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Studies on the Stabilization of Chloroprene Rubbers Part II

Compounding for Heat Stability Improvement

Yosuke KANESHIGE
Ken-ichi SANUKI
Yutaka NAKAMOTO

Because of its excellent resistance to ozone, oil, heat-aging and mechanical abrasion, chloroprene
rubbers (CR) find wide applications in automobile industries—coverings, mechanical goods and coatings.
However, the recent tightening of legislative control of vehicle emissions has imposed severe service at
high temperatures upon rubber products used as automobile parts. In order to improve heat stability
and obtain products suitable for service up to 120°C, compounding combinations have been investigated
for a variety of additives, and the optimum compound formulation which enables the products to
withstand exposures at 120°C for 500 hr; 150°C for 50 hr has been presented. The results are summarized
below:

1) Basic additives increased resistance to thermal and oxidative deterioration by functioning as
acceptors for hydrogen chloride liberated. Ten parts of zinc oxide supplemented by 4 parts of magnesi-
um oxide proved to be quite effective.

2) Vulcanization accelerators enhanced thermal stability by removing the unsaturated chemical
structures of CR.  Use of 0.5 to 1.0 phr of ethylenethiourea was found to be most effective. A com-
bination of 1 phr of tetramethylthiourea and 0.3 phr of diethyl thiourea was also effective. Tert-Dodecyl
mercaptan exhibited an excellent protective effect through the preferential replacement of allylic chlorine
atoms,

3) CR containing 10 to 15 phr of vegetable oils such as rapeseed, soy bean and linseed oils showed
good durability and strength at eclevated temperatures. Combined use with dioctyl phthalate offered
better resistance to heat and cold.

4) FEF carbon filler used with coarse thermal black was found to improve physical properties of CR
much better than MT carbon black used alone.

5) CR stabilized with a combination of 1 phr of p-(poly-sulfonylamido)-diphenylamine (Aranox), 4 phr of
reaction product of diphenylamine and diisobutylene (Octamine) and 1 phr of phenyl-g-naphthylamine (D)
showed the best heat resistance; specimens kept at 150°C for 50 hr showed no deterioration. Those con-
taining antidegradants 2-mercaptobenzimidazole (MB), nickel dibutyldithiocarbamata (NBC), N-isopropyl-
N’-phenyl-p-phenylenediamine (3C), or diaryl-p-phenylenediamine mixtures (TP) were somewhat inferior,

while triphenyl phosphite (Chelex-P) and cadmium barium phenate (Mark-M) were inert. Trimethyldihy-
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droquinoline polymer (RD) improved aging resistance, but had a higher tendency for scorching.

6) CR containing 10 phr of Kenflex resin A showed good retention of elongation with only a slight loss
of cold resistance. Mixed dixylyl disulfides (RR-10), calcium oxide (CML #21), factice, and powdered zinc
showed no protective effect, while di(butoxy-ethoxy-ethyl)formal (TP-90B) improved oil resistance.
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Table 1 Properties of Polymer Samples

General Chloroprene Rubber
-« [SKYPRENE[SKYPRENE[{SKYPRENE
Properties P g1 om B-11 B-30
C ... |Mercaptane- |[Mercaptane- |Mercaptane-
OmPOSItlon modified modified modified
Specific 1.23 1.23 1.23
Gravity -
CryStl?Zl;ition Very slow Slow Medium slow * i
Mooney
Viscority 4
MLy, at 70£5 48£5 4845
100°C
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0= LTy —F 4 v IR LT,

@ ANty —
rE 1.74
[EETRg 70~50r.p.m.
HyoRE 80~90°C
@ w—-J
BE 87 x 20"
[OEREL 15/17r.p.m. P
HOBE  60~70°C 19
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INFR S & © JiBEi160° C x 104y, 1543Ei\ 3.205)
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ERE:23+1°C, W 50£5%
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Table 2 Ingredients, their Chemical Structures, and Trade Name
<§ame‘ o : ~ N s - N Representative
QCIassﬁcationS\ Chemical Composition Formula Trade Name

Antioxidants H
i Phenyl-g-naphthyl amine N\© D
. N
2-Mercaptobenzimidazole >C—SH MB
| H
i Reaction product of diphenylamine and QH .
' diisobutylene N_@ Octamine
C.H“’
p-(Poly-sulfonylamido)-diphenvlamine }:}@E—so.@cm Aranox
ClH:
N-isopropyl-N’-phenyl-p-phenylenediamine @E@JS]—CIH 3C
CH,
. , . CH,_
Nickel dlbqul dithiocarbamate CH’/N—(%—S N, NBC
S 2
High temperature reaction product of S BA
diphenylamine and acetone
f Mixture of diaryl-p-phenylenediamine - TP
‘ Triazine derivative o Irganox 565
l Polyphenol derivative — Irganox 1010
. Triphenyl phosphite — Chelex-P
Cd-Ba phenate S Mark-M
| Accelcrators o _ CHZ—NH\
| Ethylenethiourea (2-Mercaptoimidazoline) | C=S $22
| CH,—-NH/
! CH, CH,
l Tetramethyl thiourea >N—C*N< £101
etram y CH3 I CH3
‘ S
: CH, CH,
{ Trimethyl thiourea >N—C"3—N< T™MU
: H CH;,
i S
| C.H:NH
H Diethyl thiourea >C=S EUR
[ C.H:NH
I CH,
i NH
Di-o-tolyl guanidine salt of dicatechol (I-:z__g_ O~y 0 PR
borate | H 00
N
C“;
Phenol derivative s HR
{ N\ _CHz
' | “CH, |
Hexamethylentetramine CH, N—CH,—N H
| cH, |
= CH.
j Diphenylguanidine ®— NH >C—NH D
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Others Di (butoxy-ethoxy-ethyl) formal — TP-90B
PR Kentx rsi Sarhitone o focmdchide  Kenflex &
t-Dodecyi mercaptane —— —
(peptizer) Mixed dixylyl disulfides S— RR-10
(processing Microcrystalline wax (isoparaffine) —_— Suntight S
aid) | Calucium oxide _— CML #21
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Table 3 Required Properties

