CHAPTER IV

RESULTS AND DISCUSSION

In this study, the mechani

and SAN resin was unpr ed ~.‘  . ; acrylonitrile and styrene ratio in graft
copolymer. The grafted-mnatural ruﬁ)erw'ared by using the emulsion
polymerization under vari ' e

The goal of thi ) obtain the - timum condition in emulsion

polymerization of gr litiator concentration, reaction
as blended with SAN resin to

form the thermoplasti ith ve ond‘ atents “grafted natural rubber. Finally, the

temperature and pre

4.1.1 Natural Rubber Latex
The natural rubh’en:latex consists of particles of rubber hydrocarbon and non-

sber consifiens bispended nah Wiobuf ey b athe average ary rbber

content of late)y'nay range between60% and 61,.0%
ARG A IS By e
The molécular weight of natural rubber latex determined by GPC are as follows : M, =
137,799, Mw = 549,795, M, = 2,050,780, My/M, = 3.99. The particle size
distribution of rubber particle was determined by the mastersizer as shown in Figure

4.1.
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Table 4.1 The properties of natural rubber latex.
Type of latex : High Ammonia , Full Ammonia

Properties Test results

Total Solids Content, % 61.96
Dry Rubber Content 60.09
Non Rubber Content 1.87
Ammonia Content ( on Total We 0.76
Ammonia Content ( on Wa 2.00
pH Value 10.75
KOH Number 0.5947
Volatile Fatty Acid 0.0229
Mechanical Stability

On 12/02/96 & 970
Specific Gravity at 25 °C | i 3 = N 0.945
Magnesium Content. (ppm. > 15
CST. (ml.) 2.8
Source : Thai Rubb ' 1~‘,o mpany Limited)
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Figure 4.1 Chart diagram showing the size distribution of rubber particles..
Specific surface area : 5.1997 sq.m./gm
Diameter : 1.06 pum
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4.2 Preparation of Grafted Natural Rubber

The grafted natural rubber was prepared by graft emulsion polymerization. In
this experifnent, using sodium laurylsulfate and potassium persulfate as emulsifier and
initiator respectively, various parameters which affected on the properties of grafted

natural rubber, are emulsifier concentration, initiator concentration, monomer content,

reaction temperature and pressure. - /
Rujinirun, C., [25], |

content and temperatur

mulsnﬁer concentration, monomer
stlcs of grafted natural rubber.

The appropriate conditions merization were obtained as follows :

- reaction temper
In this work, the rubber. ts were both 100 parts by weight
and the ratio of acrylomtnle 0:60. The emulsifier concentration was

condition, which yleldg hlgh on, gra@xg efficiency and acrylonitrile
content in graft copolymer g for the preparation of graft copolymer of acrylonitrile and

sren nt il B o w +NENI
RGRG R 171270 ¢

4'2.2) Effect of reaction temperature and pressure
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4.2.1. Effect of Initiator Concentration

The effects of initiator concentration on the properties of grafted natural rubber
were studiéd by varying the initiator concentration of 0.5, 1.0, 1.5, and 2.0 parts by
weight (per 100 parts of total monomers). The amount of styrene and acrylonitrile
monomer (60:40), reaction temperature and emulsifier concentration were kept

constant, as follows :

- amount of styrene &\Iﬁ / ers ; 100 parts by weight

tion t ratarer— ¢ 50 °C

- reaction empe -

- emulsifier conce / \ 1.5 parts by weight
- rubber content "N 100 parts by weight

In this study , the ﬁ@noh on the graft characteristics

were investigated. %natural rubber reported are

degree of monomers ¢ ratio, free SAN chain length

and graft frequency \
The monomers co ion ed a 5, the mass of SAN formed (grafted and
free) divided by the mass of mo 57 ymers 7 ing efficiency is readily defined as the

mass of the graﬁedeN devnded by the grafted latex produced. The
graft ratio is calculated from the ; ; d acrylonitrile monomers
which grafted on theackbone pol by tha'nass of rubber which formed
graft with styrene and dcrylonitrile monomers. The graft frequency is the number of

repeating uni %ﬂé@ abnis | ) b HoTTealdidy  computed by knowing

the total numbys repeating units of graft chains. and backbonechains, both derived
oo AT EEHR YT BHHI b
the App'ndlx A

The monomers conversion, grafting efficiency and graft ratio of grafted natural
rubber at various initiator concentration are shown in Table 4.2 and Figure 4.2 and 4.3.
The detail of all data and calculations are shown in Appendix A.

