APPARATUS AND EXPERIMENTAL METHODS

Meterials

1 Suspension PVC Resin
(Thei Plastics and Chemicals Co, Lid)
Suspension PVC Resin PVC1B K-\Vélue 60
Suspension PVC Rsin PVC14 - KeValle 66
Suspension PVC Resin VG106 K-Velue 70

2. Plasticizer
(TQA Plasticizer Incistries Co, Ltdl)
Dioctyl Phthelate (C2HE)4
Mblecular Weight 30
Viscosity & 30°c Bus,
Specific Gty @20°c 0986

3. Heat Stahilizer
(Haores Co, Ltd)
Ba-CokZn Conplex liouid stabalizer
Viscosity & 25°C 50 o5

Seific Gy 220 103



4. Costabilizer
(Akzo Chemical Co, Ltdl)
Eooxytiized Soyean Ql
Viscosity & 20°C 400 g,
Specific Gty &20°c 0.9

5. Lubricant
(Irperidl Inostrial Chericals Co, Lid))
Stearic acid

Mblecular Weight 28447
Velting Poirt 69.3 ¢
Specific Gravity 0847
6. Rller
(Surin Omya Cremicals (Thailand) Co, Ltd])
Stearic aoid ooated CaC)
Bulk Density 120 glec.
Specific Gravity 210
Mean Particle Size 350micron
1. Are retarcant
(Alcan Cremicals)

Zin hydrostarets, Fariad H (0 (OHY
Zinc samets, Faad |, (Z600)



Table 31 Properties of zin hydroxy stannate and zinc stannate (7)

Properties Flamtard Flamtard
H
Decomposition temperature (°C) 200 > 300
Median particle size(}-Im) <2 17
Density(g/cm ) 3.3 39
Whiteness 85 87
Qil absorption value(g/100g) 25
Atimony trioxice (363
(Cookson Ceraics and Antirrory Lirited)
Table 3-2 Properties of antimony trioxic (3)
Total antimony content(as  2( 3) 99.4%
Arsenictas As) 0.3%
Cooperias Cu) 0.01%
Irontas Fe) 0.0002%
Leadt'as Ph) 0.08%
NickeKas Ni) 0.001%
Acidity(as H;S04) 0.08%
Average particle size 1.256Jm
Residue on 53 |Im sieve (325 mesh) 0.005%

Anmronium Sulphete
(Siam Science Service Ltd))

:r)ki«beire

»
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Apparatus

1 Gas Chromatography
Fisons mockel GC 8000 Series

2. Pyrolyzer
Fischer Qune-Point pyrolysis ookl 0316M

3. Hammahility Testing
Harmrehility (1S0.37% )
Lirmit Oxygen Inckx (LO1 ASTMD 280391 )
Polymer Laboratories mocel FTA I

4. Tension Testing
Tensile strength and elongation testing ( JIS K631 )
Tear stregth testing (JIS K631 )
Suga Universal Tester ol AGS500A

5, Two-Roll Ml
Lab Tech Co, Ld ookl LRV 150

6. Mechanical Mixing Machire
Lab Tech Co, Lid mocel LIMX5
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Sample Preparation

1 Blending PVC Ingrediients

Blending is the first st in prepaning a PVC compound for testing,
tre amount of ingredients recuired to blendl can ke calculated on part by
weight of ingrecient per 100 parts by weight of totl PVC resin ae
employed

A plasticized formulation can e blenced & abient tenperature

Using a mixing procecre & follow

g Dissolve the lubncart inthe plesticizer in a beaker by using
gentle heating and agitation. Cool o room tenerature and stir in ary
other liouidl ingreclents,

0) Actd all solics (except the Iubncart) to the mixing bow.

0) Mx a slow speed for 1 minte

o) Slowly atd the plasticizer mix from step (3) to the bow
while continuing to mix a low speed.

e) Continue mixing for 1 minute after all the liouid from step
() hes been ackkdl

f) Remove a portion of the mix from step (¢) and use it to
asorh the resiclial liouidl from tre beker; actdl this beck in the mixing
bowl with the aidl of a ruder spetLia

0) Sorape the sices of the mixing bowl and the mixing black
With a ruer spatula to be sure all ingreclients are incorporated into the
mx

h) Mx a medum speed until a uniform mix IS procloed
(typically 35 minutes)
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2. Huxing

Fuang is carried ot typically on a two-roll mll. The matenidl is
placedl on the mill and allowed to preheat for 1-2 minutes prior to start tre
roll tuming. To aid mixing, the compound is cross out back and forth Lsing
a mil knife. A betch should be mxed for @ minimum of 5 minutes after
banding. Distance between the rolls(the roll nip) is acjusted to facilitate
fluxing. Later, the nip is adjusted for removal of the betch & 0.20 nm
thickiness of test sheets.



