cm, the volume ratio of
dichloromethane to N, N-dimethylformamide is 7 : 3, when the PCL solution concentration is 0.20 g/ mL, the mechanical proper-
ties and porosity of artificial blood vessel stent are optimal. The axial tensile strength is (4.35 + 0.05) MPa, the radial tensile strength
is (4.66 +£0.07) MPa, the axial tensile elastic modulus is (23.70 £ 0.01) MPa, the porosity is (74.4 + 0.1)% and the contact angle
is 105.6°, the fiber diameter is (509.9 + 68.3) nm and the mechanical properties and porosity of the stent are improved. Through
cold plasma treatment of 120 s, a PCL stent having the axial tensile strength is (4.10 + 0.05) MPa, the radial tensile strength is
(4.39 £ 0.05) MPa, the axial tensile elastic modulus is (21.20 + 0.15) MPa, the porosity is (74.6 = 0.2)%, the contact angle is
(60.7 £ 2.3)° was prepared, the mechanical properties do not decrease significantly, the porosity do not change substantially, and the
hydrophilicity of the stent is increased .

Keywords : polycaprolactone ; electrospinning ; concentration ; viscosity ; artificial blood vessel stent ; cold plasma treatment
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DL B £ HLAR A AR BON R £ 4, B K PR EE B
AR L A1 I ST R 3, I BT &5 A5 2 A L
B R AT 15 3 90%, A A T AnM AL K %5 ¥, (HaE i
TR 2 22 1) 25 1Y PCL IS SZ B4R B 7 A o 1 ~
3 MPal™ ™ fifil ik 95° ~ 107° Wik 174 F1 2
e LA M R IK 25 8 Bl

¥ PCL LA S 280 )2 MR RE RN Rk M 28
H L AFSY PCL VAR X L RR A5, i 4575
B 1A YR HAR AT IS FRHLRE BRI PCL il
B P T e e R S B TR A B
FAR  7E M A S B0  1m Z) P s PR S A s K R A
P T HIEK R
1 SEIEES
1.1 EZRMA

PCL ##fi : CAPABS00, 35 [ 1 B 7l 5

TAMLE, N, N- HELH Bt (DMF) « 4387
afi, Fifgr b A IRAF
1.2 EZMEL5ES

ERELZ 2L

FH o 7 B 33 BE (SEM) + S3400 £, HAYH 57
AT AR ]

FEAm AKX . SL200B &Y, RS (5 BAME
BT

BEG B 11 NDJI-8S, L& s i T RH A7 R
NEIF

SR ) FL TP B AL . UH2502 7, £ i)
FEHOR (L) ARAF];

S BE TAR MR FRAY . HD-1A AU, H M HPRLH 2%
FETHRRHCARR A

AETE{Y . Falion 60S %!, ZE[F] EDAX /Al .

1.3 PCL ik #4 fieh)

W Bt Y PCL Wi T — &Mkt 5 DMF
HRAIEI (R 70 = 30) H, # RS 5 h,
1.4 PCL /g X ey &

B ¥ J¥ 4 0.150,0.175,0.200,0.225 g/ mL i
0.250 g/mL 1Y PCL %54 , i 2o i Ha 25 22 AL (20K
BEENIME 4 mm A kO 18G Sk, Bk
4% 0.84 mm) il 45 PCL 45 S 284FE .

B ef PCL WS A 20 mL A VE &8 I, I
FELVN NS0T #2542 . R 22.5 KV,
FESTEREE N 1 mL/h, YR 0 17.5 om, $EIic
B % R 2000 1/ min, A5 X A (50 £ 5)%, i
&R 30°C, BBk 3 h. 52245054 PCL M4 X

