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Preparation and Properties of PA6 Composite Modified by Carbon Nanotubes
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Abstract : Polyamide(PA)6 /CNTs-10 and PA6 /CNTs-5 blends were prepared by melt blending with YY-702 as compatibi-
lization and coupling modifier. The effects of YY-702 content on melt index, mechanical properties and thermodynamic behavior of
the blends were systematically studied. The results show that tensile strength of PA6 / CNTs composites increase with the increase of
YY-702 content, and the melt flow index decreases gradually. When the mass fraction of YY-702 is 3%, the tensile strength of PA6
/ CNTs-10 blends reaches the maximum value of 72.2 MPa, and when the amount of YY-702 is 4%, the tensile strength of PA6 /
CNTs-5 blends reach the maximum value of 75.8 MPa. When the content of YY-702 is greater than or equal to 3%, the melt flow
index remain basically unchanged, and the melt flow index of CNTs-5 is relatively small. For the blends of PA6 / CNTs-10 and
PA6 /CNTs-5, when the dosage of YY-702 is less than 3% and 4% respectively, the melting and crystallization peaks of YY-702
are not found on the corresponding curve. The melt peaks of YY-702 were observed at 152.3°C (in the PA6 /CNTs-10 system)and
150.4°C (in the PA6 /CNTs-5 system), respectively. Generally speaking, YY-702 produces good compatibilization and coupling ef-
fects on PA6 / CNTs-10 and PA6 / CNTs-5 blends, the optimum dosage is 3%(in the PA6 / CNTs-10 system) and 4% (in the PA6 /
CNTs-5 system), respectively.

Keywords: polyamide 6; carbonnanotubes; modify; mechanical property; crystallization

BT )N a0 B2 & -5 1 2 5590 H (201709P05), 2019 4R ) 4345 #8531 41351 H (pdjh2019b0399) , 2018 4F %)™ AR A AR} mi
B ks H ( 2018A073856 )

BIEE : FIVESC, T, 20, FRNF A AR o A0S 3D ATENFY E-mail : yangfanwen@163.com

We#m B H# : 2019-06-22

SRR BT, BRI, IO EESE, 5 | BRADRAE SUE PA6 G APRH T # S 1ERE [0]. TR, 2019,47(9) : 12-16,27.
Yang Fanwen, Ouyang Yuehan, Shen Jiahao, et al. Preparation and properties of PA6 Composite modified by carbon nanotubes[J].
Engineering Plastics Application,2019,47(9) : 12-16,27.


杨超


FHRESC, 45« BRI PAG B4 MERH il 4 S g 13

Je e (PA)Y6 BV O Nk , 2 JE e i il o 4
XA S 28, AL R R
it R A | A T SR L, R — PP EE A R RE I
R Z A A v TR SR O 32 B AR
B KR JRZEEE TR A A R T
P gl 25w P (HAZ T AR B 45K, PAG [T
s P AR R A5 T 2R RIS AR R, ik
i BRI TR R SRS R T PAG K FH 43
I B — 3k B

fik 9K A (CNTSs) J&— Rl ELAT IR 45 1 1) — 4k
YRR, HAk R T 2 RIAAE SR & A, C—C
B2 MM w BA DL ZEE CNTs )25 2 Z M i AH
HAEF i flif5 CNTs HAG g i am J5 40P A s
e O HBPERTR AT Ik 1 TPa, 5 4 WA 0 Bk
B JLF- AR TR, 29 A B9 0 5 475 5 FLBEIS Fir A i A
50 ~ 200 GPa, J&= #0114 100 1%, 1M % BEA 4N 1 /
6. PRI EA R AT 2 1 A it & @ M R
H SRR PR AR A TR AR 8 ol | 27 LT A 1Y
FERRAT G il 1 A B i TR 2 B i T A,
J&T—F— M Z IR B B ML Z Fr
81 CNTs 75 583 4 PR E A, SR e 55
gho L S BIVERE I A AR B

