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Toughening Mechanism of Plastics-1] . Noncrystalline Plastics

1. M £

g2} EA 2] 7413} (toughening) = o =k
Alato= 2 Zofl o2 7|7bx] Surglk o F7b 2
#H= 2 ol FAlolvh. ohvkslw 7214 (tough-
hness) & A2 Az o] Ao 4] AHAQ
QAz2p7E 57 a-Foleh. EebrE o] A4S A
Aok yeto 2= aelZEFFY, LEFF
3, mechanical blending 52| 7144 %£3%} rub-
ber-modified Sel2€ 2 dA7} FHE o]
2, A oleddt JlEE Bdle A3} s 9
= ZEEA+= PVC, PMMA, PC, Polysul-
fone, PPO, Epoxy 4~2), PP, Nylon, PBT %
o] o]27]7kx] uf-¢- chokslet, o] 2] &+ rubber-
modified Felxel9] 79l A 7] (toughening
TFEEEEH lelA A o)A
(crazing) 3} A ldl-¥-(shear yielding) & aA¢
of g /Hde shote] w9 % g slc) =e) o)
Az} AeksEo Mo A sla) 2= L& (str-
ess)oll o3 ANB7t 2 WHS Jdoxa et

= dagAoR, gRRo 73—?—01]{- o] &gt
T 217 ot Aujgo g = 4,
" Aol F 777 A9 553 ﬁ"—?"i
FAlo Wty s dhe

3ol <= rubber - modified Zz}£¥E) 9] 7
A7 TE Zelo]Z(craze), Axntl(shear band)

N

mechanism) &

Of & &*- & 7 4% of & 7)*

ol "k B ABHoz  AHdgsluz
gtel. 7 (rubber) 7t &4y a8z A 72|
A2frkx) 54 F, Holud A4, T AE
<+ — 3} (stress — whitening)
#4722l vl 7 (necking) & 4FSo] s W}
7HE AR T, el Ase dige 2=
Az2bEo A 7)gstazt ghe),

+ FAY TAHL "4 ohex o] B
Hebo A ZA (matrix) o] EAkElo] 9: 3
T FH e $H AN E Z24lsld 2Rt
o} M go] P sJo)g) HAE ool B3 (22H),
e o] A3k Auketdo] diale] ZhnielA A%
A3 ). tgoz Yol gat o]2L
T AHEo 2 o] Fokd] AT AN &
FE vl B3 Fel4ge] 77 o wA| o
FoARAE7HE dob k(4 ). 5=

Aoll FFE F+ AAE FHY 2 B Fat
o A7t ois) Awsldnl HEY A¥zA
&oll ot} Zolo) Azl AxiatE o] abyaiel
AE7F o] gA A E sEstydc) Bow
6 Aol A= ZAolA dTol] & 90 He o
7FA 7148 48 gt

(elongation),

2. QAR FHo| e Abey

rubber - modified 82} 2] W & A %L o]s)