Recipes of Potyvinyl Chlorice Compounding
Tre saples of polyvinyl chlorice were prepared & follows
Recipe 1 : Plasticized Polyvinyl Chlorice ( o fire retarcant )

Table 3-3 Ingrediient used in hard, soft and highly soft polyvinyl

chlorice film ( o fire retarcant )
Ingreclent Fomuiation
Hrd film - Soft film ~ Highly soft film

P\VC K60 100 - -
P\VC K65 - 100 -
PVC K-70 - : 100
Plasticizer 5 || N
Co-stabilizer 2 2 2
Stahlizer 1 1 1
LLbricant 02 02 02
Hller 10 10 10

39
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Recipe 2 * Fire-retardance plasticized polyvinyl chloride film

Fire retardant used * Zinc hydroxy stannate (ZHS)

Table 8-4 Ingredient used in - re-retardance plasticized polyvinyl

chlorice film ( ZHS fire retarcant )
Ingreclent
PVC K60 10 .
PVC K5 : 100
PVCK-10 - -
Plasticizer 5 40
Cosstanilizer 2 2
Stalizer 1 1
Lubrcant 02 02
Fller 10 10
Hre retarcant -
A5 1IPHC 13 153
M2 27 306
A5 3PHC 45 460
A5 4PHC  5R3 6.13
H5S5PHC 691 166
HOH B 153

Formulation
Hrd film -~ Soft film~ Highly soft film

100
0
2
1
02
10

18
306
50
133
916
B2



Recipe 3 ; Fire-retardance plasticized polyvinyl chloride film
Fire retardant used : Zinc stannate (Z5)

Table 3-5 Ingredient used In fire-retardance plasticized polyvinyl

Formulation
Hrdfilm  Soft film  Highly soft film

chlorice film ( Z5 fire retardant )
Ingreclent
PVC K60 100 -
PVC K65 - 100
PVCK-10 :
Plasticizer 5 40
Cosstallizer 2 2
Stalizer 1 1
Lubrcant 02 02
Fller 10 10
Hre retarchnt
A 1PHC 13 153
5 2PHC 276 306
5 3IPHC 415 460
5 APHC 533 6.13
S 5PHC 691 166
A 10PHC 138 153

100
[
2

1

02
10

183
3.6
50
133
916
B2

41
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Recipe 4  Fire-retardance plasticized polyvinyl chloride film

Fire retardant used : Antimony trioxide (ShjjOj)

Table 36 Ingrediient used in fire-retarcance plasticized polyvinyl

chlorice film ( Sb2) 3fire retarcant )

Ingreclent

PVC K60

PVC K85

PVCK-10

Plasticizer

Co-stabilizer

Stahlizer
Lubricant

Fller
Fire retarchnt
D3 1PHC
23 2PHC
D3 3PHC
D3 4PHC
2 3 5PHC
D310 PHC

100
5
2
1
02
10

13
216
415
533
691
138

Formulation
Hyd film ~ Soft film  Highly soft film

100

Q0
2

1

02
10

153
306
460
6.13
160
(R

10
[
2
1
02
10

183
360
590
13
916
B2



Recipe 5 : Fire-retardance plasticized polyvinyl chlorice film

Fire retardant used ! Ammonium sulphate (AS)

Table 3-7 Ingredlient used in fire-retarciance plasticized polyvinyl

Formulation
Hrd film ~ Soft film  Highly soft film

chlorice film ( AS fire retarcant )
Ingreclent
PVC K80 10 -
PVC K55 : 100
PVCK-10 :
Plasticizer 5 40
Cosstahilizer 2 2
Stahilizer 1 1
Lubricant 02 02
Filler 10 10
Fire retarchnt
AS 1PHC 13 153
AS 2PHC 276 306
AS 3PHC 415 460
AS 4PHC 553 6.13
AS 5PHC 691 166
AP  1B3® 153

10
0
2

1

02
10

183
366
590
13
916
1B
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Measurenent
1 Mechanical properties testing (9)

Tensile strength and elongation testing

Each of the five test pieces confoms to the dimension shown in
Foure 31 were taken from the test specimen in the longitucinal and lateral
directions and shall ke provickd on the center with two bench marks with a
distance of 40 mm The test piece then ke nounted on a tension tester &
shoan In Fgure 32 and pulled & a speed of 200 mmimn. with tre
distance between tester javs st 10 90 mm When the tester incicates a
aximum load), the loedl applied andl the clistance between the bench ek
shall e ootained The tensile strength vies expressed by the loadl found in
koffon™ (Nem) when & maxinum load wes narked. The tensile strength
andl elongation at boreak were calculated from the following fomula

