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Preparation and Properties of Co-based Self-healing Polyamide Conductive Polymer Materials
Shen Wei'*, Zhao Bowen', Liu Jiali', Zhou Xing'
(1. School of Chemical Biology and Materials Engineering; Suzhou University of Science and Technology, Suzhou 215000, China ;
2. School of Mathematics and Physics, Suzhou/University of Science and Technology, Suzhou 215000, China)
Abstract : Room temperature self-healing polyamide was prepared with dimer fatty acid, diethylenetriamine and urea as raw
materials. The conductive pure Cobalt (Co) particles were prepared by hydrothermal method, and the conductive particles were
doped into the self-healing polyamide system by nano composite technology, then a novel Co-based self-healing polyamide conduc-
tive polymer material was obtained through hot molding press. The structures of the pure Co and self-healing polyamide were char-
acterized by Fourier transform infrared spectroscopy, X-ray diffraction, scanning electron microscopy and so on. The self-healing
ability and anti-swelling properties of the self-healing polyamide, and the electrical conductivity and self-healing performance of the
self-healing conductive polymer material were systematically studied. The results show that, average particle size of the prepared
pure Co is 3.43 pm, and the surface roughness is easy to be compounded with the self-healing polyamide matrix. The room tem-
perature self-healing times of the polyamide matrix can reach more than 20 times, when the content of crosslinking agent urea is 6.6 g
/20 g dimer fatty acid or the crosslinking temperature is 145°C, the matrix has better comprehensive anti-swelling properties for
water, alkaline solution and oil. When the mass fraction of pure Co reaches 50%, the electronic conductivity of the self-healing con-
ductive polymer material has a sudden change and improves dramatically. The addition of Co decreases the self-healing ability of the
polymer material but the room temperature self-healing times can still reach more than 10 times when the mass fraction of pure Co is
50%. Because this polymer material has good electrical conductivity and self-healing performance, it is expected to be used in wear-
able equipment, electronic devices and other fields.

Keywords : polyamide ; nano-Cobalt ; room temperature self-healing ; electronic conductivity ; polymer material ; swell

1o TR RE LG 3 9 03 1R OB Y R
O R T1 22 PR RE A SR RESF DL R AR AU
AR AR E AR Y m o TR
FE AT ASARNR , it A R rERE
5o FRERE TR LUE S RAFADL A IERE,
WRBRIRER KR L 45 . DR o T AR E 2

WA TR AW TR S m R RO ) 7 2

*[E KRB E I 4 I H (51403148), TR A R T T
T2 0075 5 A0 T UM B 52 0% B, VR A K= AR B e N 255 B
(201710332002Z,201510332058X)

BRFRN: JH, B0, RN AU 0 TR a5

Wi F1183 : 2017-09-06


杨超


2 TAEIRREN 2017 4F, 55 45 &,55 11
Ty B RS : el m A2 R e A PR W

H R, X 45 B 2 8 =5 43— AR B 5 3 A
Z , MABE RS PR B S RS AR
AT e = R R (ERr e SR TS ENE 2 L
AT TH R PIRE , 1 40 O 22 7 T Y REARAR 2
HIfem AR A E S S TR, A
1B T R AR B AR R RN A
B0 ARMER HBE SR T MR R A5
A B E A BE RS TR —F & T
L, BB — 286l 55, MR e [ i R AN G
RGN SRR AR AL, (A8 T A — o B
Bk, AR R, O ELME L g R g el | 1Y
G ABE SRS TR E R R R RE
BEYFAR P BI B E R " s A%
B EREMI R G EAR 42 5 T B 9K 0N 5 T 1
() —ZR5ARL, AR R Z AR S, Tl
AT A R A R A T R, A SR
s AR P BT, 7E A E S E TR R
XAk, T RANE R R AR, R R E
(C3-Renizi SR AU

i 2R QB R = TR L S s
B oA EHA R s, H A e B kR Tie
AT TERRIR, 24524 A YRR ISURL o el S A iy 1
REARAbIR /N, TRBE AR R R R s, Hom ¥
T Y A E S B R PRL ., 9K B SR
Fake e HH S SRg e rERe LS R A
BETRA M FIite L2 ootk A ),