37 AL S4 BAo] BAbEo] & 1Y

* (P Y7 Ftd T4 TEAbd FHE(Sang Soon Lee, Kyu Sang Jung, and Jong Kee Yeo, Polymer
Dept., Lucky Central Research Institute, Dae-jeon 300—31, Korea)
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Uxk F4¢ SAYNE Fobut o] Las S, ZAWe] 4ol $xsof ol dEol
o 1FdAbs B R G2 Adcteld Al S 7t ol ztell A WA shE SE A 7E o] K3k 9
zZt7] o Foll 232529 (stress concentrator) 259 Az FASER o-$ Bt Fej 2 3
o2A AgaA Aok % LEYA FHe o g
+ EE RN Al "ot webd awe) J.N. Goodier + rubber - modified Ez}£¥
Aot Arkaltd Fo] Fape} 2a) A ol ar 4R whdt Be 24 b3k zhe s
ol 4 A st A hzket. ey NS A9 ol ML syt A,
TR T SHAHE clEH e wWile a) 2+ 5¥HA (isotropic) o] T},
g Tl WA 7L Qo folata] i b) 2F9zl= F (homogeneous)dhiL Sulb
A, AFYzbs Lo Afdd dAA % AJelel,
A F2E AU AT FHeE o) $ chokshd, ¢) mEQ)abel Tk A ha)she),
EA WA F-q)zte] b A4 ghe] EHE Hepde ot AT 2t o FH AN
&tet. £ ohgak 7ol Ea gl
Goodier 2] B Al
— 2A  2w,C 12B _2(6-vn)C | 36B
""_ZGm< P d—2ve)rt re *[ (1= 2vm s ©° ]COS 2‘9)
A 2vm C 3B C 21B
o= 2m| =3 gy r*[rs ] o520
. A 2(1-v )C _ 9B 3C 158]
(S (5P e
. 2(14+vm)C | 24B\ .
re-—ZGm('(l—_m 3 )Sm20
of 7] 4,
A o {[(1—:1.,,)(1]:‘ >—v,]Gi—(1—2vi)Gm
53— e m
R 4Cm (1-2v,)2Gm + (1+v,)G,
_oD[(1-2vm) (6-5vm)2Gm+ (3+19v, —20¥mv ) G, ]
(1-2v,)2Gp+ (1+v,)G
B=¢R®D
C=50R’D (1-2vm)
D— Gm— G,
- 8Gm[(7_5um Gm+ ( —IOVm)G ]
Orrr Ogo, Tow . T3 28 (normal stress))
ore. A5tS ™ (shear stress)
Gm . 24 (matrix) &) &gk b A F
G, : m¥aAe] An wgA T
Vi - 22 2] Fol£2] u|(poisson’s ratio)
v, @ IFdxke) Fopgs] )
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(Goodier ¢] ¥}% 42 Fig. 1ol E A%k upe} 2
-+ 72L& A (spherical polor coordinate) & 4}
£%) Goodier 2] WA Ale)] 23} FHy2ARL
27 =t2) A& F r=R, § =904 w3t

g

Prbtt

r,8,¢

8
zm

R

Fig. 1. Spherical polar coordinates used by

Goodier.

a

Glassy matrix [
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Rubber
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L6
Y
1.{\

0.6 0.7 0.8 09 1.0 11 1.2 13 14
Radial distance r/a

Fig. 2. Contour map showing stress concentira-
tions, calculated using Goodier’s equa-
tions, near the equator of an isolated

rubber particle under uniaxial tension.

2 A9 5% 19854 104

ot Fig. 2= $3AT A4HE 24 Aolek
(™ol A 2k g2k T4 Ay &

4 392wl vebd). Fig. 20 dehd upe}
2ol Y9 AyE A Eo 2N Ag

ol wte} F43 AMats=, Uz T4 &
o] wf-¢ 27 el Z#lo]z vy et} Q)
2ol A 8] AA A A &o|dAl WYz} Y
shate Zel4dE S BEHog Rl ¥
AN L F-Yaprp B el & WY A%, F
adelzy A=kdE A LAzl AaE

AR e A4 AFE olelgt HAAA of
s 5] ook ek,

3. 3o|=e} MLl 2~1

Azl HEY Edel ZAE A (flaws,
microvoids, microcracks §) =& $HAFS of
71 A1 4+ A= o] a9Qlel o3t Lol 3
+3 AxE Az 24 (yield point) o] £
23l et §2 Yej = 52 S H a2 (Fig. 3
- a)3} AxkskE-(Fig. 3-b) F74= 7} Qled], 3+
Fo] wAslw A& Al 131 E (chain segments)
o Aol doluk 449 FE5 W atel,

Fig. 45} 2ol 1459 oo 7 Aol 283
W 4AuE 0-0%o] del 20 & o] FL A-
A'ctd #19] S g3k o] EAR
2

{ @élby QUnnriemed
s chains

)

Oriented
fibrils

8

(@)

TR

)

Unoriented
chains

Aligned
fibrils

Fig. 3. Schema showing the two modes of yield-

ing in glassy.

polymers :(a) Normal stress yielding

(b) Shear yielding (from ref.

2)
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Fig. 4. Stress components acting on A-A’ face.

