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APPENDIX A

1) Calculation of Monomers Conversion [19]

The monomers conversion is defined as the mass of SAN formed (graft and

2) Calculation of
The grafting offici the mass of the grafted SAN

divided by the total SAN produce he efinitio of grafting efficiency is

graﬂlngeﬁ'l " ‘_"4'7 . weight of graft SAN

free SAN + weight of grafted SAN

The graft ratiom defined as fgrafted @N per unit mass of backbone
polymer. The deﬁmtlonpt;graﬁ ratio is

ﬁ‘%ﬁ‘l’) ] 2|46 by 5

weight ‘pf backbone c1s-1 4-poly1soprene

T8NT It mﬂ’]’]ﬂmﬂﬂ

4) Calcﬂatlon of Graft Frequency [1

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 17.05 g of grafted SAN at an M, of 90,413 (via Table 4.5) and 69.92 g of
grafted cis-1,4-polyisoprene at an M, 137,799 (via Table 4.5), one chain of cis-1,4-
polyisoprene has 2,026.5 (137,799/68) repeat units. Hence the total number of grafted
SAN chains is (17.05/90,413) x (Avogadro’s number) or 1.89 x 10 x (Avogadro’s
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number). The total number of grafted cis-1,4-polyisoprene chains is (69.92/137,799) x
(Avogadro’s number) or 5.07 x 10 x (Avogadro’s number). The number of grafted
chains per backbone chains is (1.89/5.07) = 0.37. The number of repeat units of
rubber backbone per one of grafted chain is (2,026.5/0.37) = 5,477.
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Experiment | product % sample
(€3] conv. (8)

1 120.019 | 325 2.149
2 135.271 495 2:029
3 145.242 60.5 2.120
4 147.979 63.6 2.164
5 145.604 60.6 2.095
6 148.435 63.8 2.079
7 150.192 65.7 2.166
8 154.968 71.0 2.007
9 162.768 79.7 2.124
10 167.779 | 85.3 2051
11 171.078 88.9 2.182
12 170.459 88.2 2.013
13 171.042 88.9 2.163
14 174516 | 92.7 2.084

monomers conversion and the grafting efficiency.

RC = 91.05 gm for exp.5-13; wt. of monomer = 90 gm.

% free | total | free | g-SAN | % grafting

NR SAN | SAN efficiency
302 | 2027 [ B12] 615 26.6
. 233 {4453 13897 1055 31.1
A ',;_ 20.5 | 54.49 | 3939 | 15.10 38.3
11327 209 | 5723 | 41.03 | 16.20 39.5
1.402 209 | 54.55 | 38.64 | 1591 412
1.218~ 142 | 5739 | 4034 | 17.05 423
1303 12.5 | 59.14 | 41.05 | 18.09 44.1
g 11.9 | 63.92 | 43.32| 20.60 47.6
03 4 78 | 4813 2350 49.0
78 | o3 ARSI 2820 58.2
307 6.6 | 80.03 | 50.18 | 29.85 59.5
6.5 | 79.41 | 49.96 | 29.45 58.9
| 64 , 54 | 79.99 | 51.64| 2836 54.9
64 7 | 3% 48 | 8347 | 5334 3012 56.5

Exp.1-4 : 0.5 -2.0 parts by weight of 1mt1ﬂr

Ee YO

Exp.7 : 50° C 40 psig.

Exp.8 : 60 °C 20 psig.; Exp.9 : 60 °C 40 psig., Exp. 10 T09C 20 psig.; Exp. 11 : 70 °C 30 ps1g Exp. 12 : 70 °C 40 psig.