VLA, BAY) / CNTs &AM RIS 2 N
YORBFEAIEST A — A3 P AHEATT 5 A AR R 2R
B2 I 7245 U 5 & RS / ThBEfk CNTs
Z AL A MORHR - H B3 T CNTs 19 2 i g
MR LR R A PERE . B B BT K PR ER L /
CNTs JEARICAZ A AR, 2 I LA 41 S5 1 g 2%
BRI PERE , i HAT — 2 B SR AR PG 46 i 2 g
MIfiE T, XIRJRS B &M =0 ORI / Rk
CNTs &2 & # K, CNTs 21 e R G, B
BT AR T AR A ARG R T AR R
FeuE I, RISz R A A B S P B 4 e

RO MBS CNTs #1752 S s, Al LASE
F454 PAG Il CNTs L3, TRAMN A — AR
Zhb AFEN AR A E A AR, BRI R B9,
40 Hyperion 23 & #] ] CNTs #9468 B S B PERE ¥
CNTs IS IER G, §il 15 R WEHE / CNTS(PA6 /
CNTs2, PA66 / CNTs2) . PEI /CNTs2, PS/CNTs2 4
2R A MR, TERE SR R G W A IR B A5 5 F T
FfrHLTIRE, L CNTs B1RFT CNTs 20 A4 4 5 I 2
TR AT TR I 30 245 o

26457 9 FF CNTs-10 £ CNTs-5 B B AL

CNTs Xf PAG FEAT Bk, LA YY-702 Sy 38 23 Bt ok
PR, BG4 T —Fh iR L = 2 A M kL
[F] 1% 5256 % PAG / CNTs-10 H1 PA6 / CNTs-5 Fifh
A RRH B MO SCR AT THRER, X H Wi FR
B2 CNTs MUt 5 IS B8O 22 S kAT T A,
} PAG / CNTs B4R HERF I8 S48 T3 1) S 50450 -
1 ZIERS
1.1 RAt#

PA6 : MD2400, 2> ik /Nl 5

CNTs-5 fil CNTs-10 : F & 43 Jill 4 5 nm FlI
10 nm, TRYI =IBRAKHTA BB A BRA 7 5

BB MR YY=702, ] IR 254 b )
AR
1.2 FZHEEAME

SR #5% H L SHT—40 %4, L/ D=40, F 51 1%
IANLAR) A5

HE¥EHL: HTB8O MY 5 7 I i RALA FRA 7 5

JTREIRIGAL s CMT40204 1,20 kN, bIH =&
AR A R 2

7% 7 4 2 # (DSC) X : DSC204HP 7Y, 1 [+
[EAEP

F& A 8l 2R (MFR) 1L : MTM1000 Y, 3 31|
B ARSI A B
1.3 XAEHE

¥ PA6, CNTs Fll YY-=702 25241 43 #iz B & 1 F0I
e 2 [ AT AR RS 3~ 5 ming AR5 SR XU
FFET AL TR i R, B LR e e R
BHE 220°C 55 1 ~ 10 X 240°C 3k 240°C , I AT4%
300 r/min, FrAKR YKL, Hil15 PA6 / CNTs X
PEAT L TE 80°CAE R T4 3~ 4 h RAEYENLE

260°C T 1 21 i IR
%1 PA6/CNTs-10 &Rk RAIE 77i% 1T %
Ty
ki 1" 2* ﬁgﬁﬁﬁ 4 5*
PA MD2400 95 94 93 92 91
YY-702 0 1 2 3 4
CNTs-10 5 5 5 5 5
%2 PA6/CNTs-5 {iBE R E /7%t %
e G
ke 6 7 i 9’ 10°
PA MD2400 95 9 93 92 91
YY-702 0 1 2 3 4
CNTs-5 5 5 5 5 5

1.4 PegemaX
b fh Pk GB /T 1040-2006 sk, $7 {1 %
50 mm/min ;


杨超


14 TSR

2019 4F 45 47 4 55 9 W1

MFR $% GB /T 3682-2000 il i, i & 250 °C,
A 2.16 kg ;

Sy 2 47 S R A DSC i, iR N 20 ~
300°C, FHEMEE 10°C / min,
2 H#£R5ITE
2.1 YY-702 A& x} PA6 /CNTs F_ 441 # 45 b bk