According to the assumption, the graft chain lengths are on average equal to

the free polymer chain lengths, therefore molecular weights of the free SAN and
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grafted SAN are assumed to be the same. The chain length or molecular weight of
polymer is inversely dependent on the initiator concentration or radical concentration.
Increasing initiator concentration or radical polymerization leads to small-sized
polymer mﬁlecules or low molecular weight. The effect of initiator concentration on

molecular weight of free SAN is shown in Table 4.2 and Figure 4.4. The data are

shown in the Appendix B.
The graft frequency is thq\, 1 ‘J{ ating units between graft points. The
effect of initiator concentrati the gra y is shown in Table 4.2 and Figure

e —

arw.Appendix A.

at “initiator concentration affected the

4.5 . The detail of all dawpgaﬁdﬁs

From Figure 4.2 a
monomers conversion, i0. The monomers conversion
increased with increasing ghe i J centrz i Q&t above 1.5 parts by weight of
' ificreased slightly. The maximum
finitiator.
eight of free SAN decreased with
increasing the initiator con ti .1t cans )e explained that the increasing initiator
T v at can initiate the polymerization and
the increase of radiqal?onwmaﬁon lené;m low molgsLA eight of free SAN.

From Figure:d(5, the inc: sentration leaded to decrease of
the number of baclene -[;oiymer
frequency because the ffee=sadical concentration increased. Therefore, the repeating

units between (4 GG B o bk bdoior concentration.

From T%Lle 4.2, monomery conversion, .grafting efficiency and graft ratio

o) SRRSO HEA2 A 8 9 R s

with incr%asing the initiator concentration. At initiator concentration above 1.5 parts

ating units baween graft chains or graft

per weight gave the grafted natural rubber with desired grafting properties. The

approproate initiator concentration of 1.5 parts by weight was used.
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Table 4.2 Effect of initiator concentration on the degree of monomers conversion and

graft properties of grafted natural rubber : monomer : latex = 1:1;

temp. = 50 °C; pressure = 1 atm; time = 8 hrs.

Grafting Properties Parts by weight of initiator
0.5 1.0 1.5 2.0

Grafted natural rubber (%) ). 51.6 52.4 51.4
Free SAN (%) 25.1 .1 9.7
Free Natural rubber (%) ' 205 20.9
Conversion (%) 60.5 63.6
Grafting efficiency (%) 383 39.5
Graft ratio (g.g™") 0.25 0.27
MW of free SAN

M, 46,716 43,020

M, 264,989 | 237,487

M, 3,434,677 | 3,625,808

M./M, 5.67 5.52
Graft Frequency (- 16388 | 810 5477 | 4222

*graft cdpolymerizatiﬂwas carried in 4-Necked botton;ﬂeactor.

AU INENTNEINS

ARIANTUAMINYAE
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Figure 4.3 Effect of initiator concentration on the graft ratio.
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Figure 4.5 Effect of initiator concentration on the number of backbone polymer
repeating units between graft chains (graft frequency).
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4.2.2 Morphology of Grafted Natural Rubber

The preparation of grafted natural rubber was performed by emulsion
polymerization process. In this case, the latex natural rubber were as an seed latex of
cis-1,4-polyisoprene which as the isoprene monomer were polymerized first, and

acrylonitrile monomer and styrene monomer subsequently added to continue

ey process lied in the grafting of a

e random copolymer radicals onto

the double bonds of t}7 . rqms. The grafting between the
plastic and elastimer cor ‘ \;»-‘?‘ma of the system, resulting in a

favorable state of ded the phases together. Upon the

polymerization, the s ase separation to yield the complex

inner morphology. S 10n-graf ‘s parti exhibited a closed shell of

graft copolymer on th e, afaf.. inclusion. was visible in the images either
<i SAGK [< Joakd A i\

before or after the mixing proge s'é'.’q"‘ - . A

Pl
Poarert

closed shell formed at 1.5 parts by

weight of initiator. A scanning ron; 1 graph is shown in Figure 4.6 for the
grafted natural rubber. * wn pherical morphology. A

transmission electrot
4.8. The styrene-acrylgitrile copoly
tetraoxide staining and ifiterior structure, matural rubber, in the particle can also be