IR A S AR v, T 30°C N ELAS T4 48 h,
PLBR 23R A, T J5 ARl K PCL I A5 2 48
REE 440 PCL-1, PCL-2, PCL-3, PCL—4 #il
PCL-5. ¥ PCL-3 37 il bE ¥ T4 55 B8 TR A #i
IR R T AL B, TR /7 9 10 Pa, Ty 100 W, 4b 3
Asf 1] 43531 >4 30,60,90 s Al 120 s, Zb B 5K Hi A
KR 24 h, Z JE A 37°CHER TR T4 24 h, 4y
ek PCL-3-1, PCL-3-2, PCL-3-3 Fil PCL-3-4.
1.5 MaemX5 £ iE

(1) PCL ¥ WA BN

P B A PCL IS MR AE e S B T L ik AT
A A HEREM L, MK AR R 155 T IR
30°C, igh% R 60 1/ min,

(2) R HTE S OT R RAE

(a) ¥ PCL-2, PCL-3, PCL-4 F11 PCL-5 i&XFEH
T L RORG TR b LS W4 IS SEM ISR
FEREA , IR TR 10 KV, AR 481 SEM IR
J3, if i Photoshop #1473 B 4F 4 i BLAR 5041, %
I KS- K g 5 U ELAR 3 A1 2 45 & Gamma 4311,
FFH Matlab i {444 27 4k H 42 F1 Gamma 43 A L&,
Gamma 7 =X (1) s,

fdap =5l on-py D

K AR R
d—&F4E EHAE
o— RS
B—RIESHL,

(b) ¥ PCL-3 Fll PCL-3-4 i FE 1] 3 o e Hb 72
WA b, B W4 5 fERR I T /i R T R 4l
AT &, I L RR 10 KV,

(3) MBS BTy AP REM

(a) FR I h R

HR 4 1SO 7198-2016 41 A3 1) I3 5 vk 3o ¥4 46
B AL BT AN TS S 48R A 1A% [ oz fif
5 AN, BN T A SZ 4L BT A 10 mm
K, e B9l AP AME R 2 mm O HR 4, I e 4R
B E A2, e B 22 . e AT, A iR
FERRLE 37 CHXUMLRT il & 24 h, IHBRIFE N ZE 1)
S, bR RO AR B, FHSURE I fafe g
FRIRRE A o 0 e SRR B, SRART XL, I X
) AR PR DR RHEE R 10 mm/
min, £ 41 5256 2 /I 5 AMREE , SR HOEEE Kb
W2
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o1 = A (2)

A o — AR M fE AR
F—F& P R 47 5

iU K
d,— R R R
(OEHICEAGEE;

HRAE 1SO 7198-2016 2 £ 114 0 38 5 1k %o ¥4 45
BT RAL BRGS0 N T LA S 2R HEA T Bl i
il B G R il 45 32 2R R R BY A 40 mm
K, MR 2 A, BT A R AR AE 37 °C 3 KUMEAR ik
B 24 h, THPREFEE N R AR 8 H R R O R
JHGE ) ke 8 000 3 A e A JEE R BB 3K A A N
(B, AR I A S 1, e BR X (3) T3 A i
JE o M AR R 20 mm, R EE Dy
10 mm /min, &2 525 2 /58 5 AN, SR HAF
PIE Bt 2%
0= @3)
K : oAl ARG A 5
F il e 7 e R 28 o 5
b—— L T
d,——IREF AR R
(4) FE SRR A RAE
M4 1S07198-2016 F2AHA TN i %A 45
TR AL BEAT IS A9 T A S 9 2R 7 LIRS
Ko B AR E BT AL 100 mm K, 7RI 22 AT,
FIATIRFEAR 7R 37 CH XML S 24 h, FF I it
BER T, DA Jid S (O B 5 B RN JEE B, 21 5K
5 F IR 5 MU SR HE B SRR 25 . O
IR (4) HEALERR .