Physical Properties

1. Uncured Compounds

1-1
1-2

Mooney Viscosity ML, at 100°C
Mooney Scorch Time at 125°C Vm+5

2. Valcanizates

2-1

2-2

2-3
2-4

2-6
2-7

Stress-Strain Properties

Tensile Strength (Ts)
Elongation (EB)
Hardness (Hs)
Modulus of 300% Elongation (M3g0)

Heat Aging (200 hours at 120°C)
(in Geer Oven)
Retaining of Ts
Retaining of Es
Change of Hs
Compression Set (22 hours at 120°C)
25% Compression
Oil Resistance (200 hours at 120°C)

JIS ¢1 Oil Retaining of Ts
Retaining of Es
Change of Hs
_ Coefficient of Volume Change
JIS #3 Oil Retaining of Ts

Retaining of Es
Change of Hs
Coefficiant of Volume Change
Ozone Resistance
50 pphm, 20% strain, 70 hours at 38+3°C
Cold Resistance
Brittle Points
Flex Crack Resistance (Demattia flexing test)
Flexing Times of Crack Occasion
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flexing times

Specification

30~50
6~10

>130
400
50~60

>80

>70
60
0~+15

<25

70~130
70
Z10~+15
—15~+20
45

S50
=20

0~ 460

no crack
< —40

>2x 105
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Table 4 Effect of Accelerators 22, 101, TMU, EUR, PR on Properties of SKYPRENE B-30

— - B Sainple No.

A-5 | A-6

em T PN | A1 | A-2 | A-3 | A-4 A-7 | A-8 | A-9
SKYPRENE B-30 100
MgO 4
Stearic Acid 0.5
Paraffin Wax
Antioxidant D
SRF 50
CaCO, 30
Light Processing Oil 20
Factice 10
Zn0O 5
ACC. 22 05| 1.0
ACC. 101 1.25, 1.75
ACC. TMU 0.75, 1.25
ACC. EUR 05| 0.75
ACC. PR ! 1.0
Mooney Scorch at 125°C
Vi 26 26 26 25 26 27 27 26 17
Va+5 (min) 11.8] 107 | 25.0| 18.8| 11.7| 9.7| 105| 8&.8| 15.0
Va+35 (min) 20.1| 17.1| 76.4| 66.1 | 49.8| 30.6| 20.1| 14.0| 22.6
Stress-Strain Properties
(20 min. at 150°C)
Hs  (JIS-A) | 59 61 57 58 60 60 56 58 54
Te  (kg/em?) '170 ‘164 160 164 167 170 ‘168 170 | 141
Es (% [ 440|400 1420 410|420 420 (470 440 |50 |
Mag  (kg/cm?) |11 119 | 107 !115 | 115 | 120 | 99 i112 | 69
Heat Aging (70 hours at 100°C) ! | l 1| i _ | ‘
Change of Hs (JIS, Points) | +5  +4 ' +5 | 44  +4 | +4 | +8 46 | 411
Retaining of Te (%) 92 | 98 91 95 90 o7 90 95 ¢ 96
Retaining of Es (%) 8L 86 s6 |9 ;92 |93 s o84 71

Compression Set (70 hours at 100°C) = o
6 t
G 8 ) )?

69 68 66 66 73 72 79
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Table 5  The Test Results of Bin Cure Aging for Various Accelerators
 Sample No. A-1 | A2 I A3 ] A4 | A5 | A6 ‘ A-7 | A-8 |
—_— Accelerators | 22 101 TMU | EUR

