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Figure 1  Classification of core-shell particles
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Figure 2 Diagram of a typical core-shell modifier particle- () BER LA (o) BpRFTR LM A 2]
Notice the distinction between cross-linking used in the Figure 3 Departures from ideal coreshell morphology
rubber and graft-linking, to chemically bind the shell polymer[g] upon grafting of the shell

(a) Ideal core-shell morphology: (b) wavy internal interface
(c) interface with composition gradients, (d) microdomains or

[8]

occlusions; (e) island shell structures and occulusions
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Figure 5 Particle in-particle morphologies in immiscible polymer blends

(a) composite droplet and (b) core-shell microstructures ™7 .

2 HRmMF TR T AL

TEL B AWK R (=R ET0) b AR FIBS
KRN L EEREE S BB REm
[ LI i AE . 7EFARR A AT S MBS IR AMarix g
AR5 TT LI A S 6 R 453 22 ] T8 1 ) 1 P45 o
SETM ., Hobbs 2™ 5]\ Harkin 's 7712 4 B 2500018 2
AP 2 ABIR 2 43 BIOH ) T 25 TR IO LB,

la)

ey

TR (4155 L0 3) 5Bl —Fhabbiebi =5t [
R R HARRE M aJRLRR N o
A = Y2 ™ Y i (1—1

A Yo, Yo M Yis 3 BRI R IR Y 45 2 8] ST _
B Yo AT HOMALS 3 XESHORALS L AOBIE RN, R 10 E=BRIER (A WIERALB.C Vi)

" T e — N PR REFERTE S
ﬂij’ §§1E A j( = /EEZ #ﬁ%j—(’% A % A =
T AR/, FTRETE A= RIS (a)FE B WG & Y C: (b) 72 B

(R DT JEEE b i v 0, 44y 3 ¥AE R IR 3h BLFAER C SRR T 5 (o) 2R C N

e s N &R B AR -,
(R TFEEAS | LIBRASY | RIS 2 e g o DRAERRRERE
igure otential morphologies of a B/C

ﬁEo ]aiiiﬂ_jﬂ Xﬁ?gﬂﬁ 3 @;%Zﬂﬁ 1 E/‘JM‘(% ’ ﬁ?’fﬁn _Féé/% composite droplet in an A matrix
fc . (a) subinclusions of C in a larger domain of B
Ae = Yoo — Yo — Y (1 o 2) (b) layered particle with B shell around C core:
13— Ta 12 13

(¢) core~shell structure with shell

R A =0, INRMA S LB EEA S 3 IS, R subinclusions with in the core™7.
“capsule formation” ; Q4R Ay =<0 H s <<0, 4143 1 1 3 P {0 i) T A2 Bk 2 v JE B4 B RSL A 43 8O B
“isolated or separated formation”; 24 As B {E AT LA B #E Z A1 (A ==0), 1] B 2 JE i “stack or acorn
formation” (4173 3 REMIAELL 7y 13RI ALER M HBR 4Ly 1 MK 2 Z a5 ) . A5 #e -1 A0 1-2 mp Oy
TR A AR R TR T WAUR BREIR T )R SRR S Y s T R SRR R Y T, b
RT7FE O 2 ) T T AR — L S N M AN R P = e s DU ST R A AR AR R0 S HUHTES .

JE 3, Guo AN Z ISR IR R A P HAR TR AS ROZA Rk T A0 57 ) R 5 A B (454
T RN AR RN B e AR &R 1 AR AR R W TR R RE R /N ARTE S, AR & T



VI o4 T & # 2006 42 9

Moy 2 (B FHTH A KN R R G ATHES Han ) =ANRE K (7 193) .

(AT e =4 [ 0 vy + 271X BV

(20T we =Am [y (1 0" 1 + 271X 3Ve)™ (1—3)

(04T s =) Lab o v + 2 A 07 701X (3v)™
L A= Vel Ve, Vi B Ve 23510 B, C ARBGRBUR R Yas . Yo BT Yoo 23 BIFR & 4153 2 a1 LTI Y 17 5
ng M ne 3519 B C MIBPRLTHC N T RAEIHSE WL AEZ R ne = nes (A )ec R B.C & H RS
B HIARRT FLETRE : (2 A, )weFom B A3 C TEASHARRT B RE: (2 A7, )os 375 C 055 B JTEAM
FAXT AT RE . I FLAE (DAY ne s (25 A Y i FT( 25 ALYy o = F B RN, VEH T H T T HDPE/PP/
PS 1l HDPE/PMMA/PS Pifil = Se3LiR IR R A0 HOMTE A5 . 36T DA_E AR S AY 45 RGBS I 1 S e A]
TEASTE RIS = Z2E A T 0 H50RE A8 3R T AR R /MU IR R (B R E 2L ) . [F 3 Guo S Xtk —25
HES T PUTEIER IR R AT AT RERITE A5 B0 A T RERY Feak X, D B T & Pl AR S

B RN T RS MU TEZ e R IR R PR o] AAEPI T IR IR R b Sl FE B2 AH R

e S R S B SRA R R AR R SRS R SR B R 00 B TR B R B, R B
S HORRG T iR m B AR AR e

(i) Ag1>0 Matrix

-

 Y—| (

latny
> ]

core-shell particle

(it) -'-'\3["0 (iii) ;.;”C. 0, .'r.|:;-:|'l

°
o
O
, O O
! '[.'11tr| X . o o

7 ZouSHRY (4103 2 N ERR ) B AR TR AS Rl R AR R 22 AL
()Y A =0 b, 2073 3 B LB ST TR (i) Y Aa~0 i TR 3 REMTTEA
4y 1 RWHIBZS, B acorn FEAS 5 (iii) 24 Asr Al Az <0 Wb, 4143 1 ANZHSY 3 49 BUFKSL 4 BAE Sk 2 o)
Figure 7 Ternary blend morphologies with variation in spreading coefficient
(i) A1=>0, composite dispersed phase forms as component 3 encapsulates component 1 to form core=shell particles ;
(ii) 21”0, an 'acorn dispersed phase morphology forms: (iii) both A3 and A3 <0,