Exp.13 : 80 °C 20 psig.; Exp.14 : 80
*wt A : Graft product were extra

°C 40

Whg

RS HNARYN A Y

*wt B : Graft product were extractéd by light petroleum ether at 80 °C for 24 hours and extracted by DMF at 140 °C for 24 hours.
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Table AIL Effect of initiator concentration, temperature ank

Wt. of latex = 150 gm.; Wt. of DRC = 90.75,,

Experiment | grafted | grafted | graft
NR NR ratio
Products
1 60.71 54.56 0.11
2 6974 59.18 0.18 9
4 76.05 60.95 0.25
4 76.04 59.84 (0247
3 76.59 60.68 0.26
6 86.96 69.92 0.24
7 90.35 72.26 0.25
8 93.27 72.67 0.28
9 99.55 75.95 0.31
10 106.26 78.04 0.36
11 109.53 79.68 0.37
12 109.49 80.04 0.37
13 110.23 81.88 0.35
14 112.88 82.76 0.36

Exp.1-4 : 0.5 -2.0 parts by weight of initi
Exp.5 : 50 °C 0 psig.; Exp.6 : 50 °C 20 psig.; Exp.7 : 50 °C 40 psig. .

Exp.8 : 60 °C 20 psig.; Exp.9: 6
Exp.10 : 70 °C 20 psig.; Exp. 11 :
Exp.13 : 80 °C 20 psig.; Exp.14 : 80 °C 40 psig.

_
,,/-
7

7/,

| W%qy

=91.05 gm for exp.5-13; wt. of monomer = 90 gm.

o

VR
r 1;
137

137,799

137,799 2,026.5

noofg- | noof NR | graft per graft
SAN backbone | frequency

2.94E+19 | 2.38E+20 0.12 16,888

6.48E+19 | 2.59E+20 0.25 8,106

9.96E+19 | 2.66E+20 0.37 5,477

2, 1'&\" 1.27E+20 | 2.61E+20 0.48 4222
2,026.5 | 1.04E+20 | 2.65E+20 0.39 5,196
2,026.5 1.13E+20 | 3.05E+20 0.37 5,477
1.36E+20 | 3.16E+20 0.43 4713

1.45E+20 | 3.17E+20 0.46 4,405

1.72E+20 | 3.32E+20 0.52 3,897

,02 r 2.29E+20 | 3.41E+20 | 0.67 3,025

2.92E+20 | 3.48E+20 0.84 2,413

2.59E+20 | 3.50E+20 0.74 2,739

2.01E+20 | 3.58E+20 0.56 3,619

2.19E+20 | 3.62E+20 0.61 3322
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APPENDIX B

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 repo
METHOD NAME
Calibration Type

Curve Type
+02*R + 4.33E+01*R?
% 5.91E-01*R* - 2.73-02*R’

Equation of Curve

Correlation Coef

Std Err of Estimate : 0 3259 00
Calibration Points —
Ret time y— pecified alculatc Valid
(min.) EMO lar Wt 'eculm t
5.28 ' Py 840 000 3,575,145 Yes
o FUH BN INGENT
5.78 1,090 OOQ, 1 070,769 Yes
PRAITIW UM IYEINY =
Yes
7.30 190,000 194,714 Yes
8.10 96,400 94,024 Yes
9.00 37,900 38,650 Yes
9.65 18,100 17,902 Yes

10.11 9,100 9,133 Yes




83
ST
€00 -
]
44
=
15
T
T 4 i A :
0
s M
)
z\
]
a
el -.;rm =
AU ’]ﬂ‘i
08 0.49 nt i€
deteator Foatention Time =
Figure B.1 The éaﬁbmﬁon curve, standard of polystyrene from GPC
chromatograms.




3 .60

3 .40

3 .20

x 1071 yoits

@00

84

SAMPLE: REVISV

Filename : JO3171

v

ANALTSIS PADK

’ ‘: sing £nd : €.
Nuzber of Slices : 23
SIig Width : 10 seconds

FUEIMENINYINT

Molecular Weight Distribution Averages ‘m Yoraalization V(e L7

AR o VN7 VG

1 avg [ Wt avg : 3.062136
I+l Average : 4787777 I+1 avg [ Wt avg : 4.582995

Molecular Weight Distribution Averages (Molecular Weight Noraalization [¥(t) / -d(log M¥)/dt] ):
Ruaber Average : 137739

Weight Avarage : 549795 Polydispersity : 3.989838
Viscosity Average : 549795 Intrinsic viscosity : 0.000000
1 Average : 2050780 T avg / Nt avg : 3.730082
I+1 Average : 413955¢ I+1 avg [ Wt avg : 7.529450
Peak Mazimua:
Slice § : 7

Nolecular Wt : 1081873

Figure B.2 GPC chromatogram of natural rubber.