— U GHRY T ___l, A | M.
s T2 | 050 ! 1.00 | 1.25 | 1.75 | 0.75 | 1.5 | 0.50 | 0.7
(Day) Vin 23 23 | 24 2 23 24 22 22
0 Vu+5 (min) 10.8 9.8 22.4 15.0 11.8 9.6 10.0 8.2
Vm+35 (min,) 19.5 | 15.8 86.0 68.1 49.6 25.7 18.8 13.1
Vi 31 | 33 | a4 55 44 69 a7 75
2 Vau+5 (min) 10.8 9.0 | 49.0 45.7 12.2 16.5 4.8 2.6
Vu+35 (min.) 19.2 14.5 | 103.0 86.9 63.0 37.8 9.8 4.4
Vi 50 52 57 67 72 114
4 V45  (min.) 11.0 8.5 55.6 55.6 40.3 26.0 unmeasurable
Viu+35 (min.) 24.0 ] 14.9 | 100.8 85.0 67.8 42.7
Vi - gt | 83 |65 |80 |8 |
6 Vm+5 (min.) 12.5 8.0 54.0 45.0 37.5 asurable
Vi +?5 (min.) 25.8 ‘i 14.8 93.5 72.7 57.6
Vi 108 17 66 91
8 Va5 (min) 17.0 9.0 51.5 41.0 unmeasurable
Vi +35 (min) 7.8 | 17.1 | 83.5 | 64.0
vll\
10 Va+5 (min.) unmeasurable unmeasurable
v,,.+35 ¢min) |
Table 6 Effect of Combination with 101, EUR and PR on Properties of SKYPRENE B-30
I e Samplf’__ric' | A-10 A 11|A—12 A-13] A-14| A-15] A-16] A-17] A-18] A-19] A-20
SKYPRENE B-30 w0 || l
MgO 4 |
Stearic Acid 0.5 |
Paraffin Wax 1 '
Antioxidant D 2
SRF 50 |
CaCOq 30
Light Processing Oil 20 '
Factice 10
Zn0O 5
ACC. 22 1
ACC, 101 05| 0.75 1.00] 0.50, 0.75{ 1.00, 0.50| 0.75 1.00; 1.00
ACC, EUR 0.25 0.25 0.250 0.50| 0.50{ 0.50[ 0.75 0.75 0.75
ACC. PR 1.00
Mooney Scorch at 125°C
Vi 22 |21 |21 |22 |21 |23 |28 |23 |28 |23 |20
Va+5  (min) 10.8 15.0 | 13.0 | 12.0 | 10.7 | 10.5| 9.8 | 8.9 | 8.5| 8.1 10.9
Va+35 (min.) 18.4) 40.0 | 34.2 | 32.5 | 20.1 | 19.6 | 18.3 | 14.1 | 13.8 [ 13.0 | 16.1
Stress-Strain Propertles ) : u_l_ | K | l 1 \ !
(20 min. at 150°C) | . . | ! o
Hs  (JIS-A) 59 5 57 58 57 658 58 58 58 58 S8
Te (kg/cma) 160 156 162 155 152 153 153 149 147 150 167
. Es (%) 420 440 430 © 400 , 400 . 400 © 390 390 = 380, 380 420
i Mago  (kg/em?) 107 98 108 16 105 108 110 106 110 | 114" 109 ]
I Heat Aging (70 hours at 100°C) i 1 I i I )
Change of Hs (JIS, Points) +6 +6 45 447 46 45 44 +5. +4 - +4 +-6
Retaining of Ts (%) 93 93 93 91 97 93 92 95 99+ 95+ 93|
Retaining of FB (/) 81 82 84 90 90 88 90 92 95 92, 98
~ Compression Set N ' T AT ) U o © oo o
|0 Rours at 100°C) _(%) 67 73 73 3 oo T3 T4 68

70

( 18 )
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Table 7 Effect of Combination with 101 and EUR on Bin Cure Properties of SKYPRENE B-30
mwlAwlAn A12‘A13 A14\A15|A16!A1/ ! ‘19_%
1 Mooney Scorch at 125°C l | ! I ! ; ’ : :
' Original v, 22 1ot |22 {22 (21 |28 t ;3 | o |23 | 23
Vat5 (min) | 10.8] 15.0| 13.0) 12.0| 107 10.5 9.8 89! 85| 8.
Va+35 (min) | 18.4 | 10.0| 34.2{ 325 20.1| 19.6] 183 1.1 138 13.1
: % Days at 40°C i | | ! | ' l
Vi 29 8% 1 40 42 |47 53 |57 |63 |72 | 77
Vm+5 (min.) 10. 71 120 11.0| 97| 53| 54| 47| 2.8| 32| 2.4
Vn+35 (min) | 17.7 | 377} 33.8| 28.0| 9.3| 9.3 [ 8.3 i 4.3| 4.6| 3.9
| 7 Days at 40°C ]l | ‘ | I
! Vi 39 | 55 | 66 76 [105 | 110 | 122
! Va+5  (min.) 9.9 107| 7.5| 6.0 24| 2.5| pg| unmeasurable
Vi35 (min.) 15.9 | 34.2 | 2.8 | 23.9 | 5.2| 58| 6.4
Table § Effect of Combination with HR, H, D and EUR on Properties of SKYPRENE B-30
1Tem ——— ~ Sample No. A2 | A-22 | A-23 | A-24 | A-25 ; A~26 | A2
SKYPRENE B-30 100
MgO 4
| Stearic Acid 0.5
| Paraffin Wax 1
| Antioxidant D 2
' SRF 50 |
i CaCO, 30
. Light Processing Oil 20
Factice 10
ZnO 5
ACC. 22 0.5
. ACC. HR 1.50 | 1.50 1.50| 1.50| 1.50| 1.50
ACC. H 0.50 | 1.00
| ACC.D 0.50 | 1.00
_ACC. EUR B L 0.25] 0.50
Mooney Scorch at 125°C | f
Va+5  (min.) 1.8 | 155 | 12.8 | 148 | 11.0 | 13.9 | 10.2
——Vut+35 (min) 0.1 300 | 224 | 281 | 194 | 26.3 | 17.6
Stress-Strain Properties (20 min. at 150°C) ‘ ’ I
Hs  (JIS-A) ‘ 59 | 59 I 58 59 59 59 59
| T (kg/em?) 170 | 157 | 158 160 | 154 | 163 | 166
: Es (% 440 460 450 450 440 440 450
Mao  (kg/em?) oo A 94 98 100 97 103, 106
Heat Aging (70 hours at 100°C) ' - l | : ! { '
Change of Hs  (JIS, Points) © 45 +7 18 47 47 +7 +7
Retaining of T (%) 92 9% 94 88 94 91 38
Retaining of Es (%) 8L 88 82 78 81 841 80
Compression Set (70 hours at_ 100°C) 68 71 79 73

(%)
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100

50
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—— —o—C,,SH 1.5PHR
0PHR

—

——e— --0o--C,SH

—

_a.