EHVR T R B R S S AR
M T Bl T R S R e, LA
HAE N AL S m TR R, LA HhS
TR AR SR E AR S T 2RI A
il B4 B ARG UKL, A TR B R R T
SrFAEL SRS R (SEM). X B4
S (XRD) X i HL it AR #0217 SR 3% (FTIR) AX 5515
X B GRS R K R WG i 25 A AR R A T
FAE, IR L& 1 B R S s 40 A BN
Ha MR A LB SR R A A TR T T K, Sy ()
FRE B A S5
1 KIeFERsy
1.1 EZZRH

TRIBWITR . T, R T T A BRI

T N Ay Al ST TR FRAFL

PRE : sr#irati, bifg it aaGR A BR A F 5

T E s = R AL b al, Tk
TARAF]

O bk, 15 S S AL T A FRA R

IKG W A3 Hral, R E 2 T A BRA

TR L A BT al, VLI T Re A 2 A A
PR F

H i, NaOH, CF-14 i1 : T

R T, T3 4 2 SR A FRA T
1.2 EBREANE

LE PG AE IR P PE 2% - DF-101S 7, | VAR 3R 1 1Y
RSB AT

120 W SZ56 55 Fif £ HL: CLSIB—120 &1, Bh Bl
MR AT BR A 5

B R E M YZF6250 B, ik FCAX 8%
#s

BINGFEIERE KRS 12 emx 8 emx 1 cm,
R TR R R

SEM ¢ S3400N %4, H 37 mfr B AR A 5

XRD 1% : D8 %1, f# [ Bruker /A ;

FTIR {¥: Spectrum BX Il %, 3¢ [¥ PerkinElmer
IR

FL BRI : FT-300 B, HAS FT A #] .
1.3 4R ABEARBESEH s FHHHE

(1) BTN 25

Z: BSOS [14], 1 RV L 25 SRR . LA
IR WA SR, 6 e i s T il s 2 ALK H o
W CIRE RN 75 ot 3 = W SLUL B S 2V T 2
W R TR (0 2 Ja TEATRE B4, TR A — 2 i
TG, SV W2 B SR A 5 LS K
FRELfiidl 1 h 5k O RO A B e R N 2 v
il BT

(2) R NR 7R TSR AR il 25 o

B T RIBWTRR A — O = et kb 20 1
BT HRE D, & T PL SR 30 min 56—
R E T 160 CIME rhinai, = B 48 15
PUBHE TR  RURAE = DRI A8 T KRR g
TEREEE  FFEHE AR TN 24 ho E TS TR (4
HOMA B, S B A2 IR K IR G (=&
TRFLEL R 120 7), e Al B 5 Ja i a2,
BURZWCE T 75 CESBR DT 12 h & H.

(3) 5L B 5 RIS H = AR i 5

P i SRR A, SR T ARG


杨超


VA, 4 - B B IR I S L TR RH ) 7 S PERE 3

2010 min, K5 IMA—E B IRZE T =R,
FERE ATV TR T4 40 min, fie 5 8] A SR PU 60
CAFBEELAT 110°CTF AR 24 h, i34 A 1B E R
P e S FL o3 B
1.4 MX5E&4E

K H SEM WLEE BB AS ( RTHTE A LA K (1B 5
SR AT TR DI T A I

#5 SEM BB H FH Imagine J FA4F3EF7 A PR, 5 L
100 55 B SR (A% , 75 HH SR AR AREAR 0 A 5

K XRD {53 Bt BB Ak (R 4548, Cu B, I
0.15406 nm ;

K H FTIR AGRAFE AEE R 454 ;

KR POERER L, st B 2 S i o F R
BERY FHMERE ™Y

¥ A 1852 R AR B E S & T
PERNARE T I, WS A B E RO BB 5 1E
[Fi] — 8 Ak 22 R DT T, UL L FL B SR PR e i i A
T

H A& 52 5 Tk Bl ) o s ik 1 fig 4% GB / T, 11547+
2008 Wi, WL FE R 23°C i FEIR s E] A 24 he
2 #RE5ITR
2.1 fIRAEU LM RAE