=(q- (4)
P= (1= )% 100%

o P—ALER;

m— R ST

p—REWEIEL;
V—— AT SR AR,
(5) IR fid A

1 FHAB LKA A A I A, I Xve 45 B 1 A4k
BHHIT N T LA SO I A A Ay . DR
SR AR AR i e 4l /K T B 7 I3 SRR
I BN K T AR 20 L, AR
R, SR B ofe g 2%

2 HERSiTe
2.1 PCLERRELFENHXZ

PCL AN FE (n) SHEE () My ¢ R thZe 5]
L. MIE 10T LA H, 24 PCL & il W JE AR F
0.10 g/mL B, PCL %5 Zh B2 kit e B AR A Rl S 2
P YEWHE R T 0.10 g/ mL i, BAEW > ThE
Z[6] H B i %, PR I H R R0 B A B R T I B
FhE 5 E K RZ AN In(n)=24.764c+0.927 9, H:
IS R R=0.9929, LA TR EEAR L. ARYE SCik *
THEAFERAE R 7] M 24.764 mL /g, %y )E ¢
5 [n] = I, 45 ¢'=0.04 g/mL. SCHk " 45, 24
VAR ¢ Sk E ¢ Z LR T —E MM, A fE
SN TR EREE M R 4. PCL IR ¢ ¢/
BN EES TR 1,

1200

1000
800
600
400 r
200 -

Iny=24.764¢+0.9279
R?=0.9929

n / (mPa +s)

L
O FLP N W P ool O ©
Iny

0 : ‘ ‘ ‘
000 005 010 015 020 025
¢/ (g-mL)

K1 PCLIAWENE (n) SR () BICHRINE
*R1 PCL&AEM cEc/c WX IR

TiH PCL-1 PCL-2 PCL-3 PCL-4 PCL-5
c/(g-mL™) 0.15 0175 02 0225 0.25
c/c 3.75 4375 5 5625 6.25

2.2 ' RGBT
2 &N [R] e B PCL 45 Y i) 25 1) IS 2 2R 5%
1Y SEM RE .

BB a—PCL-2 ; b—PCL-3 ; c—PCL~4 ; d—PCL-5
B2 RIFIMEE PCL i 4 0 S AR SEM IR
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ME 2 AT F 24 PCL R A% (c/¢” <
5) B, il A& A I A S 40 00 B AR BR A5 ) 5 A A I AF
MG, H R R R Wy RG2S R B /N FE L )
FIRRLR 25 W BREF 2 A T 24, 25 04 1l R BR: (
c=0.175 g/mL B fA7E H Bk, #IA 4 0.15 g/ mL Kt
WAFAE R ER, A A PCL-1 iR SEM R ).
B PCL WMk —4 1T+ (/¢ = 5), BRERSE
S IRAE A4 M O LR PCL VM i (1 4k 25
o, B E B A A . — e T
PCL ¥ WA WM FE 3G I, S BT e ELAR I R 79—
T T T PCL W L 38K, TS TR DN TSk Ab s 14
I, RS A R R AT, BT ) L3 T ROR TR
VI S E T S s B R i 21 4, 3K
LU AR IR 5 B0

22 KS— K 56, £F 4k 1 42 40 13 45 A Gamma 43
Mo 3R 2 MY HAAWG Gamma 7315 TS 248K
P, 3 R[] ok B PCL ¥ Y00 1 A il 2% 1) I A <2
PRAF A AR MRS A it 2. A3 2 Fnl&l 3 7]
BH), KA PCL WA B A5, i 48 1 £F 4k 548
BWER (N R ER ). TS8R H

Bdc/c e RMM&NE 48R HE RN

Ind=2.505 1In(c / ¢")+2.209 2; 15 2% R°=0.9981.
+R2 FHEER Gamma S EEIE

i H PCL-2 PCL-3 PCL-4 PCL-5
c/c 4.375 5 5.625 6.25
a 39.2359 10.7354 22.6725 30.0953
B 8.3527 37.9843 24.8354 20.5148