Fig. 1
Formula: SKYPRENE B-30 100,

Aging (days)

MgO 4, Aranox 1, Octamine 4,

Effect of tert-Dodecyl Mercaptane (C12SH) on Heat Aging at 120°C

20

10

Change of Hs (points)

Stearic acid 0.5,

FEF Carbon 20, CaCOj; 90, Rape oil 15, ZnO 15, ACC.22 1, C;SH 0 or 1.5

100}

Retaining of Ex (%)

7/,

(@ Rape seed oil/DOP=15/0#F
@ Rape seed oil/DOP=10/5 B
® Rape seed oil/DOP=5/10%B
@ Rape seed oil/DOP=0/15%}

10

20 30 40

Time (min.)

Fig. 2 Effect of Combination with Rape oil and
DOP and Cure time on Retaining of
Elongation at 120°C x 72 Hr.

Formula of Fig. 2 and Fig. 3 is as follows:

SKYPRENE

Zinc-stearic acid 5,

SRF Carbon
ACC.22 0.5,

B-30 100, MgO 4, Antioxidant D 2,
Paraffin wax 3,
29, ZnO 5,

Rape oil/DOP 15

(20)
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Brittle Temperature

—47 -

- Rape oil
TN

s Lin seed oil

—_
Soya been oil K"

8 ]
0/15 5/10

l L
10/5 15/0

Oil/DOP (PHR)
Fig. 3 Effect of Combination with Rape Oil and DOP on Brittle Temperature
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Tabte § The Test Results of Physical Properties for Various Ingredients

(22)

Ltem Sample Ne. ! B | B2 B3| B \ B-5  B-6 i BT
SKYPRENE B-10H 100 | i } | |
Stearic Acid 0.5 § | ] ‘ | | .
t-Dodecyl Mercaptane 1.5 | : ' \
Antioxidant D 1 i ‘
Octamine 4 ‘
Aranox 1 1 |
Suntight S 2 ‘ !
Kenflex A 10 l
Rape Oil 8 | '
ZnO 10 | 1
ACC. 22 [ 1 | . 1 ‘l
MT Carhon 70 70 70 70 70 100 |
FT Carbon ' | 50 |
FEF Carbon ' | 20 |
CaCOs4 40 40 40 0 | 40 20
MgO 4 4 4 | 4 1 4
CaO (CML #21) 5.6 '
Antioxidant MB 1
Factice | I 5 | :
RR-10 | 05| |
Mooney Vis. ML,, at 100°C 36 34 35 40 37 38 32
Mooney Scorch at 125°C
V5 (min.) 7.8 5 7.8 7.1 8.6 7.9 8.5
Vau+35 (min.) 11.0 8.5 10.9 9.5 11.7 11.1 15.2
Stress-Strain Properties i I ! |
(Cure time at 160°C) 20min. | 20min. l 20min. | 20min. | 20min. | 20min. = 20min.
Hs  (JIS-A) 59 57 | 61 56 | 57 60 63
T (kg/em?) 110 | 103 | 100 | 110 106 | 112 | 162
Es (%) 660 830 | 730 | 5% . 650 510 360
Msow  (kg/cm?) 58 39 53 | 54 54 86 132
Heat Aging (in Geer Oven)
(150 hours at 120°C)
Change of Hs (Points) +5 +10 +2 +11 +6 +6 +6
Retaining of Ts (%) 85 84 95 85 88 96 94
Retaining of Es (%) 82 72 82 69 83 94 90
Compression Set
(22 hours at 120°C) (%) 30 48 50 36 31 25 23
Cold Resistance i i
Brittle Point (°C) —-33 —31 —33 —34 —31 —30 -33

i
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SKYPRENE B- 10H
MgO

Stearic Acid
Suntight S

Kenflex A

t-Dodecyl Mercaptane
Antioxidant D

Aranox
Octamine
ZnQO
ACC. 22
FEF Carbon

SRF Carbon

FT Carbon

Rape Oil

TP9OBOI -
Mooney Vis. ML;,, at 100°C
Mooney Scorch at 125°C Vau+5 (min.)

B - Vm+35 (min)
Stress-Strain Propertles ((‘ure time at 160°C)
Hs (JIS-A)
Ts (kg/cm?)
Es (%)
Maow - Ckg/em?)