- AUYINENTNENSG
AMIAN TN NNINYAE

bber is seen in Figure 4.7 and

on the ougde of the particle by osmium
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Figure 4.6 Scanning elatf{rqfn"n'n’cgi_)graphg coagulated particles from

emulsion polymerizagion of &2
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Figure 4.7 Transmission electron micrograph of grafted natural latex particles

Mag 45,000X.
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Figure 4.8 Transmission'electron fnicrogl?gpil of grafted natural rubber latex

Mag 30,0002 =
et 22k
4.2.3 Effect of Reaction Temperature and Pressure

o A

The reactioi; “temperature had a strong effect on the grafted natural rubber
product, because the r'gaction temperature affected the reactivity ratio of monomers
and ratio of acrylorﬁtrile and styrene .monomer i;1 aqueous phase. Rujinirun,
Chaloampol [25] studied the effect-of reaction temperature o the ratio of styrene and
acrylonitrile in“the grafted natural rubber. The styrene content increased with
increasing 1h¢ Teaclionitempetature. Thearylonitrile content 4i3o ¥ dlightly increased
with increasing the reaction temperature from 30 to 50 °C. At the reaction temperature
above 50 °C, the acrylonitrile content decreased but monomers conversion increased.
The reason is that acrylonitrile monomer has low normal boiling point (77 °C), it
vaporizes easily, thus the acrylonitrile content in aqueous phase decreases with
increase temperature.

In this study graft copolymerization was carried out under pressure and

temperature at above 50 °C, the increase of pressure caused the increase of
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acrylonitrile content in aqueous phase. The effect of reaction temperature and pressure
on the preparation of grafted natural rubber were investigated by varying the reaction
temperature of 50, 60, 70 and 80 °C and varying pressure of 20, 40 and 60 psig. The
effect of -temperature and pressure on the graft characteristics, the copolymer
composition and the thermal properties of grafted natural rubber were investigated.

The grafted natural rubber was prepared in emulsion polymerization for 8 hours

using the following basic formula " ///
Rubber content ﬁ s by weight

AS monomer conm—- - ﬂby weight
Ratio of acrylo

Emulsifier

Initiator

From the Fiﬂre 9, 410 and 4.11 the n@xomers conversion, grafting
efficiency and graft ratiosincreased with ingreasing temperature for each pressure. At

the reaction teffperhthie hbovelb B, 16b Gl Efficibric) ad graft ratio decreased.

With. mcreasmgq’temperature At each pressure_ of 20 and 4U81g, the grafting

TR RARY R B 5] ¢

At pressure of 60 psig and the temperature range of 50-80 °C, the latex was
coagulated before the stop of reaction. Thus, the pressure above 40 psig was not
unsuitable condition for the preparation of graft natural rubber by emulsion

polymerization because of the decrease of stability of latex.
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Table 4.3 Effect of reaction temperature and pressure on degree of monomers
conversion, grafting efficiency and graft ratio :

monomer : latex = 1:1; initiator = 1.5 parts by weight; time = 8 hrs.

Pressure. | Temp. % conversion % grafting graft ratio
(psig) (%) efficiency
0 50 60.6 l J 33.9 0.31
20 50 —a A 34.7 0.34
60 — ' 0.36
70 5 N 0.45
40 50 £ A 0.34
60 A 9.7( | 0.40
10 M f fos 570 | 0.46
80 o 034
60 50 AR ;'- -
60 T, T R
[ ¥
80 V'L. :

e SIS 00 5
ARIAINTUNRINYINY
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Figure 4.9 Effect of r eratlire ressure on the degree of monomers

Temperature (C)

Figure 4.10 Effect of reaction temperature and pressure on the grafting efficiency.
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0.4

03 =

graft ratio

Figure 4.11 Effect o the graft ratio.
4.2.3.2 Effect of essure on the Free SAN
Chain Len
The free S ‘«', 1 ” y thie method of H. Nai-Jen and
C.S Donald [19]. THeAmgr BRI, the low molecular weight

peak, eluting at abou 'B00-1000 sec. Afie apprpriara)eak fitting, this distribution
was analyzed for molectlas weight paranieter using the MAXIMUMS-820 software