Tersile strength = HA
Where, F = maxinum load (Kof)
A = cross-section area of test piece (om)

BHongetion (99 = [(L-LOYLO] X 10
Where, L = dlistance between bench marks & the point of rupture (vm)
LO=original dlistance between bench narks

The test results were expressed in an average Valle of each five test
piece taken in the longitucinel and lateral cirections
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In the test piece is cut off & apoint other then the area between the
bench vk, the measured value shell not e enployed and another test
piece shall be prepared for retesting

Figure 3-1 Tension test specimen dimension

ho

Is 25 .40 40 o

“Si |

L ol
[
1
i

Fgure 32 Universal tester load frame, set up for tensile testing of
plastics
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Tearing Strength Testing

Each five test pieces, dimension & shown in Fgure 33, shall e
taken in the longitucinl and lateral cirections dlamped by the tester jaws
S0 tet the test piece snall then be tom & a tension speed of 200 nmimin
Tre test result shall e expressed in an average value, by kof(N), of each
five test pieces in the longitudinal andl laterdl dlrectiors. \Aben a constart
speed elongation type tension tester with an autorretic recorckr is used, an
average value of the meximum

Figure 8-3 Dimension of tear test specinen
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2. Famebility Testing

Hammahility Testing (10)

For the purmose of this test, test specimens shall be conaitioned by
being left & a teperature of 23z62° and & a relative humicity of 50
5% for & peniod not less ten 24 hours and not ore then 7 ciays. The
tests viere conclicted In a metal box & shown In Fgure 34 in a laoratory
WWhose tanperature and relative humicity are kept a said values,

Tre box ves provickd with an aooess winoow of a heat resistant
olass plate in the front, and a coor that shall allow two - hgpe etal
plates (hereinafter referred to & Usshape Clany) & shoan In Hgure 35 10
enter the box, and & hole for passing a hose froma ges burmer, on the sick.
The box also e proviced with four slits 15 m in wickh on the upper part
of all sices and the battom plate shall have ten gores 19 nmin diarmeter,
The box wes fitted with legs and the bottom part shell ke raised by 10 nm

Atest piece 100 mmiin widtn, 35 nm in length, and & shown i
Foure 36 wes chucked in the Ushape Canp. \Akere the buming end of
the test piece wes softened and ceflected, a 0.5 mm heat resistant wire
vies pessed over the Usshape Clap speced & an intenal of 25 nm 1o
SUpport the test piece

Tre Ushape Clanp wes held honzontal In the center of the box and
a Bunsen Burmer wes placed thet the center of the nozzle of the burmer wes
positioned aloout 19 mm lower the center of the apening of the test piece
The Bunsen Bumer vies 95 mm in insick ciameter and the total calorific
value of the ges for testing shell be about 9080 kealim (3BVOIm), Tre
bumer wes held vertical and adjusted S0 & to generate a flare 3 nmin
length and the alr vent s kept closed
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(38MIm ). The bumer sell e heldl vertical and acfjusted 0 & to gererate
aflave 33 mmin length and the ar vent snell be ket closed

Aflare shell ke allowed to strike the test piece for 15 seconds and
time from the time when the flae reaches the first measuning point to the
time when the flame reaches the second measuning point srall ke meesured,
Tre buming rde shall ke calculated from tre following fomula On
starting the test the buming oparatus ad - hepe Clanp shall ke kept &

atenperature of so°c or lower,

Buming rate (Tmimin) = 60x(D/T)
Where: D =huming distance -~ (vm)
T =time required for buming over a distance of Dnm - ()

The test shall e conclcted unoer such conditions & to leed to the
most disachvantageous results. It a flame qoes out before reaching tre
second measuning poirt, hours: recuired for the flane to go out srell ke
messured

Even if aflame is startedl but if it ooes not reach the first messuring
point, the buming rate shall e regarced & self-extinguished.
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Figure 3-4 Example of combustion chamber

Dimensions in millimetres
Tolerances according to 1SO 2768-1
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Figure 35 Example of U-shape clamp

_ Dimensions in millimetres
Tolerances according to 1SO 2768-1 if not otherwise indicated
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Limit Oxygen Inoex (11)

Oxygen incex IS cefined & the minimum concentration of oxygen
expressed & volume percant, ina mixture of oxygen and nitrogen thet will
Just support flaming comtoustion of a metenal initially & room tenperature
uncer specified conditions. The oxyoen test Is consickred one of the nost
useful flanmredaility tests since it allows ore to precisely rate the materials
on a numencal besis and sinplifies the selection of plastics In tams of
flarrabality. The oxygen incex tester is shown in Fgure 3-7.

