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Abstract

The objective of this research is to study the possibility of the use of coffee residue as filler in natural rubber. The
various forms of filler were prepared from coffee residue including coffee residue particle (CRP), char, and activated carbon.
The result from a laser particle size analyzer indicated that the particle size of char and activate carbon were comparable and
nearly half of that of CRP. However, the BET surface area of char and two activated carbons prepared at 700 and 800°C were
only slightly higher than that of CRP. Interestingly, the activated carbon prepared at 600°C had tremendously higher BET
surface area than the others. The pH value of char and all activated carbons were also comparable and higher than that of
CRP. Among various forms of filler prepared from coffee residue, it was found that CRP showed the lowest reinforcing
efficacy. It was not only due to its largest particle size but also its acidity nature inhibiting curing process, thus giving the
vulcanizates with lower crosslink density. The presence of char and all three different activate carbons showed nearly similar
trend on the cure characteristics, Mooney viscosity, and mechanical properties but different in degree. Importantly, it was
observed that amongst fillers prepared from coffee residue, char had highest reinforcing efficacy. This was evident by highest
tensile and tear strength, modulus and hardness. The optimum loading for tensile and tear strength was observed at 10 and 20
phr, respectively. Then, the effect of char, highest reinforcing filler from coffee residue, on the cure characteristics, Mooney
viscosity, and mechanical properties was compared with the commercial fillers including reinforcing CB (N330), semi-
reinforcing CB (N774), and inert calcium carbonate. Char showed similar effect on the cure characteristics and Mooney
viscosity as did N774. But the ability to enhance mechanical properties of char was much lower than that of CB both N330
and N774. With the exception of tensile strength, char gave mechanical properties more or less better than CaCO,. Therefore,

coffee residue that was turned into char by carbonization can be used as inert filler for natural rubber.
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Abstract

This research is to study and develop the natural rubber compound formulations for producing the motorcycle
inner tube that can be used instead of the use of butyl rubber (IIR). There are three kinds of rubber used in this research,
i.e., natural rubber (NR), chlorobutyl rubber (CIIR) and bromobutyl rubber (BIIR), respectively. NR was combined with
TIR at various ratios (100:0, 75:25, 50:50, 25:75 and 0:100). The mooney viscosity of rubber compounds by using sulfur
system for vulcanization became decreased with increasing NR contents. For the curing properties, when the amount of
NR increased, scorch time and optimum curing time (t,,) were decreased. The mechanical properties, such as modulus at
100% (M

), 300% (M, ), tensile strength and hardness trended to be increased with the increase of NR contents, while

100 300

the elongation at break at heat build up seemed to be decreased. Moreover, this research studied about the one stage and
two stage mixing for preparation rubber compounding. The result showed that the one stage mixing gave better
mechanical properties than the two stage mixing. This research was found that the designed formulations of motorcycle
inner tube was reached not only Thai Industrial Standard of motorcycle inner tube (TIS 683-2530) but also commercial
motorcycle inner tube by mixing NR 100 phr with 60 phr carbon black N550, 8 phr naphthenic oil, 4 phr struktol 60 NS,
3 phr zinc oxide (ZnO), 2 phr polyethylene glycol (PEG), 1 phr stearic acid, 1 phr mercaptobenzothiazole (MBT), 1 phr
N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine (6PPD), 0.5 phr tetramethylthiuram monosulfide (TMTM), 0.5 phr

sulfur and 0.5 phr magnesium oxide (MgO), respectively.

Keyword: natural rubber; chlorobutyl rubber; bromobutyl rubber,; motorcycle inner tube
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MINN 2.1 ga5N 1 lumswaunouiiaes (1uwuamm phr): UARTULUVUYULALT

Sample code INR100 INR90-C INR70-C INR50-C 1CIIR100
Natural Rubber 100 90 70 50 -
Chlorobutyl Rubber - 10 30 50 100
Carbon black (N550) 60 60 60 60 60
Active ZnO’ 3 3 3 3 3
Steric acid 1 1 1 1 1
MBTS’ 1 1 1 1 1
Sulfur 0.5 0.5 0.5 0.5 0.5
Total 165.5 165.5 165.5 165.5 165.5

" Part per hundred of rubber, ? Active zinc oxide, 3Dibenzothiazyl disulfide

H [ 9
maaf 2.2 gasi 2 Tumswauaentnaens (luniieves phr): DakaumuUTL@AY)

Sample code 2NR100 2NR90-C 2NR70-C 2NR50-C 2CIIR100
Natural Rubber 100 90 70 50 -
Chlorobutyl Rubber - 10 30 50 100
Carbon black (N550) 60 60 60 60 60
Naphthenic Oil 8 8 8 8 8
Active ZnO’ 3 3 3 3 3
Struktol 60 NS 1 1 1 1 1
Steric acid 1 1 1 1 1
MBTS’ 1 1 1 1 1
Sulfur 0.5 0.5 0.5 0.5 0.5
MgO* 0.5 0.5 0.5 0.5 0.5
Total 175 175 175 175 175

