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Abstract-—To reduce the inaccuracy for the measurement of rebound height by eyes in ASTM D2632, the rebound

height was obtained from the conversion of the time from the first impact of steel ball to the second impact which was

measured with a optical sensor. Loss energy from rebound was computed by the potential energy evaluated from the differ-

ence of this converted height and initial height. Loss energy of natural rubber compound filled with carbon blacks which

was measured by this method was confirmed through the heat build-up test under the constant load using the Elastomer sys-

tem made by Instron.
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Tahle 1. The properties of carbon black

Carbon lodine No. DBP* Absorption Tint
black grade (mg/g) (cc/100 g)
N220 120.8 113.7 1172
N3230) 82.0 102.1 103.0
N326 82.0 71.2 112.1
N660 36.0 91.0 56.0
“Dibutyiphthalate.
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Fig. 1. Schematic diagram of a new reciliometer.
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Fig. 2. Schematic diagram of elastomer system.
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Table 2. The weight of specimen and time to equilibrium tempera-
ture from heat build-up

Carbon N220 N33 N326 N661)

black Weight Time Weight Time Weight Time Weight Time

loading, phr  (g) (sec) (g) (sec) (g) (sec) (g) {sec)
15 6.6134 936 64944 942 64776 948  6.4580 948
30 6.6989 840 65594 RS2 65231 816 6.5042 876
45 6.7638 756 66269 762 65917 768 65547 768
ol 6.8133 720 66811 732 6.6729 738  6.6426 738
75 6.8493 620 67347 636 67192 642 6.6932 648
90 69011 600 67722 606 67638 618  6.7289 618
105 69263 S&8 68766 594 686353 606 67787 606

Table 3. Heat capacity of specimen from 50 °C to 80 °C

Carbon black N220 N330 N326 N660
loading. phr  (Cp, J/g’C) (Cp. Jg'C) (Cp, J/g’C) (Cp. Jig°C)
15 0.00003T  0.00004T°  0.00003T°  0.00003T"
(.00281T 0.0033T 0.00283T 0.00265T
+1.74603 41,7232 +1.7749 +1.7749
30 D00003T 0.00004T  G.O0003T:  0.00003T
0.00235T 0.00337T  0.00252T - 0.00219T
+ 163336 + 171447 +1.68706 +1.6868
45 0.00003T°  0.00003T°  0.00003T°  0.00002T
0.00217T  0.00342T 0002277 0.0018T
+1.54312 4166373 +158416  +1.61366
60 0.00003T°  0.00003T°  0.00002T°  0.00002T*
000193 0L00346T  0.00206T - 0.00147T
+1.4651 +1.62951  4+155293 +1531s
75 0.00003T°  0.00003T  0.00002T°  0.00002T
0.00173T  0.0035T 0.00187T  0.00119T
+1.39866 +1.57023  + 150008 +1.49809
90) 0.00003T°  0.00003T  0.00002T°  0.00002T
0.00134T  0.00332T  0.00171T - 0.00006T
+ 139075 +1.50459 +1.45461  +1.453%6
105 C.00003T  (LOODO3TS  0.0000T" 0.00002T"
(1.0014T 0.00355T  0.00157T  0.0007ST
+1.29102 +1.46234  + 141489 +1.41385
*T: centigrade.
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Fig. 3. Rebound of vulcanizates for carbon-filied compounds meas-
ured by the new reciliometer at various temperatures(25, 50,
70 °C).
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Rising temperature of vulcanizates for carbon-filled compounds
calculated heat build-up(Initial temperature: 50 °C).
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Table 4. Coefficient C, and C, in WLF equation with respect to the carbon black loading
Carbon black N220 N330 N326 N660
loading, phr C, C, C, C, C, C, C, C.
15 1.5911 672.75 0.5599 169.82 7.9769 2845.6 1.0968 424.61
30 0.3335 64.21 0.3642 69.99 1.0757 255.55 1.4473 332.27
45 0.3038 37.31 0.2694 29.96 0.3752 51.55 0.8145 173.64
60 0.1940 19.21 0.2174 26.73 0.2107 25.02 0.2400 29.75
75 0.4966 183.83 1.5251 583.65 (.7180 311.30 0.324 204.80
90 0.1116 5343 0.0826 16.97 0.9100 487.60 0.4390 191.35
105 0.1753 130.44 0.1162 67.37 0.8351 639.62 0.2806 180.16
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Fig. 8. Loss energy calculated from heat build-up testing for 25 min.
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Fig. 9. Loss energy calculated from heat build-up testing for time to
equilibrium temperature.
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Fig. 10. Coefficient K, with respect to carbon black loading.
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Fig. 11. Coeflicient K,,, K,,; and K,, with respect to carbon black
loading.
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Table 5. Total coefficient K calculated by ratio of energy loss from
returning time of rebound to that from heat build-up at
50°C

