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Fig. 1. Schematic flow diagram of polymeric materials
from the polymerization reactor to useful articles.
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garol wat AF SAde] ARt dukHow
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2 ek #Fuz EF FMFe =4S dH55%
A7}, 20% AstdE e vladls, 14% 4570
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ol #a)As 9ol "ol ety eA/d-R(carbon
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Agarel 1A g3 AA BA(FE, 9%
2AES) o Fe HHeA oy 7et &2 54
BT S W 2 FANEY ARsE

o 27)&Z A (mineral fillers)Eo] AMHE-€rh.
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»th, H29 FFe F A9 A (main
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o] ME=Ez Yt

- 7} A (plasticizers) © 7FEAS AT 7] A
A AW $22]2] &8 = (melt viscosity) &
A 7IERES ¥E F YA e AFE
g}, %% phthalater} phosphate Algo] ©o]
2~o]d sulfonamide A Eo} solid solvent* 2 A] A}
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+ &4 (lubricants) : A9} 71871718 459
sto] HAFAE FFAY(LREA | external lub-
ricants) %9 £HAEE FFE dTURE
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- oA A (stabilizers) : goll g+ F+x2] E3f(the-
rmal degradation)& A& heat stabili-
zers) A Aol o3t FAkshik-3-(photooxidation )
2 )3} 7] 938l (U, V,Stabilizers) H7MA171
t}, FerAA 9+ barium-cadmiumo}t} barium-
cadmium-zinc® 9] complex’} o] o]H tin

2

~

(organo-tin complex) A< ol} calcium-zine Alg
S5 204, U.V.e¥EAIZE hydroxybenzo-
phenone, hydroxyphenylbenzotriazole, %% hi-
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ndered amine AQ $o] AMEHT
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&9 hindered phenoto]\} hindered quinone,

thioester, phosphite 7 geo] A-&-€t},

9ol Udg H7IAE o ZFHo| wat F3hA
(curing agents), ZMA|(colorants), coupling
agent S-o] AL HD AT P4 % 34
B 7}A (impact modifiers) S°] A&t} Alloy =
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3la] AF2-314) (compatibilizers) 7} H7HA| 2 220]7]
= @rh

At A== 71A

#9121 (compounding) o|2h= &0l 193319
ooz wdo vdehtr] Azstgen,® 1 /g
£ olu] 1890xdcel H]d<& 3 &7 (discontinuous
mixers) 2] HB33 FAl =YHUTY. A AHEH
I 9+ defol A43EF7](continuous mixers T
£ kneaders) 9] 7hd-& 1930 d ol A 1960 dT) A}
olol =47 A ZEH o ASPERVE AHEE
BAA iR A AL 196090 FH &
a2 7] ARstgch” 2 E 21 tdd
7t 9] S iRt screwd o] AEEHY)
o sy Aue sHFo] olFojxx vt AA
A E D e 958 T vd4Yy ERTIE
glol) wal 87t Qo BE4E7](single sc-
rew extruder)?} o]& +Z&7](twin screw extru-
der)7} 7174 de] 2olx Ytk

Al ©@E2gE7)e A¢ FAZEY Wl
Y Aste] mixing A#7F AX oy} screwol] A8
3 e 9] mixing sectionS H-F 35l o] A x Q3=
EFEAE A2 4 Ak E7HA| mixing section®]
d)Z Fig. 29} Fig. 3o 2t}

Dispersive mixing& agglomeratet} gel 52 &
) 3le] matrix Woll EAtA1 7= e 2] mixingS 2
38 2 718e B2 domain A7) a7

=

-

DEXpEn Jie A2 E 43 19919 74

Fig. 2. Dispersive mixing sections used in a single sc-
rew extruder compounding : (a) UCC(Maddock) mi-
xing section, (b) Egan mixing section, (¢) Dray mi-
xing section, (d) Blister ring.

Fig. 3. Distributive mixing sections used in a single
screw extruder compounding : (a) Pineapple head,
(b) Dulmage mixing section, (¢) Pin mixing section,
(d) Saxton mixing section.

sagn, oleld Fee BN ANNE Fe A
@3-do] Padlnz TPTA o]Ro|X=H0] F

23tk w}ebA dispersive mixing section& screw
o) 7tastR 2 Fo AR (FR9] 227t Bl
gowg Jurt Euh).