LFYE A2 /nm 443.9 +50.9 509.9 + 68.3 699.3+83.7 891.1 + 144.7

0.020 |
/ ~__PCL-5

M
% 0015 |
ﬁ J/ AN PCL-4
i 0010 - 7 ™\ PCL-3
Ry
imf 0.005 PCL-2

0.000

0 200 460 660 860 1060 1260 14‘00
YL / nm
€3 ANIFIHeHE PCL VAR R 8 1 il A5 S 28
P R B HE S 2
2.3 fE IR FHERE
Pl 5 JEAN[R] PCL ¥ W A 2 T 45 1) 148 S 42 1
J1#k e, M5 AT LU, B E PCL ¥ MMk 2
BRI, o A5 S 2 A Al o) RS [ e 5 R AV [
PR 4 5 B THS TR, 24 PCL IRk i 3K
) 0.20 g/ mL i, B35 S5 AR, 10048 S 484 w4

70 -
Ind=2.5051In(c / ¢")+2.2092

6.8 | R*=0.9981

6.6

Ind

6.4

6.2

6.0

115 116 117 1.‘8 119
In(c /¢
Bl 4 Z4EEAtd He/c kR MLk

i BE B KAB M (4.35 + 0.05) MPa, 12 [ 47 ffi 5 BF
% KAE A (4.66 +0.07) MPa, il i) 37 fif1 s 5 1 A
KAE M (23.7 £0.01) MPa. i A [ 4 fik 6 %l 1)
P A PER R 9 ~ 12 MPa, Bl a] h R o 1~
2 MPa, il % /% PCL 145 S AR P g T ik 2 JiE
kiR 0,

50 550
E. 45} * l {45 &
s . s
~7 a0t 140 ™
ficd e
= 35 | 135 =
& &
=30 L 130 =
= 25| 125 @
2.0 2.0

0.14 0.6 0.18 0.20 022 024 0.26
PCLIAHHIE / (g - mL™Y)
(@

< 30
[a

=S 25|
~

0H 20 b
% 15
% B
= 10+
=

E 57
k=

O0.14 0.16 018 020 022 024 0.26
PCLIHVRIE / (9 - mL™)
(b)
a— il i) FIAR [ AL e 588 2 5 bl o o7 e e A
5 RNIRIHREE PCL R4 i A S 4800 F1 kA

M5 o] LA Y, 145 S 4R A A58 ) 4 A o i
BTl hiAh s B, R RS 220, HCHE
TE o AR, | £ 4 58 22 1 Jiglee O 1) ), X A2 o)
PSR R 7 PCL AWM BE BRI, i 48 S 28
%) 3 2+ B I Y VR Ve T 1 A i R, R Ry A
VS VROV B VR, T A8 5 380 Al A S R 2l R R
SR 5 BEAG VEROHR B A AR v A A5 B A I AR S 2R
rh R AE S g BT, BRI ) A PR R R
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2019 4F 45 47 ¥ 455 6 ]

MW E R T 0.20 g/ mL J&, FHERSE A TH AR, 1L
B IR 12 R B A B K 5 B T VRO 1) it —
AR A BN A AT 2 B ARt A, SR N £T 4E
HAMN KNS EREE I E R AR, TS 2w
PREOE R, BB T TRRE 4T, A5 FREHRDTH
DAL R GO P b TN TR (1K= tEa 4 e SE A
R ] T, e T W 12 PERE T
2.4 g XREILEF

] 6 JEAS TR M B PCL 5 TRl 45 A I =2 2R 1
L. ME 6 v LLE Y, B PCL IR L Y
B, 1A AR LR A R R R, M2
WA E IR F) 0.20 g/ mL i, FLBR S IK ) e R AE, N
74.4% , FLBR 3R = W PR A 145 S A b (4R 200 i
AR (a2, R A ARG . Yu Aibing 45
ORI 9T A Ay, 1 2 AR A A B, D0 40 o ) 3
JERR, 30K FEELBURE TR IR 2 (1) SEM B A
ATLVE B, R e FE AR T 0.20 g/ mL i), i PCL
VoS TR B BB A A B A Il A S R P AR Y
BT, BRI D , B RARAS B niY
57, PR FL BRI 5 VAR Ak S L
SRR BF M AL U, S G AR AR K, S L
PR R, IBES PCLIATROM BRI, AT 5
ZRIGFLIRSE LT T e
80 r
75
0r "
65 -
60
55

