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Morphological Structure of Rubber-Modified Nylon-6 Prepared by Anionic In-situ Polymerization
Zhao Hongkai, Wang Hongli
(College of Materials Science and Engineering , Jilin Jianzhu University, Changchun 130118, China)

Abstract : The rubber modifier was prepared by grafting on hydroxyl-terminated liquid polybutadiene rubber(HTPB) with
HDI urea diketone and blocking the isocyanate group with-caprolactam, and the liquid rubber-modified nylon-6 resin was prepared
by the anionic polymerization. The infrared analysis_shows that HDI urea diketone is successfully blocked by caprolactam after
grafting on hydroxyl of HTPB, and then, the rubber-modified nylon copolymer is generated by the anionic polymerization. After the
impact section analysis, when the rubber content is higher than 15%, the modified nylon resin shows the obvious ductile fracture, the
toluene etching after the brittle failure shows that the rubber which does not participate in the polymerization is increased when the
content of the rubber activator is increased, which causes that the micro-phase size of the rubber is increased and the uniformity is
reduced. At 180°C, the rubber-modified nylon 6 resin generated by the polymerization shows « crystal form, and the addition of the
rubber does not changed the crystal form of the nylon 6 ; after the resin is molten and subjected to the cold crystallization rapidly,
the crystal form of nylon 6 is mainly metastable <y crystal form, and as the rubber content is increased, o crystal form is obviously
enhanced, which shows that the existence of the rubber phase is beneficial to form the stable « crystal form.
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Je e (PAY6 FAETA AR T bt BERARSE AU PA6, Z Ja /ATt i et PA6 i HITE S
Bl RIS R A YIRS T B RER , FH5 PA6 2%,
/wiﬁzﬁ U B O R AR A B o™ 1 SRIRERS

SRR — . URAh, HOR SR e I 11 R RAGH

ISHF%EH*/\ PAG, PR AR B 25 A TR RIS A% CLNBERE : TG, P T B Bl

I I TAEREE AR SR — B AN NaOH , 5 P I 7 9, 75 bRl Sl A 2357
R, W (PEG) WA SRR REE DT s SAARITEAH;

ol R T A RS T 5R W el 1k PAG BRI, T T R AR I HDI JIf — B (Desmodur N 3400) : NCO %
(ATBN)® BT & (HTPB)” 45, £ RMmHE  (21.8+0.7)%, fEEFHAA;

BT IR ARG R A S R R , SR & N B &t P AL B B A TR ( 2014.K4.026

i )8 AT SR A AR 2R T AR Ry 7 TR L T - ST W A bR

TEAETH B KA TG A A O N A PR A b o) £ Wi FI 0 - 2016-02-25


杨超


28 TSR

2016 4F 55 44 45,55 5 1

ui F2 R T & R B (HTPB) : Tk 41,
HTPB- [ &, J2(H 4 1.31 mmol /g, ¥t 5> T4 Mn
1600 ~ 2300, ¥ 55 ek TA RAF;

FHOR DN S TR A AT, o bR S Ak
A R THEA A
1.2 BBRXE

B~y AR 2T #R 3% (FTIR) 1Y : Spectrum One
i, %2 PE AH];

fHEST AR H U 4 S BT AT AMGTE (ATR-IR) X

Vertex 70 FTIR %!, 7[5 BRUKER /A F];

I X 52k A7 5T (WAXD) 1% : D8 ADVANCE
A, {8 BRUKER 237 ;

4 T BB (SEM) : 1450 &, 5[5 LEO
/\gj R
1.3 XAEH &

(1) JFRHab B,

PR HIATE 4A 1530t T, 28R Peal;

TEN R H oA KMnO, B 2 AR 50y 21 (6, ik
B 3~4 d, ZJE A TCKGRRRES I T K | 281 P
ali

TR B ARG /R : 0.1 g IR 4R T 100-mL
B ER 20% L BEH 0.1 mol /L TR/ 221k
TRV W K5 2.60 g —IF T s TR L B A
200 mL 25, SR P B R RS 20 20 B, 4350, dht
CARAE IR