Heat Resistance (in Geer Oven)
(200 hours at 120°C)
Change of Hs (Points)
Retaining of Ts (%)
Retaining of Es (%)
Oll Resistance (270 hours at 120°C)
JIS #1 Oil Change of Hs (Points)
Retainnig of Ts (%)
Retaining of Es (%)

Table 10 The Test Results of Physical Properties for Carbon Black and Softeners

Coefhicient of Volume Change (%)

JIS 4¢3 Oil Change of Hs (Points)
Retaining of Ts (%)
Retaining of Es (%)

Coefhicient of Volume Change (/)

- Compression Set* (22 hours at 120°C)

~ Flex Crack Resistance
Flexing time of crack occasion (flexing time)

_ B

Cold Resnstance Brlttle Pomt ( L)

* Cure time is 15 min. at 160°C
#4200 hours at 120°C

23)

23
‘Sample No. | _C—_l | 33 b (‘_3 B E~41—
e — |
B |
4 . :
0.5 :
) |
L1 _
1.5 i
. |
1 {
\ |
10
1
25 25 .
30 30
70 70
10 8
o .t 1w o 8
38 30 30 27
8.7 8.0 8.3 8.5
4 127] 1255 | 140§ 130
10 min ‘I 10 min. ‘ 10 min. ' 10 min.
| 61 62 56 i 55
Coss 188 | 196 | 1
430 | 420 | 520 | 490
B A 2 N 7 W I LA I
+10 I +18 47 +16
90 | 94 82 | 95
B 50 | 67 i 86 | 76
**\ ) 1 {‘
l +5 | +8 +5 +4
96 | 88 | 92 83
74 | 57 | 63 61
5, 5| _s —4
—25 | ~19 | _30 —21
I 39 | 46 | 25 33
\ 62 57 | 63 53
| +65 E +54 | 474 +58 |
i 20 i 5| 24 | 22
-38 | —a1 —36 —37 |
I L T
| 3x10¢ 1 3x 104 _'0><1o4) 4x 10
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Table 11 The Influences of Antioxidants on
Cure Rate, Heat Aging, Ozone Crack-
ing, Staining for CR

Cure | Heat

—~__ Item |Ozone

i( “lassfication Rate | Aging|Cracking Staining?
;;ﬁerlvaes ‘ -Q | ©_l (5_ [ x

| Diamine Derivatives| A | O | © | x

| Beigtn Proetin 6 [0 [0~0| &

| Blending Products | O 0~0/ O~O| A
I-’henol Derwﬂwes -|__“_ _O z;g _ é)_-_
.i:hlourc;s |;:,& A _&E X

| Imidazoles o |0 |a~0] O

Rating : © Excellent, O Good, A Fair, x Poor,
Formula : ASTM D15 carbon black standard recipe

Octamine {3 2 ¥FLL T TLREh R VD 7e v H3, Aranox 3
14§, Octamire 4 iEERD L FOPHIER TH D
150°C o i BT S0RFIfRIE D (bt Th
o DHRENLDLNRD,

EHM B 1330075 5RIGN A NS T 5, (FONER
X< I%D) - TREIMILR < 75 2 EME KA O
PG EL b A H D, EBHNBC, 3C
RS BrsE IR LA TR i o
MDA & GFRClitA v W OBR B LA,
HBRoHF I HHEBOFERARCHKT 2 0E S 5,

it R 8 T P 133002 5 13RI 123 130K g /em? )
TS CTRRBEE L REA DT L A EdE:,
e Hs 2L, WOEBERLETHEMID L,

b = - VAEER & L CHReA RREEH
Chelex-P, Mark-M 4 BitEEgs#Eo# i L h CRiz
U TSRS R by,

(6) FFERIRME]

fiit Btk A BT -3 % 7o D DEIFI DO\ T Lok
B, VAFAF TRV VERNVAT AT FEOHEE
¥y (Kenflex A) % 108R7RINT 5 & MO KA BEE X
o i, ERELEENR3I~444 v {ETT5
N ORETLENEIED M+ DO Pctah A —xaf
BETh%,

—7%, IMIEXWEMR%Y 3% RR—10, Factice,
CML#21 B\ i3 Zine Powders 7o &\ #vihic B8 L
TR EA L EDHEMBRIEL 2 bhicw, i, W
BAAYPEEE bhs TP—90B 11 8 ~108m i

BT H519% 15

r (1975)

BTG 2T 7 2 i < BN ML B D, #3
oil w3 At FOM ORI BbND, T h
HOHRMBIORERGEFEA Table 9, 10, 13,
T

14 R

(2) CRYL— FHEOEE
ANATEVE®HECRD 5 %

s —r: SKYPRENE B—10H
SKYPRENE B—11
fisttdn A, B, C, D

MHz71r—F: SKYPRENE B—30

27v—F, TR OWTHERS UofEE% Table
15, 16 =73, SKYPRENE o 7 L — FiEC it d b
g\, flifhsh & DRiFSE 7 v — VRN EE FInBRE B O
ERZ BN LD, MR, M EEE = v~ T 5
LX) 7 v— FRDOEII L b 2 ENFRTE D,

(3) W2 & &

Table 3 © ZEREWEL I IEMET > BEALE
% Table 17 vRd, MDA 7 v 2% & BTt
PeE TSR T 5 - Lk e -edd, B
RIS U e &8T5 &5 @d s LOuniEv A
Hle T COMBEALELTHZ &S ARTH D,

PRI G & LGt BRI X » Bic 23, Geer
Oven #CII50~5000 R L HEE TX 5,

<& At 245 ——Geer Oven k>
120°C  —s#y 500 RBfH
130°C ——#9 100 B
150°C —— 50 HRS

Test tube ¢ Geer Oven phic < X Hs &1L,
Es ZE{LVNE L e BRI B 5 O CTIHEEFREIL Geer
Oven i X b S LIRS TH I ENARTES b,

