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APPENDIX A ®

The grafted natural rubber could be separated from the products of
emulsion polymerization by the extraction with suitable solvent [16]. In this
work, the extraction time of free polymers (e.g. SAN, ungraft rubber) from
graft natural rubber was studied. Table A and Figure A show the time of

extraction. The appropriate extraction time was 24 hours.

Table A. Extraction time of the free polymers.

time (h.) Weight of sample (g) Weight of sample (g)
: extracted by LPE : extracted by DMF
0.0 2.355 1.303
6.0 1.752 1.230
12.0 1.502 1.212
18.0 1.364 1.182
24.0 1.303 1.173
30.0 1.303 1.173
2.500
e, —o— Weight of sample ; extracted by LPE
% 2.000 A 1.752 —&— Weight of sample ; extracted by DMF
[3)
g 1.500 + - 1.364 1.303 1.303
e B g 20y —= —=
S 1000 4 1.230 1.212 1.182 1.173 1.173
&
§ 0.500 +
0.000 t t t +
0.0 6.0 12.0 18.0 24.0 30.0

Extraction times of free polymers (h.)

Figure A. Extraction time of the free polymer.
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APPENDIX B

Calculation of Monomers Conversion [18]

The monomers conversion is defined as the mass of SAN formed (graft
and free) divided by the initial mass of monomers. The definition of

conversion of monomers is

SAN formed
initial mass of momomers in sample

conversion =

Calculation of Grafting Efficiency [18]

The grafting efficiency is readily defined as the mass of the grafted SAN
divided by the total SAN produced. The definition of grafting efficiency is

weight of graft SAN

grafting efficiency = ' .
weight of free SAN and free NR + weight of grafted SAN

Calculation of Graft Ratio [18]

The graft ratio is defined as the mass of grafted SAN per unit mass of
backbone polymer. The definition of graft ratio is

weight of grafted SAN
weight of backbone cis — 1,4 — polyisoprene

graft ratio =



Table B. Effect of emulsifier concentration on the degree of monomers conversion and the grafting efficiency.

Testing of % DRC of natural rubber Calculation for degree of monomers conversion Grafting efficiency
Emul | Samp. (DRC : dried rubber content)
(% Wt) No. | wtof latex | wt of dried % DRC wt of latex wt of wt of grafted % conversion wt of wt A* | wt B* | % grafting
rubber (g) | rubber (g) NR (g) monomers (g) | products (g) | No1,2 | Avg. | Sample efficiency
1.0 1 10.0 6.04 60.4 - 300 180 246.78 37.10 36.65 | 2.4269 | 2.1021 1.6156 66.57
2 10.0 6.04 60.4 300 180 245.16 36.20
1.5 1 10.0 6.04 60.4 300 180 244.46 35.81 35.22 | 2.8883 2.5405 | 2.4746 85.67
2 10.0 6.04 60.4 300 180 242.33 34.63
2.0 1 10.0 6.04 60.4 300 180 242.93 3496 | 85.05 | 2.7181 | 2.2615 | 1.8896 69.51
2 10.0 6.05 60.5 300 180 243.25 35.14

A*: Graft products were extracted by light petroleum ether at 80 °C for 24 hours.
B* . Graft products were extracted by light petroleum ether at 80 °C for 24 hours., and extracted by DMF
at 140 °C for 24 hours.