(2) P O P A s ot 1) 3R T s AR 14 A7)
il 2% o
FRECHDI I [ 310 g 5T W A%H, IFEA
=R, Z 8 A HTPB- 1 B i Y 80 g,
ZJETHE 80°C N 3 h, HE I N 5E 4. FREL
CNIERE 113 g, % Rl 25 B 25 A i K 23 Js
AB) Ead R R o R SIAE 100°C 0 2 h, FHE
F130°C N, SR P ER — —1F T i R vk g 5
TR KN 58 4, BN o A S TN B 39 i
RO SE O N BRI (AR ISR 53T ULVE ok BCE A
FH 5 B vp RO, B /N i KR B0
WAV LS B 2 F R S L R D B i K
g3, I ZAS B MR O NI B o ) HTPB- 1 24364k
o

(3) B AL R M PAG B #5 o

HERR i O NIRRT R Y 80%) il
PIETE A (5 SR TR 10% ~ 20%), A1
A0, T 130°C HAS RBRRE KA 5 T4 O Bk

T (7 BB T Y 20%) HOIA NaOH (i i B
B Y 0.3%) AR5, T 130 °C B i A 0 1 B
BT Z R IREIS) VR RBEE, 180 C A VIR T 7%
P 454 RN 30 min, SR 5 BTV 2 AR A5
i

1.4 M &AL

FTIR 73 #7: 3R T A58 B 1 35 L P I e
By R T ISR R T KBr R bk
FH FTIR 5347 -

ATR-IR 737 : ¥ PA6 S AZ S el PE PAG6 44 il
PR, 64T ATR-IR 4381, 548 256 ¥k, 43 HER N
4 cm™, FIEVE A 500 ~ 4000 cm',

WAXD 4347« ¥ PA6 AR S el 1 PA6 #4 g 7E
N, PR F, F 250 °CHE il 5 min J5 & F, s H)
FER, FESRSE 10 mmx 10 mm x 1 mm, il
WA Cuky 514k (40 kV,200 mA), 2=0.154 nm,
YR 59~40°, 43 24 4°/ min,

SEM 737 £ ¢ PA6 Se e M PA6 1K 12 76 A
T, T NI G, BT 120 °C FE 2R R Z)
2 b, W42 5 R SEM ISR IEAA i A5 1 43
BCIRZS 5 BB 5 e ke 11 380RE | wh b7 IS 4, R
SEM XRZZ W I Wy 417 Bl -4 e
2 RGN
2.1 MBI FEF TR FAE BRI BN PA6 5 HT

HTPB i P &, Jo i b st Be 8 5 55 iR s
JLR, FH © N B B B i A B, 2 J5 EAT FTIR 4347,
wE 1R, B8 a il 4% & 1,3 080,3 020,
1830,1641,1424,1000,912,690 cm ' 4k ) 1% i
WA i, B S B0 IR I A HTPB A 52 1,20
B 45 #453020,970 em (2 0 Bk ST Y T Ab
PEARYR B ) Wl A ik, i HH HTPB IR & A 5 &2
1,4 st s =X 1, 4 s gt ke i W e 4 1
3020,1660,1410,730 cm ', {H W i s Hb 455 55, 15
Bl HTPB & 4 5 /I 1,4 Jin 45445 3356 cm™
5 HTPB [—OH BYFHEEH . & 1 189 b 2k &
H13365,1701 cm™ &b —NH & A /1 45 4% 5
1539 cm ' &by N—H 25 fil 9 35 fr 5132 ; NHCO 1Y
e A R IR B e — B AE 1768 em'', Sy NHCO i
5 R SRR IS Y 1658 em ' SR | C=0 11
FEIE MR IS, 6 BH O I ke © 5 TR B i—NCO
KA RV, AE 2270 em™ BEAH —NCO IR I g, it
B—NCO C 9B Mk, LL B il HTPB 5
HDI IR i & A SO [l Bsf R FH © P9 B A s .


杨超


LRI, 45 BTE T IR SR SRR e 6 FTE S5 29

& 2 & BHE 4 il PA6 K HTPB LR PA6 1Y
ATR-IR FE &, PA6 1 Tk Jiie & AT R AE OIS 7 (
3300 cm ' i N—H 453250, 1631 cm ' ML
WA 1,1536 em ' B R e W i 11,1259 em™ ()
P Jiie W Wi 5 I,2.931 em ' 112850 cm™ Ak fi% W7 Y
FeAf gtk gl g ) A& AR E WL ; W] LUA H 7E
966 cm ' & T —AEET ISR R B, FLRE
HTPB FH it i35 I, Wzt iAo, ] LATIE I 336 4 2R
AiE i B S T34 42 il PAG-HTPB-PAG 3L Y)