Bl 1k BBl R TR SR SEM IR B o AT 1
AL Y, 48 0 BRL B R 52 2 2 oy A Sk ) [R) 35k
¥ , I HJ0kL 5 ks 2 (8] A R e 35 B R T 3884y
(14 R I [, D20 1 U, BB RG R H ASE REL/ DS
I 53 PR B = AR ) S r M RE A R AP Y
PRIEVER . A1 AT LUE B, B sk 3 i 5
%%&E%ﬁﬁ?MﬂEAﬁw@@AE%o

(®)
a—JHK 25000 %5 b—HK 6000 fif
P 1 BB R IEEAR M SEM MR
P2 B RS A I . K 2 AT LU Y
BARTEG I ROT R 5] IR 3 A, (AR A
H 3.1 pm, FERAR R 343 pm, HokiiR Al 1
~10 pm, A EBRM IR, 0B A R 68 7 1
B, by T O 22 [R) 1 H 3 1

6
RifE / pm
B2 B Rk S AR 1R

& 3 75 BB 1Y XRD 3% . K 3 AT LAE Y,
TP A AV T, S A RS R T X, R B
ﬁ%ﬁ%&%;ﬁ%ﬂ%@%&ﬁﬂzmﬁw B
JA 5 (100), (002), (101), (110) YA S L , U
HH PR 45 B S BN Y — RS e R 5 KR
A TG AR

fO iO 50 40 50 60 70 éO
20/ (°)
B3 AT XRD &

2.2 AMARBIEALEME MR

(1) AR IR A LR

A REB RN GRS HE T 258 EABE
RWER T = o PR il T2 AR, ABRE R
P frie v ) — SR A 1D R S 5 A AN 18] 4 R 1 3 R4
¥, Hodr B 53 ZICR o5 RS B Y 90% LA
o FBR REERE ) N HLEE A R 5 A 0 Bk
%A%&m%¥%w¢ﬁﬁﬁﬁim%ﬁ%&ﬁ
53 B 7S (8] =4 RS

(CH);COOH (CH,),COOH HOOC(H,C);  (CH,);COOH

(CH2),COOH (CH,);COOH
CsH
8Hs 3H1 5
(CH2)5CH3 CeHi3 CeHiz  CgHys

ZITR =JCR
B4 BRI 7

(2) AR RELRE L5 RAE .

[&] 5 g 165 B e FTIR 15141, hl&l 5 af,
3294 cm™ Ab g S KL N—H A9 45 4R shivs, 2 924,
2851 cm™ b Ay F LRI H L 1) C—H X AR AR XF
FRAf 45 4% 3h e, 1 650 em™ 4b 2 Pt iz 3 ) C=0 fift
AP shd, 1554 om™ AbJ2: Rk I N—H FRAF 1%,


杨超


4 TRESEARHR H

2017 4F, 55 45 4,55 11 30

1454 cm™ 4b HYEL T30 LAY C—H 25l R 3h W
I§,1274 em™ &b —CH, 1925 thyE3h %, FTIR 3%
FI 4R shide o, BT il 4 i) A B 2 Rt h 2 4
TR T BB T e 5, TiE B L 20 FHE 2 P
B TR, TR S ST

YR / em”!
Fls  ABAREEE Y FTIR 151

(3) A RBEM ) A B PERE

A& A2 PEREE AR & 0 TR —
AR FH AR (H H RSO R AL FHB R TERER)
PRUETT ¥, TR N E PR RER MHERAE A 1B Z 1ERE
FTENORIY IR 22, A RIS B SRR, i,
SRR OIS T 1%, 2 MEHL AL ] 75 1) BB S 2R
WL ) A B S R RE , H5 R EA T TR DI itk
T T B R i A5 [ IR s
6 9 FIES R iU £ BB R RE I Bl P R )

