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TANTAYANON, Ph .D., 50 pp. ISBN 974-334-440-3

Ca/Zn stabilizer was used in PVC color masterbatch for both of PVC botile and
PVC cable compound instead of the lead and tin stabilizer in order to solve the sulfur staining
and the melting problem. The first part of this work concerns a type and an amount of PVC
resin, stabilizer, co-stabilizer, plasticizer, and lubricant that effect the heat stability, the physical
properties and the electrical property. In the second part, the effect of varied amounts of a
pigment at 10, 20 and 30 phr on processing was investigated. Finally the physical properties and
the electrical property of the blending with the master batch at the ratio of 100:1, 100:3 and
100:5 were investigated. |
it was found that the optimal formula is composed of the PVC resin which K value
56, the di-octyl phthalate, the oxidized soybean oil, the Ca/Zn stabilizer and the ester of fatty
acid at 100,25,5,4, and 0.3 phr respectively. In the second part, it was found that there is no
effect on the processing when the amount of the pigment is less than 20 phr but at 30 phr, the
temperature profile is increased by 3°C.  Finally the physica) properties and the electrical
property of the cable blended with the masterbatch at ratio 100 : 5 show no significant effect
wl-iilc the impact strength of the blending in the bottle has a tendency to decrease by 15 %.
However the impact strength is in the range of acceptance for a PVC bottle which the size is not

larger than 500 ml.
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CHAPTER 1

INTRODUCTION

The use of PVC color masterbatches is the most popular way of coloring
PVC. The advantages are optimum pigment dispersion, elimination of coloristic
work, accuracy of shade, almost dustfree operation and reduction in cleaning cost.
PVC color masterbatches are made up of PVC compounds in which a high loading of
ptgment has been dispersed. PVC color masterbatches can be single pigment or
multi-pigment masterbatches formulated to the processor’s color requirements. The
processor uses the color masterbatches in a specified “let down™ ratio, the ratio of
base compounds blended with color masterbatches. In Thailand most of the PVC
color masterbatches for PVC bottle compounds use sulfur-containing compounds as
stabilizers while lead-containing compounds are used as stabilizers for PVC cable
compounds and color masterbatches for PVC cable compounds. Sulfur staining (1)
will occur when PVC color masterbatches for bottle are blended to PVC cable
compounds while PVC bottle compbunds when blended with PVC color
masterbatches for PVC cable compound has melting problem.

To avoid this problem the use of Ca/Zn stabilizers and tin maleate was
investigated. PVC and another additive; plasticizers, and lubnicants were used in
various formulations to solve the melting problem. The objective of this research is
to"devclop the PVC color masterbatch for both of PVC bottle and PVC cable
compound and investigate the effect of the masterbatch on thermal stability, physical

properties and electrical property of the blending.



CHAPTER 11

THEORETICAL CONSIDERATIONS

2.1) Color masterbatch

Nommally the carrier polymer used for formulating color masterbatches is
the same as the let-down polymer to ensure good compatibility.(2) Color
masterbatches are compounded with the same formulation base of the compound to
be colored with high loading of pigment to avoid adverse effect on their physical and
mechanical property and thermal stability. The addition of an adhesion promoter or
dispersing agent may possibly be necessary.(3) The melt flow index of acceptable
color maslerbaches is not higher than the compound to be colored due to good color

dispersion.(4) However, the ease of processing is the important consideration.
2.2) Degradation of PVC

According to the literafure, PVC polymers are thermally unstable at
normal processing temperatures. This inherent thermal instability is reflected in the
low energy of activation for heat degradation of PVC, which is approximately 20 - 25
kcal/mol while it is 55,46 and 65 kcal/mol for PS,PE and PP respectively.(5)
Dehydrochlorination reaction, a reaction during processing at elevated temperature,
leads to increasing discoloration and degradation. (Fig. 2.1) Additionally PVC is

degraded by autooxidation and mechanochemical chain scission.



--CH-CH, CH-CH,-CH-CH,-
| | |
Ct Cl Ct
l energy
--CH=CH-CH-CH,-CH-CH,~ + HCI
| |
el 9t

1 energy

—-CH=CH-CH=CH-CI}I-CH2-- + HCI

i Cl
i

--CH=CH-CH=CH-CH=CH--

i HCl

Cl
D -
--CH=CH-CH=CH-CH-CH,-

!