50 1 1 1 1 1 |
0.14 0.16 0.18 0.20 0.22 0.24 0.26

FLERR / %

PCLIZRVE / (g - mL™)
K16 [V EE PCL A W 46 14 L8 ST AR FLB A
2.5 X REGF KM
7 R ASTRI e B PCL 5 18 il 5 1) I S 2R 1
FEflff, NIEL 7 AT LUE H, Bl PCL A IR0 52 1Y 3
I, i SCARR T A fk £ e R RIS B, US4
Tk ik F] 0.20 g/ mL B, $Efl A /)N, Ry 105.6°,
R MBUK R IRE . RIS (5) AT HERrE fil A2
TR JE P B4,
cost =f.cosf+f—1 5)
Arf: 0——PCL AR A A , HAE R 70.5° ;
f——R M & i
O ——ZALA R R il A o

PCL 23§ i 45 22 )i, I 45 S 40 5 B £ L 25
¥, AT [ T P ELAR A5 B IOk , PR e Rz i
Tt 3 HNE 2 15 SEM BB H- 1] LLF 51, 76 9 K
F0.20 g/ mL B}, B 5 25 225 WOAR BE 1 T [, I B
L ER 2R H LU 2 M i, B0 A S AR R AR
REREHR il f, 0 — A NI e ROk T
0.20 g/ mL I}, Bifi 25 V5 VR0V B 1) 412 5 , IS S 2R 1
FRERGE MY O (H AR Y AR W LT H B AR A AR
K, SRR A e U TR
FERES 32 it 5 Tk B2 2 R R Je BT, & s R B BTt
Ji T, DRI B2 e F S B S a N J A Ra dA

140 +
i/(

100 | i\'\%

=
nN
o

Hefh sty / (%)

o
o
T

60 i+

0.14 0.‘16 O.iS o.ﬁo 0.‘22 0.‘24 0.‘26
PCLIAEWHE / (g - mL™)
7RI I PCL A0 46 0 1L 55 2 45 o
2.6 A% BT RAI A E X R YA
Pl 8 Sy AN [ ¥ 46 15 1A b B [B] T i A8 S 48
R Ml M . IR 8 nT LA Y, Bl b PRAS
[ PR3, O 7R S 2R 2 T P B2 e A S B, 7
AbFE 120 s Ji5, H2 il A A (60.7 £ 2.3)°, M RHE R
AR SCHR [17] AR, FEVR 4 B IR b 3L
T ek T B R 0 P 3 A O S R i A B SR
REA, Forp 35 /b i PR 3 BOoR K R R 5
SRS LA S AR 2R T AU Re A Ry ARk,
I RETEAN T ATV S5 B AL B 120 s Ji5 I S48
FER M AR N i, HZ 9] T3k 3, 3R 3
CINE S TR S =l K= camw = = ATt
AR AN PEETHR S T 3.5%, A BN WAY R E,
Wz A PR HR MR IR A A B R
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110 +

100
90
80 r
70 |
60
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Hefhof /)
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Vo TR BRI /5
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F3 REFFEHAE 120 s FMEZRAOUFHERMEE %

R 124k
i C o}
PCL-3 69.2 30.8
PCL-3-4 65.7 343

A HEEE TR HETE PCL-3 IfiL4 37 48
AR ST Re AAL B . R AT LR ), &b
PRS0 48 SC SR aRE 1Y g 2 M RE R A AR KR B T
W, FLBR R AR A B b Y1 55 B AR b R[]
R 120 s WS, 1A S AR 4 il v o fef i B DA A B
HIJ %) (4.35+0.05) MPa | [% %] (4.10 = 0.05) MPa,
& 1) o7 5 B AL BT AY (4.66 + 0.07) MPa T f#
#| (4.39+0.05) MPa, %l ] FL 1 45 & A Ab BRI 1Y
(23.70 +0.01) MPa T % %I (21.20 + 0.15) MPa, JJ
SEVERBAR KA KR B2 T %, HLALBR R EEA A AR Ak
X A RE A PR ¥ 45 B - R A B B AR S5 RO RL 3R
T, (HV8 55 B AR A BRI 200 S AT i 52 B, il 072
PEREAR M BRIREE PR AR FLBR 3 A A
AR Jir DR A V4 A B AR B IS SRR A T
BT, 6T 1M A8 S AR R TCRE A, T A AR AT A i
GRS, PR IHALBRER A ] Ak

