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APPENDIX A

T a b le  A - l  M aterial S p ec ifica tio n  o f  C a lc iu m  C arbonate O m yacarb  2

Properties S p ec ifica tio n
S p e c if ic  gravity 2 .7
P article s iz e  (a v g ), pm 2.9
M oistu re con ten t, % wt < 0 .2
CaCC>3, % wt > 9 8 .5
M gO , % wt <  1.5
Iron o x id e , % wt < 0 .0 3
A c id  in so lu b le , % w t 
Su rface m od ifica tion

T a b le  A -2  M aterial S p ec ifica tio n  o f  S ilic a  T o k u sil U R -T .

< 0 .2

P roperties S p ec ifica tio n
B u lk  d en sity , g/m l 0 .2 0 -0 .2 4
B E T  surface area, m 2/g 1 5 0 -1 8 0
M oisture con ten t, % w t < 8
S i 0 2, % w t > 9 7
N a 2S 0 4, % wt <  1.8
Fe203, % wt < 0 .1
L o ss on  ign ition , % w t <  14
PH (5%  su sp en sio n ) 6 .7 0 -7 .3 0
W h iten ess 9 6
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T a b le  A -3 M aterial S p e c if ic a tio n  o f  C arbon B lack  T h aib lack  N 3 3 0 .

P roperties T est R esu lt
Iod in e n o ., m g /g 81 .1
D B P , c c /1 0 0 g 10 3 .0 0
2 4 M 4  D B P , c c /1 0 0 g 8 4 .5
T int strength , % IR B #3 104.1
H eatin g  lo ss , % m ax 0 .5
A sh  con ten t, % m ax 0.21
Pour d en sity , k g /m 3 3 6 8 .8
F ine co n ten t, % m ax 4 .0
p. h ard n ess, g 16 .2
S ie v e  resid u e  # 3 2 5 , %  m ax 0 .0 1 0 5
S ie v e  resid u e  # 3 5 , % m ax 0 .0 0 0 0



APPENDIX B

M e c h a n ic a l  P r o p e r t ie s  o f  N a tu r a l  R u b b e r  C o m p o s it e s .

T a b le  B - l  T e n s ile  S tren gth  o f  C o m p o u n d  a cco rd in g  to  A S T M  D 4 1 2 -9 8 a .

N atural
rubber N a n o c a lc iu m  carb on ate

U n co a ted  n a n o c a lc iu m  
carb on ate 2 p -c a lc iu m  carb on ate

C arbon
b lack

0 10 2 0 3 0  4 0  5 0 10 2 0  3 0  4 0  5 0 10 2 0  3 0  4 0  5 0 4 0
T e n s ile  
strength  
( M Pa)

23.61
24 .40
23 .89

23 .17
23 .65
25 .70

27 .48
27 .49  
26 .20

27 .98  29 .32  24 .47  
32 .25 24 .57  24.71  
27 .47  28 .18  24 .99

24.21
23 .50
24 .52

26 .08  24 .38  2 5 .27  22 .32  
22 .78  27 .50  2 5 .57  22 .82  
26 .37  24.31 25 .55  22 .34

12.83
16.03
15.70

25 .1 2  28 .78  26 .4 0  18.44  
25 .95  25 .20  25 .03  18.43 
23 .68  26.51 21 .4 7  11.89

28 .73
27.31
29 .44

M ean 23.97 24 .17 27 .06 29 .23  27 .36  24 .72 24 .08 25 .08  25 .4 0  2 5 .46  22 .49 14.85 24 .92  26 .83 24 .3 0  16.25 28 .49
SD. 0.40 1.34 0.74 2 .62  2 .48  0 .26 0.52 1.99 1.82 0 .17  0 .28 1.76 1.15 1.81 2 .54  3.78 1.08

T a b le  B -2  U ltim a te  E lo n g a tio n  o f  C o m p o u n d  a c co rd in g  to A S T M  D 4 1 2 -9 8 a .