4. & & &

CRoOBLEKETAHHAO—RE LTCEBALEHID
Bz X b, CROMBEATELIZ OV TR Lic, &
DIEROED Z LD -7,

D FEEFOBR, AE4erBTCITS 2 L w Io
T, 120° Ciif Btk & p OV M A £ R U7 A
TEE A (SR T 5 T ZAEC & 23RN T & oo

@ HHARCIE U &8T5 X5 o miEils
WETDHZ L L DA WA EMEET o C R
BFLAE DL B Z ENTRETH B,

@ MBREFITI=F v vF+v L7 ($22) %0.75
~LOMFERTD  EDNRSELY Th Ho 22

245
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Table 12 The Influences of Antioxidants on Various Properties of CR
tem  ——— ™ | D1 | D2 | D8 | D4 | D5 | D6 | D7 | D8
SKYPRENE B-10H 100 *
MgO 4
Stearic Acid 0.5
Suntight S 2
FT Carbon 70
CaCO, 40
Rape Oil 10
ZnO 10
ACC, 22 1
Antioxidant
D 2 .
NBC 2
BA 2
Octamine 4
Aranox 1
Irganox 565 1 2
Irganox 1010 1 2
Mooney Vis. MLy, at 100°C 45 48 | 45 43 48 45 47 45
Mooney Scorch at 125°C V., +5 (min.) 79| 80| 80| 75| 80| 83| 80| 85
Viu+35 (min.) 14 .4 15.1 14.6 | 12.9 14.7 15.0 | 14.8 15.3
Stress-Strain Properties
(Cure time at 160°C) 15min.| 15min.| 15min.| 15min.| 15min.| 15min.| 15min.| 15min.
Hs (JIS-A) 67 68 68 66 68 68 69 68
Ts (kg/cm?) 165 172 174 168 165 165 161 166
Es (%) 330 340 340 350 320 330 300 320
Heat Aging (in Test Tube)
(72 hours at 100°C)
Change of Hs  (Points) +1 0 +1 +1 +3 +2 +2 +2
Retaining of T (%) 99 95 95 99 94 92 99 93
Retaining of Es (%) 91 93 94 9 88 86 88 87
(72 hours at 120°C)
Change of Hs  (Points) +3 +3 +3 +4 4-8 +7 +8 +8
Retaining of Ts (%) 101 93 9 98 80 83 77 80
Retaining of Ez (%) 94 88 96 95 66 74 61 68
(300 hours at 120°C)*
Change of Hs  (Points) +15 422 +14 +14 +26 +25 +25 +24
Retaining of Ts (%) 88 73 85 83 — o - —
Retaining of EB (%) 69 16 69 76 - — — —

(25)
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Table 13 The Influences of Antioxidants, Oils and Resin on Various Properties of CR
e : Sample No-| "g_1 | E-2 | B8 | B4 | E-S | E6 |
SKYPRENE B-10H 100 | 100 | 100 | 100 | 100 | 100 ’
MgO 4 4 | 4 4, 4 | 4
Stearic Acid | 05| 05 l 05| 05| 05| 0.5]
Suntight S 2 2 2 2 .2 | 2
Antioxidant D : i 1 1 : 1 1 ‘
MB 1.5 1.5 | i | : .
TP 2 2 | 2 | 2 | ‘ ‘
Aranox 1 11 10 1 |1
Octamine 1 4 | 4 4 | o4 e
Kenflex A j |10 L 10 | ]
FEF Carbon [ 30 30 20 20 20 ! 20 I
MT Carbon 35 3B | 35 35 | 3 | 3
Rape Oil 15 10 10 10 | 10 10
Circolight Processing Oil 5
ZnO 10 10 10 10 10 10
ACC, 22 0.9 0.9 0.75, 0.75 0.75 0.75
Mooney Vis. ML 4 at 100°C 37 38 38 47 42 49
Mooney Scorch at 125°C |
Vo +5 (min) 9.5 9.5 9.7 87| 100| 8.9
V435 (min.) 14.7 14.7 14.2 12.7 14.7 13.2
Stress-Strain Properties (Cure time at 160°C) | 15 min. | 15 min. | 15 min. | 15 min. ' 15 min. | 15 min.
Hs (JIS-A) 65 66 56 60 57 61 |
Ts (kg/cm?) 182 | 186 | 172 | 178 | 170 | 181
Es %> 560 580 550 480 500 450
Mago (kg/cm?) 118 124 90 107 92 118
Heat Aging (in Geer Oven) l
(200 hours at 120°C)
Change of Hs (Points) +11 414 +15 +16 +13 +11
Retaining of Ts (%) 79 81 34 89 84 84
Retaining of EB (%) 57 47 69 59 82 78
.1 < [)
'Cmnp"‘-%(‘gg Eg&ts(zf)120°(:) 53 53 27 24 27 25
Oil Resistance (200 hours at 120°C)
JIS #1 Oil Change of Hs (Points) + 5 + 4 + 5 0 + 4 0
Retaining of Ts (%) 96 93 85 83 92 86
Retaining of E (%) 50 45 538 60 64 67
Coefhicient of Volunéehange % 4 _ 5 _ 5 1 . 0
JIS #£3 Oil Change of Hs (Points) —33 —34 —24 —2 —925 —927
Retaining of Ts (%) 55 49 46 48 47 49
Retaining of Er (%) 60 54 63 67 67 70
Coefficient of Volurgehange % 468 468 166 467 166 168
Cold Resistance Brittle Point (°C) —42 —42 \\ —-37 —41 ‘ —38 \ —42
s i - - i )
— Lra;l{e:zﬁzs:?r?xz of crack occasion (flexing times) ‘>2X 105‘>23<_15)jl_%2>< 109|>2x 1052 x 103\ >1.5 x_lﬂj