FA 54

o(8)= (1+cos26)

Aerew v(8) = - ! sin2@

(01 A-Aglol #1202 Ahgshe §3

T A- A'do oz AL $H)
QAo g=0Ua =, <lBLHZo ZAq)
o4 A5 o] Hejols 1 e o=

g

Aol q | 2tgstd FASHl 3
el =, 5 ggeakel Aol Fedol A
anpgk FFEo] wAshcul F452 ASAH

o] dA=o} Bol=rt ﬁo‘] 1= AL 2=
(Fig. 5). o]slzro] Bo|=53 wigksl 7
f-(oF 10~40ume] A7) 2 F48 GATE
(network structure) & Z# olzg} H=2+d|,
A& oF 0.1~1.0umo] =] Hmar 2y o] 22
Aete FA 7 oF 10nm dAE eh

AL He Qs A Sl 45 5% 3

rO\
r.‘ff.
[ 5
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(a)

Fig. 5. Schematic difference between a crack
and a craze.

(a) Failure along the craze interface. The
crack has propagated alternatively
along the two interfaces,

(b) craze

(¢} crack (from ref. 6)

Compression

L4
Compression
direction

%\\1- Dhl“use ’
2 shear
shear o™ zone
microband K

Orientation
direction

———

oo !

Fig. 6. (a) Drawing illustrating the extent of lo-
calized and diffuse shear yielding at
the general yield point in a notched
bar of polystyrene under uniaxial com-
pression,

) Relationship between compression (or
tension) direction, direction of mo-
lecular orientation and angle of shear

band of a glassy polymer.

oAl 4 Aol 45 shakel] Aok A

S, sk geha Arko] ol w4

AA Hw o) £

A 25 38 ~45° u}sk
1

o] w3ty pupsleg 4
Aaste  Urbed],

Foll ALl Ak wk
gc}(Fig. 6). 12lx
Ak o] FrAle BE lum HEolY, 2%,
W 3 & (strain rate), < o] & (thermal history :
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Fig. 7. Schema showing interactions of crazes
with shear bands (from ref. 2).

quenching, annealing), %x}g 5ol =te} Axk

= Z S22t Aokyd o 2 24 diffuse
shear zone)® F ¢lom 1w o] AzRulgke S

Az Wl 45 Ware .
A zo) 240t 289} Abeol we} e of
zo} Antaisl SAG HAL F AL, 1F 4

i 5} (stress-whitening) 3 A}

5) wj# (neclmng)ﬁ‘if<L

2719 A4 o] &5 nYYast dldAE
Fagro za Ael4e]l Rk Bgteh ol
& A4 2S¢ FAsk & 4bgk& E. H. Merz glHl]
2ol 9sbed LFQlAHE EA el AEe] 2

Z2|/H A9 A 5% 19854 10¥

Zl ol Fd o) Azt ol A AFEE
YAEel FAsha, FAo FRE ok AR
ol o o)

2;-_
bR ol fASA oM el 2
slgo] MARE Faaedet’. 22y Fol
Newmani} strella 59 2[8le] Merz ¢ =2
£ ARl ALY 25 datd, 2
Tk A4 AT LR Ahgsted
B o) pE-g fualng, A s
Bl 24 ol f¢] W Re] FFHR 2
Fa2ke 2o dliAabe 5ok
5

Kambour, Bucknall, Smith 5& W&l 13
zlol| 4 Bl SH - W3S e o] A=t
A 3A)7) 222 AbgbEolch. MR Aldel 2
A 24 Hol gl RFYAE Tl wA4T
ad o] 252 AAddte HAdA AF A
& gfame AU TN o