+
--CH-CH=CH-CH=CH-CH,--

Cl

Figure 2.1 Degradation of PVC by dehydrochlorination



Autooxidation, an autocatalytic effect in the process of dehydrochlorination
of PVC, is considerably faster in the presence of oxygen than in an inert atmosphere.
Oxygen attack on methylene groups leads to the formation of hydroperoxides in a
radical chain reaction followed by the decomposition by an ionic reaction mechanism

of hydroperoxides. (Fig.2.2)

+R* 2
--CH-CH,-CH-- + --CH-C H-CH--
I | -RH [ I
Cl Cl Cl Ci
L
O-OH 0-0’
| +RH |
--CH-CH-(IJH-- T C|IHCH(|JH
Cl Cl Cl Cl

J
--(fH-COH-(fH-- + H0
cl Cl

Figure 2 .2 Autooxidation of PVC
2.3) Stabilization of PVC

Generally the degradation of PVC can be reduced by added heat
stabilizers to protect the PVC compound or product from the undesirable
discoloration caused by the heat necessary to process and to minimize the effects of
heat and the environment during the useful life of the product, by preventing or

retarding the dehydrochlorination reaction.(6,7) These are summarized below :



® Absorption of hydrogen chloride
(C,H,),Sn-(-S-CH,-CO-O-C,H,,), + HCl

l

(C,H,),SnC1-S-CH,-CO-0-C,H,, , HS-CH,-CO-O-C,H,,

(CH,SuCl, +: HS-CH,-CO-O-CH,
® Elimination of initiation sites

~CH-,CH=CH-CHCI-CH,~  + RS,SnR’,
--CH-,CH(SR)-CH=CH-CH,~ + R-Sn(CDR’,

® Prevention of autooxidation
® Addition of polyene sequences

® Destruction of carbenium salts
2.4) Pb, Sn, and Ca/Zn stabilizers

2.4.1) Pb stabilizers

The advantages of lead stabilizers are due to their ability in
complex formation which is necessary for the substitution of jabile chlorine atoms.
Lead chloride is formed during the smbilizing process. Lead stabilizers have no
effect on the conductivity of PVC, however, they are not suitable for the transparent
compound because they act as pigments. Furthermore, they are sensitive to sulfur-
containing compounds leading to discoloration and they react with some pigments
leading to color changes.(1)  Typical applications are electric insulations and

coverings, profiles, pipes, and pipe fitting.



2.4.2) Sn stabilizers

Organotin mercaptides have one or more mercapto groups

involved in the stabilizing reaction, as opposed to the alkyl or esteralkyl groups
which only influence processibility, volatility, and toxicity. They are used in all

types of PVC compounds when high thermal stability or clarity is required. They
have a typical odor during the processing but not evident in the finished product.
Typical applications are in bottles, containers, packaging film and transparent
producls.
2.4.3) Ca/Zn stabilizers

They are widely used as non-toxic stabilizers in PVC
compounds, especially in food packaging and containers, medical products and toys.
In general, other co-stabilizers are also added in one-pack Ca/Zn stabilizers for
synergism.  Additionally, advantages of this system are freedom from odor and

sulpbide staining in the finished products.

2.5) Melt behavior
y PVC is a mixture of macromolecules of generally low to high molecular
weight with highly viscous melts. It is processed in the molten state under shear
with internal and external friction. The increase of temperature to decrease the
viscosity of the melts is limited by the then;xal degradation of PVC., Lubricants are
additives to improve flow properties, reduce adherence of the melt to machine parts,
acting as melt promoters; antiblock, antitack and antisatic agents as well as color and
impact improvers. Plasticizers serve to decrease melt temperature and melt viscosity

and increase gelation capacity.(8,9)



CHAPTER 111

EXPERIMENTAL

3.1) ApparatuAshand Instruments

1. High speed mixer
PAPENMEIER ; model TGEHKV 10
2. Single screw extruder
WEBER ; model FB70
3. Hardness tester
BAREISS ; model HHP-2000
4. Tensile strength tester
TOYOSEIKI ; model RS-500
5. Oven
GOTECH ; model GT7017L
6. Melt flow index tester
TOYOSEIKI ; model T-1001
7. Izod impact strength tester
TOYOSEIKI ; model 612
8. Ultra megaohmmeter
TOA ; model SM-10E



8.

9.