39 distributive mixing& 4o8v g2 A
=7} matrix®] A%9} v]S53lAY} domaine) =7)
Za glo] B YAUZAS R A dI3 BEE
A79% AP o2’ Hrrl we Jurt feldns
F82 FRALE7} £L screwd] tip B Ax§
=3

o|&StE 7l 7 screwe] EHZWE L FdAHA
#13], screw flighte] e ol uje} BHH
A AREdele LHSH(H1&E 300~400
rpm)©] 7Fs3% intermeshing corotating® o] 713
%ol 220}, o] #He 9] olF}&E7E screwrt Z
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Fig. 4. Two representative screw elements used in a
intermeshing corotating twin screw extruder.

Left half : conveying element, Right half | kneading
element.

Fig. 5. Moving principle of ko-kneader : (a) oscilla-
tion, (b) rotation.

Beplt) 23kl 7H5E modular FEIZ H o} 3o
A E o] g 7ol uhe} screwd] 23S HA WAL F
91t} Screwe] efE =A conveying£# knea-
dingg-o] glom o] F Fe9 elemento] Z3Hol 9
&) A screws] el(screw configuration) 7} A%
HAch(Fig. 4%=x).

¥ Eolg Feo HALIE AE71E ko-
kneader7} 1tHFig. 5). Ko-kneader:= ©3&%4& 7]
o] WygoZ screw’t 373H-8-%(rotation) ¥ HAFF
$-%(oscillation) 2 Ao F38hH screw flighte]
%3t F374o) Eo) goiA o] barrelol] HXE mi-
xing pin 0] 1 Ato] & o] F (A A= screw”} o))
3 E71%5S FHFEE AAE Yk
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Asted H3olE

oo ATe] NREAL WY BAAe
2 ghake] A oA ARG 1 HEA
Zo] A 3 £87] 2 2dx3(operating
conditions) o] Aelo] o]s) AAm Hube] o}F2
Sl shahe gaks gne) FUd T o
zojx)7] grom ATe EAL et et
w3 AU EFENE AYY srjgs Fed 7]
AR energye] S0l 98 42 H7HAI7H AlEHl
2aEUTE geks 292 AL & ook A 3
e TRNM 71 FaH o] EFESt FA
=

waste) 23S 0% 4 Ak HF AFEAL B

3

o du oy

5k o A 1970t B E
ArAny A=A

2IAE 4E0)7] 2 HEEAE FAoR 29

o] 29}% 7] (twin screw extruders)

o]&qt& ]9 kel thek HAMA 1AL 19873
White's} 10 850 o8 Fi=den 190
o e Wy gt ZAEACT. A 713l R
o] 9 Z3ke m&3F|Ho] 7153} intermeshing
ek o] &tE7)7F Ho) AR lon mebA
o] dejo o)&HAE 7)o uig A7 Bel IHA=HAU
1=
@27 WollMe EFERE £A7 He JoE
% (shear rate) 9} #|FA17H(residence time) & &4
2 FAN Y Zzte] Axrt 245 EFEAHIT AA
= Ao AAEI vk

Savt ¢))
o714 S+ &¢7 % (mixing intensity) & VFERNH
ye AgEE, t= FFAFAIZH(mean residence

time) olth, ATEE vz A& 7] screwe] HAF7}
ARASFE AR AFAZL t=
eV,

t=—<— (2
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2 BAE 4 A2 old Ve $A9 AT B
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7H(free volume), 1281 g& ZAE(filling level)
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] leakage flow 2 back flow 5ol <Jsjr FdEH
e 7R Esln 943 EE(RTD ! residence
time distribution) & 7}x8'" 24 Eg &ola}A
ort}. Janssen'le o]uFEH(counterrotating) ©]13<t
2z 7o) Ae] FFAFAIZ L RTD] #g A7ollA
f= screw speedi} £55¢] operating condition®l|
v e A gevn WEPer 1 F
olubat o}&}& 7|9l RTDE ©&U4&7V %%
1292710 ws) WA F3 plug flowdll 717k
BN Zeths d7a%5e] 2EHAG 3B 1
#u YekE o2 RTDE screws] BAEE R 59
2 (feed rate) o) Jge Wom!d screws] £571 =

okl o

O

1.00
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(O 225 pm, 20 lbshr
o500 O 50mpm, 3 lbsthe
’ [ 50rpm, 14 ths/hr
s 02
2
z 010
E o5t
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Dimensionless time

Fig. 6. Internal age distribution of a counterrotating
twin screw extruder.