V8
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Table CI. Effect of reaction temperature on the degree monomer conversion and grafting efficiency

Testing of %DRC of natural rubber Calculation for degree of monomers conversion Grafting efficiency
Temp. | Sam. No (% dried rubber content)
(°C) wt of NR | Wt of dried % DRC | wt of latex wt of wt of grafted % conversion wt of wt A wt B % grafting
(2 NR (g) NR (g) monomers (g) products(g) No 12 | Avg. Sample efficiency
30 1 10.0 6.05 60.5 300 180 226.82 26.01 25.02 | 2.0128 1.5636 | 1.4961 74.33
2 10.0 6.04 60.4 300 180 223.25 24.03
40 3 10.0 6.04 60.4 300 180 231.41 28.56 27.77 2.7300 | 2.1879 | 2.0573 75.36
4 10.0 6.04 60.4 300 180 226.56 26.98
50 5 10.0 6.05 60.5 300 180 283.00 5740 | 58.72 | 2.7266 | 2.2760 | 2.0633 75.67
6 10.0 6.05 60.5 : 300 180 288.07 60.04
65 7 10.0 6.05 60.5 300 180 244.64 35.91 | 85.22 | 2.8883 | 2.5405 | 2.4746 85.67
8 10.0 6.05 60.5 300 180 242.15 34.53

A* : Graft products were extracted by light petroleum ether at 80 °C for 24 hours.
B* : Graft products were extracted by light petroleum ether at 80 °C for 24 hours., and extracted by DMF
at 140 °C for 24 hours. :

c8
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APPENDIX CII

In this research the GPC method was chosen for determination of the
molecular weight of free SAN ; in tetrahydrofuran at 30 °C. The details are as

follows :

Detector 1 Calibration report

METHOD NAME : DEMO METHOD 1

Calibration Type : Narrow Standards

Curve Type : 6th Order

Equation of Curve : log MW = -537E+03 + 1.24E+03*R - 1.18E+02*R’ + 5.9SE-00*R®

-1.68E-01*R* +2.51E-03*R° - 1.56E-05*R®

Correlation Coef . = 0.99997095

Std Err of Estimate : 0.00000000

Calibration Points

Ret time Specified Calculated Valid

(min.) Molecular Wt Molecular Wt
21.17 5484000 5482373 Yes
24.09 1090000 1089497 Yes
28.25 190000 191194 Yes
29.45 96400 95264 Yes
31.02 37000 37620 Xies
3217 18100 17918 Yes

32.92 9100 9156 Yes
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Appendix CIII
Calculation of Graft Frequency [18]

The graft frequency is the number of backbone polymer repeat units
between graft chains. To obtain this we first calculate the number of graft
chains per backbone chain. For 37.5 g of grafted SAN at an M, of 316,912
(via Table 4.5) and 130 g of grafted cis-1,4-polyisoprene at an M, 135,702
(via Table 4.5), one chain of cis-1,4-polyisoprene has 1,995.6 (135,702/68)
repeat units. Hence the total number of grafted SAN chains is (3,705/316,912)
x (Avogadro’s number) or 1.18 x 10* x (Avogadro’s number). The total
number of grafted cis-1,4-polyisoprene chains is (130/135,702) x (Avogadro’s
number) or 9.58 x 10 x (Avogadro’s ngmber). The number of grafted chains
per backbone chains is (1.18/9.58) = 0.12. The number of repeat units of
rubber backbone per one of grafted chain is (1,995.6/0.12) = 16,630.
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APPENDIX D

Table D1. The ratio of acrylonitrile and styrene in free SAN calculated from
the specific peak area of FTIR spectra.

Reaction Temperature Peak area at Styrene/Acrylonitrile
(°C) 1510 cm™ 2238 cm”
30 3.165 3.133 50.3 : 49.7
40 3722 1733 68.5:315
50 3.817 2.960 56.3 :43.7
65 3.465 1.397 1131287

Table D2. The ratio of acrylonitrile, isoprene and styrene in graft natural
rubber calculated from the specific peak area of FTIR spectra.