" Part per hundred of rubber, ? Active zinc oxide, 3Dibenzothiazyl disulfide, ¢ Magnesium oxide

2.2.3.5 mwmaaumm%’euazau (heat build up)
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MINN 2.3 gAIN 3 Tumswauneu e (1uwuaamm phr): UARTNLUUVULAY?D

Sample code 3NR100 3NR75-C  3NR50-C 3NR25-C  3CIIR100 3NR75-B 3NR50-B  3NR25-B  3BIIR100
Natural Rubber 100 75 50 25 - 75 50 25 -
Chlorobutyl Rubber - 25 50 75 100 - - - -
Bromobutyl Rubber - - - - - 25 50 75 100
Carbon black (N550) 60 60 60 60 60 60 60 60 60
Naphthenic Oil 8 8 8 8 8 8 8 8 8
Struktol 60 NS 4 4 4 4 4 4 4 4 4
Active ZnO’ 3 3 3 3 3 3 3 3 3
Steric acid 1 1 1 1 1 1 1 1 1
MBTS’ 1 1 1 1 1 1 1 1 1
6 PPD’ 1 1 1 1 1 1 1 1 1
Sulfur 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
MgO’ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Total 179 179 179 179 179 179 179 179 179

' Part per hundred of rubber, ? Active zinc oxide, } Dibenzothiazyl disulfide, 4N-(l,3-dimethylbutyl)-N‘-phenyl-p-phenylenediamine, ’ Magnesium oxide

Y - ¢ ' J a
ﬂ1§1\1ﬁ 2.4 q@]ﬁ‘w 4 Kluﬂ’]ﬁWﬁlJﬂ@lJl]’]'Jﬂﬂ’N (Gluﬂu’JfJ"UEN phrl): UANTULUUUUIAYTD

Sample code 4NRI0O0 4NR75-C  4NR50-C  4NR25-C  4CIIR100 4NR75-B  4NR50-B  4NR25-B  4BIIR100
Natural Rubber 100 75 50 25 - 75 50 25 -
Chlorobutyl Rubber - 25 50 75 100 - - - -
Bromobutyl Rubber - - - - - 25 50 75 100
Carbon black (N550) 60 60 60 60 60 60 60 60 60
Naphthenic Oil 8 8 8 8 8 8 8 8 8
Struktol 60 NS 4 4 4 4 4 4 4 4 4
Active ZnO’ 3 3 3 3 3 3 3 3 3
PEG’ 2 2 2 2 2 2 2 2 2
Steric acid 1 1 1 1 1 1 1 1 1
MBT* 1 1 1 1 1 1 1 1 1

6 PPD’ 1 1 1 1 1 1 1 1 1
TMTM’ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Sulfur 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
MgO’ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Total 181.5 181.5 181.5 181.5 181.5 181.5 181.5 181.5 181.5

" Part per hundred of rubber, * Active zinc oxide, ’ Polyethylene glycol, ¢ 2-Mercaptobenzothiazole, ’ N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine,

6Tetramethylthiuram monosulfide, ! Magnesium oxide
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M31af 2.5 gasi 5 Tumseaunentnaons (luniieves phr): DakaumuUaDITY

Sample code 5NR100-1* 5NR100-2* 5NR75-C  5NR50-C 5NR25-C 5NR75-B 5NR50-B 5NR25-B
Natural Rubber 100 100 75 50 25 75 50 25
Chlorobutyl Rubber - - 25 50 75 - - -
Bromobutyl Rubber - - - - - 25 50 75
Carbon black (N550) 60 - 60 60 60 60 60 60
Kaolinite 20 20 - - - - - -
Naphthenic Oil 8 8 8 8 8 8 8 8
Struktol 60 NS 4 4 4 4 4 4 4 4
Active ZnO’ 3 3 3 3 3 3 3 3
PEG’ 2 2 2 2 2 2 2 2
Steric acid 1 1 1 1 1 1 1 1
MBT" 1 1 1 1 1 1 1 1

6 PPD’ 1 1 1 1 1 1 1 1
TMTM’ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Sulfur 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
MgO’ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Total 201.5 141.5 181.5 181.5 181.5 181.5 181.5 181.5

' Part per hundred of rubber, ® Active zinc oxide, 3Polyethylene glycol, ¢ 2-Mercaptobenzothiazole, s N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine,

9
¢ Tetramethylthiuram monosulfide, ! Magnesium oxide, * UANT! WUUVVUIRED
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m3af 3.1 manuiiayuiivazamianisasgvesneunaesudazgas

Mooney Scorch time (t,) Torque Minimum Torque Maximum Curing time' Curing temperature
Sample code

(ML 1+4 at 100 °C) (min) (dNm) (dNm) (min) Qo)