[astrument : Iastrumeat 1

ProfEssing § . | Baseline Start : 0.00 minutes
9011 || Baseline End : 17.99 minutes




85

A day - 1 I
g i 1

e i mlﬂ” ]Ilunmn»..,-...,.‘.-, 4

ke L T

oo -

L N

x 1071 waits

PLANE 110 I

1B -

e I o s i

1y 0 1 - S

SANPLE: REVIE®

[astrameat : [astruaeat |
Fileaase : 508071

AVALISIS v 1
A ‘I-‘” ‘ Baseline Start : 2.4 ainates

Pro Baseline Ead : 16.4) minutes

- "
S i | Slice ¥idtd : § secon : u
elimtin : Narrow Staadards

= L

AUHINYNINYINT

*tlllt Teight Distribution Averages (Ares Normalization [¥(t)]):
Nusber Average : llill#

: : Teight dverage : 15750 . S9lydispereity.: 6.011183
i ' Vistdsi . ring ity 0.000000
| erags : ‘ 1 ag avg @ 5414075
‘ 151 Average : ! 1+ avg a0, 221175
q Xolecular Weight Distribution Averages (Nolecalar Weight Norsalization [W(t) / -d(log ¥¥)/dt] )
Namder Average : $5310

Teight Average : 364018 Pelydispersity : 6.581566
Yiscasity Average : 164028 Tatrinsic viscosity : 0.000000
2 Azerage @ 3529887 Tavg /Wt arg : 9.696744

T+l Average : 1443327 . Il avg [ Wt avg : 20.448497

Peak Narimum:
Slice § : IS
Nolecalar Tt : 205365

/

Figure B.3 GPC chromatogram of free SAN extracted from the products of
graft copolymerization at 0.5 % by weight of initiator
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ARALYSIS PARA v

Miseline Start o 2.8¢ zirstes
|

faselise End @ 16,00 rinutes
AF

§ :e t.d.h § seconis

fﬂﬁﬂﬂﬂﬁwaﬂni

DETENRO| 1‘]
Kolecular Feight Distributign Averages (h‘lomhu'.on (L8 l‘)

QAR NI NEANS

Wiy,
131 hverage @ 1312110 Teloavg [ W avg @ £.4365%

¥alecular Weight Distribution Avirages (Molecular Feigat Kersslizstion ot 1 -é(leg Ha)dt] ):
Kuzber Average @ 4847
Toighe tversge ;

i viscosity @
T buetape ¢ 2avy T enz

1+t Bverege @ T3¢

Feat Varimue:
¢ Siized s 15
oleteiar 8% ¢

Figure B.4 GPC chromatogram of free SAN extracted from the products of
graft copolymerization at 1.0 % by weight of initiator
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SANPLE: REVIEV 2 e ;
Nethod : Sg—rc—or i Tnstruzest : Instruzeat |
Acquired : -AUG- 17 1P Fiieaaae : 508073
v “AV - :

ALY 1S PAAMKETARS:

Nuaber of Slices : 3§

(] lilti § seconds

xﬁ Narrow Standards

ﬂumwﬂmwmm

lolc ar leuit Distribution Avmm Em Normalization (1(!
Naaber Average :

A EERI 1) VR

1! Average : 718357! T+l avg / Tt avg :

Nolecalar Teight Distribution Averages (Volecalar Weight Noraalization (7(t) / -4(log N¥)/dt) ):

Nuzber Average : 46716

Teigat Average : 1549389 Paiydispersity
Viscasity Average : 264389 fatriasic viscosity
1 Average @ iGN Tavg /Tt an

I+1 Average : 7459075 1] avg / T ang

Peak Nariaua:
Slice ¢ : 15
Nolecular Wt : 136350

137 . aseliae Start :
Pracessing End | Baseline Ead :