Reaction Temperature Peak area at Isoprene/Styrene
O 810cm’ 1510 cm’ 2238 om® /Acrylonitrile
30 13.412  1.065 1.054 86.4: 69: 6.8
40 21.044 4932 2.270 745:17.5: 8.0
50 8355 1.745 1.353 729:152:118

65 ; 5.230 1.176 0.474 760:17.1: 69




Figure D.1 FTIR spectrum of free SAN extracted from the products of graft
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Determination of Copolymer Compositions of CHN\O Method

Exainnle of Calculation

1) For graft natural rubber : from Graft Copolymerization at 50 °C

Assume A:I1:S
(CsH3N) Acrylonitrile
(CsHg) Isoprene
(CsHg) Styrene

From CHN\O method C:H:N
Carbon C=[3a+5b+8c]x 12
Hydrogen H =[3a+8b + 8¢c] x 1
Nitrogen N = [a] x 14

From Eq 1.3 a

From Eq 1.1 0.372 + 5b + 8¢

From Eq 1.2 0.372 + 8b + 8¢

5b+ 8¢

8b + 9¢

(1.4) x8 8 x (5b + 8c¢)

(1.5) x5 5x(8b+9c)

(1.6)-(1.7) 64c - 40c

c

From Eq 1.4 5b+ 1.509

b

a+Botic = 0.124 + 1.077 + 0.189
2:hoe

a:b:c mole %
a[C;H;N]

b[CsHg]

c[CgHs]

87.22:10.50:1.73
87.22 gm (1.1)
10.50 gm (1.2)
173 gn (13)
0.124

7.268

10.50

6.896 (1.4)
10.128 (1.5)
55.168 (1.6)
90.64 (1.7)
4.528

0.189

6.896

1.077

1.39
8.9:77.5:13.6 mole %
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2. For Free SAN : from graft copolymerization at 50 °C

Assume A:S = a : b mole %
(C3H3N) Acrylonitrile = a[C;H;5N]
(CsHg) Isoprene = b[CsHg]

From CHN/O method C H N = 8553 170 662
Cartbon C = [3a+8b] x 12 = 85.53 gm. (2.1)
Hydrogen H = [3a+8b] x 1 = 7.70 gm. (2.2)
Nitrogen N = [a] x 14 = 6.62 gm. (2.3)

From Eq(2.3) a- = 0.473

From Eq(2.1) ‘ 3a+8b. = 7.218

8b" = 7.218 - 1.419
b = 0.713
ath = 1.96

a:b = 39.5:59.6 mole %



Table E. Analysis of CHN\O in free SAN and the graft natural rubber.

Reaction Temperature (°C)  Sample No. Free SAN Graft natural rubber
%C %H %N %C %H %N
30 1 82.20 8.04 6.46 86.50 11.04 1.07
2 82.08 7.69 6.26 86.76 11.44 0.98
3 - - - 86.58 11.25 0.92
Mean 82.14 7.87 6.36 86.61 11.24 0.99
40 1 86.12 7.47 4.25 87.65 10.99 1.13
2 86.09 7.54 4.29 87.55 10.84 1.21
L Mean 86.11 7.51 427 87.60 10.92 1.17
50 1 85.36 7.51 6.64 87.33 10.55 1.74
2 85.70 7.88 16.59 87.10 10.44 Wl |
Mean 85.53 7.70 9.62 87.22 10.50 173
65 1 86.58 8.00 421 87.46 10.13 0.98
2 86.31 7.68 4.23 87.52 10.28 0.98
Mean 86.45 7.48 4.22 87.49 10.21 0.98

<01



103

'SIN0Y § 10} D, O€ I8 uonezuawAjod : 12qqni fernjeu JYeid Jo werSourdy) DS ‘[°d 4nsiy