* Cure time is 20 min. at 160°C

(26)
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Table 14 The Influences of Combination with Several Antioxidants on Properties for CR
| Iten—]——_—___._ e, Sample No. 1 Fol | F-2 | F-3 F-4 F-5 F-6
SKYPRENE B-10H 100 1, | 100
MgO 4 | 4
| Stearic Acid 0.5 0.5
. Suntight S 2 2
Kenflex A 10 10
FT Carbon 60 60
| CaCOy, 40 40
| Rape Oil 10 10
DOP 5 =
ZnO 10 10
| ACC. 22 0.75 0.75
| Antioxidant (TP)2
D 1 1
| Aranox 1 1 1 1 1
| Octamine 4 4 4 4 4
| MB 1.5
NBC 1 1 1
3C 2 2 2
Chelex-P 2
| Mark-M 2
t-Dodecyl Mercaptane 1.5
‘ Zinc Powders ' 6
| Mooney Vis. ML 144 at 100°C 23 27 25 24 23 —
| Mooney Scorch at 125°C
Vu+5 (min.) 11.5 10.5 9.7 9.8 9.8 —
Vin+35 (min.) 18.4 18.0 16.2 15.8 16.0 -
Stress-Strain Properties _
(Cure time at 160°C) 15 min. 15 min. 15 min. 15 min. 15 min. 15 min.
| Hs (JIS-A) 53 54 54 56 54 56
' Te (kg/cm2) 163 163 175 168 168 181
Es (%) 540 530 530 740 560 520
] Mag Ckg/cm?) 51 53 50 45 52 61
{ Heat Aging (in Geer Oven) i
! (200 hours at 120°C)
Change of Hs (Points) +14 +13 +17 +14 +16 +21
Retaining of Ts (%) 82 83 75 75 77 83
Retaining of En (2 35 83 62 62 68 48
(24 hours at 150°C)
Change of Hs (Points) +13 +12 +12 +12 +12 +15
Retaining of Ts (%) 83 86 71 31 74 53
Retaining of Es (%) 73 81 62 62 70 44
(48 hours at 150°C)
| Change of Hs (Points) +19 +18 4-18 +17 +19 —
Retaining of Ts (%) 63 67 53 67 61 i
Retaining of Es (%) 53 55 43 43 47 —
(72 hours at 150°C)
Change of Hs (Points) +29 +29 +28 +26 +25 —
Retaining of Ts (%) 51 49 44 50 46 —
Retaining of Es (%) 17 19 17 18 20 —
Compression Set® (%) 33 35 29 29 30
(22 hours at 120°C)
Oil Resistance
(240 hours at 120°C)
l JIS #1 Oil
Change of Hs (Points) + 1 + 4 + 3 + 2 + 6
Retaining of Ts (%) 33 74 44 67 49
Retaining of Es (%) 67 61 45 45 46
Coefficient of Volume Change (%) -6 — 6 — 6 -7 -7
JIS 3 Oil
Change of Hs (Points) —29 —28 —29 —38 —29
Retaining of Ts (%) 22 25 23 27 24
Retaining of Es (%) 57 51 50 53 52
Coefficient of Volume Change (% +63 462 +59 +73 +59
Ozone Resistance
. 50 pphm, 20%, 70 hours at 38£3°C \ no crack \ no crack | no crack ‘ no crack | no crack
Flex Crack Resistance 1
| Flexing time of crack occasion (flexing time) | 4x 104 \ 6x 104 ‘ 20x 104 | >20%104| 6x10¢

* Cure time is 20 min. at 160°C

(27 )
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Table 15 The Test Results of SKYPRENE B-10H, B-11 and B-30 for Various Properties

(28)

o ———— el ga | 62 | 68 | 64 | 65
SKYPRENE B-10H 100 | 100 |
SKYPRENE B-11 100
SKYPRENE B-30 100 100
MT Carbon 70 70 70 |
FT Carbon 70 70
MgO 4
Stearic Acid 0.5
t-Dodecyl Mercaptane 1.5
Antioxidant D 1
Aranox 1
Octamine 4
Suntight S 2
Kenflex A 10
CaCO, 40
Rape Oil 8
ZnO 10
ACC, 22 1
Mooney Vis. ML,4 at 100°C 36 29 31 34 29
Mooney Scorch at 125°C
Vat5 (min.) 7.9 9.2 9.5 8.1 9.2
Vin+35 (min.) 11.0 13.2 14.5 13.4 15.2
Stress-Strain Properties (Cure time at 160°C) 20 min. 20 min, 20 min. 20 min. 20 min.
Hs (JIS-A) 59 56 60 62 62
T (kg/cm?) 110 105 114 157 160
Es ) 660 630 590 400 410
Moo (kg /cm?) 58 54 65 94 100
Heat Aging (in Geer Oven) i |
(150 hours at 120°C) | :
Change of Hs (Points) + 5 + 7 | + 5 + 6 + 6
Retaining of Ts % 85 92 90 92 92
Retaining of Es % 82 84 84 90 91
(500 hours at 120°C)
Change of Hs (Points) +17 419
Retaining of Ts (%) 65 61
Retaining of Es (%) | 58 60
Compression Set (220 hours at 120°C) (%) 30 36 29 l 31 ‘ 31
0il Resistance (170 hours at 120°C)
JIS #1 Oil Change of Hs (Points) 0 + 2 -2
Retaining of Ts (%) 92 98 94
Retaining of Es (% 61 67 74
Coefficient of Volume Change (%) — 2 — 2 — 2
JIS #3 Oil Change of Hs (Points) —33 —32 —31
Retaining of Ts ) 43 48 50
Retaining of EB (% 70 73 74 ‘
Coefficient of Volume Change (%) +68 +69 +70

