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APPENDIY A 112

THEORETICAL CURYES OF ELONGATION AT BREAK
AND TENSILE STRENGTH OF FILLED POLYMERS

AVEREL@IGATION TO BRE AK

h, a3 26 -UIT a8
ECRNEN COF FILLER

A\
\
: —\\ @h=ation at break for the

1
case of p#FTEEC.EdhE Mno adhesion between the

Figure A.1 Theoret]

filler and -Jg,:" ok {ielsen, 18686.)

A9
3

ﬂ”mtﬂf | m

IFARNYNa Y

‘h"f :fm

ammm

RELATIVE T
2 1

(-]
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31 K] ) EX B Ow 37 EX]
VOLUME FRACTION CF FILLTR

Figure A.2 Theoretical curves for the tensile strength of filled
polymers. (Nielsen, 19G66.)
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APPENDIX B

FORCE AND EXTENSION CURVES OF FILLED COMPOUNDS

Force & Extension curve

Force(kg) at 80:20 ratio [PVC:N220S(Recipe2)]
16

TAIANSS
W7/ BV NN
W77/ 9 \\
.llli{g g\\\‘\\\ T

#: Gl bon —_— Siliu;.Ea=I= Mo men)

Figure B.l Force & extenSs M filled compounds at 80:20

5"4
- curve

._ '
t 40-680 ratio [PV ﬂzzasfﬁad )]

c 30 100 150 200

Extension(mm)
—— Cal03 - Carbonblack —— 3Silica

Figure B.2 Force & extension curve of filled compounds at 40:80
ratio (PVC/NBR)Y



AVERAGE VALUES AND STANDARD DEVIATIONS

APPENDIX C

20:30
43.0
(0.9604)
37.8
{0.8799)
49.3
{0.7157)
R&ci%u 74 .4 862.2 51.1 48.7
(SD.) (0.4570) (0.3771) (0.7808) {0.7431)
Recipe 2 76.3 62.8 52.8 48.0
{SD.) (1.0180) {0.8083) {0.8693) {0.4853)




Table C.2 Average of hardness wvalues and standard
deviation (SD.) of filled compounds.

Filler types PVC:NBR ratios
(+ Recipe 2)

(8D.)

CaCOg
(SD.)

55.2
(0.2238)

Carbon black
(SD.)

Silica

(SD. )

P19
(0.7343)

Carbon black
+ silieca

(8D.)

¢ o

RIAINIUFRINYAE

=1

d Average value ( X) = Eazyh
n

i'tt
€ Standard deviation (SD.) = ./[E{x.- %2 /n ]
T I




Table C.3 Average of modulus values (MPa) at 100 % elongation

and standard deviation (SD.) of unfilled compounds.

116

PVC:NBR ratios

NER type

(SD.) 20:80
NZ205H 0.8226
(SD.) (0.0885)
N220S 0.6289
(SD.) (0.1012)

pPa3 1.4208
(SD.) (0.0285)
Recipe 1 | 1.1359
(8D.) (U.EEE) (0.1042)

~ ¢ ii.f. ._I;i

Recipe 2 §) B. 5345 3. 3153 1.1076
FRIQNTTIE [39PT V/]“EI’“fﬂ e




Table C.4 Average of modulus values (MPa) at 100 ¥ elongation

and standard deviation (SD.) of filled compounds.

117

Filler types
(+ Recipe 2)
(SD.)

CaC05
(SD.)

Carbon black
¢SD. )

Siliea

(SD.)

Carbon black

+ silica

(sD.) qu

PVC:NBR ratios

g;ix r
80: 20t *“;-'{7

20:80

1.3768
(0.0737)

2.5116
(0.0081)

ARIAATUNAIING 1A Y




Table C.5 Average of modulus values(MPa) at 300

# elongation

and standard deviation (SD.) of unfilled compounds.

118

20:80

1.1424
(0.1562)

0.9438
(0.1330)

2.8348
(0.0333)

e

4,

Z2.8841
(0.2648)

2.5315

i =




Table C.6 Average of modulus values (MPa) at 300 % elongatian
and standard deviation (SD.) of filled compounds.

Filler tvpes PVC:NBR ratios

(+ Recipe 2)

(3D. ) 20:80

2.6812
(0.1704)

CaC0s
(SD.)

Carbon black
(SD.)

4.6841
(0.0404 )

Silieca

(8D.)

Carbon black
+ siliea

(3D.)

ammﬂmumfmmaﬂ



Table C.7 Average of tensile strength values (MPa) and
standard deviation (SD.) of unfilled compounds.