A

WiFh CNTs 2t PA6 R MHERE LA 1.
75 r
70 1
65
60
55 r
50 r
45

PSR / MPa

0 1 2 3 4
YY-702J 504 / %
(@

0 1 7 3 4
YY =702 505 / %

(b)
+—CNTs-10; 5—CNTs-5
a—hr s A s b— I

E 1 AR YY-702 PR CNTs etk PA6 &AW R H 1 fE

RfiE YY-702 5 53900, PA6 /CNTs-5 & A 41
B PR B E G 2 YY-702 TS AGA
2| 4% I}, B iisR ok 75.8 MPa, Bl YY-702 &
HAHE N, PA6 / CNTs-10 &2 & A4 B4 i) Fir 5 i 52
S EIHE RN S Y YY=702 [T i o Eiok
2| 3% I, P AR I B KAE N 72.2 MPa, #H LA,
CNTs-5 AN BRI L T CNTs-10, 74k iR B
LW R AET CNTs 2 —FpHA —& KR L 4
RPN PAG H 43 7= A — 2 AN AR , #h 5k
RORYE CNTs KA A 56, 1 H 5 PA6 /CNTs 7
454G X CNTs-5 (K AR HRKF CNTs-10, i H
NSRS AT B YY =702 J&—Fh & A [ v tEE
RE AT A3 25 (RIBE A A e 9) L B 25 FL S48, PAG
55 CNTs I F S5 142 , e ism i el  HuR
T e A% FH B 120 A RTINS CNTs T, i i i A4~
FHHE 2 R B I RIS, vl fig )™ AR B RO, lchr
g B SRR

PRS2 A AR W7 28K 3R 3 2 B AP 1 R
) #. YY=702 5 & X 9 Fl CNTs 2l P & & 41
B T A K 5 A A — 25 5% X T PAG /
CNTs-10 B &K, 24 YY-702 JFi & /0= 3% i,
W SR A et IR AR, BT i A B 4% B R KA
38% ; 1fif X T PA6 / CNTs-5 &2 & 44 Kk, 24 YY-702
i = 4% WA H B A R A 288, e K
HK 47.5%. 7= ER AR H7ET CNTs BHiE
N CHEF TR R K, 28 YY=702 SN ik E)—E
FE &, A R S A AT AR A Y L
AR, AR W 2 SR BE AR AR s 204
HH Y HAE PAG / CNTs JEiA 2 ] iy S = A4k B
UG ZSRRE, PAG / CNTs A RHIF i J3 i1 by 24
RIS W 2% . T CNTs-5 i ELAR/N T
CNTs-10, f 5t 1 35 2] 40 AT 75 19 YY=702 4%
2, W 5 43 B0k 8% B PAG / CNTs-10 & & #4 %t
AT BEIEA TR BIHLN , 2L I A i, P B
i "F B 591 PAG,/CNTs-5 & A M EHE YY-702 it it
YRR 3% I AR R, A i R RN T S e R
RIS BT
2.2°°YY-702 /A ¥ *F PA6 /CNTs & & # £t MFR

A

WIRhBRAN KA e PAG A1 KHIY MFR A
2 fitrn . MR 2 ml o, BERF YY=702 & & a3,
Flt CNTs etk PA6 & 5 A1 BHAY MFR 3 37 FE A ; 4
H i 5y BGR B 3% B, oE— 2B 8 L &, MFR
FARGFEAAE , P2 R RS YY-702 H
AP A U Z R I RE A G, YY=T02 &4 K
MR BEA], Ho— i 5 CNTs A9 #1074 — 2 i 45
G 1,55 PAG W & I SN, PR AR T R M
R 7S R0R ,  PAG / CNTs & 4 A1 KHI MFR 2 %
ik,

= 350
‘S 300 f
1S L
S 250
Z 200 |
- 150 T
=2
= 100 f
E 507
Z o[, ‘ ‘ ‘
0 1 2 3 4
YY-702J 55050 / %
«—CNTs-10;  o—CNTs-5

Bl 2 ORIF YY-702 & PR CNTs Btk PA6 E &4 EHY MFR
Piff CNTs XF PA6 (1) MFR 1Y 5 I 7716 — 7E 22
S, Horp %3 in CNTs-5 i) PA6 / CNTs-5 & 4 41 RL i


杨超


FHRESC, 45« BRI PAG B4 MERH il 4 S g 15

MFR AR, JE R 7E T CNTs-5 [ EAR/N, L3
TR, TSN 2] PA6 JEAR A B 2577 A — i B3 2
AR, CNTs LR TR BR A, Vs hn [ A9 o o R 2
B2 | rm A AR ., i MR AR XTI .
2.3 YY-702 A Z 3 LM FATH 6% R

YY-702 ] %} PA6 / CNTs & & #1 ki #4 1
SEAT AR UL 3 IR 4 .3 3 Ak 4,

& 3 & PA6 /CNTs-10 & & #1 K} DSC il £k.

