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Table 1. Nylon melting points and nominal mixing
and molding temperature

. . Mixer
Melting Molding Temp. of oil bath

Nylon type temp, temp.  batch,

C c c teigp"
6,9 210 230 220 210
6-6,10
copolymer 100 200 180 160
6-6,6
copolymer 213 240 220 215
6 225 245 230 220
oy X dy=1115um
20F X dp=54um
£
i 15 X dy=17um,
£ o -
o f X% d,=39um
dp=72um
5 -
(] i i I} 1

0 1
0 100 200 300 400 500 600
Strain, %

Fig. 1. Stress-strain relationship(X denotes fai-
lure) ; The effects of particle size on me-
chanical properties.
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Table 2. Properties of unfilled thermoplastic compositions

Crosslink s T - T
Method density, Rubber particle Young's  Stress at ‘ens. t ens
Sulfur of v/2 molgsx bsize, pm;t ‘ Shore D mgduﬁxs, 100% strain str, elong,  set
phr prep.? 10° per ml d, dw hardness MPa MPa MPa % %
of rubber
20 S 164 72 750 43 97 82 86 165 -
20 S 164 39 290 41 102 84 9.8 215 22
2.0 S 164 17 96 41 105 84 139 380 22
20 S 164 54 30 42 103 84 19.1 480 20
20 D 164 about 1 to 2 42 58 8.0 243 530 16
10 D 123 - 40 60 72 182 490 17
0.5 D 78 - 39 61 63 150 500 19
0.25 D 54 - 40 56 6.7 158 510 19
0.00 D 0.0 - 22 72 48 49 190 66

# Polypropylene/EPDM =66.7/100, @ S=static ; D=dynamic.

JdlE 5L A, & 1FYAe] Fe&FE o
% shdalgo] F718-E Jehl L, AHH713
A1 AFUYAE ol o e JAE
qlch,

Fig. 2= 7124%7} 7|48 vlxe 235
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TE 27 $AE L, dF 7R o)Al e A9
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20 80
g
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= o
& 3
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3 / S
© [ 4
& AN 420
5P O g—¢ o_
G 1 L 1
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Crosslink density
“mole”/m
Fig. 2. The effect of crosslink density on tensile

strength and tensile set.
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Fig. 3. The effect of temperature on stiffness.
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Fig. 4. The effect of resin content on properties
of thermoplastic vulcanizates.
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Fig. 5. The effect of resin/rubber ratio on Young’s
modulus.
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Table 3. Effect of carbon black and extender oil*

Carbon Extepder Tensile Stress at Young’s Ult Shore Tension
black, oil strength  100% strain  modulus, elong,, hardness set,
phr phr MPa MPa MPa % %
0.0 0.0 275 113 162 560 48D 31
80.0 0.0 31.0 143 120 410 51D 30
0.0 80.0 15.2 64 47 550 29D 19
80.0 80.0 230 72 23 530 33D 16
80.0 160.0 152 48 115 490 7T4A 13
* Carbon black is N327, and oil is Sunpar 2280.
Table 4. The effect of the amount of m-phenylenebismaleimide added as curative®
. Stress at True stress?
T%G%%S { C‘clsitclfe ggi 100% strain UE, % at break
) MPa MPa
NSC 0 4.8 4.2 180 134
NSC 0.67 10.9 109 120 24.0
NSC 133 4.1 113 170 381
NSC 2.67 14.3 12,0 150 358
NSC 533 171 15.0 130 393
NSC 10.67 17.3 16.0 110 36.3
SC 0 19.5 9.3 360 89.7
SC 0.17 20.6 10.1 330 88.6
SC 0.35 20.8 10.3 330 894
SC 0.67 22.8 114 310 935
SC 1.33 231 11.8 340 101.6
SC 2.67 19.6 13.7 200 58.8

2 Recipe : 66.3wt, % NBR : 33.1wt. % nylon 6,9, m.p. 210C(Vydyne 60H) : 0.66wt. % PTMDIIQ antidegra-
dant. Oil bath temp. was 210C : and mixing was at 80rpm.

® Nonself-curing rubber(NSC) was Hycar 1031. The self-curing rubber(SC) was Hycar 1091-80. Both
contain 41% acrylonitrile but have somewhat different viscosities(ML+4, 60 vs. 80)

¢ Curative was IIVA-2 : concentration are in parts by wt. of curative per 100 parts by wt. of rubber

and plastic combined.