0.5 ¥ZL: dpi
J.0°8LL: jesuo
uopisues ssejb

(M.6)rso 0 :dojep

Q. 1601 © 3dpus

0.6 £01: dyut

0. €' 501 dpiw

Qe P LOL ¢ J8SUO

uolysuey sselb

An oonnEoS D, 00€/0°04/0. 054+ L G661 50ZL 00622 L SIV ZLY3VHD ZLY3IVHO z
|___ANOQCOM/000 | D, Q0E/Q'04/D, OGL- LIL S66L G0 4L | 0062z | LSV | 1ONIOJANIIVHO PANITYHD b
HH0D 3ONVY INIWO3S 31va BW/SSYW FIdAVS ALIINZQI EXE] #
0./ 9imessdwa]
o5t 004 0 ; 0 0s- 004~
-Se0-
o (48)rso 0 :dojep
NG 2.6 921 1dpus
iy, 0 0.9 ¥ZL : dpur OL6)r 10" 0 :dojep L oco-
o B € 2.9 021 1dpiw 0.0° 601 : dpud
. N 2.6 pLL: Jasuo Q. ' S0L & ddypu
R uonisues sse|b 2.9'90L ! idpiw
R ags-" 1 0.2 ¥0L : 19sUO
S—— N uopsuey ssej
s i OLBNF Ly 0 :do1op
=% . .Z' 66+ idpue
< N[ AN 2,265 ..av L5
s e 523 A 0.9' 19~ dyu -SZ'0
(M.6)r 50" 0 :d29p X i 2.6°29-: dpjw
2.0 LEL: 1dpus N1 o -5 29"
ity g - 0.6°69-: 19sU0
e 6°6Z1L Wyt e uopisuey sse|f

020~

FSLo-

(B)ror 0 :ddjep
. L 19~ dpus
0. € €9~ dyu
0.5 ¥9-: Wpw
Qe ¥ L9~ J9SUO
uopisuey sse|b

0x9,

FOLo-

Bw/mw/ 0sa

sisjeuy [ew.ayl HQWO NBqaIRIeD-HOSZLIIN

4 XIANAddV



104

'SInoy g 10J D, O Je uonezidwAjod : 19qqni [emyeu Jeis jo werSounoy HS ‘7 24ndiyg

An 00584/000 04 00€/0°04/, 051~ L S66L60°8L | 00€ZZ | ZON Z10dWHITVHO YZHIVHO | T
E@FL&EEFILF'E:II 0087z | Nd 2oy EwHy |y
¥¥O0D IONYYH IN3WO3S 31va W/SSYW 31dAWYS ALIIN3QI A | #
./ 0Jmeladwa
ost 00t 0s 0 05-
TR
(1B)rzo 0 :dojep -SE0"
0.€' 821 : 1dpua
o VAR -T AR 11V (M.6)r 90" 0 :d2ap
0.8°9ZL: idpiw 2. 7' 801 : 1dpua
Q. £°6Z1 : j9suo D L' E0L & dyul
uopisuen sse|d 2.6° €04 1dpiw
0.£66 @ 19sU0
& (MB)r ¥e* 0 :ddjop skl
ol i1 0.9 19~ 1dpus
(.6)/r L0 0 :dojep = 0.5 €9-: Wdyut
. 8' 921 : idpus 2.1 $9-: Wpw
[ VAR 74 TV 0.9°99-: j9suo
0.2'6ZL: ¥Wpiw uopsuen sse|s
0.9'€2ZL: j98uU0 O1LBUrsL 0 :dojep !
uopisues ssejd D L'L0L: idpus -S20"
RV [ TR 1TV
Qo L 1O © 3dpI
0.,2'66 '@ 18suo
uonisuen sse|f
(1.8)r 5e° 0 :doop Eadd
0.6°09-: 1dpus
0.9°29-: Wdyu
Q.2 €9-: idpiw
0.9°99-: j9suo
uopisuen sse|b
LSL0-
ox3 |,
Bw/mws 9sQ