T208™ " . 508.0

196.2
11T iy 5

...................................................... 95.8 " 208,4

L 15602073,

0 50 100 150 200 250

T/%C
(@
2215
152.3 M”zfz"\&’
152.8 o1
220,

0 50 100 150 200 250
T/

— 4%; —-3%; 2-2%; -5-1%; —= 0%
a—4h M2k ; b—Jamth 2k
%13 PA6 /CNTs-10 & & +kHi9.DSC ik
% 3 PA6/CNTs-10 B4 R A BhIE TN 245 S 1E

B N TS
IIJ\IIE' 1# 2# 3# 4# 5#
- 1528, 152.3
YA Eh IR B ~ . ) . ’ ’
FERMEIREE /¢ 2211 2202 221.0 2228 2oLt
JERIEAKS / 1.8988, 1.8806,
OV g 41042 38796 37709 ol Lo
B 1 2k H IR
* F”;‘i(\*‘“‘ 207.3  207.8 2084 2075  208.2
R/ °C
A5 1 2E B
ﬁl([f\j‘f' nﬁ‘g‘;;fg/ ~2575 27921 -2.7479 -2.6291 -2.7275
ey éﬂ:Elm&(:%l
w Zr;/‘z'i(f{“ 195.6 1955 1958 195 196.2
R/ °C
55 2 4 B
2 fiih *“;‘fﬁ/ -3.4954 -2.8678 -2.8153 -2.7845 -2.7662
(UV-mg™)
A5 g 4 H R SE
* 3F;”/“§f{““ T T £ 1211 1213
R/ °C
53 4k LB
A 3 L *“:‘fﬁ/ I x . -1.4889 -1.565
(UV-mg™)

M 3b F1ER 3 AT AN, R WS YY-702 & & #F
B A BR B 221.1°C JERAKS A 4.1042 UV /
mg 5 BE YY-702 F 3800, 4 Rl BE NS 1 5
Feisl/INE G, 5 JE B B AR G S YY-
702 JiHE 43 BCR 3% B 94 il R B i o 222.8°C

2 YY-702 JFi 450k 3% F1 4% I, 43 ) 7E 152.8
F1152.3°C H BT 55 2 AN Al XS 1 YY-702
) e e 7T > HL B o 0 R < 2% B, YA T R
YY-702 F ¥ i

M 3a F15R 3 AIHT, ARSI YY=702 i}, 207°C
AR LA SR BT, BN T YY=702 J5 7E
207 C A5 1 45 i B B3 K 29 YY-702 Jii &
OIEL< 2% B, 2 b 2 U B 2 AN Gh g YR
8= 3% i, BT 345 s, HEYH A
35 5 3% A AR AL B AR AT, 5 s B
) fe KAE ) 2 — 2, DLW XT PAG / CNTs-10 & 45
BERE, BRI F 438 3% 1) Y'Y =702 e fE .

& 4 2 PA6 / CNTs-5 & & 1K} DSC k. M
& 4b A 4 A5, RN YY=702 245 BRI
TRER 221.4°C GRS 4.3936 UV /mg ; FiE
YY=702 F i AN A AL 2 AR {3 i
PIGHALREFAAR . 21 YY-702 Fi i /34 < 3% I,
TUH BT PAG6 4 Al , Y52 B YY=702 (14 il
U6 Y Y'Y =702 i o BGR 5] 4% B, 15 mleL R B ey
Jy 222.3°C, HAE 150.4C HY L 155 2 Rl , oy
YY<702 f i

1503 o 5
W

0 50 100 150 200 250
T/C
(@)

0 50 100 150 200 250
T/
(b)