5. Densitometer

TOYOSEIKI ; model 265
10. Colorimeter

DATACOLOR ; model ST1
11. Sawing device

TOYOSEIKI ; model $529

12. Notching device

ATLAS ELECTRIC DEVICES ; model CS93E

13. Two roll machine

LABTECH ; model LR150

3.2) Materials

Materials

. PVCresin SG560

PVC resin SG580
PVC resin SG660
Ledd stabitizer
Tin mercaptide

Tin maleate

. Ca/Zn/Epoxy complex

Ca/Zn/Mg stabilizer

Epoxidized soybean oil ( ESBO)

10. Oxidized polyethylene wax (OP)

11. Esters of long chain fatty acids

12. Acrylic procéssing aid

Supplier

Thai Plastic and Chemical Co., Ltd.
Thai Plastic and Chemical Co., Ltd.
Thai Plastic and Chemical Co., Lid.

Siam Stabilizer Co., Ltd.

| Morton Co., Ltd.

Ciba-Geigy Co., Ltd.
Akcros Chemical Co., Ltd.
Adaka Thailand Co., Ltd.
Adaka Thailand Co., Ltd.
Hoechst Co., Ltd.

Henkel Co., Ltd.

Rohm and Hass Co., Ltd.



13. Methyl methacrylate butadiene Kureha Chemicals Pte., Ltd.
styrene copolymer (MBS)
14. Di(isononyl) phthalate (DINP) Thai Chemical Co., Ltd.

15. Di(2-ethylhexyl) phthalate (DOP)  Thai Chemical Co., Ltd.

16. Filler Surin Omya Co., Ltd.
17. Tris(nonylphenyl)phosphite Rhone-Poulenc Co., Ltd.
18. Stearoylbenzoylmethane Ciba-Geigy Co., Ltd.

3.3) Compounding method

PVC resin was mixed with the solid additives in the high speed mixer at

2000 tpm.  When the temperature of the mixture increased to 80°C, the speed was

reduced to 800 rpm., then the liquid additi_ves were added.  After three minutes, the

speed was increased to 2000 rpm. again and the components were mixed while the

temperature was increased to 110°C.  Then the speed was reduced to 800 rpm. and the

mixture was cooled down to 60°C by cooling water . This mi‘):(ture is called “dryblend”.

This dryblend was extruded by extruder (30 mm. diameter) with the

screw speed of 60 rpm, then it was cut to pellets. The temperature profile is shown in_
Table 3.1.

The reference cable and bottle compound which their formulation

shown in Tables 3.2 and 3.3 were prepared with the same procedure.



Table 3.1 The condition of extrusion

cable and bottle

Compound Temperature of Extruder (°C)
Zonel | Zone?2 | Zone3 [Die
Cable and its color masterbatches 142 146 150 152
Bottle and its color masterbatches 150 154 156 160
Color masterbatches for both 136 140 144 146

Table 3.2 Formulation of the cable compound ( unit:phr)

PVC SG660
Lead stabilizer
DINP

Filler

100
4
45

30

Table 3.3 Formulation of the bottle compound ( unit:phr )

PVC SG580
Tin stabilizer

ESBO

fatty acids )

Acrylic processing aid ( PA )
Methyl methacrylate butadiene
styrene copolymer ( MBS )

Lubricant ( Esters of long chain

1100

1.0
I

1.5

0.3

10
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3.4) Physical Characterization

3.4.1) Heat stability test
The milled sheet, thickness 1 mm., was aged in the oven at constant
terperature of 190°C. Every 15-20 minutes samples v;lere taken and obtained a color
change of the sample, according to DIN 53382.
3.4.2) Melt flow index
The melt flow index was measured by using the melt flow index tester
with 10 kg loading and at 180°C according to ASTM D 1238.
3.4.3) Hardness
The hardness of the cable compound was measured by using the
pressed sheet, 6 mm. thickness, of the compound with shore A scale at 15 second,
according to ASTM D-2240-68.
3.4.4) Tensile strength and elongation
The tensile strength and elongation were measured by using type II
dumbbell specimens, 1 mm. thickness, with the speed of 300 mm./min. and the {oading
of 5 k; force, according to JIS K 6723.
3.4.5) Izod impact strength
T.he izod impact strength was measured by using the 2 mm. notch
marked specimen , 12.7 mm. width X 63.5 mm. length X 3mm. thickness, according to

ASTM D-265
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3.4.6) Volume resistivity
The volume resistivity was measured by using the pressed sheet, 1
1mm. thickness, at 500 V and 25°C, according to JIS K 6723.

