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## 4472400723 : MAJOR CHEMICAL TECHNOLOGY
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WATTANACHAI LUANKEAW: SYNTHESIS OF NATURAL RUBBER GRAFTED
STYRENE AS IMPACT MODIFIER FOR POLY(VINYL CHLORIDE). THESIS
ADVISOR: PROF. PATTARAPAN PRASASSARAKICH, Ph.D., 90 pp. ISBN 974-17-

2116-1.

Graft copolymerization of styrene onto natural rubber in the emulsion process was
studied. A two-level factorial experimental design was applied to determine the main effect on
conversion and grafting efficiency. The variables investigated in this work were reaction
temperature, ratio of styrene and natural rubber and initiator concentration. The two-level
factorial experimental design showed that temperature, ratio of styrene and natural rubber and
initiator concentration have a significant effect on the conversion and grafting efficiency. The
optimum condition of graft copolymerization was found to be at 100 parts by weight of styrene
per 100 parts by weight of natural rubber, 2.0 parts by weight of initiator and at a temperature of
50 °C for 8 hours. The functional group determined by FT-IR and the particle morphology
determined by TEM shows the core-shell structure. The grafted natural rubber could be used as
an impact modifier for PVC. The effect of grafted natural rubber content on mechanical

properties, thermal properties and morphology of polymer blends was investigated.
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Tg, Tg, 1 2
PVC/NR-g-St 5 phr -57.3 93.1 0.06 131
PVC/NR-g-St 10 phr -51.7 90.1 0.11 131
PVC/NR-g-St 15 phr -52.3 94.5 0.13 120
PVC/NR-g-St/MMA (8:2) 5 phr -55.2 88.5 0.06 128
PVC/NR-g-St /MMA (8:2) 10 phr 2588 84.5 0.09 1.24
PVC/NR-g-St/MMA (8:2) 15 phr -52.5 91.4 0.11 113
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MIneaey  guugl  BnIaIu Aty hessau Y% 1530 $ovay @069 UUA  UUB %free  Y%freePS % Grafted % GE
i C) alaude §3i50 1A DRC iffornn  manldou (N5U) NR NR

YNEITUHA (phr) 714 (n5w) (n5W)

1 50 0.5 1.0 50.17 60.03 30.12 51.46 2.02 0.43 0.25 21.39 12.61 66.00 38.58
2 50 0.5 1.0 50.14 60.03 30.10 49.67 2.01 0.47 0.25 23.34 12.40 64.26 37.71
3 70 0.5 1.0 50.05 60.03 30.04 44.97 2.01 0.43 0.24 21.22 11.73 67.05 36.38
4 70 0.5 1.0 50.23 60.03 30.15 43.58 2.00 0.40 0.22 20.05 11.43 68.52 36.17
5 50 1.0 1.0 50.37 60.03 30.24 60.80 2.01 0.36 0.38 17.89 19.06 63.01 49.53
6 50 1.0 1.0 50.43 60.03 30.27 59.30 2.01 0.34 0.38 16.88 19.00 64.12 48.79
7 70 1.0 1.0 50.11 60.03 30.08 52.47 2.01 0.37 0.39 18.21 19.22 62.57 4431
8 70 1.0 1.0 50.05 60.03 30.04 52.44 2.03 0.37 0.38 18.24 18.67 63.09 45.75
9 50 0.5 2.0 50.39 60.03 30.25 60.48 2.02 0.29 0.20 14.60 10.09 75.31 56.94
10 50 0.5 2.0 50.18 60.03 30.12 63.99 2.00 0.34 0.21 16.98 10.43 72.59 57.30
11 70 0.5 2.0 50.28 60.03 30.18 52.81 2.00 0.39 0.23 19.67 11.50 68.83 45.05
12 70 0.5 2.0 50.01 60.03 30.02 51.62 2.01 0.42 0.22 20.83 10.89 68.29 47.29
13 50 1.0 2.0 50.09 60.03 30.06 73.22 2.03 0.26 0.30 12.82 14.76 72.42 65.20
14 50 1.0 2.0 50.13 60.03 30.09 74.51 2.02 0.22 0.25 10.81 15.71 73.48 63.44
15 70 1.0 2.0 50.06 60.03 30.05 64.70 2.04 0.41 0.34 20.10 16.63 63.26 58.07
16 70 1.0 2.0 50.09 60.03 30.07 63.23 2.01 0.37 0.33 18.21 16.56 65.23 57.24
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MInAaed  guugl  daIaIu anududy  Mensssy %DRC i Sovay A99619  WUA  UWB  %free  %freePS % Grafted % GE

ii (C) a'lasudo F315u a0 floens  msulAen (3w NR NR
YNFITUBIA (phr) 719 (n$w) (N330)