—+ 4%; —~3%; 2-2%; —=1%: — 0%
a—4fiihilhZR s b—JamlihZk
14 PA6 /CNTs-5 & & A kH DSC i<k
M da R F 4 ] AL oK U i YY=702 i,
208.9°CAL MY 1 45 MBI 2, %S 1 Y'Y-702 i
£ 208.9 °C 1955 1 25 W (B B 2 19 K 24 YY-702
Tk SY O 3% INF, £ 2 S ik B 2 A
MR RO 4% B, LT 3 NS, AR


杨超


16 TSR

2019 4F 45 47 ¥ 55 9 W1

LR BOR ) 4% IE AR AR S T B A AT, 5
FOLAER 5 88 8 B i KR FH 4 — 25, DR T PAG /
CNTs-5 =& kE, B 740N 4% 1) YY-702 i

EH &
F 4 PA6/CNTs-5 HiB¥ RIS RbIE TN 45 BRlE
A 6" 7' ﬁt?éﬁ% 9* 10*

k’g‘rg/"%ﬁ 2214 2217 2215 2215 12520;3’
ﬁ%\f*}:ﬁf} 43936 4.0615 4.0619  4.0447 14?0059249’
%Egj‘%g%ﬁ 2089 2089 2095 2096 2085
iﬁlﬁﬁ"ﬁjﬁfg/ —2.6356 —2.7693 -2.857 -2.8262 -2.7539
;nggim%iﬁ 197.1  196.9 197 197.3 1965
iﬁzﬁf‘?ﬂfﬁg/ -3.4652 -2.9749 -3.0191 -2.9352 -3.0153
% 3;;'52(%7& I T T I 120.3

55 3 25 I
&/ (UV - mg™)

PA6 / CNTs-10 #il PA6 / CNTs-5 i #l &2 4 44 4
H, YY=702 By A I 530 R 3% Fi14%. M
76T CNTs-5 i B #2 /N T CNTs-10, A il 4 7] L o1l
i CNTs-5 Y& 2 | L3RI BUK, Y Y=702 TE54 T
Ab FEAR TR EI AT T BB 5, T A R A S
J1EEERE R AR AR O, T 8 Y Y-702 P fE i
3 it

(1) B % YY-702 & &340, PA6 /CNTs & &
MR AR B 5 T, CNTs A=A T
FPIRACE , CNTs-5 IUAMRECRISIL T CNTs-10,

(2) Wi #5 YY-702 s, &2 & 4 R MFR
BEATAR, M H T 508 = 3% I, MFR B {443
ANAR U CNTs-5 ) MFR AHXF4 /)N

(3) PA6 / CNTs-10 Fll PA6 / CNTs-5 i it 5 &
PR, 2 YY=702 i 50553 il INT 3% FiT 4% BT
Al 2 A S h 224 th B Y Y=702 4 fali g
S5 i

(4) PA6 /CNTs-10, PA6 / CNTs-5 i fft &2 4 #1
B BN YY=702 B} 53514 207, 208.9°C 45 g
3G K, YY=702 X IR WP G k™ A T 80
Y HG PARERACR , A BB 7 8000l 3% F1 4%,

% % 3
[0 R35, B AN, T4, 45 . 2015 4F Tk [ OB P TR 90k B 5¢ i
JE [3]. LRSI T, 2016 ,44(3):125-134.

Dai Fang, Lyu Zhaosheng, Wang Jinli, et al. Research progress on

i 7 b i -1.4811

Chinese engineering thermoplastic in 2015[J]. Engineering Plastic
Application, 2016 ,44(3):125-134.

[2] Zhao X , Zhan L , Xie B , et al. Products derived from waste
plastics (PC, HIPS, ABS, PP and PAG6) via hydrothermal
treatment:Characterization and potential applications[J].
Chemosphere, 2018.D0I:10.1016 / j.chemosphere.2018.05.156.

[81 V5%, B, ToM] . TARRMRL PA6 SRk T 34 [3]. 2
BT, 2015,43(12):1-4, 27.

Xu Jun, Ma Jing, Ding Huili. Research progress on toughened
modification of PA6[J]. China Pastics Industry,2015,43(12):1-4,
27.