3.4.7) Color index

Color index of the compounds was carried out on the micro

colorimeter ( DATACOLOR ). It was measured on the surface of the pressed sheet.
3.4.8) Surface appearance

The compounds were extruded with a screw speed of 50 rpm. and the
temperature profile as 145/150/155/160 °C for bottle compound, and 135/140/145/150

°C for cable compound. The surface appearance of the strand was obtained.
3.5) Development of the base masterbatch

3.5.1) Effect of stabilizers and co-stabilizers on physical properties
In this part, the one pack Ca/Zn/epoxy complex stabilizer, the Mg
containing Ca/Zn stabilizer and the tin maleate stabilizer were used with epoxidized
soybean oil (ESBO), stearoylbenzoylmethane and tris(nonylphenyl)phosphite as co-
stabilizer.

Firstly, the Ca/Zn stabilizer, the Ca/Zn/Mg stabilizer and the tin maleate
stabifizer were used at 4 bhr., as shown in formulation Nos. A1-A3 in Table 3.4, to
obtain the heat stability at 180°C, the volume resistivity and the haze property.

Secondly, the Ca/Zn stabilizer was used in various amounts in 2 range of
2 to 8 phr., as shown in formulation Nos. B1-B4 in Table 3.5. The static heat stability
at 195°C of the compounds was obtained.

Thirdly, the ESBO, tris(nonylphenyl)phosphite and stearoylbenzoyi-

. methane were added at 5 phr, 0.5 phr. and 0.5 phr. respectively in the compound
containing 6 phr. of Ca/Zn stabilizer, as shown in formulation Nos. B5-B7 in Table 3.5,
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study their effect as co-stabilizers on the heat stability and the acting as an inhibitor of

the growth of polyene sequence.

obtained.

The heat stability at 195°C of the compounds was

Table 3.4 Formulations with varied type Ca/Zn stabilizer ( unit:phr)

Formujation No Al A2 A3
PVC SG580 - 100 | 100 | 100
Ca/Zn stabilizer 4

Ca/Zn/Mg stabilizer 4

Tin maleate stabilizer 4

DOP 30 30 30

Lubricant #1 0.3 0.3 0.3

Table 3.5 Formulations with varied amounts of Ca/Zn stabilizer ( unit:phr )

l*:ormulation No Bl | B2 [ B3 |B4 |B5S |B6 [B7
PVC SG580 100(100 | 100 | 100 | 100 | 100| 100
Ca/Zn stabilizer 21 4 & 8 6 [6 |6

" pop 30 {30 | 30| 30|30 |30 |30
Lubricant #1 03 (03(03]03 1|03 (03 |03
ESBO 5 0 5
tris(nonyliphenyl)phosphite 05| 05
stearoyl benzoyl methane 05| 0.5
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Fourthly, the compounds with varied ratios of DOP/ESBO from 25:5 to

0:30 at 4 phr. of Ca/Zn stabilizer were produced, as shown in formulation Nos. C1-C6 in
| Table 3.6, and obtained the heat stability at 195°C. The heat stability at 180°C of the
blending in the bottle compound with them was also obtained and the heat stability at

190°C of the blending in the cable compound with them was also obtained.

Table 3.6 Formulations with varied DOP/ESBO ratio ( unit:phr)

Formulation No Ci| C2(C3 |C4 |C5 |C6
PVC SG580 100 | 100 | 100 |100 | 100 | 100
Ca/Zn stabilizer 4 4 4 4 4 4
DOP 25 |20 15| 10| 57| ©
ESBO 5110 15] 2025 | 30
Lubricant - 163 [03]03]03 103 |03

Finally, the ESBO, acting as plasticizer, also, was substituted to the DOP
at 30 phr. and the Ca/Zn stabilizer was varied from 1-5 phr., as shown in formulation
Nos. D1-D5 in Table 3.7. The heat stability at 190°C of them was obtained and the heat
stability at 180°C of the blending in both of the bottle compound and the cable
compound were also obtained. Then the amount of the ESBO was varied from 30-50
phr. while the Ca/Zn was fixed at 1 phr., as shown in formulation Nos. E1-ES in Table
3.8 and the blending in both of the bottle compound and the cable compound with them

were obtained.
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Table 3.7 Formulations with varied amounts of Ca/Zn in the ESBO system (unit:phr)