N atural
rubber N a n o c a lc iu m  carb on ate

U n co a ted  n a n o c a lc iu m  
carb on ate 2 p -c a lc iu m  carb on ate

C arbon
b lack

0 10 2 0 3 0 4 0  5 0 10 2 0  3 0  4 0  5 0 10 2 0  3 0  4 0  5 0 4 0
U ltim a te 775 .2 65 4 .4 705 .6  738 .7 873 .0  77 8 .7 654 .6 691 .6  62 4 .9  749 .3  724.6 752.5 65 8 .0  553 .6  71 8 .2  634 .7 43 5 .0

e lo n g a tio n 679.5 689.3 722.7 77 5 .0  75 7 .0  655.1 697.3 614 .2  66 6 .7  81 8 .7  766.9 641.8 64 6 .4  69 9 .6  65 9 .6  633 .8 47 6 .0
( % ) 720.9 60 0 .0 666.7 73 4 .2  669.3  702 .4 653.1 668 .4  69 6 .8  61 2 .0  732 .0 618.3 70 2 .9  70 5 .6  68 6 .7  574 .0 42 0 .0

M ean 725.2 647 .9 698.3 749.3 76 6 .4  712.1 668.3 658.1 662 .8  72 6 .7  741.2 670 .9 669.1 65 2 .9  68 8 .2  614 .2 44 3 .7
ร อ . 48 45 29 22 52 62 25 40 36 65 23 72 30 86 29 35 29

O ' .to



Table B-3 100% Modulus o f Compound according to ASTM D412-98a.
N atural U n c o a te d  n a n o c a lc iu m  C arbon
rubber______ N a n o c a lc iu m  carb on ate_________________ carb on ate  2 p -c a lc iu m  carb on ate________ b lack

0 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 40
M o d u lu s 1.03 1.27 1.34 1.36 1.45 1.29 1.23 1.34 1.44 1.41 1.30 0 .89 1.14 1.16 1.26 1.27 3.01

1 0 0 % 1.08 1.31 1.28 1.33 1.40 1.40 1.05 1.29 1.38 1.23 1.29 1.06 1.29 1.28 1.25 1.23 3.62
( M P a) 1.07 1.43 1.32 1.25 1.48 1.49 1.29 1.39 1.28 1.44 1.23 1.00 1.08 1.23 1.29 1.13 3.28
M ean 1.06 1.33 1 31 1.31 1.44 1.39 1.19 1.34 1.37 1.36 1.27 0.98 1.17 1.22 1.27 1.21 3.31

S D . 0.03 0.08 0.03 0.06 0.04 0.10 0.12 0.05 0.08 0.11 0.04 0.09 0.11 0.06 0.02 0.07 0.31

T a b le  B -4  3 0 0 %  M o d u lu s  o f  C o m p o u n d  a cco rd in g  to  A S T M  D 4 1 2 -9 8 a .
N atural U n c o a te d  n a n o c a lc iu m  C arbon
rubber N a n o c a lc iu m  carb on ate_________________ carb on ate_________________ 2 p -c a lc iu m  carb on ate________b lack

0 10 2 0 3 0 4 0 50 10 2 0 3 0 4 0 5 0 10 2 0 3 0 4 0 5 0 4 0
M o d u lu s 2.58 3.35 3.84 3.69 3.32 3.90 3.78 3.70 4.11 3.57 3.61 2.16 3.04 2.98 3.87 3.66 13.92

3 0 0  % 2.91 3.49 3.82 4.03 4.21 3.11 3.46 3.47 4 .00 2 .96 3.44 2.64 3.67 3.39 3.24 3.58 13.29
( M P a) 2.98 4 .04 3.83 3.79 4.48 3.38 3.93 3.95 3.70 3.94 3.38 2.57 2.93 3.36 3.10 3.14 14.87
M ean 2.82 3.63 3.83 3.84 4 00 3.46 3.72 3.71 3.94 3.49 3.48 2.46 3.21 3.24 3.41 3.46 14.03