[4] Jia Zhenyu, Cai Ziging, Chen Jianwen, et al. High efficiency
toughness of aromatic sulfonamide in polyamide 6[J]. Journal of
Applied Polymer Science,2018.D0O1:10.1002 / APP.46527

[5] Jagtap R N, Mehta L B, Wadgaonkar K K, et al. Microstructural,
thermal and rheological correlations to mechanical response of
polyamide-6(glass filled)/ polyetherimide blend:Effect of ethylene-
octene copolymer on toughening of blend[J]. Journal of Materials
Science, DOI-.: 10.1007/s10853-018-2416-z.

[6]  FEEEEL, VLM k3t A BRAKASRE S ) T 5 A K B 9]
Bl 4, 2014,59(33):3 264-3 279.

Kang Lixing, Di Jiangtao, Zhang Yongyi, et al. Controllable growth
and-application of carbon nanotube arrays[J]. Chinese Science
Bulletin, 2014,59(33):3264-3 279.

(71 @A AR T, FEPAE | BRI D RR AL ST [3]. H AR
JERE,2009,19(2):148-157.

Meng Lingjie, Fu Chuanlong, Lu Qinghua. Functionalization of
carbon nanotubes[J]. Progress in Natural Science,2009,19(2):148—
157.

[8] FHYESC, FMS, THILZAE . Ui TPV / MB-CNTs LR Bt kLT
5T [3]. TRESRLN T, 2011,39(2):55-58.

Yang Fanwen, Xiao Peng, Ning Kaijun. Study on antistatic blends
of TPV / MB-CNTs[J]. Engineering Plastics Application, 2011,
39(2):55-58.

[91 AR, AR, A4, 55 . AR E ST EAT AR b Y R [J].

Rl , 2014,59(Z2):2 840-2 850.
Xing Yajuan, Chen Hongyuan, Chen Minghai, et al. Recent
developments in the use of carbon nanotube based-composites in
thermally managed materilas[J]. Chinese Science Bulletin,2014,
59(Z2):2 840-2 850.

[10] R5E5%, PHIE SC, 0, 45 . PLA/ BEVAF / BRAKAE = oo
R IS5 S PERE (9], G kDR AL 5 0, 2017, 46(5):6-9,
18.

Xu Mengmeng, Yang Fanwen, Wang Han, et al. Structure and
properties of PLA / plasticizer / carbon nanotube ternary blend
system[J]. Aging and Application of Synthetic Materials, 2017,
46(5):6-9,18.

(THE 2717


杨超


R, 5 5 PUR / BRI 682 A AT RO T 45 S PR fi 27

(9]

[10]

(1]

[12]

[13]

based on bi-phase flame-retardant actions[J]. RSC Advances, 2018,
8(18):9 985-9 995.
JEl -, 20 AR AF L BEBURENRIEIK / Ik RS
AR B BELATERERFSE (9] Y Tk, 2018, 46(9):108-112.
Zhou Zijian, Jiang Haohao, Cui Aihua, et al. Preparation and
flame retardancy of rigid polyurethane foam / expanded graphite
composites[J]. China Plastics Industry,2018,46(9):108-112.
VA, 373k, HER O, 55 . FELRSRI Y I Il i — VY 5 o Rl ot 3¢
BRI IRTERER 2 [J]. R, 2017, 45(3):90-94.
Sun Caiying, Dong Zilin, Dong Yijia, et al. Effect of flame
retardant dimethyl methylphosphonate on properties of rigid
polyurethane foam[J]. Plastics Science and Technology, 2017,
45(3):90-94.
BEPTAR, IR, I, 45 . R B & £ e / APP S IC B
RE BRI £ S ERE [9]. BRRHY, 2019, 47(5):31-36.
Xue Zhulin, Wang Yafeng, Yan Li, et al. Preparation and
properties of peactive phosphorus containing polyol / APP flame
retardant polyurethane foam[J]. Plastics Science and Technology,
2019, 47(5):31-36.
HECGBUE , B8R MK ATZER DRk R 4 BELA R AR A 3],
Bk 54K , 2016, 35(5):668-671.
Cui Fei, Yan Long, Luo Lian. Effect of expanded vermiculite
on flame retardancy and smoke suppression of fire retardant
coating[J]. Fire Science and Technology,2016,35(5):668-671.
T /AR RN A7 5 5 BERA DR AT i 5 MEREAT ST [D]. K
HEREE TR, 2016.
Fang Xiaolin. Study on preparation and properties of expanded

vermiculite composite flame retardant thermal insulation

[14]