T S ——
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Table 16 Evaluation of Cold Resistance Grades for Various Properties

29

e o Sample Moy H-2 H-3 H-4 H-5
SKYPRENE B-10H 100
CR-A 100
CR-B 100
CR-C 100
CR-D 100
MgO 4
Stearic Acid 0.5
t-Dodecyl Mercaptane 1.5
Suntight S
Kenflex A 10
Antioxidant D 1
Aranox 1
Octamine
FEF Carbon 25 .
SRF Carbon 25 |
Rape Oil ' 10
Zn0O 10
ACC, 22 1
Mooney Vis, MLy, at 100°C 38 32 32 31 30
Mooney Scorch at 125°C
Vit (min.) 8.7 10.5 10.6 10.5 | 12.3
Vm+35 (min.) 12.7 15.8 16.3 15.3 18.0
Stress-Strain Properties (Cure time at 160°C) 10 min. 10 min. 10 min. 10 min. 10 min.
Hs (JIS-A) 61 63 61 61 61
Ts (kg/cm?2) 188 182 184 185 178
Es (%) 430 440 460 430 430
Maoo (%) 136 129 125 130 135
Heat Aging (in Geer Oven)
(200 hours at 120°C)
Change of Hs (Points) +10 + 9 +10 +11
Retaining of Ts (%) 90 92 90 88
Retaining of Es (%) 90 89 83 82
Compression Set* (22 hours at 120°C) (%) 20 27 30 26 27
Oil Resistance (200 hours at 120°C)
JIS #1 Oil Change of Hs (Points) + 5 + 4 + 5 + 4
Retaining of T (%) 99 99 96 98
i Retaining of Es (%) 74 68 63 70
: Coefficient of Volume Change (%) -5 — 4 — 14 )
! JIS #3 0il Change of Hs (Points) —25 —25 —23 —24
, Retaining of Ts (%) 39 42 44 41
I Retaining of Ep (%) 62 57 54 60
[ Coefficient of Volume Change (%) +65 +64 +62 +65

! Flex Crack Resistance

4 4 4 4
[ Flexing time of crack occasion (flexing time) 3x10 3x10 3x10 3x10

T j
; Cold Resistance Brittle Point (°C) l —38 . —38 —36 —38
|

* Cure time 1s 20 min. at 160°C
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Table 17 The Finished Formula of Meeting
the Specifications in Table 3

.

 (1975)

JIS #3 Oil Change of Hs (Points) _25 !
Retaining of Te (%) 47
Retaining of Es (%) . 67
Coefficient of Volume 65

Change (%)

Ozone Resistance 50 pphm,

209 strain, 70 hours at 38:t3°('i no crack

Cold Resistance Brlttle Pomt (%)) ' -33

Flex Crack Resistancet* Flexing .

times of crack occasion (flexing times) \ >5x 108

—— Sample No. |Finished

Item e— Formula

SKYPRENE B-10H 100

MgO 4

Stearic Acid 0.5

Suntight S 2

Antioxidant D 1

Aranox 1
Octamine 4

Kenflex A 10

FEF Carbon 20

MT Carbon 35

Rape Oil 10

ZnO 10

ACC, 22 . 0.75

Mooney Vis. ML 1,4 at 100°C 42

Mooney Scorch at 125°C
Vim+5 (min.) 10.0
Vin+35 (mm) 14.7

Stress-Strain Properties 15 min

(Cure time at 160°C) :
Hs (JIS-A) 57
Ts  (kg/cm?) 171
Es (%) 500
Msge (kg/cm?) 92

Heat Aging

(200 hours at 120°C 1n Geer Oven)

Change of Hs (Points) +13
Retaining of Ts (%) 84
Retaining of Es (%) 82

(70 hours at 130°C in Geer Oven)

Change of Hs (Points) + 7
Retaining of T (%) 91
Retaining of Es (%) 91

(70 hours at 130°C in Test Tube)

Change of Hs (Points) + 4
Retaining of Ts (%) 85
Retaining of Es (%) 93

Compression Set* o7
(22 hours at 120°C) (%)

Oil Resistance (200 hours at 120°C)

JIS #1 Oil Change of Hs (Points) + 4
Retaining of Ts (%) 92
Retaining of EB (%) 64
Coefficient of Volume _ 4

Change (%)

(30)

* Cure time is 25 min. at 160°C
*% Cure time 1s 20 min. at 160°C
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