S D . 0.21 0.36 0.01 0.17 0.61 0.40 0.24 0.24 0.21 0.49 0.12 0.26 0.40 0.23 0.41 0.28 0.80

T a b le  B -5  T ear S tren gth  o f  C o m p o u n d  a cco rd in g  to  A S T M  D 6 2 4 .
N atural
rubber N a n o c a lc iu m  carb on ate

U n c o a te d  n a n o c a lc iu m  
carb on ate 2p .-ca lc iu m  carb on ate

C arb on
b lack

0 10 2 0  3 0  4 0  50 10 2 0  3 0  4 0  5 0 10 2 0  3 0  4 0  5 0 4 0
M a x im u m 44.08 42 .38 45 .95  4 5 .4 7  44 .2 0  38 .99 46 .38 47.61 42 .44  43 .23 51 .16 40 .16 43 .2 4  39.53 44 .23  39 .16 97.21

strength 43 .98 44.81 46 96 46.01 46 .22  37 .64 46 .45 46 59 42 .90  42 .63 49 .25 38.93 42 .24  41 .85  4 1 .0 9  39 .62 71 .84
( N /m rn  ) 46.21 44.81 43 .15  4 7 .0 4  45 .0 0  35 .27 44 .38 46 .49  42 .83 44 .88  52.22 39 .17 43 35 40 .65  43 .8 6  39 .10 84 .23

M ean 44 .76 44 .00 45 .35  4 6 .1 7  45 .1 4  37 .30 45 .74 46 .90  42 .7 2  43 .58  50.88 39 .42 4 2 .9 4  40 .68  43 .0 6  39 .29 84.43
S D . 1.26 1.40 1.97 0.80 1.02 1.88 1.18 0.62 0.25 1.17 1.51 0.65 0.61 1.16 1.72 0.28 12.69



Table B-6 Hardness (shore A) o f Compound according to ASTM D2240-97.

N atural U n co a ted  n a n o c a lc iu m C arbon
rubber N a n o c a lc iu m  carb on ate carb on ate 2 p -c a lc iu m  carb on ate b lack

0 10 2 0  3 0  4 0  5 0 10 2 0  3 0  4 0  5 0 10 2 0  3 0  4 0  5 0 4 0
H ard n ess 50 .00 50 .00 53 .50  52 .00  51 .00  53 .00 49 .50 51 .00 51 .50 50 .50 55 .00 49 .00 51 .50  51 .00  54 .00  54 .00 55 .00
(S h o re  A ) 49 .50 50 .00 52 50 52 .00  51 .00  53 .00 49 .00 52 .00  51 .00 50 .00  55 .00 49 .50 51 .00  50 .00  54 .50  54 .00 55 .50

49 .50 50 .50 52 .00  51 .00  51 .00  52 .50 50 .00 52 .50  52 .00 51 .00  54 .00 49 .00 51 .50  50 .00  55 .00  54 .00 55 .50
M ean 49 .67 50 .17 52 .67  51 .67  51 .00  52.83 49 .50 51 83 51 .50 50 .50  54 .67 49 .17 51.33 50 .33 54 .50  54 .00 55.33

S D . 0.29 0.29 0.76 0.58 0.00 0.29 0.50 0.76 0.50 0.50 0.58 0.29 0.29 0.58 0.50 0.00 0.29

T a b le  B -7  S p e c if ic  G rav ity  o f  C o m p o u n d .

N atural
rubber N a n o c a lc iu m  carb on ate

U n co a ted  n a n o c a lc iu m  
carb on ate 2 p -c a lc iu m  carb on ate

C arbon
b lack

0 10 2 0 3 0 4 0 5 0 10 2 0 3 0  4 0  5 0 10 2 0  3 0  4 0  50 4 0
S p e c if ic 0.975 1.054 1.073 1.117 1.160 1.215 1.028 1.069 1.117 1.158 1.208 1.032 1.086 1.136 1.171 1.240 1.107
grav ity 0.973 1 062 1.076 1.122 1.161 1.216 1.023 1.077 1.126 1.156 1.213 1.034 1.083 1.137 1.166 1.243 1.105
M ean 0.974 1.058 1.075 1.120 1.161 1.216 1.026 1.073 1.122 1.157 1.21 1 1.033 1.085 1.137 1.169 1.242 1.106

T a b le  B -8  O rig in al and S w o lle n  P o ly m er  W eig h t for C ro ss lin k in g  D e n s ity  C a lcu la tio n .