R4 REBFELERG PCL-3 ME XA
NEFEREFIFLERZE

ke LimEDR(
i %/ MPa

IO DA 1 B VA LT O {5 4
R/ MPa AR / MPa %

PCL-3 435+0.05 4.66+0.07 © 2370+0.01 744+0.1
PCL-3-1 4.20+0.09 459+0.01  23.14+019 738=x0.2
PCL-3-2  4.15+0.06 450+0.04 2233+0.23 74.7=x0.2
PCL-3-3  413+0.04 443+003 21.72+0.16 74.2+03
PCL-3-4 410+0.05 439+0.05 2120+015 746=+0.2

3 g

PL PCL b it Wi 95 22 J5ik}, 75 i 2 30 °C L AH
X B A 50% ., 4 22 HL ol 22.5 KV, B2 ICE B R
175 cm, A& W % 5 DMF AR B EL 7 = 3 |9 4% 14
T, 5T PCL ¥ WM B XoF ) 25 45 21 A ol 4 S 42
RAEMERERY B2 R, 24 PCL ¥ W ¥k JiF > 0.20 g/
mL I, 0078 SRR 19 7 2P RE AL B ik 31 i
£, Hfh ) A5 2 ol (4.35 = 0.05) MPa, 12 [ fii i
SR ¥ (4.66 +0.07) MPa, il [a] $37 i 5P A5 e ik 3]
(23.7 £0.01) MPa, fLET#H (74.4 £ 0.1)%, I 4% firh
oM 105.6°, £F4E EH A% K (509.9 + 68.3) nm, #E & T
M5 SR SR REALERR . 8 S5 B TR ab P
120 s Ji, il ) Fi7 #1585 Ay (4.10 +0.05) MPa, 12 [
R AR B R (4.39 + 0.05) MPa, il i 37 fe i P 4 i
47 (21.20 £ 0.15) MPa, fL B 3 Ay (74.6 + 0.2)%, %
fili f1 >l (60.7 £ 2.3)°, Jy 2R RE AR & A KR B T B

FLBR AR EEA AT A2, S TRk
& % Lk

[1] Karuppuswamy P, Venugopal J R, Navaneethan B, et al. Poly-
caprolactone nanofibers for the controlled release of tetracycline
hydrochloride[J]. Materials Letters,2015,141:180-186.

[2] Yang Liqun , LiJianxin , JinYing , et al. In vitro enzymatic degra-
dation of the cross-linked poly( & -caprolactone) implants[J]. Poly-
mer Degradation and Stability,2015,112:10-19.

[3] Croisier F, Duwez AS, Jerome C, et al. Mechanical testing of elec-
trospun PCL fibers[J]. Acta Biomaterialia,2012,8(1):218-224.

[41 BRES B, XA, 45 . R PTIRTR K FLET AR 1 2%
KAANEA RS [3]. B4R T, 2017, 37(6):94-97,99.

Lin Hao , Hu Jiapeng , Liu Ruilai, et al .Preparation and cyto-
compatibility of nanoporous PLLA grafting acrylate acid fibrous
membrane[J]. Modern Chemical Industry,2017,37(6):94-97,99.

[5] T4, fiilvess, #J7 BL, % .CNCs B3 PCL & & 4T 4k e 4 iy
FL 27 22 i 4 AR BE R AE [3]. Mlk T 2#4H , 2018, 3(1):83-88.
Wang Jinru, Ni Xiachui, Cheng Wanli, et al. Fabrication and char-
acterization of electro-spun:composite fibrous scaffolds for tissue
engineering by CNCs-reinforced PCL[J]. Journal of Forestry Engi-
neering, 2018, 3(1):83-88.