Formulation No D1| D2 | D3 | D4 | D5
PVC SG580 100 | 100 | 100 [100 (100
Ca/Zn stabilizer 1] 2 31 4|5
DOP 0] 0 0|0 |0
ESBO | 30] 30| 30| 30|30
Lubricant 03103 (03|03 03

Table 3.8 Formulations with varied amounts of ESBO ( unit:phr) -

Formulation No El | E2 | E3 | E4 | ES
PVC SG580 100 | 100 | 100 [100 |100
Ca/Zn stabilizer 1 1 1 1 1
DOP ol o] oflo]o
ESBO | 30| 35 | 40| 45 | 50
Lubricant 03/03]03]|03] 03

3.5.2) Effect of plasticizers and the K value of PVC resin on

physical properties
Di(2-ethylhexy!) phthalate (DOP) was used in various amounts,
in a range of 20 to 40 phr., as shown in formulation Nos. F1-F3 in Table 3.9. The PVC
resin which has different K value, (another factor that effects the melt property, its detail
is shown in appendix a), was compounded in the formulation Nos. F4-F6 in Table 3.9.

The fusion behavior and the melt flow index were obtained. The surface appearance,
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hardness, tensile strength and elongation of the blending in the cable compound with
them at the let down ratio 5:100 were obtained. [n addition, the surface appearance and
the izod impact strength of the blending in the bottle compound with them at the same

ratio as the blending in the cable compound were also obtained.

Table 3.9 Formulations with varied amounts of DOP and K value of PVC resin

(unit:phr)

Formulation No F1 | F2 | F3 | F4 | F5 |F6
PVC SG560 100 | 100 | 100
PVC SGS580 | 100 | 100 | 100

Ca/Zn stabilizer 4 | 4 4 4 | 4 4
DOP 151254} 35| 15|25 | 35
ESBO | 5 T3 5 S 15 5
Lubricant 0310310310371 03103

. 3.6) Effect of amount of the pigment on the processing
In this experiment, the amount of the pigment, Blue 59245 from
the World Pigment Co., Ltd., was varied from 10 to 30 phr. at the optimized formula of
the masterbatch compound, as shown in formulation no. G1-G3 in Table 3.10, to obtain
the optimum condition of the processing and the dispersion ability at the high pigment
concentration. The melt flow index and the surface appearance of the blending in both

of the bottle compound and the cable compound were obtained additionally.
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Table 3.10 Formulations with varied amounts of pigment ( unit:phr)

Formulation No Gl G2 G3
PVC SG580 100 | " 100 100
Ca/Zn stabilizer 4 4 4
DOP 25| 25 25
ESBO 5 S 5
Lubricant 0.3 0.3 03
Pigment ( Blue 59245 ) 10 20 30

3.7) Effect of the masterbatches on blending

The optimized color masterbatch, formulation no. G1, was blended in
both of the cable compound and the bottle compound at the ratio 1:100, 3:100, and
5:100.  The surface appearance, the physical properties; hardness, tensile strength,
elongation, izod impact strength and the electrical property, the volume resistivity, were
obtained compared to the blending with the bottle color masterbatch and the cable color

masterbatch which the formulation are shown in Tables 3.11 and 3.12.

Table3.11 Formulation of the cable color masterbatch (unit:phr)

PVC SG660 100
Lead stabilizer L 4
DINP ' 65

Pigment ( Blue 59245) 10




Table 3.12 Formulation of the bottle color masterbatch (unit:phr)

PVC SG580

Tin stabilizer

ESBO

Acrylic processing aid ( PA)

Methyl methacrylate butadiene
styrene copolymer ( MBS )

Lubricant ( Esters of long chain
fatty acids )

Pigment ( Blue 59245)