)
a— B BBEMERE ; b— IR I, s o— M BRI
d—FHIB 5 5 KRR T SO B
6 IS MR R e 16 5 P A R P B

FEM R P R B, 45 0 A 18 2 R B U
EHRN N ABE (HRE AP EYE, i
6d It/ , BEICE 24 h ZJ5 VR Bk, 5k,
il R BB R BT AR 20 rik. BRE LA
1652 FREMERE 1) A48 52 R BCRT SR TEBR YK, (0 i T 2R 1k

il LA — 22 B WK P SRR D) 1 b S v ) U
a5 KT IR BELS HAB  SHE, X RS
i S 2 (B T A= 0 S e LU A, R 530
SERR A S R — PR

(4) AR R AP RE BT

AR B R T AR BB S T REAE T
Wb S Ay R o T A SRR A EE TS S, B BT LA
F B2 TCPR U, {H & U G 3R A ) SE RO mT i 4
M2 5 P A A2 IS v B L W BOY U, AT
PRI S T MR SRR . R, Y A
B AR TR PLE ks A B R
X

FE L) BB R, S E ) PR 22 1) 7t
T A R B P 308 38 2 5 W 2 b AR B 1
Y CHE A 2R, BRIHGAZK R BE A 1% 1) NaOH il
CF-14 LA A4 085 BIFOE T PR3 B i
SIS BT R T A8 5 SR IR AR ik M g

YRZI, 5 A0 7 s

0.40
035
030
3 025
=020
Lo

54 56 58 60 62 64 66
PREEL / [g - (20 g~ RIEWIR)]
(@)

135 140 145 150 155 160
AR / C
(b)
=—H,0; o—NaOH; a—CF-14

a— R[] R 2 PRI L 5 bR ]SSR F K L
P 7 NI PR 26 PR AL EE 19 1 5 SRR R I

1 &l 7a 0] LUE i, Bl 25 28 56 55 R 2R St 1) 34
i, BB 5 3R I P SR A AN [R5 550 o 4 35 ik L AR 4k
BB G = AR L YR E AT 6.6 ¢ /
20 g “HRNBMHTRIT , BUAEAE 3 PRI Hh G Bk L4
AR, B R IR R B — 5 i, sC B L
WK KRR ARG BE M. T LIAK  JRE il
6.6 g /20 g “ENWTERAT , 8 REXT K Bl BORT


杨超


Vet , 5 - ik BB S RO Sl i 20 A RHR R A S PR 5

LR GO IR PERBRC AT

1 & 7b 0] LA H, A2 506 ek B XoF 1 A S T
TP R K LS e W B DT S 3R PR 3R FH Bt A9 52 i
| B SRR I FHE , BB SRR AR ms
TR AR K L S S I AT S T 5 P A AR A
OMAEIK AT K L S R B, AT P K L
BT GRS A TS A YRR A
| 160 CHF, 13U 2K FIAR A W (435 K AR 2
o — NS T, Rl SR B R, SCHR AN B
P IR PR ARMEE AR EERY 4 RE R IR Y
P Mk PERERE = S . (ER T LAE Y, AR TR
()Tt im0 BREZE T HR 9 Bk LR R AIG i 2 T
PRI E N N ol ol 53 7 N NI W = e Y T R
T T LA St B R BRI Y A e, Y A R R
2| 150 C e, 12URE 7R B8R W H 0y 9 ik Le ST A R B
T, FoJE R AT B Y A BRI B R E 145°C L R,
PRETRRREE AR, FEOR R WS IRBCRAT B PR
SR FECYACIRIR O 145°CH, I REZEBRIA W R
(I U ERAR , ZE AR ) Bk Lt A &5, PR T
DL A 2SS BETELEE Sl 145 °C I, [ 1B0 8. el i ke
XK B AT A AU A aR S i I B
2.3 A %A BB FE S T A LA 2T

(1) FHERER T

AEE S & A RS PN A 8 TR,
BV i Ok B B AR B WIR ) A B R = o
i, BN SR A S i, A Sa
TR 5 24 5 F SORE 1 B A v ) AT O i R P
B, POBFEA — 5 1) S HLRE T, WnIE 8b PR AT
25 S HL R PSRN g, S FL RO 22 (B T o
PIEAS , L H P RE R 2 R A U, A&l 8e PR, &
L BB i o A s | R B i E R
B SHRMERRA G AR RN ABE SH
AT RAREAT 8T LED 25450, ani&l 8d s .