0

gtme asfolz 42
g yJolr A4A4-E HE
dle =l olzo] A7l "J?ﬁllzl o] 3t&
A Hx, = |25 A5 Al
utdgla 2 W 3ol 1% Y K (strain energy den-
sity)7} s]-%- AA 5} 2 14 (fracture toughness)
o] Z7 =) mF9ztst obnwl fel T4 (glass
bead) 2] ZSoll % R o}e] BFA Al 5 2o]2 gl
& L AFUo] slog 93{]0]25—0] ulA o)
fo)3h, SA-wsyAds Aatdeh Lo
AR Ho fe|TEo] ¥4 FehzEe 2
AL Wz 32X 9k feTELE AHe=
o] g LoldtAl  F= UAA
A2 2 BAAlFE Qs Zalolx Ak ¥
a% o3bA 7] 7] Fgteh. webA g TR
Ad o)zt o} Aiglel AE AAdho
"W_'%(Crack)i watn AT shod(fracture) o
olzA HArk old AR ZAAL A

o o[o kT N{ﬁ r
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o] Ao UAHxoll oE3t= Rol ozl Ay
g 2 o]z 27 E JAA oldtR 2412
T U T8 24 2¢scs AL ¢ 5 9
o olohl I L 4w Ee wFQxte =
71 2 Az Aol ¢ Fag <z

52 4 (ductile) ] E=}ol| 4 At
s A4 S7H8) f]lelet. polycarbonate 7
< dA e TEzbllA dojhs Rl iz F
F3AL ool w7 kool g o] FojAl
t}. Newmanz} Strellald~1552 ABSe| w3t
AFAIE Fol] Fetadn] 4 Fohed LF9 29
| & @ (distortion) & g 3, 72ql4 7| F7}
Anteldol A3 F29 sHs4dE  A4}eHgeh
Ty AtE o 38 -3l Yswsls
AT 71 97l A Fell ZAelAdo] Ariato
gk &l o] & S ok Uk s
el ol ebdgt o] & FHalA o] e o]As
ArkdHEe] 5 7Tl oef HgHdes AYy
e Aol & RE A4 sITv o)Azt
AekatEo] sl 28] Alolo whel A=A 4 g
t}. ol £5-¢] HIPS (high impact polystyrene)
o} o] 2A7F # A (brittle)olm QA 71+
F2 ado|Adl &) olFolzln, Zix

o

Table 1. Qualitative Theories of Toughening

PVCs} o] BAj7t Aol A wdatBo] =|ul
Aol ABSe} g A4+ Z# oA A
5o Adagol oa) Ad9d + ok oL
©] Table 1& = &7z] A5 WL£S 9okg
Aolch

5. Zoldr|7of &

FE 208
Al deE FE b2 87tA ALl
3] Al H 8-S HEFINZ o)

1) 2F<ql=be} Zaf7ke] A gHAtbel

2) 7<=y A7)

3) 2LF9=}9) 7} 5 (degree of cross-

linking)

4) Sz AYEY 27

5) EA2] Z4 (composition)

6) L7 felao] L5 (Ty)

7) ¥-9 geF

8) AlH2| 57
5- 1. DRQUXI} DRYZEe| HEtAE .

59 2}e} E—’H*}°l—4 ZAgke] ofslwl =)
o2 7B A= o] = 3slxicl. Aglo)
oFslw Taj2Ne] Y °JZ}7P 32 et F
TE LTI ER Fdo)|ZE dAIF ojike s

A °¥‘~

o] £ W & E 2]
1. 7] o]& -n|ATd| OFYALEo] =9 LS & [0gd -3, & QA § 52
(Micro cracking) g, A
o] & 054 —usladAl-g olAFde] dAo [ORNY zolol wE s} A F2] o]
2 Qi3 T AYEY.
2. & o)A o]& OX A7 Al iz9 i8-8 F4dct. |0 —usladrl, & AAAE, & 3
(multiple crazing oL A o] ZF o] WAFIT}, AZE & A4,
theory) Ol A&AE b Z23A 4 23
3. A 3F o] & OZ4 717+ A Art sh¥-of oA 44
o] gk}, O¢H -z, dxds}t 58 49
z E3+
4. oAz At 3 | OZQA F7h Zal o] A3} Axlery | OZAQIsk ARl velhde EE &
Eo Adid sl E | o] 7). AL A shg.
OR A £F, &5, HY S Foll v
gl 7 247179 sl =5t g2
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A FA2 Heh ol 4 AH3 upo} o)
A &3 Fdolzgd UHATHE
Z# olzo] 27§ A= olE 2AHT + ¢
 o8e o 3A JF& gornz 5 EA4
ole] F&3% Ago] uighA st} ol EEo] HIP

o] 79, Fe|febrlalat FelLelllE wbe
3] 71741*1 L AA A AL FA
@ot FAAEF ] Fou, T =y uys &
8]—04 do] A 2 o]E (grade) = F M8 A