17 60 0.75 1.5 50.05 60.03 30.04 55.97 2.00 0.41 0.30 20.51 14.99 64.50 49.42
18 60 0.75 1.5 50.03 60.03 30.03 5431 2.01 0.39 0.30 19.45 14.89 65.66 48.56
19 60 0.75 1.5 50.14 60.03 30.10 56.79 2.02 0.38 0.27 18.81 13.57 67.62 51.01
20 40 1.0 2.0 50.31 60.03 ~ 30.20 63.47 2.00 0.41 0.33 20.38 16.46 63.15 57.45
21 40 1.0 2.0 50.20 60.03 30.14 64.63 2.01 0.42 0.33 20.98 16.61 62.41 57.57
22 60 1.0 2.0 50.14 60.03 30.10 70.66 2.00 0.31 0.32 15.38 16.23 68.38 60.84
23 60 1.0 2.0 50.07 60.03 30.06 67.05 2.02 0.27 0.32 13.57 15.80 70.63 60.95
24 50 0.75 2.0 50.05 60.03  30.04 70.50 2.03 032 026 15.89 13.21 70.90 61.89
25 50 0.75 2.0 50.40 60.03  30.26 66.55 2.02 030 027 15.11 13.52 71.37 59.70
26 50 1.25 2.0 50.21 60.03  30.14 64.93 2.02 037 032 18.25 15.87 65.88 64.49
27 50 1.25 2.0 50.07 60.03 30.06 64.27 2.00 0.38 0.31 18.95 15.32 65.73 65.62
28 50 1.0 1.5 50.35 60.03 30.21 67.51 2.00 0.35 0.33 17.29 16.71 66.00 58.50
29 50 1.0 1.5 50.07 60.03  30.06 64.66 2.04 037 031 18.02 15.32 66.66 61.02
30 50 1.0 2.5 50.26 60.03 . 30.17 75.92 2.00 022 028 10.97 14.21 74.82 67.22
31 50 1.0 2.5 50.12 60037 30:09 76.08 2.00 024 030 12.04 14.92 73.04 65.72
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gNFITUIIA (phr) ISAGED) (n5W) NR
32 50 1.0 2.0 9:1 50.07 60.03  30.06 73.36 2.01 046 035  23.03 17.46 5952 59.01
33 50 1.0 2.0 9:1 50.10 60.03  30.08 70.62 200 044 034 2197 16.98 61.06  59.24
34 50 1.0 2.0 8:2 50.09 60.03 — 30.07 81.51 200 039 034 1947 17.12 6340  62.05
35 50 1.0 2.0 8:2 50.22 60.03  30.15 82.91 200 035 033 1755 16.51 6594  63.20
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d' [ A & a A 1 ~ 9 o a 4
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Treatment answaunnneisen
combinations A B C AB AC BC ABC

(1) -1 -1 -1 1 1 1 -1
a 1 -1 -1 -1 -1 1 1
b -1 1 -1 -1 1 -1 1
ab 1 1 -1 1 -1 -1 -1
c -1 = 1 1 -1 -1 1
ac 1 1 1 S 1 -1 -1
bc =i 1 1 &l -1 1 -1
abc 1 1 1 1 1 1 1
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Source of Variation  -Sum of Squares Degree of Mean Square F,
Freedom
A SS, a-1 MS, = SS,/DF, MS,/MS,
SS; b-1 MS, = SS,/DF, MS,/MS,
AB S8, (@-1)(b-1) MS,, = SS,,/DF,, MS, /MS,
Error SS, ab(n-1) MS, = SS./DF,
Total SS; abn-1