100
1.0
1

1.5

0.3

10

18



CHAPTER IV

RESULTS AND DISCUSSION

4.1) Development of the base masterbatch

4.1.1) The effect of stabilizer and costabilizers

The use of the Mg containing Ca/Zn stabilizer recently
developed by Asahi Denka Kogyo K.K.(10) with the same phr as lead stabilizer in
the masterbatch, formulation No. A2, shows better heat stability and volume
resistivity than the Ca/Zn stabilizer from Akcros Chemical Co., Ltd. with the same
phr, formulation No. Al, and the tin maleate stabilizer from Ciba-Geigy Co., Ltd.,
formulation No. A3, as shown in figures 4.1a and 4.1b. In addition, the heat stability
and the volume resistivity of the blending in bottle compound and the cable
compound with the masterbatch at the ratio 100:5 are better, as shown in Figure 4.1b.
In contrast, it shows higher hézc than the other samples. However, there is no
difference of the blending in the bottle co-mpound at the ratio of 100:5, as shown in
Figure 4.1c. The general mechanism of stabilization by the Ca/Zn (11) is shown in
Figure 4.2. The Mg in Ca/Zn/Mg stabilizer is Mg/Al hydroxide carbonate which has
been used to improve the heat stability. It consists of positive charged basic 1ayer§
[Mg/AI(OH),]" and negative charged intermediate layers [(CO,).2H,0] which
neutralizes the positive charge of the basic layers. The CO32' in the intermediate
layers reacts with HC! while Mg and Al in the basic layers do not react to HCL

Therefore the Mg/Al hydroxide carbonate reacts to the hydrogen chloride generated
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Zn(OOCR), + ~CH,CH-~ — ZnCl, + ~CH,GH--
cl OOCR
Ca(0OCR), + 2HCI  ——>  2HCOOCR + CaCl,

ZnCl, + Ca(OOCR), —— Zn(OOCR), + CaCl,

Figure 42 The mechanism of stabilization by Ca/Zn stabilizer

e Ca/Zn/Mg : Mg ; Mg/Al hydroxide carbonate
Mgy JAL(OH),]* [(CO3)y,-2H,O

Mg,, Al, (OH), Mg,., Al, (OH),
I b 1 | ] T

H,0 CO; H,0 +2HCI  H,0 Cl H,0 Cl +CO, +H,0

| | ) [ s | [

Mg1-x Alz (OH)z Mg‘i-x Alx (OH)2

e COZ% + HCt — HCo, + CI’

I

H,0 + CO, + CI°

Figure 4.3 The scheme of stabilization by Mg/Al hydroxide carbonate
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by the PVC decomposition and blot Cl , as shown in Figure 4.3.  Commerciatly
Ca/Zn/Mg and tin maleate stabilizers are more expensive than Ca/Zn stabilizer by
10% and 70% respectively, therefore Ca/Zn stabilizer is considered for using in the

masterbatch.

In general, the direct replacement of a lead stabilizer or a tin mercaptide
stabilizer with a Ca/Zn stabilizer leads to a poorer heat stability.(12) The higher
amount of one pack Ca/Zn stabilizer, formulation Nos. B1-B4, shows better heat
stability, as shown in Figure 4.4 but at the same amount of stabilizer, it is less
effective than the lead stabilizer used in the cable compound and tin stabilizer used in
the bottle compound

The Ca/Zn stabilizer is widely used in conjunction with co-stabilizer,
epoxidized soybean oil, tris(nonylphenyl)phosphite and stéaroy]benzoylmethane, to
improve stability against both heat and light. Epoxidized soybean oil (ESBO) varied
from 5 to 30 phr, used in formulation Nos. C1-C6, can improve the long terro heat
stability, as shown in Figure 4.5. Its stabilizing effect is due to its absorption of HCl

and displacement of labile chlorine atoms in the PVC chain, as shown in Figure 4.6.
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O OH Cl
/ N\ I
R-C--—-C-R’ + HCl "’ R-CH-CH-R’
| -
H H
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R-C----C-R’ + --CH,-CH- — >  --CH,-CH--
b ! |
H H Cl ?
R-CH
|
HC-R’
|
Cl

Figure 4.6 Mechanism of stabilization by ESBO

While the higher amounts of ESBO increase the tendency of the initial
color to be more yellow, the tris(nonylphenyl)phosphite can improve the initial color
of PVC to stabilized by displacement of the labile chlorine atoms of PVC chain and
acting as secondary antioxidant that retarded the dehydrochlorination by elimination
of initiation sites formed by oxygen attack on the PVC chain, as shown in Figure
4.7.(13) Similarly, stearoy! benzoyl methane was added together with
tris(nonylphenyl)phosphaite at the same amount, 0.5 phr, to improve initial color due

to preclude the formation of conjugated double bonds.(14)
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P(OR), + --CH,-CH-—~ —— -—-CH,-CH-- + RCI
I I -
Cl P(OR),
I
0

Figure 4.7 Stability mechanism of tris(nonyiphenyl)phosphite

However, the effect on the initial color of the blending in both of the
cable compound and the bottle compound without the tris(nonylphenyl)phosphite and
stearoyl benzoyl methane containing masterbatch at the ratio 100:5 has no
signification. Therefore they are not needed to add to the masterbatch compound.