< MaAFon g FFeldo] Hoerhe},

5- 2. DSQIXle] =7| -1

RF-Q)xb= o] 2EE FUAlF Hrloh
2} Zelolz Ax 7S FPslnr, §=st
F- 2tom Fde|= Hxrlge] Hitsle] #E
EA-olch, Slzrb UF 2w AlES] Ede| <
F3kx REha, TF ko] 43E A% A
7t A& wet xp7Ee] 2FAo] AA2Z T3
o]z Z77t AAAE E& bl ForAleh
Azl ael HAL TPt 2717k TA
dl, ol&5w HIPS| 72 0.8um, ABSS 7
9 0.4um, 7135l PVCol dai 4= 0.2um
Zolct, = polycarbonates} A EEELF
FaAle] 79+ 0.5nm7t Al Aoz ¢HA
dek. A2 RAsL A dFS 2T 2
717} ApobAl= Aol Ak AN Y A A
Sol = At o] WAde] A l oAV "t &
ong Fde|z2e Azl IFYtEA 23
ZA 5=, Za7E o4 °a‘ 5 Ak Eol
vko|l wrlglm, 3 Aol A Awsr Ay Adch
gL Zdo]|zo 4aE dAle 5E &
B2, 1F9}E3 Al Fo] ZH )2 Ay
£ zA3lE Jleg EdAl e weld o
Aol B 1F-¢=}e] =77} 2}, poly-
carbonate 2] 7-¢-& AnkehFo] of-$ who] W
AEpe g o]z Aol oAM= =, ol
L g2z # o= HAs5e] AL %-3-
2 i vz AEE U TE 7lEE
#oted S22 Qak Z71E o9 Hepaleh
5~ 3. ALK JtmE

1) 7tzsie] adx gAY dloksiAl 7hass
Ez2H A1 94 A5% 19854 104

AN FEA A Rt F W HE e}
Lﬂ—vﬂ sha Abedsh Wlekste nFQiate] whE
< AGAY A 5 g A 24 =2
el o] 22 sheAd S (fibril) o] HAdo] AL ¢l
1 ZEE ofsted {lA siekset. = 4§ I
oAl A Yzt & A A YA Z 7| B} ol =
7gko] glom, otE Ev AHE A YAl Y
ARp7b ARl gk aho 2 Wy Eo HolE
| ygstee $2 g
2) AVAA stas 254z A
kA Al shmse] gled, J—T%JZM 5
Aol A Azt Ariebg Ay QG
F71 F74ske] Ad| o]= A=) 7l %o A Ak
et el Ao Feld S EIE @
At w ¥ AR stuxd A AAE
Yast ek

o

5- 4. 223 yggel 371

7heAfrel Bolm2 T4 5 I o2 B
o= s} AA)F= Yul= ok 50% A Eolr] wlE
o], ZelolAL TE2S HIlE FHAA
97 3] W] FZre 4" Feel=2E
o] ool A A wl#gie}, b AgtabE-2 Yo
HEE doix gecf ol f=E HE
-85+ 2Fgh2 Bucknallz} Claytone]gicth Fig.
8ol 42} o] QAT HE W vkl A
SHANE A4 7std o] |3y

O

V=V, Vo —
AV VO Vn (D

Fh0) Yt Sakel Sl A=A,0]

2, (A= 1)=e,, (A;— 1)=e,2} 3l OA
A,
AV=2¢,+testel+ 2e este; ey @
@Al A eyo] =i~ zhepar 3had,
=AV— 2, =AV—AA v 6

@"ﬂ‘i W 270 A S i, A7kl
£ Ao] AL FElo] Ao 7 F-zH s

AxhatEol 23 b A FF 2 golch
e (t)—ey (0)=A4V (t) — AV (0)— (AA (1) —
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22 qlall AA2] B35+