4000 3000 2000 1000 0
PEL / em!
a—HTPB ; b—N- BEEEC BB HTPB TR YY)
1 N- BESEC N ERG B HTPB 2R Y . HTPB iR Y FTIR %4

400035003000 2500200015001;)2)0 5?)0
WAL/ omel
a—PA6 ; b—PA6 /HTPB=100 /5 ; ¢—=PA6 /HTPB=100/ 10 ;
d—PA6 /HTPB=100 / 15 ; e—PA6 /HTPB=100 / 20
&2 PAG BAZRIEHYE PAG 1) ATR-IR i [&]

2.2 RIECHE PA6 53T &S B & B @ 45 AT

ERA N AR, BE PA6 43T 85 942 1, #
AR 55 PA6 5 fifk BE 2 UM 25 1K T 880Uk AR TR 43
B9 AR AE G SR A 4 5] 43 A AE PA FEAR T LT
SBS MiAH/ . Bl 3 S PA6 K AR S Mt PA6 %11k
JEA SEM M. K] 3a y4li PA6 MR MW IRITEZS,
283k H 2RV A Z0 il , RTH I B AT 22 4k s 18] 3b Ry
PRSI0 £ 43 R 5% I BCHE PA W2, & BT
TAARMER B AH 20 TR , 43 B AR e 3 2k e A1
S5G AEE 5 Mo a T AR R PR R AR A
PG, AR DUE U 5 ] 3¢ AR & 434K
J10% ekt PA WTTHIE 2, K AR A2 KT T AR
JREAR 2 IR , AR AR 5 R RN, BH B - PR SR Gt
BRI RRIERAS S Sy B S R A R BB E T
PR A R BOY U , 2R Z0 00U 72 AR 3L s 18] 3d
SAG R B R A BUR 15% BB PAG Wi TR 2, B
b R ST AR I AH 220 IR 30 | A5 AR 5 it 3G il

PR 2R, R Z b= - HE B 20 e
RCTAR 4/ ) BRI RS T AR 32
OrHCT R 18] 3e AR R 20 B 20% BB
P PAG TR 2 , Wi AR AR 22 foh IR ik A2
RAPAERBAAE], GRS 5 R & ik —
AR, B AR I AN REE ST M il T A
H

(d

©
a—PA6 ; b—PA6 /HTPB=100 /5 ; c—PA6 /HTPB=100 /10 ;
d—PA6 /HTPB=100 / 15 ; e—PA6 /HTPB=100 / 20
%3 PA6 AR PA6 ZIMIE A SEM B8 -

oot OB TR REL RS ) R B AT DA s PAG K el
PAG6 W AR TE v/ E T, RSy AR oL, Kl 4
J PA6 K AR PA6 WRIEZS SEM B8 K H K
4 AL, 21 PAG S FHEHEAD LA, A AHX A
ML R, Ah 7 bl B Joik SRR R, 7 AR AR S
JE Y JRAR R, S AR AR P e A 5, 3R
IR P ook D T A G 5 T S AR R TR AR R
SEIEINET, Fwh o Wi 5 20 PAG AH L EE ARV £,
TSR YR B i o EE T 15% LUE  RIIER I
W IPEWT 2 BT AR I A ZE4M T4
R oy FAE BRSPS I & A= BT U1 IR , A vl fig
TR LIFERL
2.3 MARBUME PAG6 % dh T S BIR S ST

PAG6 h Z i VA, S SR G ), MR 45 i A 1 AN ]
I o My WIRSEH . Bl 5 AR ik
IR B ek PAG 1T 1) WAXD 3141 .

& 5a AT, 7E 20.5°,23.6° FHITH L o Y


杨超


30 TRESEARHR H

2016 4F 55 44 4,55 5 #i

(a) (b)

a—PA6 ; b—PA6 /HTPB=100/ 5 ; c—PA6 /HTPB=100 / 10 ;
d—PA6 /HTPB=100/ 15 ; e—PA6 /HTPB=100 / 20
& 4 PA6 N AZ Ikt PA6 Witm 4 SEM JIE H

5
4
3
2
1
0 10 20 30 40
20 /(°)
(a)
5
4
3
2
1
0 10 20 30 40
20/ (%)

