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BESH— BN, KRG E( ). FIRBINEZEDT (o) X R E 1
M. RERY, Yd<mFHE) Ro> lRHE(e) R, PVC /NBR FAEMHHEE.

MHdMoKERTMMAD; o HoHBATIMA c MARHTHINEARLTH
KE. o WREFWRSYABYEDHENEERS SR, BRBURS5ERERREFHA.

SZiFStAN PVC /NBR LRYH i IR S BN RIE A RRE (T) NS RE.
% T>T 60, HBYHRMEYE; % T<T. W, HEYIHRSRIEAEE. BA, UHTH#
GUSHNE, PVCHATHRANAEHREYMZE. SRIEX, ®IHERASYILRYED
HENT, ARDRERTPVC /NBR 3LHEY).

XdiE EGURY, REEPDREALK, BERE, BEMH

Wu FEBF 2 d ) Nylon66 | IR ILIEMIE R # A R R 1B TR I RS Y (H
)RR EEZERE T HE: X T>T HLEYERNE, Y T=-T HEX4EKNE
A, % T<T,WEHREYE Y. BB P &R &Y PP, PETY, POMY DI K 3
FHERZ5 R A HDPE | CaCOJY R R MR RMAL RN AT R Y E KR GK
REHAEMAS T AE. FHBESNRESYRRBR O (vhE) e mIEs nikR h#)
HHEREY. REVETHEAESERDN, EHEAYRSHS R ENfIE. 50
SP— FEEHE o, REMBHFEL C HK/PIAE T REAYMBH AR — i
A, HEHE T RS RS, [E 6 3
PRt HPHREYM 0,> ~0.15mmol /em’ H C. < ~ 7.5". S FE/MWEEAZE
(PVC), H C,.=76.1,=0.252mmol /cm’"”, GFEHEFHEREYHBEHREYZE, B
T FE#RBL(NBR) ¥ PVC LB M B4 4 BA fH AR M FFE R AL A B AR B B
) ) .
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1 LR

1.1 E##H

PVC HF & AL/ S—1000 BUAEE. NBR ) AN 5B 18 wt%, NEM¥T
/NG a8
1.2 #H#mbl&E

EREYL LK NBRI18 T84 514 0. 15 A1 30 min, 78| NBR18a. NBR18b #
NBR18c. ¥ =% NBR 4515 PVC( U R @R WHA A EEN) £HWEIL LT
160 C iR 6 min. HEY A MEES. PEHK 4 mm BRI, W BB E.
1.3 AEEENE

& ASTM — D256 prfEl & 1zod &k 11 th 3R JE.
1.4 HEEWE

REZ WAL HN® S FH H,S0, . HPO, K& K.Cr,0, Bt ih %] NBR #. %25
W T 4% 2 J5 FH H AL SS530 R BL(SEM) R, HITEHLER 7 X Ge it - B RLAR.
BAHEMBTERITEE 7 400 UL k.
1.5 T RME

TMS —2 BRIBALA A7 A0 E NBR BIBCEEALIRE T, FHi# %K 20 T /min.
1.6 HFERAE

NBRI8a.b & c ¥ F& M, MEHNS TE M, HEE™ Waters 244 BRI EE K B
BB, KBS TR M, | M,, F PSHRHERERIE L.
1.7 ¥ENE

A& FORSBEVHINE NBR H RSB JAR T 1], FHTF3RAE NBR B9 STALBR BB

2 ZRAMT

2.1 PVC /NBR #iB¥IR 8 T

BT HIARBRR R TR, BARITEAUBEARS FRM NBR, REHL
1R3K48 PVC /NBR18a, b, c =fp3tiEY). R LB YA RS T O %15 F SEM
WL, X =P NBR #F LA BN A BB TE A BUE PVC Z k. B HLEER 2
St soERi2. B 14 PVC /NBRIS LIBMIRIRAZ M, 16 BB — B
AR TP SEI S TS R R IIE B AR 10% £ 90% LB N AKX R, R4 BUERL
BESIMEBIERNT. NBR EHRAZHE 0.05um A L, HFEMPIERMAE TR
d. <0.02 ym® HER., XM TFAF NBRHK AN &N 18wt%, 5 PVCHRAEE
KA, HARAMNKRIZAGH MK, S5 RF4 HE X PVC /NBRIS
HEY BRI EE o L7E 1.4 ~ 1.6 BITEHL

MTESY, BHEIETSEANS AR, WSS FREEE S B,
FTHBRRBEERA. HEEREBORT RS FREWEBHETZERE. AR ZHE
Bl NBRI8 () —sep B RES) T4 |, H¥HE T ZEAR L0 NBRIS # /1 #HHE.