2 —AAE () 3te] =),

A& 0|83}, Bucknallz} Clayton-2 ABS

o] W3t Zelo|Z (creep) Al A eot e, &

z;a Hate] AVsE —AAE Fapget! P Qa2
o] 9| W # 7Tl B odgFo] Fig. 9ol

(=) o]z

Applied I Tensile stress

() (b)

Fig. 8. Tensile deformation of cube of unit di-

mensions :{a) unstressed ; (b) under un-

iaxial tension

-

AG‘
S
s
£4
2
- 3
[72]
2
1
0 OO0 A0 o 1

=

3.0

2.0
Time (Msec)
(a)

o @~
Y

Strain (%)

o e 0 W

oo © . i A
0 0.5 L0 ’1,5 2.0 2.5
Time (ksec)
()

Fig. 9. Creep and recovery of ABS polymer at
two stress levels .
(a) 26, 5SMN/m? ; (b) 34.5 MN /m’
(C)) Elongation es; (®) area strain—
AA; (O) Volume strainaV (from ref.
16).
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s =l oie}. Fig. 9= A& Al ABS 4l of
el o] =Zo} ] AW el (recovery) t]o]E}S B
ZFa el 26.5MN /2] L &bl A £ 4|
o] ZAstell =g Falw3lst g, sEAA
oni olget & Afysl wyo] s o

, olEdt FRFFA A= Zeol=d Z

21 0] Fld 57 AL ¢ Aeldldo] xjuf A
U}- 34, 5MN /m'¢] ™ol A= o} & AES K
ek, Z7lel oFzke] Alzko] Akt Foll )
W &0 whe A Frlslked ol AH oA ¥4
o] FH&3tae olu|gel. Wakakwd Sdo] 26.5
MN /' ol 4] 34.5MN/m' & #A Zol] =te} gkt
o4 zelo|Doz AR WasTH &
Qapols] AAZ wch Wbl ekl Aol Fig.

L2 2 f'If‘ ot r-}‘-.& o

[}

X
- U5e Py
< 2}
< 29.7
E
5 23,0
w

i+
£
o ———te %5
> 0 P A N N N

0 1 2 3 1 5 6

Elongation e; (%)

Fig. 10. Relationship between AV and €3, show-
ing mechanism of creep at 20C as a
function of elongation at five different
stresses (MN/m?) (from ref. 16).

10
. 1.4X10-}
S 5.6X 10-2
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>
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[
=
«
S
n 4k
L
g 1.4x10°3
S 2t
>

14312074
0 - A de A
5 10 15 20 25 0

Elongation ey (%)

Fig. 11. Relationship between &V and e3,show-
ing mechanism of tensile deformation

as a function of strain and strain rate

(from ref. 16).
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100]c}t. 26.5MN/m A 2= =9 71877} 0
oldl, ol ZojAe] AL g ArighEo]
e Hojele A Byl FHo] HA A
HEw, 27 Ago)Z 4 =(k2.5% w37
2)) A3 ArkdgFE-o] 2w Aol | FHo] A
of wtel H¥e] F 7T ZH o)Az A3ty
I et

Truss2} Chadwick®] ABSd gl A4 &
Al & fAkgt Az BT glrh(Fig. 11).
HHES S el el Wy AT o 10%
o] FdlojA o2 RE 100% 2] 2 o]y
=l 9ok E W yo] oF 15%E dolAd 7l
E717F A4S gk elebgte] SHal WY
Foll wel W 777 Hels s Abel] sl A s}
= 6l

¢ 7k xgugf:; gt WEFe s

H
= 7;10]1:} Z,; = 7]-?-9] 7] v] &l £ (Kinetics)

2 5= fF57]7F nductlon perxod)O] Z ) ghc},
HEA o2 AdukdE-g 2ol Ze o] Al 4
& o ¢ whEA| Frhstebsb 4] 7be| 7 ahghel] ot
g} A4 ek ZelojZ e A2 7] Fokel
v T Aol Ao 4 &2 AP gt whA
7ol Al 37l & A o] R o] LA Fo] b4
<dl, 2 olfw Adle]2Fo] WYY A4