(b)
1—PAG6 ; 2—PA6 /HTPB=100 / 5 ; 3—PA6 /HTPB=100 / 10 ;
4—PA6 /HTPB=100 / 15 ; 5—PA6 /HTPB=100 / 20
a— B THRATTYI R 40T b I H 534
S N[l AR S 5B A et PAG YA B WAXD %1
XU VAT R BT T SR 06 35K 156 AR TSR AR 11 5 |
AL IR S PAG il SR A R 45 IR A WIS A]
DL AR AR I o2 2 3 BUHE 0% ~ 15% T Bl PN,
A BB A PAG Y o fh B AT B AR A B AR
M BGA 20% B, ST (0024202 5 200) 1% i (]
= B AL, AT RE AR [ PAG 43— i 1T [H) #E

=

N JAETT B PR s BRI IR A o R

RTSR WAy 3 E AT, BEWTRR AR BINAEA T o 1

RIRIE I 1B Sb S AN TR 5 IR AR R 3R

etk PAG Y15 v i R PR 4 B WAXD 3

AT LAF ) PAG6 73 T HEAE BV I AFAE L 221 y i,

AW T HELE VS HNE R R A SRS I T

T L s REAFARUB S AN, o Al 2R S U

IR, (I PAG BT H SR Yy REUEE N y

AU o AR RS LIRS IR, HETT R AL R

) o L, B IAR IS R B BT, (0 1B T

SHRE 1AL , RERSTEHLIN 18] A RUBEHES ), B et

FER o AR,

3 #Hig

(1) Wi e 2500 A R W AR IR T i 0 UM T 5%

I, PAG B fIE 2 B G 7 228, ol W v AL XS S 3 5

W MO T 15% I FEANIVE T 20 74k RE

g FA s I A B U IR, PAG B AR R Bt W] 8 )

(2) TER G SR R AR IS AR e /3 U

T A0% i W 1T AZ R AH 220 b Al LA Bl U DI AR 7%

WHDLF2FRREWE S 5 R G, B T B A 2 4

BTG ARTR Bt 3 HOR T 15% I, SR MR e AL AR e

RER GRS HRE, LI S0 BT

AR, ELREAR 18 g RO A2 R HANE S

(3) vy it R G I, W ARAR T A B PAG i

R o AR BUEE R, 2 RA PR RS i P % 45 R I

PRI 7y 1 BE % S BE 15, A A T PA 70 THEIE

JREFER o dhBY .

2 % ok

[1] Oommen Z, Zachariah S R, Thomas S, et al. Melt rheology and
morphology of uncompatibilized and in situ compatibilized nylon-6
/ ethylene propylene rubber blends[J]. Journal of Applied Polymer
Science ,2004,92(1) : 252-264.

[2] RS IR RS Tk R ARITLIR T IR M SR N
Wede 6 BIVERE [1]. Bk 53R4G9,2013,31(1):29-32.

Tan Tianyi, Shi Dean. Property of maleated low molecular weight
polybutadiene functionalized PP toughening PA6[J]. Chinese
Journal of Colloid & Polymer,2013,31(1):29-32.

[3] SRHMEH AL ISR, 55 . ShASmAl TG / e e 6 TAIR T
SRPECR R A B PERE [7]. B BRI Tk, 2012, 35(2):137-142.
Zhang Shijia, Wu Shemao, Xing Lihua, et al. Preparation and
properties of nitrile rubber / nylon 6 thermoplastic elastomers by
dynamic vulcanization[J]. China Synthetic Rubber Industry,2012,
35(2):137-142.

(#3457


杨超


34 TREIERL

2016 4F 55 44 45,55 5 1

JEE IR L P 7 A JRE B DD 20% , LU
A AR 25.8%.
3 it
(1) Fridrpas PP-R A8 R il B2 AR (At
i) PR R AR T 2 T A R A 1) 2 T I
FRAAGL , B L v s SRR AR AR T LA I L A B B A
wi, B REFORIR A A ERE , BRI ] T8 18 T
PR
(2) T RALH FistT T e 2= isfT .00
T TR VR, B A A TR R R G
B rh A DR S AR /N TR CA0T iy FLAE
IR AR B R R AT
% & Xk
(1] e . 3 A0 7 4 3 4 T 24 A R R 5T 0] 17 1 B, 2015,
34(10):552-554.
Xu Long. Study on the effect of new type heat pipe insulation
structure[J]. Shanghai Energy Conservation,2015,34(10):552-554.
[2] FEEHSC, TS AL s [P A R LR T fR R M B (7],
A KZS T, 2000, 19(1):41-42.
Zhang Jinwen, Wan Chaoju. Characteristic of a‘new type of hollow
thermal insulation used for heat-supply piping[J]. Building Energy
& Environment, 2000, 19(1):4142,
[3] ARfed:, BB, (B . R 2 SAGEA MY )N - AR TR 2

At , 2004,
Zou Huasheng, Zhong Li, Wu Qin. Fluid mechanics and heat
transfer[M]. Guangzhou:South China University of Technology
Press,2004.