4True stress at break is the engineering stress at break(UTS) times the extension ratio at break(100

+UE)/100.

o] %2 449 JUEY AxE Frdle] EA4
2HUA 2719 e A JdEy JYed 2y
e AL FAANL P mhep gt 3
719 graftd ¥ 4 e st o e
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Table 5= ot $-43¢ 2t Yd &9 dimeth-
ylol phenloic 7}A1& A2 g& w9 E4E Yehdl
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Q7}42A 7}3%E 1. PP-EPDM, Nylon-NBR TPV % TPV ®tA&9] <&
1op Table 6& & 4549 8ol bt 7haA &
1o ANE wo] BHo S470] d& AR 4

Z(()) Self-curing rubber % __8_ %}B] 1 Z}-%]] 2 _'_']_E] %X] %lq_
sth::s or Table 7€ o}ad 2 EY g, YEIIFY
at break, 601 i A%, Qe W3 EREFHE Jehdith, 1FE
P .

| _ 45 PEBAR BAE ADE FAE S gle
0 /" Nomseltcuing robher g, 4 AEE AT go| ArbAsRAA A3
20(/ 2437} wo|x, shmAlY AT wiAp} ARTF

o I a4 o Zde e ¢ 5+ o

01 2 3 4 5 6 7 8 91011

Parts of m-phenylenebismaleimide per
100 parts of polymer(php)
Fig. 6. The effect of adding m-phenylenebismalei-
mide during mixing.
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Parts of dimethylolphenolic compound
per 100 parts of polymer(php)

Fig. 7. The effect of adding dimethylol derivative
to compositions of nonself-curing rubber.

Table 5. NBR blend with various nylons

Fig. 8& wjA7}4stasel gt a5-549 53}
£ HojFEe JoR 379 Hr4 oa¥drYEY
Fepo) Z/1EGE ZwI} F7K

Fig. 9& 7|AEA ) dia Ar1ystato} el g
249 43ks Jehle o2 PP-EPDM TPV¢
Ao Ak, nFFFge| FIIEFE AuATH
nEE

5. TPve| EtdE O&

5o Ao R o] FoAl BAES A
TR/ERLE Y et Sl e} 2RAH

FHE(G)e A HE2A o)4dn. G'e
hard £ FetaEde] B4l S, soft £

_‘?_
©@AE, 183 hards} softAhd] H-ui-go AAR

Stress True
T Nylon Parts NBRPa s Siai?:S II\J/I’li)S, at 109% U;:, I-]I)ardneiss Tertlsi;n st;esskat

ype by wt. Type by wt. by wt. a Sﬁ‘;l: 0 scale set, % It/f;a,

6-6, 6-6, 10 35 SC 65 - 10.4 7.45 203 33 1 315
6-6, 6-6, 10 35 SC 65 13 22,6 122 309 44 15 92.4
6-6, 6 35 SC 65 - 16.5 11.2 245 28 27 56.9
6-6, 6 35 SC 65 13 20.9 11.3 319 41 21 87.6
6-6, 6 35 NSC 65 - 89 89 105 M 25 18.3
6-6, 6 35 NSC 65 13 19.5 13.0 268 42 3 718
6 35 NSC 65 - 6.9 - 94 33 - 134
6 35 NSC 65 13 16.9 134 163 37 41 445

SC=Self-curing NBR(Hycar 1092-80, 33% AN)

NSC=Nonself curing NBR(Hycar 1032-80, 33% AN)
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Table 6. Cured blends® with different types of curatives

Stress at . True stress
Curative type  UTS, MPa 100% strain, UE, % ’13‘21;131;? I-]l)argélafizs at break
MPa ’ MPa
None 31 25 290 72 17 123
Peroxide® 79 6.1 220 31 32 25.3
AS system® 83 74 160 15 35 217
AB system® 85 3.7 310 51 28 H9

“Blends comprise 40 parts of nylon 6-6, 6-6, 10 copolymer(mp=160C) and 60 parts Chemigum N365
N365 nonself-curing NBR(39% AN).
®Peroxide is 0.5 parts of 2,5 dimethyl-2,5-bis(¢-butylperoxy)hexane(90% active), 1-101.
¢ Accelerated sulfur system contains 5 parts ZnO, 0.5 parts stearic acid, 2 parts tetramethylthiuramdisulfide,
1 part morpholinothio-benzothiazole, and 0.2 parts of sulfur per 100 parts of rubber.
d Activated bismaleamide is 3 parts of m-phenylenebismaleamide and 0.75 parts 2,2-bisbenzothiazolyydisul-

fide per 100 parts of rubber.

Table 7. The effect of rubber characteristics on properties of blends?®

True stress
Nitrile rubber desigl'lat.ion ] % AN Mooney viscgsity, at_break a;rrt;i'zafr:vsi:h
(Self-cure® characteristics) in rubber ML+4(100C) w_1thout curative,’ MPa
curative, MPa
Hycar 1094-80(sc) 21 80 559 50.8
Chemigum 967(nsc) 22 70 6.7 230
Chemigum 765(nsc) 28 50 59 19.2
Chemigum 662(nsc) 33 25 4.8 164
Paracril J4940(nsc) 33 40 10.2 134
Hycar 1032(nsc) 33 55 13.3 39.8
Hycar 1092-80(sc) 33 80 67.4 75.7
Hycar 1002(sc) 33 95 70.1 67.6
Krynac 805(nsc) 39 47 53 154
Chemigum 365(nsc) 39 64 104 480
Chemigum N300(nsc) 39 57 10.4 36.8
Chemigum N328B(nsc) 39 80 16.7 55.6
Hycar 1031(nsc) 41 60 135 229
Hycar 1041(nsc) 41 80 18.6 326
Hycar 1091-50(sc) 41 50 65.7 89.7
Hycar 1001(sc) 41 95 46 52.3
Hycar 1000X80(sc) 43 95 739 75.8
Paracril D(nsc) 45 48 15.7 194