. L . 16
components 1 and 3 form two separate dispersed phases within the matrix component 2011
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Figure 8  Composite E-MA-GMA droplet formation during reactive processing of PBT/rubber blends

(a) Rate of coalescence—>rate of chemical reactions- Matrix phase can be engulfed into rubber particles together with graft
copolymer during coalescence of poorly stabilized particles: (b) Rate of interfacial reaction—~"rate of coalescence-

A large amount of graft copolymer is rapidly formed at the blend interface, which prevents coalescence of dispersed particles;

(¢) Rate of rubber cross’linking>> rate of coalescence - Cross-linking proceeds rapidly within the rubber particles (shaded in gray) .

which prevent coalescence of the dispersed panicles[lg] .
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Figure 9 Schematic model of the micromechanical deformation process in (a) discrete structure

single fibrillized cavitation process: (b) percolation structure : multiple fibrillized cavitation process[24] .
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Figure 10 Evolution of the dispersed phase internal structures as a function of the PS content (vol - % in the dispersed phase)
for the 80(HDPE) / 20(PS+PMMA) ternary blend"™ .
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Figure 1 ~ Dependence of the composite dispersed morphology on PS and PMMA molecular weights
SEM photomicrographs of (a) blend 1( HDPE/L-PS/ HPMMA), in which PMMA is extracted by acetic acid and PS encapsulates PMMA ;
(b) blend 2(HDPE/L-PS/L-PMMA). in which PMMA is extracted by acetic acid and PS encapsulates PMMA : and (c) blend 3(HDPE/H-PS/H-PMMA).
in which PS is extracted by cyclohexane and PMMA encapsulates PS- In all the cases: HDPE is the matrix- The scale bar denotes 1tm!#1.
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Figure 12 Evolution of the dispersed phase internal structures as a function of the PS content
(vol - % in the dispersed phase) for the 80( HDPE) [ 20(PS+L-PMMA) and the 80 (HDPE) / 20(PS+H-PMMA) blends-

The PMMA was etched out with acetic acid- Larger than average particles visually demonstrate

the internal structure of the composite droplet- The scale bar denotes Lo .
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Figure 13 SEM micrographs of the 80(HDPE)/20 (PS-PMMA)
(a) Fractured surface etched with acetic acid for 2 min, 14%PS/86 %6 H-PMMA : (b) microtomed surface etched 24 h with cyclohexane 9%ps/
91% H-PMMA ; (¢) microtomed surface etched 24 h with cyclohexane s 9%PS/91%1-PMMA ] .
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Figure 14 TEM photographs representing the formation of domains composed of PC and SEBS in the PA6 matrix
The total fraction of SEBS is held at 10wt %0, and the ratio of SEBS-g"MA to un"SEBS is varied in the blend of
PAG/PC 68/23. The ratios of SEBS-g"MA to un"SEBS are (a) 10/0, (b) 6/4, (c) 4/6, and (d) 0/10F1.
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Figure 15 Schematic illustration of fracture mode of PA6/PC blends compatibilized with
(a) SEBS-g-MA alone and (b) a combination of SEBS-g-MA and SEBS"".
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Figure 16 TEM photographs showing the morphology of PA6/PC 68/32 blend with a combination of un"PS and PS-gMA-
The total fraction of PS is held at 10 wt 6. The ratios of unPS to PS-g"MA are (a) 3/7 and (b) 7/3"7.
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Figure 17 Morphology variation of the dispersed PA-6 phases
(a)PA-6 particle with EPM-g-MA subinclusions ; (b)Core-shell particle!*’].
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Figure 18  Morphology development in PP/PA6 70/30 blends'™
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Figure 19 Toughness/ stiffness performance of PP/PA6 70/30 blend as a function
of blend morphology and type of compatibilizer[sl]
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Figure 20 TEM micrographs of blend morphology with varying volume fraction of SEBS~g~MA
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Figure 21 Comparison of calculated Young "s modulus, E, (dashed lines) for PP/PA6/SEBS ternary blends with either
(i) two dispersed phases (PA6 and SEBS) or (ii) one composite dispersed phase (core-shell particles of
PAG encapsulated with SEBS ) ; and experimental tensile modulus data. Error bars are Tone averaged sample standard deviation ™! -
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Research Progress in Core-shell Particles Toughened Polymer Materials

LIU Hongzhi: YANG Gui-sheng: OU Yu-chun, WANG Dujin
( CAS Key Laboratory of Engineering Plasticss Institute of Chemistry, Chinese Academy of Sciences Beijing 100080, China)

Abstract : Polymeric materials modified by core-shell particles combine the advantages of elastomer toughening
and rigid-particles reinforcing effects, and thereby it is possible to obtain composite materials with both high toughness
and high rigidity simultaneously - In this review, the classification, morphologies, formation mechanism of core=shell
particles, and toughening mechanism on polymer matrix are presented- Additionally, the morphological evolution and
its effects on mechanical properties of both reactive and nonreactive blends are discussed in details-
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