H#% [ AT, M58 NBRI8b. ¢ 9 T, HRFFAZE. M1T Huggins TREER k' &
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Fig.l Log—normal distribution of NBR particie diamete
for the PVC /NBRI8. blend with
¢=0.18. Polydispersity
(0) of rubber particle diameter=d (84%) |/d(50%)

WRA, BwELMBEEARA LA, HE NBR WS TE M, N TED
M, | M, 38 Z /. B 2% PVC /NBRI18a. b, c 3HBE R BRI R d SRR o
MXR. BE 20 REHERNRANHT, EERBPU%ER, PVC /NBRI8a HEYIH)
B HRi R/, PVC /NBRISc BB K, XEHT NBRHI M, F M, /M,
P8R B8/ N 5 IR My A AR RS BE L/, AT 2E— 25 0 8 45 B B/ VR AR B 25 R
BEAPFRTE AR, fh B AT I NBR B2 d ZRREM BUAHI @ AT A, XRW ¢ KX
A GO B Y kB T ‘

¥W PVC | RBRLEYIHMNEERBEN, HPEEES.PVCH 2 TR H
A, SRR RE TR % AXHA R EBEEASER
PVC /NBR iR 9 e B 28 05 ma FLAR.

Fig.2 Rubber particle diameter (d) vs. rubber
volume fraction (¢) for PVC /NBR 18 blends
O PVC /NBRI18a; []J PVC /NBR18b; APVC /NBRI18&
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Fig.3 Notched izod impact strength (S) vs. rubber

volume fraction (p) for PVC /NBRIS blends
O PVC /NBRI18a; []PVC /NBRI8b APVC /NBRIS

Fig4 S, vs. matrix ligament thickness (7) for
PVC /NBR 18 blends
O PVC /NBRI18a; [J PVC /NBRISb: A PVC /NBRI&
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E 3 HILEY Izod RO WPEIRE S, 5 BUHHEE I o XK. HEAT R, XM
F NBRa.b K ¢, HEYERFENIEFE o, FRERTHEL, X ¢>¢ B PVC /NBRIS
BABHIREYEE. o, FEAIEMA NBR 53 8UH MR R INHRY.

Tab.1 Effect of mill time on physical properties of NBR18

NBRI18a NBR18b NBR 18
mill time (min) 0 15 30
7, (K) p2s) p22) m
Huggins constant,k’ 0.49 0.47 0.46
M, 1.81 x 10° 1.31 x 10° 1.25% 10°
M, /M, 16.7 9.5 5.4

HAEZHd Mo xIHBEY PR MR REKE, XNylon 6 /A KILEY K
PRI, Wu SRR rh SR B S, XA SRR R AR IR THEE, TR IR
DA MR XRBPESSHEPRA THRPHEHEMERIK. MM d o R
TXRE. mTHEMNE THEEE, HLERHEDLd o FNLRERITH TH H
B Wu S H dfl o iHE THARM M FERRG VLR EBRANME, £
FHIOMETH T S BARRLR S BUE o W, BBT T=T71, o, o) TEAR, HLEW
BEME-H(ALA3). AXWF:

(o) =d[<%>? exp(1.5 Ine) —exp(0.5 1n2a)i| (1

MTPRBEESEERM T, Ao=1, B1(1)REHRTH Wu S HEXRERK

7(1)=a*[<-61‘-)T —1} )
P

J PVC /NBR £BYIH d. 0. ¢ SLRAAH (1) K315 PVC /NBR 3LiEYH TH, BHH
FHRE S, TR, B4FHLER PVC /NBR LIEYIN S,—¢ BHRTE S,— T 245 F
FEEN KL, BAKBREIETEML, FHHY T<T.8f, XBYRAIEET
. BGFREZER T, HHE0E A TFREE PVC HRY.

