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Effect of Carbon Black Type on Processing Propertics of Polychloroprene

Toshio Sakomura
Hiroshi Imoto

Hiroshi Nakamura

Polychloroprene was compounded with six types of carbon black (FT, SRF, FEF, HAF, ISAF, ECF) and
the effects of carbon black type on processability were studied. The results were summarized as follows:
1) All of the carbon black types incorporated into rubber, form carbon gel during mixing in an internal
mixer.
2) The carbon gel content of small particle sized carbon blacks such as FEF, HAF ISAF or ECF show almost
constant values which were higher than those for large particle sized carbon blacks such as FT or SRF.
3) Die swell and mill shrinkage of the compounds were improved by increasing the carbon gel content, but
the Mooney scorch rate increased and the rate of incorporation of process oil decreased by increasing
the carbon gel content.
4) The processability of the compound having tight carbon gel is better than that having loose carbon gel,
when the amount of these two gels are equivalent.
5) The tensile strength and hardness of vulcanizates increase and elongation at the break decreases by
increasing the carbon gel content.
It appears that the processability depends upon the carbon gel content and its characteristics. In addition,
it appears that the carbon gel in the compound shows the same effects as polymer gel on the process-
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Table 1
Carbon black Particle size (my)
FT 140 — 180
SRF 56 — 80
FEF 30 — 52
HAF 25 — 45
ISAF 20 — 27
ECF 30
=
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12 — 23 2.5

20 — 30 0.75 — 0.93

41 — 59 1.29 — 1.66

75 — 103 0.78 — 1.65

113 — 128 1.18 — 1.75
190 2.5 — 3.1
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Properties of Carbon Black

Oil absorption (ec/g)

Surface area (cm?/g)
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Table 2 Mix Recipe

Butaclor MC 30 100 (phr by weight)
Magnesium oxide 4

Phenyl beta naphtylamine 2

Stearic acid 1

Caron black 50

Process oil (naphthenic) 10

Zinc oxide 5
Ethylenethiourea 0.5
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Table 3 Methed of Mixing

Time Procedure
1. Switch on machine and check that the air pressure with the ram down is 4 kg/cm.
2. Run cold water through the rotors and the jacket of the mixer.
3. Lift the ram, charge the rubber, lower the ram.
0 min. 4. Start the clock.
1 min. 5. Lift the ram, charge the magnesium oxide, stearic acid and phenylbeta naphthylam-
ine via chute and lower the ram gently.
2 min. 6. Lift the ram, charge the carbon black via chute and lower the ram.
5 min. 7. Lift the ram, charge the process oil via chute and lower the ram.
8 min. 8. Open the mixer door and discharge the mix.
9. Ensure the whole of the mix has been discharged, switch off machine and stop cold
water.
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Table 4 Effect of Carbon Black Type on Mixing Behavior

Carbon black FT SRF FEF HAF ISAF ECF
Max. mixing torque (kg-m) 5.0 5.8 7.2 7.0 6.9 7.5
Max. mixing temp. (°C) 73 81 98 100 98 96
Incorporation rate of the oil into rubber (min.)* 0.6 0.8 1.8 1.8 3.0 3.0

* Time required for the mixing torque to reach maximum after the oil was added.
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Table 5 Effect of Carbon Black Type on Content of Carbon Gel

Carbon black [ FT SRF FEF HAF ISAF ECF
Carbon gel content (%) J 11.0 35.4 45.0 50.0 49.5 46.7
Table § Effect of Carbon Black Type on Mooneny Viscosity and Scorch Time
e S - -_—
Carbon black FT SRF FEF HAF ISAF  ECF
Mooney viscosity (ML1+4(100)) 40 54 68 72 79 110
Scorch rate t, (min.) 10.2 10.4 8.3 7.2 5.5 5.3
t1o(min.) 12.5 12.5 10.3 8.6 6.5 6.3
t3s(min.) 19.5 19.1 17 .4 12.2 9.0 8.8
—_— T o - —co=smo= -

Table 7 Effect of Carbon Black Type on Mil] Shrinkage

— - -—
Carbon black FT SRF FEF HAF ISAF ECF
Mill shrinkage(%)

parallel to grain —45 —44 —29 —30 —24 —17

perpendicular to grain 22 17 8 8 7 6
- OO OO -— o W _ e

(3) b= MELH LU a—54 4 4 7e3EBbhxz,

Table 6 1z 21— = —rpe (ML144(100)) &z — AID=F 24 DY, BBRIGE X 5, M B RS

ﬂ4A%%ToA~:~ﬁ§m,jA@%ﬁﬁEmm% %b?%@f@b.%%ﬁmﬁﬁk%%ﬁmmlofi
T%&%ibh,ﬁf&ﬂ%ﬁ&ﬁﬁ97—0%ﬁﬁﬁ &Lt&»@%ﬁﬁ&ﬁ?é&%zahéo%%&mﬁ