th
supplied with ﬁlu&%mﬂmm :lmiom column calibration

with a narrow cmstribution PS standard (Scientific.Polymer Produets). For the reaction
tempe@fw:qw ﬁw N%@%%cﬂ%e&jﬂ of free SAN
determinéd by GPC method \;\/el;e as follows : M, = 90,413, M,, = 107,030, M, =
126,062, M,/M, = 1.18. The effect of reaction temperature and pressure on the
molecular weight of free SAN is shown in Table 4.4 and Figure 4.12. The free SAN
chain length is proportional with the molecular weight. The detail of all data are shown
in the Appendix B.
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The graft frequency is the number of backbone polymer repeating units
between graft chains. The graft frequency was calculated by knowing the total number
of graft chain per backbone chain, both derived from the molecular weight analysis.
For the reaction temperature of 50 °C and 20 psig of pressure,17.05 g of grafted SAN
at M, of 90,413 (Appendix A) and 69.92 g of cis-1,4-polyisoprene at M, of 137,799

were obtained. One chain of cis-1,4-polyisoprene had 2026.5 repeating units.

According to the calculation (App ‘the number of grafted chains per backbone
chains was 0.37. Therefore yas 5,477. The details of all the above
calculations are shown ﬁt of reaction temperature and
pressure on the graft freg ' 4 and Figure 4.13.

From the Figure 4 , \ of free SAN decreased with
increasing reaction teffipe n r ed at temperature above 70
°C, the MW of free#SAN incr a.nd Figure 4.13 ,the graft
frequency decreased erature from 50 °C to 70 °C because

at high temperature and eSS sily form free radical and attack

to the backbone. Thereforej t etween grafted chain decreased with
increasing the reaction temp e. At temperature above 70 °C, the

stability of natural rub e of graft frequency.

ﬂ‘iJEJ’WlEJWﬁWEﬂﬂ‘i
Q‘W’Wa\‘]ﬂﬁm URIINYA Y
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Table 4.4 Effect of reaction temperature and pressure on molecular weight of

free SAN and graft frequency

Pressure - Temp. MW of free SAN Graft

(psig) (°O) Frequency
M, M, M, Mw/M,

0 50 92,29 | 123,349 1.16 5,196

20 50 90,41 0[7,' 126,062 1.18 5,477

60 101,969 118.887 1.19 4,405

70 /06 N 131 3,025

80 / 10 4 1.21 3,619

40 50 7 T \ 0 1.19 4,713

60 Y ‘g 308 1 1.20 3,897

70 634432 | 291, ,364 1.13 2,739

80 #7 | 9,1 95 | 120 3,322

e 2

AT I

40 50 60 70 80

”

MW of free SAN

INYNT

¢

Temperature (t)

Figure 4.12 Effect of reaction temperature and pressure on molecular weight of free

SAN.




61

Graft frequency
w

Figure 4.13 Effect of rg on the graft frequency.

4.2.3.3 Effect of Re iction 7 nd pressure on composition of
grafted natural _ i}s

=S et

The '»:’ifi ined by CHN/O analyzer
and FT-IR. Two meg)ds could identify the percent of styrene, acrylonitrile and
isoprene in the grafted natural rubber produgts.

Ll el | £ 9] T WEITI S

FT-IR x#:asurement was uged to detenm'le the copolymer composition by

oGS TG )5 AT e o

of the pdlystyrene, polyacrylonitrile and cis-1,4-polyisoprene are shown in Figure 4.13.
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TCH,_éﬂt TCH _cu;h ‘Lé\cz/ L

polystyrene polyacrylonitrile cis—1,4—polyisoprene

Figure 4.14 Chemical structures of polystyrene, polyacrylonitrile and

l//

The styrene/acrylomtnle/n th of tural rubber was determined by

cis-1,4- polylsoprene ‘

peak area of FTIR spect
peak area at

of C==C stretching of benzene F@i&t_f was shielded by the peak area of C-H
bending of CHj; in the structurér'&'cfli— soprene. Therefore, the determination
of the ratio of acryla is |_styrencii-grafted natural rubber must be
determmed by two sg . of acrylonitrile and styrene

from the free SAN w. ch was extracted from the graﬁ products. In this step, the ratio
of acrylonitril ﬁ:}i om graft products was
assumed to b@l :anﬁ EJ l‘ﬂmnen in the grafted natural
rubber It m i e the ratio of
acrylo’ilkﬁ:n ﬁﬁh}ﬁm ﬁiﬁ’l m ﬂm step.