4 1 1
1o SS, :E(Contrastﬁ\)2 SS, =W(Contrast5)2

2
i1 j=1 N

a b
SS,e =n—;k(ContrastAB)2 SSEESHS yuz—y—
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1 9Y o d' d' a A (% 1 1 Y
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4 1 o A agia v J v qg./‘ [
Lﬂ?’ﬂ\11’i11"IEJ‘]J’Jﬂ‘l’i?i’)fl‘]J%Tﬂﬂ"lﬁﬂJﬂizﬁ‘ﬂ‘ﬁGU@Q@VI‘ﬁWﬁﬁN 5| Tuaaunvesausiu  DUWA

Ay Y 1 2 3 Y o 1 ANY o 3
mimaew”lﬂslmmax Treatment combinations LLa’JHWﬂTﬂhlmJTU’JﬂﬂU‘VNmJﬂ

A15199 ¥4 A1 Contrast, Effect estimate /a2 Sum of squares Y043 psazm3asua lasu

Treatment answaunneison

combinations A B C AB AC BC ABC
1 -50.56  -50.56  -50.56 50.56 50.56 50.56 -50.56

a 44.28 -44.28  -44.28 -44.28  -44.28 44.28 44.28

b -60.05 60.05 -60.05  -60.05 60.05 -60.05 60.05
ab 52.46 52.46 -52.46 52.46 -52.46  -5246 -52.46

C -62.24  -62.24 62.24 62.24 -62.24  -62.24 62.24
ac 5222 5222 5222 -5222 5222 <5222 -52.22
bc -73.86 73.86 73.86 -73.86  -73.86 73.86 -73.86
abc 63.96 63.96 63.96 63.96 63.96 63.96 63.96
Contrast -33.79 41.03 4493 -1.19 -6.05 5.69 1.43

Effect estimate -8.45 10.26 11.23 -0.30 -1.51 1.42 0.36

Sum of squares  142.72  210.43 252.34 0.18 4.58 4.05 0.26
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1 U 2

Ta®  Effect estimate im0y AB..K = pons (Contrast 5 )
Vo 1

Sum of squares 1NN SS,5 « = o (Contrast s )

Y v
@o1MIUINAY Effect estimateN }91091519 ¥4 wi3eadduantios livinn uag

' 4§ A o o v o ' 5 o
1171 % Normal probability ez INABANS IMANNTUNUTILHI Effect estimate NU %

@

1 ' v 1 v Y
Normal probability tWeRvzadLsMibeauunnuuaduase laaeased ¥5 aevntiui

U

% A A a J @ !
@nl!ﬂﬁ‘ﬂlllENlllu@Wﬂllu’Jlﬁu@ﬁﬁqﬂjlﬂﬁ'lgWﬂ31111&1]31]5'311 Ulg{waﬂ\‘lﬁ'li%iﬁ U6

Tag % Normal probability 11101 (Cumulative of frequency-0.5) x100

Total of frequency

= . Y = S
13199 U5 Normal Probability plot Ye33vazmIlasud lasu

Effect estimate ~ frequency Cumulative of % Normal
frequency probability

-8.45 1 1 7.14

-1.51 1 2 21.43

-0.3 1 3 35.71

0.36 1 4 50.00

1.42 1 o) 64.29

10.26 1 6 78.57

11.23 1 7 92.86

' - . :
135191 U6 ﬂ']ﬁ’JLﬂﬁ1$‘Viﬂ’JﬁJLL‘]Jﬁﬂi?ﬂ‘"ﬂﬁ%ﬂﬂﬁ%ﬂﬁlﬂaﬂua'llﬂgu

Source of variation Sum of squares ~ Degree of freedom Mean square F,
A 142.72 1 142.72 63.15
B 210.43 1 210.43 93.11
C 252.34 1 252.34 111.65
Error 9.05 4 2.26

Total 614.55 7
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MARUIN A

MIANIUNAYDIYANINA9VBIA IS

= = @ . . A g A o a
ﬂ”lﬁﬁﬂ‘]sl']WﬁGU'ﬂ\i%qﬂﬂ\?ﬂﬁ']\iell@\?@ljllﬂﬁ (Center point analysis) el umssuduanua