PYC:NBR ratics

-

NBR type
a0:
{SD.) g
N2205
(SD.)
P83 12.
(SD.) 0.7 7
Recipe 1
(SD.) .0573)
> '}
et il REL A
ipe 21}
¢ 0 )

' “éj 40:80

20:80
4.2870 2.2043
.3021) (0.2158)
.2085 1.8579
0.2148) (0.2099)
9.9993 5.6663
(1.0840) (0.5582)

1 7.2005

.6847) (2.8087)

( (0.0842)




Table C.8 Average of tensile strength values (MPa) and
standard deviation (SD.) of filled compounds.

Filler types PVC:NBR ratios
(+ Recipe 2)

(8D.) 20:80

CaCOs
(SD.)

17.1577
(1.8285)

Carbon black
(3D.)

Silica

(8D.)

18.7175
(0.5003)

Carbon black

+ silica

= ayfAfERATeY | -
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Table C.2 Average of elongation at break values (%) and
standard deviation (SD.) of unfilled compounds.

PVC:NBR ratios

NBR type
20:80
N2205H 1650
(8D.) (150.00)%
N2205 2000
(SD.) (145.77)
P83

592




Table C.10 Average of elongation at break values (%) and
standard deviation (SD.) of filled compounds.

Filler types PVC:NBR ratios
{(+ Recipe 2) -,
—_— g el Ao | 40:80 20:80
CaC0s . 708
(SD.) Er Ly "«':: ‘x \ ﬁ.m) (11.79)
Carbon black 4 i
(SD.) (5 . Pcsis, of , ¥23.57) 2
o 15T, \
8iiioa ¢33
Carbon black .I
+ silieca 2
o FI ﬂ"’ﬂl T‘T’?‘N ’]ﬂ"ﬁ’ i

’Qﬁ'lﬂﬁﬂ‘iﬁuﬂﬁﬁ’mmﬁﬂ



Table C.11 Average of tear strength values (N/mm) and
standard deviation (SD.) of unfilled compounds.

PVC:NBR ratios
NBR type e
s )
80: 24 “*MI{V 20:80
NZ20SH 23.7013
(5D.) (0.48B43)
N220S8 19.0814
(SD.) (0.1958)
P83 30.1708
(8D.) (0.1897)
Recipe 1 23.0851
(8D.) (1.2938)
'l_ JPRINNIwRAL .
Recipe 2 4qJ| 60.1003 ‘43.3852 7 39.0180 < 27.9914
(Slia) ' 0.7837
HW’W NP {E BRI




Table C.12 Average of tear strength values (N/mm) and
standard deviation (SD.) of filled compounds.

Filler types PVC:NBR ratios
(+ Recipe 2)

(SD.) 20:80

31.5467
(0.8734)

B5.1168
(2.4856)

ammnizuum'mmaa




Table C.13 Average of oil swell values (%) and

standard deviation (SD.) of unfilled compounds.

NBR type

N220s
(SD.)

(SD.)

Recipe 1
(SD.)

Recipe 2
(SD.)

ARIAIATAUNNI TN

20:80

; 41.40
% 0. 1098 (0.1080)

.44 44 .98
10.1247) (0.0855)

17.17 28.09
(0,0582) (0.0437)

19. 28.21

o

(0.1553) (3.3802)




Table C.14 Average of oil swell values (%) and
standard deviation (SD.) of filled compounds.

Filler types PVC:NBR ratiocs

(+ Recipe 2)
(SD.)

25.02
(0.0809)

Ca03
(SD.) |

Carbon black
{sSD.)

Silica 20.53

(SD.) (0.2772)

Carbon black

+ siliea

- ﬂuﬁl”ﬁl lixaul ’Tﬂ‘?’ :

qmmnimum'mmaﬂ



Table C.15 Average of wvolume loss values {mma} and

standard deviation (SD.) of unfilled compounds.

NER type

N2203
(SD.)

P83
(8D.)

Recipe 1
CSD. Y

Recipe 2
(SD.)

-
r

ARANTAUNNINGIAY

PYC:NBR ratios

20:80

37, 148,44 478.87

SV P(0.6290) | (86.1841)

75.23 88.20

2.3864) | (2.4834)

50.16 51.65

(1.9365) | (9.2341)

'_'I 01 | 7 77.45 72.30

i’ ¥

(2.8274) | (0.3462) | (1.0881) | (2.0165)

STV dINC n




Table C.16 Average of volume loss values (mﬁj and

standard deviation (S5SD.) of filled compounds.

Filler types PVC:NBR ratics

{+ Recipe 2)

{SD.) 80: 40:80 20:80
CaC05 2 92.79 187.17
(SD.) ¢ .6141) (4.7798)
Fie
Carbon black .B3 -
(SD.) . - N .6548) =
17
Silica 171027455 138.26 132.05
(SD.) (2.798 A  (7.7401) (1.8043)
Carbon black
+ siliea 1#'? .38 103.14 -

= ﬂ‘uﬂ"?ﬂ ?’ITN | S
’Qﬁ?ﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ
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