DOP was substituted by ESBO, also acting as plasticizer, to study the
effect on heat stability. The experiment was carried out using varied amounts of
Ca/Zn stabilizer and ESBO as formulation Nos. D1-D5 and E1-E5. The results show
thaj the heat stabilities of the blends are slightly different, as shown in Figures 4.8
and 4.9. Similarly, the blending with the varied amounts of ESBO is slightly
different. Compared to the DOP system, there is not a distinct advantage in heat
stability. Generally, the cost of ESBO is much higher than DOP ; e.g. 28 baht/kg
DOP, 45 baht’kg ESBO, therefore, the masterbatch that contains S phr. of ESBO is

optimum.
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Figure 4.8 The effect of varied amounts of Ca/Zn with ESBO system on the hcat stability of the cable

and the bottlc compound at I8OOC, experiment n=1
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4.1.2) The effect of plasticizer and K-value of PVC resin

The melt property, an important characteristic of a color
masterbatch, is affected by the amount of plasticizer which controls the ease to fuse
and tower melt viscosity.(5) However, the type and the amount of plasticizer affect
the properties of the boftle and cable compound, as shown in Figures 4.10-4.11.
Figure 4.12 shows the melt flow index of the effect of varied amounts of DOP
masterbatches, formulation Nos. F1-F3, compared to the bottle compound and the
cable compound. These show that the melt flow index increases dramatically
depending on the amount of DOP.  Furthermore, the melt flow indexes of the
masterbatches are higher than the bottle or the cable compound. The surface and
color dispersion of the strip, the extrusion test, of the blending in the bottle and the
cable compound with these masterbatches at the ratio 100:5 are not effected. The
tensile strength, elongation, the hardness, the volume resistivity of the blending in
cable compound have no significant effect, but the tendency of the impact strength of
the blending in bottle compound is lower due to DOP containing, as shown in
Figures 4.13-4.16. _

The lower K value of PVC resin (K=56) used in the masterbatch,
formulation Nos. -F4-F5, show ease to blend in both compounds while the surface
property is not effected. The physical properties do not differ significantly from
most of the PVC resin with K value 58, as shown in Figures 4.13-4.16.

The optimized formulation of the basis masterbatch is shown below.

PVC SG560 100
DOP 25
Ca/Zn ' 4
ESBO 5

Lubricant 0.3
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4.2) The effect of the amount of pigment on the processing

The establishment of the required amount of the pigment, Blue 59245
from the World Pigment Co., was carried out by varying its amount from 10 to 30
phr under the same processing conditions, with the temperatare profile of extrusion
of 136-140-144-146°C. At the low amount of the pigment, the processing condition
is the same as for the base masterbatch compound, but at the 30 phr the temperature

profile of extrusion should be increased 3°C due to the change of fusion property.
4.3) The properties of the blending with the color masterbacth

The color masterbatches were blended in the cable compound
and the bottle compound at varied ratios of 100:1, 100:3 and 100:5. Most of their
properties were not significantly different from the blending with the reference color |
masterbatch, as shown in Figures 4.17-4.22, but the impact strength is decreased by
15 % approximately. However it is in the range of acceptance for a PVC bottle

which its volume is not over than 500 ml.