AN TR BT A 5 B A I B R R 5
S F AR SEM BR R anfEl 9 . iR 9 mf
DI Y, S H B R 2 () A7 e — E AR, 25
Bl B F 18 5 R e S IR 5E XA FLHIB R SR A
) BB MR S L B O 11 S F P BB e
G LA AEGAE T —8, 528 T M RHE R IR T
A BEN R EFEZmERNES . TTUEH,
BT B e N B AR I, U 22 [ A A B
5/ FH M P B — o FURE Y 5 H 3 i, D T A4
RS RE AR 4T

T HUBURE

(b)
IV VAEW]

(©
a— FHBIE LR 2> AP S AR B9 4544 5 b— S AL i I
Js c—HEANE ) 5 d— B SR THRHE LED HBE PRI
K8 AEE S TR AL

o
2 )

(a) (b)
PO T S0 : a—20% 5 b—60%
9 NIl BT S B S S L S TR IT I SEM B
FHPERERE AR 2T ORHERE Y —
DEEHETRIR . 3R 1 AR, F R A E S B
B4 R WER T i o TR I 3, iR 1T
DU 28 00 BB S e o0 AR R RE Y
101 V5 6 A Bl o B 03 By 50% A A, A
FRA —ARAE, AR AT B R, Y TR,
() Jo s o B o 70% B, S EE 1 RIE &R, Y
PALJ AN 5 0 B B 80% B, ARG H SR ] ik
8.6x 107 S/cm,
®1 TRERHSEMABESESH FMENBSES/ cm
LTS i 5 L/ Yo

20 40 50 60 70 80
HSE 32%x10° 1.4x10° 9.8x10™* 6.8x10° 1.3x107> 8.6x 107

(2) ABEIEREIT

il 45 (4 A B S LR AB 2 5 v B B 0K s
B e A W S A, DI ST BT R IURE A B
P10 BB o 1 K00 50% RO 8 52 R
e S A RHARE B SR s O, IR 10 AT
DS B, D) D AT — 2 TR AR (IR AN, S5 1
=Xl 1 RE DT A TR S 23 AT R i, A ) AN

i H



杨超


6 TR

2017 4F 56 45 45,56 11 1)

FE 10 BRI AT DL B & e 4 KRR 50 ¢
Y, kIR I 2L, Ui L Y) b O C 2 i
Ho BRI R A B YR, X% h U &
IR AR RS, R A TR AR s o b AR B T T AN 8, il
FEF T AT B, T LU B, BT A4 i A,
55 7 ARHY BB R RE T (BA R BB R AT T
k10 4K

B10 BT T SRR 50% MG SE 111652 SR S
A RHARE B RO
3 &g

(1) >R JH ¥ 50 #2700 BROE B 5 il =
XRD % W2 17 W, 45 a2 81— SERL A
3.43 pm, RiAR I3 B B S A AR VS L O 1 ~
10 pom, HRTHRE , 255 SR EWHHZ

(2) il & 1 BB 2 Bt A —E /) A B B
e, AEIL YT A 20 IR

Q) HIRERERN 6.6 ¢ /20 g ~FAGHifREL
SEHRIRLE S 145 CI, B85 SREME S K A i
MBEA BRI LRGP IKTERE

(4) BN o R 7y BOR B 50% I Ak 5 42
=R I i O S e o X A
REJIRIRAET .

(5) BB INA S FER EHY A B Z B A
JIETT B AELTH 5 (0 il 148 5 SR I e 5+ v 40
B EA — R FAE K RE T, R BT i 4 BCh
50% FURPRHEZ IR T 19 BB UEATIA 10 IR

5 % Xk
(1] s, s, 2800, 45 O R BB R PC B R i+
# [J]. hEER R, 2014,45(1):135-138.
Xu Liang, Tu Jianjun, Li Shaobing, et al. Design and preparation
of double film systems on PC lens for optical display[J]. Journal of
Functional Materials,2014,45(1):135-138.
[2] EWME AR . mo TRk A ISR ST L (7). MR

(3]

[4]

(3]

(7]

(8]

[9]

[10]

(1]

[12]