2Blends were of 33.3 parts of rubber with 66.7 parts of nylon 6,9, mp=210C(Vydyne 60H)

b Self-curing(sc) : nonself-curing(nsc)

¢ Curative was 0.67 parts of m-phenylenebismaleimide(1phr).
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Fig. 8. The effect of Mooney viscosity and acryloni-

trile(AN) content on the true stess at break
of nonself-curing NBR-Nylone(2 : 1) Com-

positions.
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Fig. 9. The effect of rubber-plastic proportions on
properties of cured compositions.
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Table 8. Properties of rubbers
Dynamic shear Critical surface

Rubber modulus tension for
(storage) spreading,
G, MPa Y5, (N/m)X1(°

Butyl 301(IIR) 0.46 27

Epsyn 70A(EPDM) 097 28

SMR 5(NR) 0.32 31

CIS 1203(BR) 0.17 32

SBR 1502 0.52

Ethylene-vinyl acetate

rubber(EVA) 093

Nitrile, 33%

AN(NBR) 0.99 39

Table 9. Properties of plastics

Dynamic Critical
. Fraction of  shear surface
Plastic .. tension for
crystallinity, modulus di
Fy (storage) P A ing
Gr MPa YHy (N/ m)
’ X1
Profax 6723(PP) 0.61 520 28
Narkex EHMO1(PE)  0.70 763 29
Lustrex HH101(PS) 0.00 1173 33
Melron M40(PC) 0.00 862 39
Lustran 246(ABS) 0.00 926 37
Lustran 31(SAN) 0.00 1330 39
Tenite 6P20A
(PTMT) 031 909 39
Vydyne 6011(PA) 0.27 510 39

He L}EMJ- Stk ghEol AU i) of
3}“1 “]-ﬂ-*—l & HYdA FEIL Yed ole
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n=3.03 3, esl A9E oy=0.6673 0,722 A}o]¢]
AR F2 P99 Holsxe it ot
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2.0 -33h= gp=0.57} HolFEE ¥ Aol
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Table 10. Oil bath temperature, mismatches of mixing torques, fitting parameters n, and quality of
fit

Std. error

. Mismatch of in estimatin,

Rubber  Plastic tC; :Lpt?at{; mixing torque, n (ot G' from ¢

’ (ts/tn)-1 n, %(degrees

of freedom)
BR Polyamide 220 171 16 0.38 42(2)
SBR Polyamide 220 1.54 19 0.47 29(2)
NBR Polypropylene 180 1.06 2.2 0.55 11(2)
NBR Polyethylene 180 1.33 25 0.60 11(2)
NBR Polyamide 220 1.36 25 0.60 29(2)
EPDM  Polyprepylene 180 1.21 2.5 0.60 13(8)
EPDM  ABS 180 1.03 2.8 0.64 39(2)
BR Polypropylene 180 0.70 2.8 0.64 9(9)
IIR Polyprepylene 180 0.26 3.0 0.67 26(9)
EPDM Polystyrene 180 0.88 3.0 0.67 29(2)
EPDM  PTMT 220 0.76 30 0.67 32(2)
NBR PTMT 220 0.18 31 0.68 8(2)
EPDM Polycarbonate 220 0.46 32 0.69 18(2)
BR Polycarbonate 220 0.12 32 0.69 29(2)
SBR Polyethylene 180 0.63 3.2 0.69 14(2)
SBR PTMT 220 0.27 32 0.69 22(2)
NBR SAN 180 1.24 32 0.69 18(9)
EPDM  Polyethylene 180 150 33 0.70 20(2)
SBR Polypropylene 180 0.44 33 0.70 17(2)
SBR Polycarbonate 220 —043 33 0.70 22(2)
NBR Polycarbonate 220 —0.08 33 0.70 3(2)
BR ABS 180 0.56 35 0.71 25(2)
BR PTMT 220 0.36 35 0.71 17(2)
EVA Polyethylene 180 —0.75 35 0.71 31(3)
NBR ABS 180 0.89 35 0.71 17(8)
BR Polystyrene 180 0.44 3.6 0.72 56(2)
EvAa Polypropylene 180 —0.78 36 0.72 18(2)
IR Polyethylene 180 042 3.8 0.74 18(2)
NBR Polystyrene 180 0.75 338 0.74 25(2)
BR Polyethylene 180 0.92 4.0 0.75 53(2)
EvVA Polycarbonate 220 —0.85 4.0 0.75 38(2)
EVA ABS 180 —0.80 42 0.76 55(3)
SBR ABS 180 0.33 44 0.77 55(2)
EVA Polystyrene 180 —0.81 44 0.77 26(3)
SBR Polystyrene 180 0.23 45 0.78 47(3)

* Transition concentration=gu where df/dpu=0. Thus (gr)7=(n-1)/n.
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