HE 45K PVC /NBRIS HLIBHH T.=0.059um. HAITA o WEMUE 4. o B
(2) IHBPVC /NBR18 IHEYHI 7(1) {8, H#rbdERRES %+ 7(D) fEE, R8T, =0.036pm!",
AREAHYAHME. XRAERAIT RS IR IR, LAIFA o
-2 R '
2.2 $fE5%3 PVC /NBR LB H15 TR IO

Xt F Nylon 66 /| BB IIRY, Yo ASEE, WUEIHE o B XEIHETHIE
FE 4 KN 5T PP /EPDM 3LEY, Ud ASE R, ATUERRE M AKKHAHE
o WK HERHARKRAGH o MEDETHERAE. AEXEELEH(DR, 7
Bd5 cMXEN:
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d=T. / [(%)? exp(1.5 In%) —exp(0.5 lnza)] (3)

%tF PVC /NBRI8 3£iB#) T.=0.059um, WH(3)RK, o ABEE, ¥ d otk
B, WA SR, HElEAMLRERFFE. BT, EAEN o EHTJMEo
MB/NTE R, BB o AR FRIHEENRE. 12 0=0.168f, ¢ M 1.48 /B
1, W d M0.073 ym3EZE 0.12um. FHAHE SWH—FEY, 4 MNKEREE o B
AT, W e=02058, o RFEM 1.48 Wi/MB] 1 B, 4 BIM 0.092um 3 = 0.16um.
XEWRE ¢ K, o MBEPHZNARFEWIMK.
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Fig.5 Critical particle diameter (¢) of rubber vs. Fig.6 Critical volume fraction (p) of rubber phase
polydispersity (¢) of rubber particle diameter for B—D vs. ¢ for B—D transition of PVC /NBR 18 blends

transition of PVC /NBR 18 blends

H(DRAAE o 5o XFR:

o % l:exp(l-51n2°') / (% +exp(0.511120)>:|3 @)

X¥F PVC /NBR :iBY, WH3)R, LdASEEW o Xt o EE. WME 6 Fim, B
BHANTRERERS. HETNL, o FE o MB/NFEE/D, BN o, K7L E
B, B WRAMTHREDHMEDHEN. Wd=0073umbt, F oM 148 BHE 1,
N @, ATA 0.16 B2 0.089. F5ME 6 Al —FEFH, o, BW/AKIIEERE 48K N
K. 0 d=0.105um, o FIFEN 1.48 JB/NE] 1 B, o, BIA 0.235 B Z 0.137. XtLEKRE d
8K, o X EEHRTHANERMA.

Xt F IR E PP JEPDM #£iBY, %4 ¢=0.243, d=0.52um. 7 0,=2.0 i, £EYH
S, 05901 /ms ¥4 6,=231 8, S,H450] /m. EfIH o. dEMHFE, o ERHLEY
BRI B E I o B/MYR.

ML, ZXHXRAEHTHK o FHTHPNERAXR, HOARAMHEE d o K1¥E
m, o MEMHEMARERMA. EXMTALRERNTE. BEDcBATRE
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RPN, AR URELRY AR R ENRE 4 Mo, XBERMTH
ABBESSECHLURY R PARNEMEREH DN, X TREGYHRSAETEHM
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BRITTLE - DUCTILE TRANSITION IN POLYMER BLENDS

—— EFFECTS OF MORPHOLOGICAL PARAMETERS
ON BRITTLE-DUCTILE TRANSITION IN PVC /NBR BLENDS

LIU Zhehui, ZHU Xiaoguang, Z HANG Xuedong,
QI Zongneng, WANG Fosong
(nstitute of Chemisty, Academia Sinica, Beijing 100080)

CHOY C L
(Department of Applied Physics, Polytechnic Uniwrsity of Hong Kong, Hong Kong)

Abstract The effects of morphological parameters, including the polydispersity of the
particle size (¢), on the brittle —ductile transition of amorphous polyvinyl chloride
(PVO) /nitrile rubber (NBR) blends have been studied. The brittle —ductile transitions
of PVC /NBR blends occur when the particle size (@) is smaller than a critical value

d. or the particle volume fraction (¢) is larger than a critical value ¢,. The higher
the value of o, the lower the value of d,, and the higher the value of ¢, . Therefore
a high ¢ value is unfavorable for attaining high impact toughness in polymer blends.
We have developed an expression relating the matrix ligament thickness T to 4, ¢
and ¢. The impact strength of PVC /NBR blends is found to depend on the single
parameter 7, and the blend becomes very tough when T is smaller than a critical
value T., So the T, criterion, which is valid for blends with a pseudo—ductile
matrix, is also applicable to PVC /NBR blends whose matrix has the chain
parameters intermediate between those of brittle and pseudo —ductile polymers.

Key words Polymer blends, Rubber toughened polyvinyl chloride, Brittle —ductile

transition, Morphology, Particle size polydispersity