#2,2012,26(11):89-95.
Wang Mingcun, Zhu Hairong. Progress in the self-healing
mechanisms of polymeric Materials[J]. Materials Review,2012,
26(11):89-95.
Itz s o 4 I e I S B S s R N e RV RE N S ULl
VEIE (7). 888 000, 2012,40(5):22-25.
Qu Yingying, Zhao Shuaiguo, Dai Kun, et al. Research progress
on anisotropic conductive polymer composites[J]. China Plastics
Industry,2012,40(5):22-25.
T8, THEM, AR, 55 OBBUK SR BRI SRS 7]
SERAR AR, 2012, 33(6):1 355-1 359.
Wang Liang, Ding Chunmei, Zhu Ying, et al. Superhydrophobic
conducting polyaniline prepared via interfacial polymerization[J].
Chemical Journal of Chinese Universities,2012,33(6):1355-1359.
P, R R E . BEARAOK R A B E R R [J]. £ B
Al AARLERR, 2012,51(2):231-235.
Tao Yu, Wu Haiping, Yang Zhenguo. Self-healing isotropical
conductive adhesives filled with Ag nanowires[J]. Journal of Fudan
University:Natural Science Edition,2012,51(2):231-235.
Amin M. Toward self-healing energy infrastructure systems[J].
IEEE Computer Applications in Power,2015,14(1):20-28.
Toohey K'S, Sottos N R, Lewis J A, et al. Self-healing materials
with microvascular networks[J]. Nature Materials,2007,6(8):581—
585.
Vemuri R S, Bharathi K K, Gullapalli S K, et al. Effect of structure
and size on the electrical properties of nanocrystalline WO, films[J].
Acs Applied Materials & Interfaces,2010,2(9):2 6232 628.
HIHEIT i, AR5 IH 4 AMERUER G WEE BB I B RFE
HERE (9], BEREHY / 2 AR 2015(1):92-96.
Shen Yanjiao, Yang Tao, Niu Xuejuan, et al. Research progress
in extrinsic self-healing polymer composites[J].Fiber Reinforced
Plastics / Composites, 2015(1):92-96.
JEI% AR, AT A L MBS S A R R S AR ) o
LeAEREWETE (1] R INBHEE A B4l - AR AR, 2014(4):46-
50.
Zhou Xing, Li Jihang, Dong Yanmao, et al. Synthesis and
preperties of self-healing conductive polyamide composites[J].
Journal of Suzhou University of Science and Technology :Natural
Science Edition,2014(4):46-50.
PEIRAR 22 B B, % . DCPD Tl € (41 45 S BP / T4
SAAREHY D127 AR [J]. TR, 2014,42(1):112-115.
Hong Xiaodong, Qin Changqiang, Zhao Na, et al. Preparation
of dicyclopentadiene microcapsules and mechanical properties
of epoxy / microcapsules composites[J]. Engineering Plastics
Application,2014,42(1):112—-115.
PGB, BRC s, 2 (W, 5 [ Ba A B IR EE L p i st
Ji& [J]. MBb 4, 2014, 28(11):132-136.
(THE18T)


杨超


18 TR R

2017 4F 56 45 45,56 11 1)

USRI 5.2 oN/ dtex, WiBHK AN 15.6%.

(3) BOZ 5 PMDA Hi Hint, o 2 1 45 FH Fpoph
FBER Y R A5 AR, SHIE AR &R+ BOZ 55 PMDA
) H 53 A3 500 2% F10.75% B, 7E 270°C RS
60 s, -PET FERhE k] 0.88 dL/g, FLLZZMTRLHE
JE 5.8 cN/dtex, Wi RN 18.2%.

(4) i EL 23X -PET 7ERRFF 947§ S 17 52 )
R, B B B S AR AR K RN
REA AR 3 BERCRIT HLIR D %

2 % X

(11 b4, EEA, S04, 5 | FNEL Tk 22 & IR [1]. A&
FeAR KV ,2017,32(2):26-30.

Yao Junyi, Wang Yuhe, Wu Xuhua, et al. Development status
of domestic polyester industry wire[J]. Synthetic Technology &
Application,2017,32(2):26-30.

[2] FE5ME, BIEAR . WD PET L I HERIWFSEIF e (1], S8R
$%,2017,45(6):101-105.

Huang Fangyan, Liao Zhengfu. Research progress of expanding
and resizing PET dedicated chain extension[J]. Plastics Science and
Technology,2017,45(6):101-105.