IEADE 7)1E A2A 435 199148 7Y

1 BYgo] BLFE FL EXE ZeiFig.
6). U3 o)|ZYEVIY AY IWF o|FUE7I
Bol= ge RTDE 71A9(Fig. 7) 53] screwd)
Z388 el (screw configuration) ] e} & A}o]& B
olch, ¥ Screw Z7hol| kneading element\} & screw
(left hand or reverse screw)”’} 91& A% %
(filling level) 7} 22 Ao 2 Z7lale] t7} Z7}8HAl
5]y RTD= Folxl= Aol ck(Fig. 8).
Hoe fFaAU(FEM) 59 +As43 719
o2 FugolE gEVldMY £A5ES HilHE
A7t AaEo) grouvi 16 grza] Wa P FHF
(power consumption) 2] &Z,17 screwZ3te] #is}
g 23§ =gz Wgle] ©E oA 2% 4
FR ez o) Wale] B o] 2HALBE 0] o] R0}
et
Ko-kneaders
Ko-kneader+ ©& ¢l&7)9] Mg o 2 19453
agg o)g® ofejRote] Hupedol] AMgE g

=

100 Corotating extruder
O 325pm, 2 Ibs/hr
050 © 1751pm, 2 Ibs/hr
T [ 325 pm, 7 losthe
= 020
8
2
A LLS
&
Ei
£ o005t
0.02 Single screw extruder
A 20 rpm and 5 lbs/hr o
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05 1.0 15 20 25 30

Dimensionless time

Fig. 7. Internal age distribution of a corotaing twin sc-
rew extruder in comparison with a single screw ext-
ruder.
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Fig. 8. Residence time distribution (RTD) of two dif-
ferent screw configurations of a intermeshing corota-

ting twin screw extruder . (¥) screw configuration 1,
(@) screw configuration 2.
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AZALES stuz AAHQ 7ol (acting le-
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Engineering plastics®] Zu-23%} @A E tasks
£ =37 W+ distributive mixingo] F7} H+ %
3h8 AR A H71-8A 7 dispersive mixing
% 37 F43= alloying ¥ blending 3322 %
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Fig. 9. SEM photographs of PBT/EPR blends : (a)
roller speed, 32 rpm, (b) roller speed, 48 rpm.
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Fig. 10. SEM photographs of PBT/EPR-g-MAH blends prepared at different roller speeds : (a) 4 rpm, (b) 16

rpm, (c) 32rpm, (d) 48 rpm, (e) 64 rpm.

} roller speed7t AVxA o PBT matrix7}
BN Zxrt oA ol tk(Fig. 11).
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o] A1} melt rheology, mass transfer, ¢tZ0°]&%
o A12A40] Basith, Screws] A& 2%
& oukR o 7 4219} thermo-mechanical degrada-
tiono] A5 WAEIA e FEUA HAEEE
HatA F=d ol mixing? FH P AEES]
&3S Halixolth

w23 7 3}$- (reactive compounding)

A2 ALY V& B g FEES L
Qe Hol= on} whed AWLY(EE WELS)
2439 ZHolrt, ¥rUE(REX: reactive extru-
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Fig. 11. Impact resistance (R) as a function of roller
speeds at different temperatures.
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i
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A : Oxazoline functionalized PS

B : Carboxylic acid functionalized PE
C : PS-PE copolymer

Fig. 12. PS-PE copolymer formation by REX process.

%2)2] modification®® % 2 blendingA] immiscible
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2 Aol glort PSE oxazolineo 2 A |31
PES carboxylic acid2 =]2]3ld T functional
groupZte] 38td Ao 3ted PS-PE copoly-
mer7} HAE] gz &34 Aok(Fig.

12).68:69 o} wlo] %= polypropylene(PP) 3 PEgte]
blending® 2 t}2 ol 213t PS9} PES} compa-

tibilization”" go] @7<} o] Ha ot
3 AYHoz 71 BAYE Fobe matrixs}
=71 7} elastomer Alo]9] A444$ REXd 23]
EoF = whgolth, 27 QA 7143t Kol impact
modified resin®] 2<% 2247z 71 & JFE&
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o} Xt}
PS¢} elastomerZ blendingdl= 7-$- maleic
anhydride(MAH) 2 2] PSE hydroxyamine®]

nEXInEY Jle A2d 435 19919 7Y

Fig. 13. SEM phtographs of 80 % PS-MAH/20 % Br-
rubber blends : (a) without 2-dimethylaminoethanol
(DMAE) and (b) with 2% DMAE.
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