siskjeuy [BWIBYL HQWD NeqaIesa0-HOSZLIN



105

'SIoY § 10J D, 0§ I uonezuowAjod : 1oqqnI [ermeu PYeid yo werdoundyy DS ‘' ISy

-

AN 00565/000 Do 05L/0°04/0, 004~ [ S66L'S0TL 008'LE ¥d ZEI9leYd ZEY3VHO z
|__ANQ0SOM/000 | D, Q08/0°0L/0Sk- | i/ | Se6L'SOTL 9°LE 3y € loduejeyd EWNIIVHO I
¥H0D IONVYH INIWO3S 31va w/SSYW 3dWVS ALIIN3QI ERLE] #
Do/ 8iMeladwa]
0st 00t 0s 0 0s-
- Moo S - GE'0-
/11, (B¥rzo o :dojep
e 0.8°2ZL : 1dpua "
e L7121 idyui %k 1
2.2 4ZL: 1dpiw (MB)r 110 :dd1ep
0.9°0ZL : 19su0 2.0 »0L : 1dpua
Do 5 i uonisues sse|b . L7 00t - dyu
e W Y 2047001 ¢ 1P
[~ 74 " 0,2796 ® esuo -ogo-
s 4 \|.// uonisue) sse|b
(1.8)r00°0 :doop p
Qo ¥ izl Wpue el (8)r 92' 0 :do1op
006" LZL ! ¥dyur il e
6 1zt gaece 1| 0.9'29-: 1dpua
Q.2 121 wpw |t 3.5 €9~ idyut
0,0 121 : j@suo i B 5 .a. wo.”..%_e. L sz0-
Y i ey 00219~ 1esu0
(M.6)/r60° 0 :dojap o uonisuen sse|b
0, 0" 201 © dpua
006" pOL & 3dyur
Ou b’ $OL: dpiw
Do L7L0L : 13sUO
uonisuen sse|f
: -0Z0"
i
(.6ur 8z 0 dojep 1|
0.8°09-: idpue /.\
0. € ¥9-: Wyur g
9,2°€9-: wWpw /
0.9°69-: 19suo 1o
uonisuen sse|s oxa,
Bw/mws 9sa

sishleuy [ewsyL HQWO Neqalessn-HOSZLIN



NETZSCH-Geratebau GmbH Thermal Analysis

DSC /mW/mg

M exo

glass transition

onset :-66.1°C
midpt :-63.2°C
infipt :-62.3°C
endpt :-60.4°C
delcp: 0.37 J/(g*K)

-0.154

-0.20 1
S
~—.
\\

glass transition
-0.251 onset :-66.4°C

midpt :-64.2°C

inflpt :-62.8°C

endpt :-61.9°C
delcp: 0.34 J/(g*K)

glass transition

onset : 98.7°C
midpt : 105.1°C
inflpt : 111.1°C
endpt :111.5°C
delcp; 0.05 J/(g*°K)

glass transition

onset :123.8°C
midpt : 124 .9°C
infipt : 125.4°C
endpt :125.9°C
delcp: 0.01 J/(g*K)

glass transition
-0.30 1 onset :100.4°C
midpt :105.8 C : 8
inflpt : 109.6 °C glass transition
endpt :111.2°C onset :122.7°C
delep: 0.11 J/(g*K) midpt :123.2°C
inflpt : 123.5°C
0.5 endpt :123.6°C
: delep: 0.01 J/(g*K) X
\Q
-50 0 50 100 150
Temperature /°C
# FILE IDENTITY SAMPLE MASS/mg DATE SEGMENT RANGE CORR
T CHALER42 chalerd2 TR 20.100 17.05.1995 171 -150 *C/0.07/300 °C 000/Rg500 u
2 CHALER43 CHALERMPOL4 TR 20.100 17.05.1995 111 -150 *C/10.0/300 *C 000/Rg500 uv

Figure F.4. DSC thermogram of graft natural rubber : polymerization at 65 °C for 8 hours.