[6] Duan Nannan-, Geng Xue , Ye Lin , et al. A vascular tissue engi-
neering scaffold with core—shell structured nano-fibers formed by
coaxial electrospinning and its biocompatibility evaluation[J]. Bio-
medical Materials,2016,11(3):doi:10.1088 / 1748-6041 /11 /3 /
035007.

[7] Asvar Z , Mirzaei E , Azarpira N , et al. Evaluation of electrospin-
ning parameters on the tensile strength and suture retention strength
of polycaprolactone nanofibrous scaffolds through surface response
methodology[J]. Journal of the Mechanical Behavior of Biomedical
Materials, 2017, 75:369-378.

[8] Stafiej P, Kiing F, Thieme D , et al. Adhesion and metabolic ac-
tivity of human corneal cells on PCL based nanofiber matrices[J].
Mater Sci Eng C Mater Biol Appl,2017,71:764-770.

[9] Padalhin AR , Nguyen TB L, Ki MinY , et al. Evaluation of the
cytocompatibility hemocompatibility in vivo bone tissue regenerat-
ing capability of different PCL blends[J]. Journal of Biomaterials
Science, Polymer Edition, 2014, 25(5):487-503.

[10] T#E.ATEEH . Wi 222 SAPKREAYE M]. dbat : TP EZTSUE M

#1:,2011:33-39.
Ding Bin, Yu Jianyong. Electrospinning and Nanofibers[M].
Beijing:China Textile & Apparel Press,2011:33-39.

[11] Lin Jinyou, Ding Bin, Yu Jianyong, et al. Direct fabrication of
highly nanoporous polystyrene fibers via electrospinning[J]. ACS
Applied Materials & Interfaces, 2010, 2(2):521-528.

[12] He Wei, Yong T, Teo W E, et al. Fabrication and endothelialization

of collagen-blended biodegradable polymer nanofibers:potential

(THE31®)


杨超


TR, S - 384 B0 2T 108k SR W AT 5 R RERYSE

31

(31

(4]

[5]

(6]

[7]

(8]

Qian Bozhang. The development and application of special engi-
neering plastics in the world[J]. World Plastics, 2006, 24(10):56-61.
ZEYCAR  ARATIEE, SR RS OB R IR AR M TR R 0], TR
SRLN T, 1982,10(4):1-7.

Li Yingjun, Lin Dehou, Wu Zhongwen. New type of high tempera-
ture resistant thermoplastic engineering plastics[J]. Engineering
Plastics Application,1982,10(4):1-7.

PREDE, Pr2L4E, INERE, A5 | e PR M gt s SRR i 145
JFAE [3]. TSR H L 2018, 46(11):25-29.

Chen Ruibin, Gao Hongjun, Sun Xueke, et al. Synthesis and char-
acterization of end group modified poly(phenylene sulfone)with
high thermostability[J]. Engineering Plastics Application, 2018,
46(11):25-29.

AL ], R A RN/ A1 BRI AR A RN
5 SPERERTSY [J]. B icfbsy T4, 2015(5):1 229-1 237.
Bian Jun, He Feixiong, Lin Hailan, et al.Preparation and Properties
of Polyphenylsulfone / Graphene Nanocomposites[J]. Journal of
Chemical Engineering of Chinese Universities, 2015(5):1229-1 237.
SRR AIER / RIRAR SR 1 ] 4 S PERERIFR [D]. K
T HMRORE, 2015,

Zhang He. Preparation and research of polyphenylene sulfone /
phenylenesulfied blend[D]. Changchun:Jilin University ,2015.

JEUER AR BT, EARHE, A5 U A G SR A IR R R B AL
TR B FE 525 BRI T 27 PR BE (3145 23 3 AP RL 7 5 07,
2009(7):94-96,100.