1M ainates
16.43 zinutes

113
000
1

12 15159

: 5.672351
: 9.200320
: 12,94:515
: 28.136343

Figure B.5 GPC chromatogram of free SAN extracted from the products of"

graft copolymerization at 1.5 % by weight of initiator




Figure B.6 GPC chromatogram of free SAN extracted from the products of
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o et s -
ANALYSIS PARAER) A

ach: Baseline Start :
drogessing £ | Bassline Ead :
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Lice Tidth : § seconds 2

cn‘l“ : Marrow Standards o

AUEMINI NN

Xolecalar Weight Distribation Aurml"lm Norzalization llm: o/

Qq W SR 197D V0bty

Il Averags : 183509 Tel avg [ Tt avg :

Nolecalar Veight Distribation Averages (Nolecalar Veight Noraslization [¥(t) / -d(log M¥)/dt] ):
Nuaber Average : 43020

Teight Average @ 137487 Polydispersity :
Viscosity Average : 237437 iatrinsic 7iscosicy :
1 Azerage : 3615303 Lavg [ Wt ang:

I+] Average @ 1580329 Ivl avg [ Wt avg :

Peak Marimua:
Slice § : 17
Nolecular Wt : 95656

graft copolymerization at 2.0 % by weight of initiator

1.44 ainutes
16.4) minates

12.365253

530440
0.9G0000
15.267418
31334753
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SAMPLE: REVIEW . -
[astrament : Iastrusear |
Filename : §08265
ANALYSIS PARKE
aZss Baseline Start : 2.83 eiaates
rogessing Eaf ¢ | Basaline End : 17.62 minutes
Nugbek of Slices : 16 i
lice Width : 10 seconds
« : iﬁl,' ] roﬂlﬁrn s ’] i
K lomlln Veight Distribution Averages:(Area Normelization (lﬂ):
I - Number Average : 92 ‘ 2 u
J ) 1 1 olydisp y o1 162415
| s ylAveRage o 1 trinsic wis y £ 0.000000
| Tihverage v | . i avg [ Wooavg @ [.14968)
q 1+1 Average : 143287 I+1 avg [ Wt avg : 1.335517
Nolecular Weight Distribution Averages (Nolecular Weight Normalization [9(t) / -d(log w¥)/dt] ):
Nusber Average : 92199
Veight Aversge : 107290 Polydispersity : 1.162¢(5
Viscosity Average : 107230 Intrinsic viscosity : €.000000
T Average : 123349 Tavg [ Wtavg @ 1.14968)
I+1 Average : 143287 T+1 avg / Wt azg : 1.335517

Peak Narimua:
Slice ¢ : 7
Nolecular Wt : 90979

Figure B.7 GPC chromatogram of free SAN extracted frqm the products of

graft copolymerization at 50 °C 0 psig..
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SANPLE: REVIEV
A Instruseat : lastrument |
Asquired : Ll 7 Filenaae : 503261
te : ipeiat
WP e % v

Duration.c00; 000" giget
: LAy

Vadess e
4*‘- L) ‘[ elige Start @ 2.8% mimutes
0 - Baseline End : 17.62 minutes

ANALYSIS P

Nua ! of
fice Width : 10

i

c:lintlon Narrow Standazé

ot ANHNINEINT

Nugber Average : 90413
Veight Average : 107030 1 Polydispersi€y<'1.123785

G BEER N7 e

Nolecular Weight Distribution Averages (Molecular Weight Normalization [W(t) / -d(log 7)/dt] ):
Nuaber Average : 90413

Weight Average : 107030 Polydispersity : 1.133785
Viscosity Average : 107030 Iatrinsic viscosity : C.00000¢
T Average : 126052 1 avg / &t avg : 1.17782§

I+1 Average : 151545 2+ avg | Wt oavg @ 1.415320

Peak Marimus:
Slice # : §
Molecuiar Wt : 87325

Figure B.8 GPC chromatogram of free SAN extracted from the products of

graft copolymerization at 50 °C 20 psig.
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Instruzent :
Filename :

Baseline Start :

TUEINE AR

Veight Average : 95291
Viscosity Average : 9!19!