901
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APPENDIX G

Table G.1 Tensile strength of thermoplastic blends at various ratio of

graft NR and SAN.
Graft NR Specimen Width Thick Tensile Strength  Elongation at Break
/SAN (mm) (mm) (MPa) (%)
20:80 1 12.56 3.26 448 5.0
2 - 1256 3.26 44.6 4.0
Mean 12.56 3.26 - 447 4.5
30:70 1 12.45 3.19 23.9 25
2 12.45 3.20 229 24
Mean 12.45 3.20 23.4 2.5
40 : 60 1 12.50 3.20 ' 16.6 3.0
2 12.48 3.20 16.0 2.0
Mean 12.49 3.20 16.3 2:5
50 : 50 1 12.40 316 83 2.0
2 12.44 3.16 93 2.0

Mean 12.42 3.16 8.8 2.0
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Table G.2. Flexural strength and flexural modulus of thermoplastic blends at

various ratio of graft NR and SAN.

Graft NR Specimen Width Thick Flexural Strength Flexural Modulus
/SAN (mm) (mm) (MPa) (GPa)
20: 80 1 12.59 6.17 69.4 2.56
2 12.59 6.16 70.0 2.76
Mean 12.59 6.17 69.7 2.66
30:70 1 12.52 6.22 382 1.21
2 12.40 6.25 38.0 3521
Mean 12.28 6.24 38.1 1.21
40 : 60 1 12.56 6.22 26.4 1.39
2 12.50 6.20 28.4 1.50
Mean | 12.53 6.21 27.4 1.45
50 : 50 1 12.81 6.26 - -
2 12.80 6.28 - -

Mean 12.81 6.27 - -
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Table G.3 Impact resistance of thermoplastic blends at various ratio of

graft NR and SAN.
Graft NR/SAN  Specimen Width (mm) Depth (mm) Impact Strength (J/m)
1 6.33 10.18 314
2 6.25 10.21 34.3
20 :80 3 6.22 10.21 28.4
4 6.18 10.21 17.6
5 6.18 10.21 353
Mean 6.23 10.20 294
S.D. 0.062 0.013 742
1 6.23 10.12 30.4
2 6.22 10.18 26.5
30:70 3 6.17 10.17 23.5
- 6.26 10.17 26.5
5 6.25 10.14 26.5
Mean 6.23 10.16 26.7
S.D. 0.035 0.025 2.45
1 6.18 10.24 25.5
2 6.20 10.24 25.5
40 : 60 3 6.30 10.24 245
4 6.26 10.24 284
) 6.24 10.23 255
Mean 6.24 10.24 259
S.D. 0.048 0.004 1.47
1 6.20 10.05 29.4
2 6.11 10.04 323
50 : 50 3 6.15 10.08 30.4
- 6.15 10.13 274
5 6.14 10.08 294
Mean 6.15 10.08 29.8

S.D. 0.032 0.035 1.78




Table G.4. Rockwell hardness (R-scale) of thermoplastic blends at various ratio of graft NR and SAN.

Specimen No. ; Hardness
Graft NR/SAN 20 : 80 30:70 40 : 60 50 : 50
1 113.6 88.0 44.2 -
2 114.3 86.9 50.7 -
3 115.2 64.9 473 -
B 113.9 93.6 50.8 -
5 114.1 95.1 44.1 -
6 115.6 85.0 59.4 -
7 b 96.3 67.6 -
8 116.7 63.3 60.8 -
9 114.9 89.3 64.2 -
10 115.3 93.5 31.1 -
Mean 114.9 85.6 52.0 -

S.D. 0.96 11.92 11.10 -

oIl
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Table G.5. Heat distortion temperature of thermoplastic blends at various

ratio of graft NR and SAN.
Graft NR/SAN  Specimen Width (mm) Thick (mm) Temp °C

20 : 80 1 6.15 12.55 86.3
2 6.20 12.55 88.7

Mean 6.18 1988 87.2

30: 70 1 6.27 12.53 84.7
2 6.28 12.51 87.7

Mean 6.28 12.52 86.2

40 : 60 : 1 12.54 : 6.20 78.8
2 12.61 6.15 78.4

Mean / /A5 6.18 78.6

50 : 50 1 12.47 6.31 69.1
2 12.39 6.25 72.0

Mean 12.43 6.28 70.6
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