INR90-C’ 14.90 - - - - 160
INR70-C* 17.70 - - - - 160
INR50-C 20.80 - - - - 160
2NR90-C 16.70 2.73 0.53 2.71 2.66 160
2NR70-C 25.60 2.11 0.76 3.63 2.72 160
2NR50-C 36.30 2.24 1.08 4.68 3.54 160
3CIIR100 57.18 7.63 0.91 5.53 23.64 160
3BIIR100 75.26 4.43 1.20 4.63 10.72 160
3NR100 29.24 12.56 0.45 2.15 3.54 160
3NR75-C 3433 1.96 0.98 5.06 297 160
3NR50-C 41.85 222 1.27 5.32 3.57 160
3NR25-C 49.93 2.79 1.51 6.06 9.49 160
3NR75-B 36.99 2.39 1.12 4.97 3.88 160
3NR50-B 42.82 3.12 1.33 5.10 6.50 160
3NR25-B 52.86 4.21 1.76 7.90 10.07 160
4CIIR100 52.16 1.06 0.86 3.51 9.57 160
4BIIR100 62.04 0.85 1.14 5.15 10.11 160
4NR100 20.79 0.63 0.27 5.29 1.10 160
4NR75-C 34.88 0.66 0.57 5.95 1.21 160
4NR50-C 41.48 0.65 0.65 4.71 1.49 160
4NR25-C 55.81 0.85 0.97 3.99 2.88 160
4NR75-B 28.38 0.62 0.45 6.15 1.39 160
4NRS50-B 45.17 0.69 0.75 531 1.14 160
4NR25-B 50.80 1.26 0.84 4.27 2.36 160
5NR100-1 31.70 0.42 1.06 8.27 0.88 160
5SNR100-2 9.40 N/A 0.38 2.37 0.86 160
SNR75-C 28.60 0.62 0.88 3.72 1.07 160
SNR50-C 32.20 0.44 0.86 5.10 1.74 160
5NR25-C 39.50 0.44 1.39 5.98 2.64 160
5NR75-B 28.80 0.60 0.78 3.92 0.96 160
SNR50-B 33.60 0.54 1.50 5.96 1.33 160
5NR25-B 51.40 0.45 1.78 9.13 1.84 160
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ﬂ1§1ﬂﬁ 3.2 ﬁimmﬁmﬂﬂ“umfJNﬂEnJﬂnmmazqm

ngl MSOOI MSDO‘ TB2 EBz Hardness * HBS
Sample code
(MPa) (MPa) (MPa) (MPa) (%) (Shore A) @)
INR90-C* - - - - - - -
INR70-C° - - - - - - -
INR50-C* - - - - - - -
2NR90-C 1.10 420 - 7.70 467 45.0 -
2NR70-C 120 410 - 490 351 46.0 -
2NR50-C - - - - - - -
3CIIR100 2.93 13.10 - 13.10 300 58.3 26.00
3BIIR100 2.10 9.90 - 12.20 420 543 23.70
3NR100 1.01 5.32 - 8.70 428 448 a
3NR75-C 120 470 - 7.70 471 48.0 S
3NR50-C 1.40 4.80 - 7.30 486 50.0 S
3NR25-C 1.70 5.00 8.30 8.50 517 56.0 S
3NR75-B 1.20 5.20 - 7.60 418 48.0 A
3NR50-B 1.40 5.90 10.60 11.10 528 50.0 S
3NR25-B 1.70 9.70 8.30 13.40 418 56.0 35.00
4CIIR100 1.17 4.46 8.33 9.90 575 53.6 76.00
4BIIR100 1.55 8.87 - 13.60 489 514 20.80
4NR100 2.06 9.51 16.33 16.60 503 56.9 29.70
4NR75-C 251 9.63 - 13.90 499 59.3 31.30
4NR50-C 229 7.28 - 7.70 329 58.9 S
4NR25-C 2.32 2.92 - 330 336 614 £
4NR75-B 239 9.84 - 14.20 443 59.7 24.70
4NR50-B 226 777 - 10.80 460 59.7 32.30
4NR25-B 1.66 5.66 9.88 11.40 585 533 33.70
5NR100-1 323 11.77 11.92 18.50 475 64.0 28.70
5NR100-2 0.72 2.19 6.67 10.50 600 33.9 21.70
5NR75-C 0.88 3.74 8.51 13.20 650 433 S
5NR50-C 1.58 5.50 - 7.00 401 513 S
5NR25-C 245 - - 3.10 154 61.0 S
5NR75-B 092 410 9.36 16.00 707 24 S
5NR50-B 1.76 6.78 10.80 10.90 504 542 S
5NR25-B 3.10 7.91 - 7.10 267 66.3 S
"M, My, 1102 My, AR 100%, 300% 110 500% U104 Elongation AR, > MATMAIUNILLTIAIGIEA (Tensile strength),
*M3zoza & 9AUIA (Elongation at break), * A1AMLY4 (Hardness), * AAmFouazauy (Heat build up), ° Lﬁmmnmdﬂ@uﬂnﬁ“lu@m
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