A o Y [ @ 4 1 @ [ [] A o = 9 =\
gm‘nm‘wuﬂ”h’n ANVFUNUTIZHINA s AUHaMINaass Uy 19 RMMIANEIAINAY

v o o A 9 = - £ Y [ A o
ﬁmwuﬂuaﬂymzmﬂmﬁumﬁ Iﬂﬂﬂﬂkﬂ'ﬂﬂ?’lgﬂ\?ﬂﬁ']\i"llﬂ\inﬂ@'luﬂi AT NN Al Tﬂﬂ‘m

J S yyy D, A 2 o A
NITNATDIKET 3 AT llﬂﬂl@yjﬂﬂaﬂTﬁﬂﬂﬁ@ﬂﬁﬂﬂa$ﬂ15lﬂﬁﬂUﬁ1ﬂiu ANNITINN N2

M3197 A1 ANZYANINANTaLAaZANI]T

Al A1ZUBIYATINAT
guunNURNTE (A) 60 DIFUTAITEA
oasaIua A3 UA0Y195ITUTIA (B) 0.75
anudududassulgise (©) 1.50 phr

A Y] v A a
A1319N A2 "ll’é)ﬁalj'ﬁWﬁﬂTﬁ‘ﬂﬂﬁ@\?ﬁ@ﬂﬁ$ﬂT§ﬁJﬁEluﬁ’fllﬁiu

MsNAaesi Zovazmsilaou
alasu
1 55.97
2 5431
3 56.79

9 v
ANt InamInaasei lAn1A1 Sum of squares YouAazdansnaurlnneSea tag
a 4 ] Y A v
WATIHANUUYSUTIN IFWRGINUNANUIN U LANNEIN Sum of squares U®3 Pure

1 E4
quadratic 1182 Mean of square Y84 Error aaunsadiuim ldningasae 11
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$P _nFnC(yF_yC)
dratic =
ure_quadratic nF + nc

Z(Yi _9)2
MSE :& — Center _ Point

n.—1
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Ao NUIUMINAaIvenneSea

Ao NUIUMTNAADINNILNINAN

A A ~

Ao mamagninaasdvelnnesa

- r ——

A9 WAmAINIINAAINN1IZAINAN

Ao WAMINAAIAALNITNAABINAIENINAN
y 4 AN

Ao WamaINIINAaINN1IZNINaIN

d' a 4 A 9 A =~
M1319N A3 ﬂTi’JLﬂﬂ%ﬁﬂ’ﬂiJu‘lJ‘i‘ﬂﬁ’Ju‘ﬂiJﬁ@iﬂﬂagﬂﬁlfﬂaﬁluﬁllﬁiu

Source of Sum of  Degree of freedom Mean square F,
variation squares
A 142.72 1 142.72 89.20
B 210.43 1 210.43 131.52
C 252.34 1 252.34 157.71
AB 0.18 1 0.18 0.11
AC 4.58 1 4.58 2.86
BC 4.05 1 4.05 2.53
ABC 0.26 1 0.26 0.16
Pure quadatic 6.79 1 6.79 4.24
Error 3.20 2 1.60
Total 624.55
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A A a ¢
ANUAUBINAVIINDAUNDINAN

1 a s o ' '
Vni’l@ﬁ 41 ﬂ'ﬂiﬂﬂul!ﬁ\iﬁ\iﬂlﬂﬂw@aluﬂiwaﬂﬁﬂﬂiWﬁ'}uﬂ1q 9

auiaFIng PVC PVC/NR-g-St PVC/ NR-g-St/MMA (8:2) PVC/MBS
0 5 10 15 5 10 15 5 10 15
AUNULTIAT (MPa) 56.47 47.39 40.63 2029 52.17 44.48 34.61 49.81 45.94 39.75
55.78 50.22 4167 18.20 52.94 41.39 34.25 48.91 46.11 39.82
54.13 52.10 42.16 17.11 53.37 39.73 33.88 49.79 46.87 3931
Aunde 55.46 49.90 41,50 18.53 52.83 41.87 34.25 49.50 4631 39.63