KObT&ﬁﬁ&ﬁ?%&bbhfb%”o Em.ﬁ~ﬁy7§y7ﬁ%iﬁ®ﬁﬁ§®%§%5ﬁ
7=90( 1 +ad +p42) i&?w@%ﬁm,ﬁ—ﬁyfw@ﬁﬁmlzreﬁé
1 RTCAKE ELRY < — o 5omfn@§ﬁﬁ§mmf@5m%6mf&mﬁ.z
%:%f&ﬂ%%iEM$U7—®ﬁ§ :~}ﬂ4Am,ﬁ?ﬁ¢ébﬁ~ﬁ77?y7&£ﬁ
¢ FETAFIDEES = <leb,
a8 : EH (4] D— L unims
::Tu,ﬁﬁLtﬁ—ﬁy75w7@¢%ﬁ~%f Tmb7mu—wm5wouktt>~k©ﬂﬂﬁﬁ

%5#5,jA—ﬁ—ﬁ>75w7ﬁKmE¢mﬁ&H xiv,ﬂﬁﬁﬁﬁﬁoﬂﬁg%%?ojAﬁ%ﬁm
hw,A~:—ﬁ§@0m&ﬂ—%®@%%?mff@ n~»ﬁf%&ﬁﬁ%%ﬁ%&,D~W®H%ﬁﬁﬂm
6%,A—:—ﬁ§m,ﬁ~my7§y7®ﬁ@ﬁ¢é @Tétbk,ﬂﬂﬁﬁ(ﬂ—wDH%ﬁﬁ)Wﬂuﬁ
<&6H5k?<k60jA~ﬁ—$775w7®mE L,ﬂﬁﬁﬁﬁmK@%TéoFT,SRF&E@&@
Wmu,i&btﬁ—£7¢w05&ﬁﬁﬁlofib @k%bﬁ—ﬁy7§y7fm,wﬁﬁk%<,FEF
gna&%ianaoT%ksm%tkﬁ—ﬁyﬁwo MTGEW%%Oﬁ~$V7§y7Fu.&&—ﬁ@ﬁ
SRR, L—=— WA T 2 L FEF I b/ x RIS, bxtbﬁ—n‘:‘/’f“;b%étﬁz?%&%zfohé
Vﬁ@%%oﬁ—ﬁ77§y7@ﬁ~$7¢»@$&§ I'SAF, ECF, oz x\-,
m.ﬁﬁ~%f@%@K%LT,A~:—HEm%ﬁ> (5) 3 4
%»lmif%mTéoLtﬁOTMﬁjA@@ﬁﬁﬁ kasm,«ypoﬁmmﬁ,ﬁmg,ﬁ4xvl
m,ﬁ~ﬁy¢w§®&f&<,w—ﬁyﬁw@ﬁﬁ% w,#méhtjA®§Eﬁ%&%TOWMEbm,j
%%Té&%zah,ﬁ%©¢évﬁ~ﬁy75y7f A®%EK&%T%ET%D,A~:~ﬁEK&H%%
u.mtm&w%&&?atbm,A~:~ﬁ§ﬁk% Lf%m?éoﬁméa,ﬁ—ﬁy75y7@ﬁ@@k

(31)




32 REEEPIRRE 4% 15 (1970)

Table 8 Effect of Carbon Brack Type on Extrusion

Carbon black

FT SRF FEF HAF ISAF ECF

Extrusion pressure (kg/cm?)
Extrusion rate (cc/min.)
Die swell (%)
Extrusion appearance

swell

edge

corner

surface

50 60 70 75 80 100
200 260 310 290 240 270
121 90 56 60 58 38

2 2 4 4 4 4
1 2 4 4 4 4
3 3 4 4 4 4
2 3 4 4 4 4

Table § Effect of Carbon Black Type on Physical Properties of Vulcanizate

Cure time FT SRF EFE  HAF  ISAF  ECF
(min.)
10 169 194 210 216 214 199
Tenslie strength Ckg/cm) 20 179 213 225 234 238 219
30 186 206 227 236 252 217
60 180 215 222 249 254 220
10 800 560 410 400 430 370
Elongation at break (%) 20 630 470 330 340 360 200
30 620 410 320 310 340 260
60 530 390 280 200 310 240
10 48 57 65 69 71 76
Hardiess 20 52 61 69 72 74 79
30 53 61 70 73 75 79
60 55 63 71 74 76 81
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