When blending the masterbatch in the bottle compound at the ratio of
5:100 in the blow molding process with the color masterbatch at 10 phr, of pigment,
the appearance of the 1 liter bottle was good. ~Although the blending in the cable
compound in the cable processing cannot be done, the blending in the extrusion
process is similar in that they were extruded with the extruder but without the inner
conductivity wire. The surface property or its general appearance of the strand is

good..
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The cost of the color masterbatch for both the bottle and the cable
containing 10 phr of pigment is higher than the one for the cable by approximately
13%, but it is 11 % lower than for the masterbatch for bottle. The cost of any
amounts of pigment is shown in the appendix ¢. However, the convenience of using
only one color masterbatch is also an importance in that the storage, handling, and
working are greatly simplified thereby further streamlining operations. In addition,

the possibility of using the incorrect color masterbatch is eliminated.
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CHAPTER V

CONCLUSIONS AND SUGGESTIONS

5.1 Conclusions

The color masterbatches for blending both of the cable and the bottle
compound have been developed from the one pack stabilizers with the costabilizers to
improve initial color and fong term heat stability and prevent sulfur staining. 1t was
found that the compound containing the Ca/Zn stabilizer at 4 phr and the ESBO at 5
phr is optimal.

The melting property is another important one to be optimized since it
must be used for two systems ; a plasticized system : the cable compound and an
unplasticized system : the bottle compound. The compound containing DOP at 25
phr and ESBO at 5 phr whose melting property was compatible with both the cable
ax}d the bottle mixes was used to optimize the final melting property. PVC resin,
SGS560, which K value 56 provides better melting property, it also slightly effects the
other physical properties of the blending compound. In addition, the extrusion
profile and the blow molding bottle of the blending compound has been optimized.
These compounds are also suitable for processing with high shear machines which
can provide homogeneous melts.

In conclusion, the color masterbatch compound for both of the PVC
cable and the PVC bottle compound has been developed for blending at the ratio of
5:100 without having significant effect on the surface appearance, heat stability,

hardness, tensile strength, elongation, and volume resistivity, while the impact



39

strength shows a tendency to decrease. In general the ratio of the blending in the
PVC bottle is less than 100: 1, therefore, the impact strength is not effected.

5.2) Suggestions
The following suggesﬁons are given for future research.
1. Develop the lower cost masterbatch as the cost of the masterbatch is
higher than that of the reference color masterbatch for the cable.
2. Study the lubricant system to reduce the amount of DOP for

improvement of impact strength.
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The effect of various amounts of Ca/Zn stabilizer on heat stability

APPENDEX A
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FORMULATION NO.
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The effect of various co-stabilizer on heat stability

| TEMPERATURE 195%
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TIME
{min.)

FORMULATION NO.
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{phr}

Co-sta
A/B*
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Remark A: tris(nonylphenyl)phosphaite, B : stearoyl benzoyl methane




The effect of various DOP/ESBO ratio of the masterbatch on heat stability
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The effect of various DOP/ESBO ratio of the cable compound on heat stability
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The effect of various DOP/ESBO ratio of the bottle compound on heat stability
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APPENDIX B

Fikentscher K value or K value is a number using as an index of molecular
weight that common use in PVC polymer. It is related to the viscosity ratio (11/1,)

by the expression

In(n/Ms) = K ( 75K + 1)
1000 T1.5cK + 1000

N viscosity of the polymer solution
No viscosity of the solvent
c concentration, in g per ml. of solution

Most commercial PVC polymers have K values within the range 50-80.



APPENDIX C

Cost of the masterbatch, reference cable and bottie color masterbatch

Amount of Ref. cable
pig:;snt, Masterbatch N Ref. bottle masterbatch

baht/kg (1) |baht/kg (2)[% (1-2) baht/kg (3) |% (1-3)
0.1 38.5 35.6 -7.7 41.9 8.6
0.5 39.4 36.2 -8 42.8 8.8
1 40.3 37 -8.3 43.9 9
2 42.2 38.5 -8.8 46.2 9.4
3 44 .1 40 -9.2 48.4 9.8
4 459 41.5 -9.6 50.5 10.1
5 47.7 43 -9.9 52.7 10.3
6 49.5 44 .4 -10.3 54.8 10.6
I 51.3 459 -10.6 56.9 10.8
8 53.1 47 .4 -10.8 58.9 10.9
9 54.8 48.8 -11 60.9 11.1
10 56.5 50.2 -11.2 62.9 11.2
15 64.7 56.9 -11.9 72.2 11.6
20 72.3 63.3 -12.3 80.8 11.8
25 79.4 69.4 -12.5 88.8 11.8
30 86.1 75.2 -12.6 96.3 11.8

100 ;

masterbatch -7 g

80

°
=
a
S
w 60
0
o
2]
o 40
]
©
D 20
Q
o
0

Cable masterbatch
— — — Bottle masterbalch

S
——— ——

T

0.1
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