[4] XS, OB, 4 0TE, A | BT RSP AROK BH RE AR Fuis P s
PRI [7]. el TRE 41, 2015, 31(5):268-274.
Deng Yuechao, Zhao Yaohua, Quan Zhenhua, et al. Optimization
of hollow insulation layer for flat plate solar collector based on
micro heat pipe array[J]. Transactions of the Chinese Society of
Agricultural Engineering,2015,31(5):268-274.

[5]1 FBRTF,Wid% . thas B RPR IR T IEMSE ST [J]. M ZR Rl
Keofeef it ASRBREIR, 2011 (6):739-742.
Zheng Dayu, Chen Xin. Study on energy-saving method
of insulating glass[J]. Journal of Harbin University of
Commerce:Natural Sciences Edition, 2011(6):739-742.

[6] EJEAE BHED PSP IR N E AR A (1], TR
KF2Ed 0 FARBRERR, 2009,32(7):809-814.
Wang Houhua, Huang Chunyong. Natural convection heat transfer
in the air-layer of insulating glass[J]. Journal of Chongqing
University:Natural Science Edition,2009,32(7):809-814.

(7] SR S, RGeS , 55 . s Bl 22 ki o A% PO AR B 4D
[9]. KDoA i~ B4, 2009, 33(2):84-87.
Wu Guozhong, Qu Na, Gu Xiaodong, et al. Numerical simulation
of heat transfer to insulating glass in multiple coupled fields[J].

Journal of Daqing Petroleum Institute,2009,33(2):84-87.

PEARRETR L HSEEEAARTERR

AR BB ST B F 32 AT A B4 e A B R 2 A i T
AR L HEE . FPEREE LA LA TARAM N
JEORE, LA R HEAS BT, S R 1) T2 -5 R A T Y
—FE A s PERER R i 0 T S AR, TS IR A ARAR S 42
G/ bR R AR R R A SR HAPERE AT 5 2
R T BET RS AT AR /I R 25 D A9 A 2
ez —, I FURT R AR 85 73 1 ARSI T2 B i i AR 2

—o B R MEERE ARG A, 2608 T4 /IR
AR BATE Y BRI BA I T TR0 4% 14300 Ff kL, 64T
TE 1) 70 B WA, ST M E ) R 2T Ak 4y s, DAL LA
GE . TR T SO A LS IR A BRI R 4
AHEAR it TARROR AR )8, b e AR LA 5
PN R e T P G SR W e v i = NI =9
B AL MORHRI ELAE M RS M R ELAT Y2 1
A5t (ZRBHM)

(b5 30 5T)

[4] XIS, TORLL, 25k, % PAG /EP /LiCl/ SiO, &AM AHN A
SYERE ], ARSI, 2014, 42(4): 14
Liu Dianxin, Wang Caihong, Li Cheng, et al. Structure and
properties of PA6 / EP / LiCl / SiO, composites[J]. Engineering
Plastics Application,2014,42(4):1-4.

[5] Kim K J, Hong D S, Tripathy A R, et al. Toughening and phase
separation behavior of nylon 6-PEG block copolymers and in
situnylon 6-PEG blend via in situ anionic polymerization[J]. Journal
of Applied Polymer Science, 1999,73(7):1285-1303.

[6] Petrov P, Gancheva V, Philipova T, et al. Synthesis of nylon-6

triblock copolymers with bifunctional polymeric activators[J].

Journal of Polymer Science Part A:Polymer Chemistry,2000,
38(22):4 1544 164.

[7] Tsui S W, Johnson A F. Thermal behaviour of nylon 6-poly(ether-
esteramide) block copolymers[J]. Journal of Materials Science,
1995,30 (23):5967-5972.

[8] Meng-Song Yn, Chen-Chi M Ma. Poly(caprolactam)-poly
(butadiene-co-acrylonitrile)block copolymers: | . Synthesis, charac
terization, mechanical propertyes, and morphology[J]. Journal of
Applied Polymer Science, 1994 ,53(2):213-224.

[9] Petrov P, Jankova K, Mateva R. Polyamide-6-b-polybutadiene
block copolymers:Synthesis and properties[J]. Journal of Applied
Polymer Science,2003,89 (3):711-717.


杨超