I) First Step
The ratio of acrylonitrile and styrene in the free SAN was determined. The
sample was prepared by casting on the KBr cell. The FT-IR spectrum of free SAN is
shown in Appendix C. The ratios of acrylonitrile and styrene in free SAN are shown in

Table CI at various reaction temperature and pressure.




63

IT) Second Step A
The ratios of acrylonitrile, isoprene and styrene in grafted natural rubber were
determined. The preparation of the samples was the same as in the first step. Results
from the FTIR measurement reported the peak area of isoprene (R,C=CHR at 810
cm™) and acrylonitrile (C:N at 2238 cm™) as shown in Table CL. From the FTIR

spectrum of free SAN at the reaction temperature of 50 °C and pressure of 20 psig,

peak areas of acrylonitrile and s Rn\bvy 1.054 and 237.063, respectively. From
the FTIR spectrum of graﬁv@ d at the reaction temperature of 50°

C and 20 psig of press@reaéof i d acrylonitrile were 671.315 and
171.309, respectively. Thereft %Wne in the graft natural rubber
was calculated by (171 309) 1.( _4)\1394 896 The ratios of acrylonitrile,

isoprene and styrene i grafted ; ural " - are shown in Table 4.5. The details

ure and calculate the copolymer

composition. The ratios of styrg;m‘gnd acry 4,

el 1."

ile in the grafted natural rubber were

e

calculated as shown in Figures 4.15 and 4.16. Th of acrylonitrile, isoprene and

styrene monomers calculated by using nus mole according to C, H, N and
O in the grafted nD.lral rubber obtained from thﬂ analysis. Effect of reaction
temperature i ressufeon comglcl)smonibf ﬁ::fted natural rubber is shown in Table

4.5. The det ﬂ '-Junj %Jnn alﬁldlx D.

- From lgures 4.15 and 446 show the-effect of reaction temperature and
o) 1R OISR IR THELFR Bl e e
acrylom‘?rile content increased with increasing the reaction temperature from 50 to 70 °
C and reached the maximum value at 70 °C. At the reaction temperature above 70 °C,
the acrylonitrile content decreased. The styrene content increased with increasing the
reaction temperature.

The interesting finding in this work is the technique for the determination of
copolymer composition of grafted natural rubber. Table 4.5, Figure 4.15 and 4.16
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show that the results of these two techniques are acceptable. The results confirm that

the FT-IR method and CHN\O method are suitable for this measurement.

Table 4.5 Effect of reaction temperature and pressure on the composition of grafted

natural rubber.
Pressure Temp ' \:‘u’ , _Acrylonitrile/Isoprene/Styrene

(psig) { -..\:‘\“ PR method CHN/O method
0 : 189:69.2:11.9
20 19.1.:68.1:12.8
W 72.7:10.8

266:622:112

214:63.6:15.0

40 19.6 : 68.5:11.9
18.0:69.8:12.2

264:618:11.8

263:624:113

=
AU INENTNEINS
AN TUNM NS Y




; a) FT-IR Measurement

—&— Acrylonitrile
—&— [soprene
—a— Styrene

9 maéﬂ‘iﬁiwﬁiﬂmé’ ]

Temp. (°C)

Figure 4.15. Effect of reaction temperature on the composition of grafted natural
rubber at pressure of 20 psig.
a) FTIR measurement. b) CHN\O analyzer
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a) FT-IR Measurement

—o— Acrylonitrile
—&— [soprene
—a— Styrene

%

i .'l ¢ | —e— Acrylonitrile
S 40 4 + |—=—Isoprene
—a— Styrene

AU RIS
RAINTUAT TN

Temp. (°C)

Figure 4.16. Effect of reaction temperature on the composition of grafted natural
rubber at pressure of 40 psig.
a) FTIR measurement. b) CHN\O analyzer.
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The purpose of this study is to obtain the appropriate condition which yield the
grafted natural rubber with had desirable properties. From Table 4.3, 4.4, and 4.5, the
reaction temperature of 70 °C and the pressure range of 20 to 40 psig gave the grafted
natural rubber which had high grafting efficiency, graft ratio, acrylonitrile and styrene
ratio and frequency of graft chain on 70 °C and 30 psig. And the monomer conversion

was high at this condition. The chara

istic and composition of the grafted natural
rubber which prepared at 70 °C ;k

y)n Table 4.6.