Natural
rubber N a n o c a lc iu m  carb on ate

U n co a ted  n a n o c a lc iu m  
carb on ate 2 p -c a lc iu m  carb on ate

C arbon
b lack

0 10 2 0  3 0  4 0  5 0 10 2 0  3 0  4 0  50 10 2 0  3 0  4 0  50 4 0
Initial w eight 

(g)
S w ollen  w eight
_____ Le1

0.0890
0.3155

0.0837 0.0818 0.0854 0.0696 0.0950 

0.2801 0.2676 0.2656 0.2133 0.2702
0.0657 0.0714 0.0824 0.1030 0.0998 

0.2200 0.2342 0.2575 0.3255 0.3034
0.0768 0.0991 0.1054 0.1010 0.1032 

0.2639 0.32660.3340 0.3218 0.3034
0.0765
0.2130
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APPENDIX c

T he c ro ss lin k in g  d en sity  o f  natural rubber co m p o site s  w a s ca lcu lated  acco rd in g  to 
F lory-H u ggin s T h eory  [4], S w e llin g  can be d eterm ined  gravim etrically , by w e ig h in g  the  
p olym er sam p le  b efo re  th e  exp erim en t (น ’0 ) and subtracting this va lu e from  the so lv en t

sw o llen  p o lym er w e ig h t ( พ s.)  as in Eq. c . l

and

T/ _  M'o 1 พ .1 -  U'o 
equil ~  !

P i  Pi
( C . l )

V  =  M'°
^equil x P i

(C .2 )

w here P i =  p o lym er d en sity  = 0 .9 7 4  g /c m 3 (T ab le  B -7 )

p \ =  so lv e n t d en sity  (to lu en e) = 0 .8 7 0  g /c m 3

=  orig ina l p o lym er w e ig h t = 0 .0 8 9 0  g  (T ab le  B -8 )

w  ร =  sw o lle n  p olym er w e ig h t = 0 .3 1 5 5  g (T ab le  B -8 )

V  1 =  =  0 .3 5 17
equl‘ 0 .9 7 4  0 .8 7 0

Su bstitu tin g V eqw1 =  0 .3 5 1 7  in Eq. C .2

V 2 =  Q; Q89Q------ =  0 .2 5 9 8
2 0 .3 5 1 7 x 0 .9 7 4

The m olecu lar  w e ig h t  per c ro ss lin k in g  unit, M c is  ca lcu lated  u sin g  Eq. C .3

r r  1 / 3 ^ 2  โท2m 2K P l
(C .3 )
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w h ere V 1 is m olar v o lu m e  o f  so lv en t and X \  is p o ly m er-so lv en t in teraction  param eter.
In ch em istry , the m olar v o lu m e  o f  a su b stan ce is the v o lu m e  o f  o n e  m o le  o f  that 

su b stan ce. It can  b e com p u ted  as the substance's a tom ic  or m o lecu lar  w e ig h t, d iv id ed  by its 
d en sity .
H en ce,

V x = 1 0 7 .1 0  cm  3/m o l

S u b stitu tin g  the k n ow n  va lu e  V x, p 2 , V  1m and X \  =  0 .3 9 3  [12] for ru b b er/to lu en e in Eq. C .3

M c = 3 6 2 3 .1 5  g /m o l

T hus, the cro sslin k in g  d en sity  o f  natural rubber c o m p o s ite s  is,

ท Pl
n c  =  3 6 2 3 .1 5

= 2 .6 8 8  X 10'4 m o l/c m 3



APPENDIX D

F ig u r e  D - l  IR S p ectru m  o f  S tearic  A c id  [3 0 ]

-O
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