[15]

[16]

[17]

[18]

[19]

[20]

material[D]. Tianjin :Tianjin Polytechnic University,2016.
2K IRNL . AKIE A /A A TR R 95 5 RAE
[3]. EA&REFR , 2011, 28(5):156-161.
Xi Yongguang, Peng Tongjiang. Preparation and characterization
of expanded vermiculite / gypsum thermal insulation composites
[J]. Acta Materiae Compositae Sinica, 2011, 28(5):156-161.
El Mouzdahir Y, Elmchaouri A, Mahboub R, et al. Synthesis of
nano-layered vermiculite of low density by thermal treatment[J].
Powder Technology, 2009,189(1):2-5.
Miao Zhao, Peng Tongjiang, Xi Yongguang, et al. Preparation of
expanding vermiculite by chemical and microwave methods[J].
Advanced Materials Research.Trans Tech Publications,2010,
96:155-160.
Mucahit S. Influence of expanded vermiculite on physical
properties and thermal conductivity of clay bricks[J]. Ceramics
International , 2015,41(2):2 819-2 827.
Wang Fei, Gao Zhenzhong, Zheng Min, et al. Thermal degradation
and-fire performance of plywood treated with expanded
vermiculite[J]. Fire and Materials,2016,40(3):427-433.
Bian Xiangchen, Tang Jianhua, Li Zhongming, et al. Dependence
of flame-retardant properties on density of expandable graphite
filled rigid polyurethane foam[J]. Journal of Applied Polymer
Science, 2007,104(5):3 347-3 355.

SRS SR RO A R N AR i A SR RELATE Y
W52 [D]. I RIS RS:, 2012,
Zhang Zhimin. Preparation and study the flame retardant property
of rigid polyurethane foam material filled with perlite[D].

Wuhan:South-Central Minzu University ,2012.

(ks 16T)

[11]

[12]

[13]

FHYE SC, FYa R, BE 0T, %5 . PCL/ CNTs & & M RHYPEBE [J].
TCARERLY L 2017, 45(10):40-45.

Yang Fanwen, Yin Zhaohui, Xian Caihong, et al. Performance of
PCL / CNTs composites[J]. Engineering Plastic Application, 2017,
45(10):40-45.

Phan D C, Jr D G G, Frank B P, et al. Biodegradability of
carbon nanotube / polymer nan-composites under aerobic mixed
culture conditions[J]. Science of the Total Environment, 2018,
639(15):804-814.
MR, 3 3, R
SRR %&Eﬂﬁ?ﬂﬁﬁ%ﬁ
672.

Chen Jianjun, Huang Yuewen, Liang Caizhen, et al. Preparation

TIReAbaR AR / AR Z AL
[3]. fL T k2, 2018,37(2):664—

and electromagnetic shielding performance of functionalized
carbon nanotube / epoxy porous composites[J]. Chemical Industry
Progress, 2018, 37(2):664-672.

[15]

[16]

Rlifd . RANARAE / KRR OB IRICIZ I AR R o S Kbt
THIIHETTWESE [D]. AT - IR TR, 2018,

Lu Jian. Preparation of carbon nanotube / waterborne epoxy
shape memory composites and thermal coupling behavior under
thermal shock[D]. Hangzhou:Zhejiang University of Science and
Technology, 2018.

KRR, XV, B ZEERAVKE / =T NBIKE B
AL A HL RN B L g 2 PR RE BF 5 [9). b R AL b R, 2018,
46(1):129-132,139.

Liu Dachen, Liu Ce, Tang Qi. Thermoelectric effect and
mechanical properties of multi-walled carbon nanotubes /
ethylene propylene diene monomer composites[J]. New Chemical
Materials,2018,46(1):129-132,139.

Ma Y, Yan C, Xu H, et al. Enhanced interfacial properties of
carbon fiber reinforced polyamide 6 composites by grafting
graphene oxide onto fiber surface[J]. Applied Surface Science,
2018,452(15):286-298.


杨超