Carbon black

. N220 N330 N326 N660)
loading, phr

15 12.8748 12.7677 13.0834 12.6694
30 15.1696 15.1238 15.8328 14.3000
45 16.8870 16.3081 17.1931 16.5441
60 18.0680 17.7383 17.7691 16.5862
75 19.4144 18.9924 20,0876 19.8746
90 20.8042 19.8174 20,9908 20.0904
105 21.1832 20.6676 20.8405 20.8310

o] SI el cstel el AREAA wet wsfh A%
o = aldden, = Kol Blel|ato] shalslol] whe} Al
Table Sel 7Rttal E5ol @ie}

(2% =259 % gk Kghe

vpehge}

(1) B2 3 Al ghakgh ol #
2l F7Fshz 57 HY Lol o] &
& 2w 2k ol 2] €
oflu] 2] AR 2oy do] 4 23 s v 2 E Ay B
0 K dasfe]. Aal 1
Q= elluf 2] =4 g g uhga) o) 1*]°*6P°*L}

E.=K,- E,- (GR*'/SR): . (Sl/or)z (]2)
(Kiy=ot-m - Cp- AT/t/v)

() 518] BANE £E7] 2@ Az kg 2978 Yo
Yol Zohl iz whA Ago] goleseg Alxsto] WA E oL

A 4lo] g0 2 S5 sk

5o Qe b sedel ola) suEi WAl izt

T o =
25 Abpo gal Agks)is o] ofi)al el x)7} kg wo] &4
FE SIY o, o] 94 E4 Al 39 gwol v

1, “T"—‘?j« ER I Ay ‘:]' [ﬂr‘i]r“] Aol’/:‘ A 3\391 7

Sof Mg x73e] AE @%{ P P

27 o] olf 7] £Ush 2% g Aol BHLwo o] = whol

L2 E A oA FY vl Ky7b 1ol 238k odoks 4R

2] S A APl A G b RENE L8 A5 ARl
77 F)s

HEFL Lol o]27

[<EEe =

271
ok 5% ¢ urk

Cp : heat capacity [J/g]
E: : loss energy from rebound [J}]

E; :loss energy from heat build-up [J]

E... : total energy of rebound system [J]

g the acceleration of gravity [9.8 m/sec’]

h  : maximum height deing reached steel ball after first rebound [m]
h. : initial height in rebound system [m]

k  :thermal conductivity [W/mK]

K., : coefficient in the correlative equation of loss energy from re-

bound corrected by WLF equation and that from heat build-up

£ e 161

testing for 25 min

Kuw : coefficient in the correlative equation of loss energy from re-
bound corrected by WLF equation and that from heat build-up
testing for time to equilibrium temperature

K, : coefficient in the correlative equation of loss energy from re-
bound at 50 °C and that from heat build-up testing for time to
cquilibrium temperature

Ky : coefficient in the correlative equation of loss energy from re-
bound at 50 °C and that from heat build-up testing for 25 min

m, : weight of steel ball [g]}

Q; : heat generation [J}

R, :ratio of loss energy from rebound

S, : cross section area of specimen [em’]

St : contact area of steel ball on specimen [cm’]

t  :taking time steel ball to reach on specimen when it was dropp-
ed from a maximum height after first rebound [sec]

t,  : taking fime steel ball to reach on specimen when it was dropp-
ed from a initial height [scc]

az2jojA Xt

o coefficient in corrective equation

Y, @ amplitude of strain [%7]

v frequence [Hz]

p  :density of specimen [g/em']

o, : amplitude of stress [Kg/em’]

o, : amplitude of stress on specimen used for heat build-up [Kg,/cm’)

o, : amplitude of stress on specimen used for rebound [Kg,/cm’)
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