Table 4.6 The characteristic of the ora "'nL (70 °C and 30 psig)

Grafting Prg // /ﬁ'\\" ;:q\\\':; al Rubber (70 °C, 30 psig)

Monomers conversion 88.9
N 4‘

Grafting efficiency / 45.4

Graft Ratio Q%r:' 0.45

Graft frequency E{g‘ 2 7 2,413

MW of free SAN 2 61,522
Composition .

A:1:S (FT-IR method)- 28D :552:15.9

A:1:S(CHN\O) - H 7.2;59.4:12.9

From ﬁlﬁéaa%ﬁﬂéJWﬁqmlon of grafted natural

rubber was 7099C and 30 psig whxch gave h1gh monomers conversmn, grafting

pan. PPN 2] 5
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4.3 Thermal Properties of Grafted Natural Rubber

In this study, Differential Scanning Calorimetry (DSC), was used to obtain the
Tg of the grafted natural rubber. Figure 4.17 shows DSC thermogram of the grafted
natural rubber polymerized at 70 °C and pressure of 30 psig. The DSC measurements

showed that Tg of natural rubber was at -57.4 °C and single narrow transitions

exhibited at 97.1 °C, whic »/ndom copolymers of styrene and
acrylonitrile.[26] : v '

iR
- . ‘$:3E1::-ctw porpll
i ﬂ'HEJ’mEmﬁWEJ']ﬂi

ture I'C

INSTRUMENT | NETZSCH DSC 200 SAMPLE: Copol styrene-acrylonitrile 29.300 mg MODE: Dynamic

FILE: PATCHAIS.DAT REFERENCE: Empty 0.000 mg RANGE: -150 °C/20.0/200 °C
IDENTITY: 895 SENS-FILE: SN10.5NS SEGM: 111

DATE/TIME: 08.08.96 10:53 CORR-FILE: - . CRUC: Pan Al, plerced lid
LABORATORY: STREC REMARK: 2nd heating ATMOS: N2,15;
OPERATOR: SOPA CORR: ___000/Rg500 uv

Figure 4.17 DSC thermogram of the grafted natural rubber : polymerization at 70 °C,
30 psig. for 8 hours.
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4.4 Mechanical Properties of Thermoplastic Blends

For the preparation of a thermoplastic blends, the grafted natural rubber was
blended with SAN. The graft copolymerization of styrene and acrylonitrile on natural
rubber latex was carried on at 70 °C 30 psig for 8 hours. After the addition of 1.0 part

of a phenolic antioxidant, the graft latex was coagulated, then casted and washed.

(o]

Finally, the grafted rubber shee lv] C in vacuum oven. The grafted
2'S ’ = 127,100, M,/M, = 1.86) at

various ratios and 0.1 W @s mill. The blend was then

Table 4.7 and Fig A7 illustrate the ef Foct f the grafted natural rubber

natural rubber was blended

content on the mechanigal p oftes. nechanical properties decreased with
increasing the grafted ‘ . may be attributed to the
process of blending of The process of blending
consisted of three steps. he grafted natural rubber with
The second step was to cut the sheet
into small chips by cutting ma;)yfel The thire ‘Step was to obtain the standard bar and
the sheet by injectigrt molding at n eritri 0 20 °C. Therefore, some

portion of rubber the color of the sample was

abber content, the lower the

The more grafted natural

mechanical pr m

@ru ﬁﬁ(ﬂ?ﬂﬂﬂg c]ogmes for using in the
plastic indus Their_prop ﬂi e obtained-by dditives. The
prope\'&ﬁy ﬁm%sp mm’lﬁymﬂ because the

preparatlon of these thermoplastic blends were performed without additive adding.

observed at each step:
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Table 4.7. Effect of grafted natural rubber content on the mechanical properties
of the thermoplastic blends.

Property ASTM Blending of graft NR : SAN SAN ABS
Test
method  20:80 30:70 40: 60 50:50 (120PC) (MH-3)
Tensile strength, D634 31.0+0.7 30,9404 236+03 20905 514+11 325+04

MPa J
Elongation at D634 2 T8 +05 84102 1.7+02 24101
break (%) —

1zod notched D256 ( 409 127702 167407 6505 520426
impact | AN

strength J/m
Rockwell D785 _h.ad o) 157208\ 70 06 694105 844304 77203
hardness, R-scale

)

 AusIneninenns
RN TUNNINYINE
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Figure 4.18 Effect of grafted natural rubber content on mechanical properties of
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