’Q W’;lﬁi.ﬁﬁ?ﬁﬁl AN e

Number Average :
Teight Average : !519[
Viscosity Average : 95291
1 Average : 109630
T+ Averzge : 126742

Peak Narimua:
Slice § : 1

Molecular Wt : 8431

Figure B.9 GPC chrbmatogram of free SAN extracted from the products of

graft copolymerization at 50 °C 40 psig.
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Intrinsic viscosity :
1avg [ Wt avg :
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Iastrusent !
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2.88 siautes
11.62 ginutes

1.187342
0 000000
150486
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1.187842
0.000000
1.150436
1.330058
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lole“u Veight Distribution Averages (Area Normalization [¥(t)]):
Number Average : 8530 é -

R FIEIE UV HERS

Nolecular Weight Distribution Averages (Molecular Weight Normelization [¥(t) / -d(log N¥)/dt] Je
Nusber Average : 85303

1.3 minutes
17.52 minutes

v/
: 10
00
1 1¢
: 1.385528

Weight Average : 101969 Polydispersity : {.185370
Viscosity Average : 101969 Intrinsic viscosity : 0.000900
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Figure B.10 GPC chromatogram of free SAN extracted from the products of

gréﬁ copolymerization at 60 °C 20 psig.
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Figure B.11 GPC chromatogram of free SAN extracted from the products of
graft copolymerization at 60 °C 40 psig.
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Figure B.12 GPC chromatogram of free SAN extracted from the products of

graft copolymerization at 70 °C 20 psig.
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Figure B.13 GPC chromatogram of free SAN extracted from the products of

graft copolymerization at 70 °C 30 psig.
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Figure B.14 GPC chromatogram of free SAN extracted from the products of

graft copolymerization at 70 °C 40 psig.
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Figure B.15 GPC chromatogram of free SAN extracted from the products of

graft copolymerization at 80 °C 20 psig.
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Figure B.16 GPC chromatogram of free SAN extracted from the products of

graft copolymerization at 80 °C 40 psig.
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APPENDIX C

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

Pressure Styrene: Acrylonitrile
(psig)

0 34.7:65.3
20 44.1:55.9
41.6:58.4
36.9:63.1
) ‘ 39.1:60.9
30 . ‘\ 35.6:64.4
40 ) 0.391 46.6:53.4
417.796 36.7:63.3
837 33.9:66.1
72 33.7:66.3

”
i
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Table CII. The ratio of acrylonitrile, isoprene and styrene in grafted natural

rubber calculated from the specific peak area of FTIR spectra.

ﬂ‘lJEJ’J‘VlEJﬂﬁWEJ’]ﬂi

Pressure Temp. Peak area at Isoprene:Styrene
(psig) (°C) 810 cm™ [ 1510 cm™ | 2238 cm! :Acrylonitrile
0 50 165892 | 155218 | 8258 75.5:8.5:16.0
20 50 N7 171.309 69.3:13.5:17.2
60 , L TIS U2 73.9:10.9:15.2
70 | 1818441164.481 58.7:15.3:26.0
80 "*‘%\H 63.2:14.4:22 4
30 70 7/ / f !;£ &\ 880 | 55.1:16.0:28.9
40 50 ; I-'l A ‘ ‘\‘\ 969 65.4:16.1:18.5
60 ?i‘ ?\\\ : 75.5:9.0:15.5
70 : \ 5.419 55.0:15.2:29.8
80 58.2:14.1:27.7

quﬂﬂﬂimﬂﬁﬂﬂﬁﬂﬂﬁl
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Figure C.2 FTIR spectrum of grafted natural rubber extracted from the products
of graft copolymerization at 50 °C 0 psig.
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Figure C.4 FTIR spectrum of grafted natural rubber extracted from the products
of graft copolymerization at 50 °C 20 psig.
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Figure C.6 FTIR spectrum of grafted natural rubber extracted from the products

of graft copolymerization at 50 °C 40 psig.
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Figure C.8 FTIR spectrum of grafted natural rubber extracted from the products
of graft copolymerization at 60 °C 20 psig.
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Figure C.10 FTIR spectrum of grafted natural rubber extracted from the products
of graft copolymerization at 60 °C 40 psig.
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Figure C.12 FTIR spectrum of grafted natural rubber extracted from the products
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Figure C.14 FTIR spectrum of grafted natural rubber extracted from the products
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APPENDIX D

Table D. Compositions of grafted natural rubber by CHN\O analyzer.