a8 73 ¢ A a ¢ Ao ' '
AI19N 2 Lﬂﬂﬂ“ﬂu@lﬂ']ifJﬂ'CQT.Qq@ﬂ]@ﬁW@aLNﬂiWﬁﬂJﬂﬂﬂi]ﬁ?uﬂN 9

AuiaFIng PVC PVC/NR-g-St PVC/NR-g-StMMA (8:2) PVC/MBS
0 5 10 15 5 10 15 5 10 15
nlesiFudmstagaga (%) 10.080 10.30 10.32 11.72 8.95 9.52 15.01 10.05 10.31 12.64
1131 13.39 10.07 9.63 10.02 10.58 13.73 12.63 11.10 13.66
11.34 12.10 9.53 8.57 8.68 8.99 11.92 11.09 9.78 12.63
Aunde 11.15 11.93 9.97 9.97 9.22 9.70 13.55 11.26 10.40 12.98
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1 a s o y '
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uiaFIng PVC PVC/NR-g-St PVC/ NR-g-St/MMA (8:2) PVC/MBS
0 5 10 15 5 10 15 5 10 15

ANUNULTINTZUNN 50.20 79.61 86.90 50.74 78.38 86.35 55.02 80.87 80.20 85.01
(kg-cm/cm) 57.98 82.39 86.90 60.52 81.19 89.11 50.06 75.98 85.26 87.55
45.15 82.39 84.03 53.15 81.18 86.35 60.06 73.55 82.71 82.19

52.76 74.14 92.64 50.74 78.38 83.59 60.06 68.72 82.66 85.01

45.15 76.86 84.03 58.02 72.84 86.35 47.64 73.55 80.20 90.11

55.35 76.86 95.54 58.02 75.61 89.11 57.54 71.12 82.66 87.55

5276 71.42 81.19 48.36 78.38 89.11 62.65 68.72 82.66 92.68

57.98 74.14 86.90 55.59 81.19 94.73 57.54 68.72 85.26 90.11

Auna 52.17 77.23 87.26 54.39 7840 88.09 56.32 72.65 82.70 87.53

M9 94 AT sveane AR HANTTAT I 9
AuiaFIng PVC PVC/NR-g-St PVC/NR-g-StMMA (8:2) PVC/MBS
0 5 10 15 5 10 15 5 10 15

ALY (HRR) 114.8 108.6 93.4 68.4 110.8 101.4 87.5 113.2 110.5 105.2
114.5 108.8 92.9 69.7 109.9 102.0 86.2 1133 109.7 106.2

114.8 108.5 92.1 68.5 109.2 102.0 86.9 112.1 110.6 105.7

114.9 109.1 93.0 69.3 110.8 101.1 86.7 112.7 109.8 106.7

115.1 109.1 92.6 69.4 1103 102.0 86.4 113.2 109.7 106.6

Auna 114.8 108.8 92.8 69.1 110.2 101.7 113.2 112.9 110.1 106.1
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AUTATIN NN UV INO RN I NN

2.00e+9 15

1.808+8 83083 _C
1312

008

2.00e+8 57.343C

H a a J a 4
319 91 Tan O 118z Storage modulus Yo 4Mod tanae lsanaueesssumans deala3u

[ 1

N9AT19IU 5 phr

L]
Temea )

1 a a J a 4
517 92 Tan O uag Storage modulus YoIWod Iilanae lsanauessTumAn ad la3u

[ 1

N9A5192U 10 phr



180e+8

1.40e+8

120e+0

1.00e+8

dulus (Pa)

Mo

8.00e+8

H a a J a 4
311 93 Tan O 1182 Storage modulus Vo Inoa 1ilanas lsanaueasssumnansmde lnu

A
N

[ [

@318 15 phr

3 D0ar§

Tonpmwiurs | C

1]
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H a a J a o
311 94 Tan Ouaz Storage modulus voanod hilanas lsanauessssumnansaa launas

WNANNIATLAA (8:2) NOATIAIU 5 phr
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Modulus (Pa)
Tan deita

511 95 Tan Oz Storage modulus Yoa10A Itianas lsanauesssumAnTNAa oI uLas

RammaSian (8:2) A3 a1 10 phr

e =l
185w

L0

Tar delts

E':“-I 2

h____.-"'ﬁ‘-'——ﬁ-___ -
———

cl':-old‘l =

511 96 Tan Otz Storage modulus ¥oanwea hiianae lsanauesssumanimdaalaTunas

wiamwnasian (8:2) Aeasraau 15 phr
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