4 A9 o £25YY) A Eolch WA Aw

1

22 2 Fbsle RS moled 1 ol
Z 2] 3} ¥ & od 3} (strain softening) ol 714l
g Zola, E shte AE e wbd Ho] zHis

Table 2. Differences in the Kinetics of Crazing
and Shear Yielding

adg oA Frbg | A= F7h g
Al =¥ HE 717 % 3
A2 | A 9 Ao A
Al 37| elAl z53) 7} & 3

Za|H #94d A5% 19851 10¥

2 gl7] Wgoleh. 2ER Adutd gl =g
1Z8) 2700 Aui A ql dbwd, A 2 7] kel

o

£ ZH )AL Flqxs} w9 A FZde]z

o} AckehEe] sl 22| vl go] A dAs=
B oy ool el ¥ Ao Frbslet
Al 371 Fakel]l Auk}B-L sLslsln =27 o]
AL z&sis|ng el do] sl re AHA
7 Al et

Sgo] T7ksH F A WY EL Fohs
U 2 o)Al gt JaFHe] o Arh, FE7
Zko] Folz weld =
Lo Z7)AHAA vepudel. olEd Azks
Fig. IOOI]K‘] "48“6}-5} Seo] AR wa} £

dlo) A Zelolx

QAA AT ASE ddshin s 5o
sheh. ofwl ABSel glo Ak, UHAF x 7l
£ W Fo] Ankad ol o8 A2 oo
WA HAE Bolehrl, 2ol Adel et A
Aol 27} vl waahA sleul, Wizl ol
& o4 g -wsste] FEeAA
ehdeh olefat AfolE uA ol wraja %y
ol A Ackelsh weresl Ao Zelo)=sh o]
wastme e Aolst Azl Aol At
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Table 3. Composition of HIPS/PS/PPQO Blends
(percentage by weight)

Blend HIPS PS PPO
A 50 50 10
B 50 37.5 12.5
C 50 25 25
D 50 12.5 37.5
E 50 0 50

Fig. 12¢} Fig. 139 4% A& HIPS/PS
/PPO £dl=9 4% JVeb vt 2 &
A=t HIPSE 50%4 st 7] =&,
nEQizke] 27, AslEEe A oA 2
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ofzc}. PSE o] PPOE Z7H47)d

(Fig. 12-(b)) =% AHLAAFE moli,
Al PPO 2 kAl 3] efalshed (Fig. 12-(c)) 1
ejze) 7grle ALt A (PPOZE St
P48 Bale odAdstslel). 27 A3t %
TE Auigh g9 sl E+ HA ARk F
A o] ZAol =} ¥ 7]%% Z2AF 22 c}.
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Fig. 12. Tensile creep curves for HIPS/PS/PPO
blends: (a) 50:50:0 blend; (b) 50: 25
1255 (c) 50:0:50.
(O) volume strain 4V; (@) lateral
strain-e, ; (X) longitudinal strain ej.

(from ref. 1).
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Fig. 13. Tensile test results for HIPS/PS/PPO

blends showing the effects of matrix
composition on properties.

Test temperature 20T ; strain rate 4.0

X10™* S-!' compositions as shown in
Table 3. (from ref. 1).
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Fig. 14. Notched izod impact strength of PVC/
ABS blends at 23C showing the maxi-
mum in toughness achieved by balancing
matrix ductility against rubber content
(from ref. 1),
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Fig. 15. Notched izod impact strength over a
range of temperature for HIPS polymer
: {(O) toughened with polybutadiene;
(@) toughened with poly (butadiene-co-
styrene) (From Ref. 1)
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Temperature (T)

Fig. 16. Notched izod impact strength over a
range of temperatures for SAN copoly-
mer (0% rubber) and for a series of
ABS polymers containing 6~20% poly-
butadiene (from ref. 1),
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Fig. 17. (a) Yielding zone size in the order of
the plate thickness; (b) Small yielding
zone; (c) Intermediate size.
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