Pressure C:H:N
(psig)

0 —st) -—-b 84.95 :10.05 : 3.72
20 :9.90: 3.81
909 323

:9.54 :5.38

VT4 4,98

30 928 5.%2
40 85.55:10.08 : 3.90
84.38:9.86:3.45

83.57:9.64 : 5.29

8187 :925:5.16
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Determination of Copolymer Compositions of CHN\O Method

Example of Calculation
1) For grafted natural rubber : from graft copolymerization at 50 °C 20 psig.

Assume A:I1:S = a:b:cmole %
(C;HzN) Acrylonitrile = a[C;H3N]
(CsHs) Isoprene b[CsH;s]
(CsHs) Styrene c[CsHs]

From CHN\O meth( | AN 84.33:9.90: 3.81

8433 gm (1.1
Hydrogen H "= Be] X AN - 990 gm (1.2)

Nitrogen N . 381 gm (1.3)

From Eq 1.3 0.27
From Eq 1.1 7.03
From Eq 1.2 9.90
6.22 (1.4)
A 8b+8c =909 (1.5)
(1.5) - (1.4) NS 87 (1.6)
) =¥ o6
Form Eq 1.1 ¢ 2.0.81+5(0
ﬂuﬂqwﬂhiwgwnﬁ
a+b+c 0.27 +0.96 + 0.18 4 1.41

Q‘N'}Mﬂ‘im ANV BB b e




APPENDIX E

Table EI Tensile strength of thermoplastic blends at various ratio of grafted NR and
SAN.

Tensile Elongation at

Graft NR  Specimen th ek
: SAN mm) (ot - Strength Break (%)

231
2.28
2.42
2.39
2.76

20 : 80

Mean ‘ v+ A 1 3¢ 2.47
rert
SD b = ;._.- ; 0.18

12.04
13.13
3 13.88
13129 11.48
31.14 10.24

ﬁWEJ’JVIEJVIﬁWEJ’]ﬂsﬁ 1215

037 o 1.27

30:70

11.21
10.31
995
10.23
9.84
10.31
0.48
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Graft NR  Specimen Width Thickness Tensile Elongation at
: SAN (mm) (mm) Strength Break (%)
(MPa)
50:50 1 13 33 21.32 8.45
2 13 3.5 20.68 8.09
3 f 20.05 8.73
4 20.81 8.20
5 2137 8.56

Mean _20.85 8.41

0.54 0.23

SAN
(120PC)

1.89
1.41
1.81
1:57
7 1.63
‘Mean 23 £ ' ' o

2.34
2.44
2.29

FHJEI’J %IEWIﬁs‘W T

335 & 32.00 225

ww«mmmumwmaa 244

ol 0.11

(MH-3)
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Table EII. Impact resistance of thermoplastic blends at various ratio of grafted

natural rubber and SAN.

Graft NR Specimen Width Depth Impact Strength
. SAN (J/m)

16.73
16.73
16,73
16.73
16.24
16.63
0.23

20 : 80

12.79
11.81
12.79
10.83
12.79
12.20
0.88

30:70

10.16 12.79
0.13 10.16 12.79

0. 60 ﬂummmwami 12.30

@12 a10.16 1249

snm asaﬂifuwwwma 8 1279

Mean 12.69
SD. 0.22
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Graft NR Specimen Width Depth Impact Strength
: SAN (mm) (mm) (J/m)

1 0.16 10.16 15.75

2 0.17 10.16 16.73
50 : 50 3 i1 = 10.16 16.73
4 018 10.16 17.72
5 AT Y 16.73
16.73

0.70

6.89
591
6.89
6.89
591
6.50
0.54

SAN
(120PC)

49.21
54.13
53.15
49.21
54.13
5197




B dness of Graft NR/SAN
A,/ ,E T‘.\;‘ \ \ 50:50 SAN (120PC) | ABS (MH-3)
: ‘ \ 69.0 84.0 775
: 70.0 84.5 77.0
; 70.0 84.5 775
; 69.0 84.0 77.0
‘ 69.0 85.0 77.0
A 69.4 84.4 2
o+ 0.5 0.4 03

ﬂumwmwmm
ammnimummmaﬂ
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