[3] Loontjens T, Pauwels K, Derks F;-et al. The action of chain
extenders in nylon-6, PET, and model compounds[J]. Jotrnal of
Applied Polymer Science,2015,65(9):1 813—1819.

[4] ARAERT . XL IR “ Rl E 4 MR MERERAE S BT5E [D].
GIE AR TR, 2014,

Zhu Huazhu. Characterization and study on properties of
polyethylene terephthalate composites[D]. Hefei:Hefei University of
Technology,2014.

[5] o3, 0, 30 . I PET (Y52 BB 6 (1], vl [ 0k,
2009,23(10):78-82.

Gao Kun, Wang Lan, Wu Wengian. Chain extension of recycled
PET by reactive extrusion[J]. China Plastics,2009,23(10):78-82.
[6] Makkam S, Harnnarongchai W. Rheological and mechanical

properties of recycled pet modified by reactive extrusion[J]. Energy

(EEFEoem)

Sun Daosheng, Chen Yuanyuan, Wang Aiguo, et al. Research
progress of self-healing and self-repairing concrete[J]. Materials
Review,2014,28(11):132-136.

ZRIEANE, R OK, AR, AR L AME T FAB ST R A WAL RHIE ST U S
[9]. b L3, 2014,33(1):133-139.

[13]

Li Haiyan, Zhang Libing, Li Jie, et al. Research progresses in
extrinsic self-healing polymer materials[J]. Chemical Industry and
Engineering Progress,2014,33(1):133-139.

(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[14]

[15]

Procedia,2014,56:547-553.
Karayannidis G P, Psalida E A. Chain extension of recycled
poly(ethylene terephthalate) with 2,2'-(1,4-phenylene)bis(2-
oxazoline)[J]. Journal of Applied Polymer Science, 2015,
77(10):2206-2211.
Inata H, Matsumura S. Chain extenders for polyster II. Reactivities
of carboxyl-addition-type chain extenders , biscyclic-imino-ethers[J].
Journal of Applied Polymer Science, 1986,32(5):5 193-5 202.
PRER IR, A 2008, 3200 . R 3 R AR (A 3K v B e (0],
FRE 1, 2014,27(2):13-16.
Chen Jinguo, Li Honghua, Yuan Juan. Discussion on modification
of carboxyl value test method on bottom of bottle[J]. Polyester
Industry,2014,27(2):13-16.
Awaja F, Pavel D. Recycling of PET[J]. European Polymer
Journal,2005,41(7):1453-1477.
Yan Haichao,-Yuan Haitao, Gao Feng, et al. Modification of
poly(ethylene terephthalate) by combination of reactive extrusion
and followed ‘solid-state polycondensation for melt foaming[J].
Journal of Applied Polymer Science,2015,132(44):DOI: 10.1002/
app.42708.
Duarte I S, Tavares AA, Lima P S, et al. Chain extension of virgin
and recycled poly(ethylene terephthalate):Effect of processing
conditions and reprocessing[J]. Polymer Degradation & Stability,
2016, 124:26-34.
TR, E4E e, M . PETHIUR BOMLHE s B R B2 A2 4 0],
BACEERIN T, 2015(2):20-23.
Wan Chengcheng, Wang Yilong, Shen Rui. The change of intrinsic
viscosity after the reaction of PET flakes[J]. Modern Plastics
Processing and Applications,2015(2):20-23.
RN — IR U 2 B 2 (N EOR IR (7], 95 SR AT,
2012(1):23-29.
Li li. Discussion on the technology of one—step spinning polyester

monofilament[J]. Textile Science Research,2012(1):23-29.

JEG YR, TR . R POE T SR Co B MO RETERE
BEFE [1]. MR, 2014, 4(5):168-174.

Zhou Xing, Yi Liping, Dong Yanmao, et al. Preparation and
magnetic property of magnetic cobalt particles by solvothermal
method [J].Material Sciences,2014,04(5):168-174.

O H R . ITO IR T e w B I Oy s 8 R[], A
2014(3):44-48.

Guan Ziqiang. Discussion on testing method of ITO film sheet

resistance[J]. Vacuum,2014(3):44-48.


杨超