Gu Tiesheng, Liao Gongxiong, Wang Jinyan, et al. Mechanical
properties of PPBES / PEEK composites reinforced by short glass
fiber[J]. Polymer Materials Science and Engineering,2009(7):94—
96,100.

R, S0, 10 B RS AT e s R RN AT 5 bR ) 2 M g
5T [3]. B AR, 1992(4):7-12.

Li Ming, Wu Zhongwen, Tang Xinyi. Study on mechanical prop-

(]

[10]

[11]

[12]

[13]

[14]

[15]

erties of glass fiber reinforced polyethersulphone composites[J].
ACTA Materiae Compositae Sinica,1992(4):7-12.
ZEEA . RWAIEN / RREEIR ) K LB L s p e i £
HPERENTSY [D]. KA « #H MR, 2016.
Li Yujie. Preparation and study on properties of GF reinforced PPSU
/ PPO blends[J]. Changchun:Jilin University, 2016.
Zhandarov S, Méader E, Scheffler C, et al. Investigation of
interfacial strength parameters in polymer matrix compo-
sites:Compatibility and reproducibility[J]. Advanced Industrial and
Engineering Polymer Research, 2018, 1(1):82-92.
SRME K, Bl . BRI BTG e e 66 1A vERER 2N [9].
WIHE AR 5354, 2017(12):43-45.
Zhang Pengfei, Lu Bo. Effect of toughing agents on performance
of glass fiber reinforced PA66[J]. China Rubber / Plastics Technol-
ogy and Equipment,2017(12):43-45.
Sambale A K, Schoneich M, Stommel M. Influence of the process-
ing parameters on the fiber-matrix-interphase in short glass fiber-
reinforced thermoplastics[J]. Polymers,2017,9(6):doi:10.3390/
polym9060221.
Karger-Kocsis J5-Mahmood H, Pegoretti A. Recent advances in
fiber / matrix interphase engineering for polymer composites[J].
Progress in"Materials Science, 2015, 73:1-43.
TEICT . BEAF SR BCME T2 R IBAT G058 [D]. dbst - el
TR¥,2012.
Jiang Zhaoyin. Research on the screw assemble and the processing
technics for glass-fiber reinforced modifacation[D]. Beijing:Beijing
University of Chemical Technology,2012.
SchoBig M, Zankel A, Bierdgel C, et al. ESEM investigations
for assessment of damage kinetics of short glass fibre reinforced
thermoplastics—Results of in situ tensile tests coupled with acoustic
emission analysis[J]. Composites Science and Technology,2011,
71(3):257-265.

(E#FEE19TT)

[13]

[14]

[15]

vascular graft for blood vessel tissue engineering[J]. Tissue Engi-
neering, 2005,11(9-10):1574-1588.

Yu Aibing, Standish N. Estimation of the porosity of particle mix-
tures by a linear-mixture packing model[J]. Industrial & Engineer-
ing Chemistry Research,1991,30(6):1 372-1 385.

AN 02 TOULEE ey T4 R AL N G 3], A
$41,2009,23(24):101-103.

Li Xiaobing , Liu Ying. Contact angle model and wettability on
the surfaces with microstructures[J]. Materials Review, 2009,
23(24):101-103.

Attia H, Johnson D J, Wright C J, et al. Robust superhydropho-

[16]

[17]

bic electrospun membrane fabricated by combination of electro-
spinning and electrospraying techniques for air gap membrane
distillation[J]. Desalination, 2018, 446:70-82.

Koysuren O, Koysuren H N. Characterization of poly(methyl
methacrylate)nanofiber mats by electrospinning process[J].J ournal
of Macromolecular Science:Part A-Chemistry,2016,53(11):691-
698.

Chang Yao , Li Junjie , Sun Tianshu , et al. Grafting starch nano-
crystals onto the surface of sisal fibers and consequent improve-
ment of interfacial adhesion in sisal reinforced starch composite[J].
Journal of Applied Polymer Science,2019,136(11):doi:10.1002 /
app.47202.

ATIE—BF XTI : www. epal973. net


杨超