Figure 87 Oxygen Incex tester
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Test procecures are & follows:

d Ensure oxyoen and nitrogen are connected and fum an

b) Cornect rmais to the irstruert and switch the switch on
tre rear panel on Leawe to stabalize for 15 minutes.

¢) With 02 on/off valve closed, open N2 on/off valve. Agjust
N2reedle valve urtil the flowrreter incicates a fiow of 18 Jimin

o) Adjust zero potentiometer for a display of 0.00 %402

e) Close N2 on/off valve and open ( 2 on/off valve. Adjust 02
neecle valve until the flowmeter incicates a flow of 18 litresimnute

f) Adjust spen potertiometer for a cisplay of 99.7 9402 (or the
Q402 of the oxygen Usech

o) Close the 02on/off vale

h Qi the saple to tre recuired Size, & incicated by
gooropniate stanckrdl and place in the sanle holcer.

) Renowe chimmey ad place saple holder with loackd
sale In position (%ee Houre 39).

J) Place chirmey over saple holder and saple, andl ensure it
1S clipped securely into retaining clips.

K Light the bumer andl place in a safe position.

) Quen both 02 and N2 onoff valves and adfust both needle
valves urtil the total flow s 18 Jimin adl the concentration of 0215 &
required for the sanple. Purge & this flow rate for 30 o 40 seoonds o
ersure stablity.

(NB. If the saple being tested is unknoan, set the starting 02
concertration to approximetely 2%02)

m  Using the burmer, light the saple following the precise
protocol for the stanchrd being followed.
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) Wsing the 02 ad N2 reecle valves, aojist the 02
concertration, whilst eintaining the flow & 18 Umin, o thet the sanple
buming frort is just maintained.

0) Record the 02 concentration & the oxygen incex peroent

0 A tre completion of the nn close the 02and N, onvoff
valve adl the neecle valves. Remove the chirmey and sanple holcer aol
ay remants of the sanple

0 Unless further runs are to follow; tum off the instrument
arl tre 02and N2 supplies

Figure 3-8 Chinmey and bumers

X X |
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3. Evolved Gas Analysis

Pyrolysis Gas Chromatography

The pyrolysis, i.e. the decomposition into low-molecular compounds
by high temperatures, has been applied since long for the analysis of
organic polymers and copolymers. These low-molecular pyrolysis products
are then analyzed according to usual procedures which show the chemical
composition and structure of source material. This kind of analysis could
be considerably facilitated by the combination of the pyrolysis with gas
chromatography, mass spectrometry (MS) or the Fourier-Transform Infrared
spectrometry (FTIR) and is now an important procedure for the analytical

identification of the structural properties of high polymers and tensides.

Curie-Point Pyrolysis

The principle of the Curie-point Pyrolysis uses the property of a
ferromagnetic filament to bhe shockheated to its Curie-temperature. In the
center of a cylindrical induction coil, the filament is induced by a magnetic
field with an adequate impulse frequency. When the Curie-temperature is
reached, there is a drop of filament's relative permeability - its
ferromagnetic status becomes paramagnetic, whereby the heating capacity
which is taken up by the filament drops very quickly to an extremely low

value.

Application of Samples

Depending on the alloy composition of the ferromagnetic sample

holder, the pyrolysis temperature bhetween 300-1000°C can be achieved. In
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this work the samples were pyrolyzed for 9 second with the use of
ferromagnetic tubes for 700°c. For the application of solid samples, spiral
shape ferromagnetic sample holder are used. The solid sample is filled into

the center of a ferromagnetic spiral by means of a forceps (see Figure 3-9)

Figure 3-9 Application of solid sample and sample carrier

The sample holder with screw socket (see Figure 3-10) is first push
into the quartz tube and then insert into the pyrolysis chamber ( see Figure

3-11 ). The screw socket are screwed to the T-piece.
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FHoure 3-10 Assemoly of the sample holoer with septum of screwing
and quartz tube

1 /4

Y, .

N
b
|/ /
g
‘_ 70
1 Quartz tube 2 ferromagnetic sample carrier
3 Silicon septum 4 Screw socket

Pyralysis
The pyrolysis procedures are as follows.

a) Adjust the pyrolysis time to 9 seconds.

b) Adjust the temperature to 200°c at the temperature
controller for additional heating of the reactor.

¢) Push the pyrolysis injector into the induction coil in such
manner that the GC-septum is pierced by the injection needle. ( see Figure
3-11 )

d) When the gas-chromatograph and the pyrolysis apparatus
are ready for start, The pyrolysis is started with the start key and following
by the starting of gas-chromatograph.

e) After the GC-programme has been ended and the column

has cooled down, the next sample can be started.
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Foure 311 Pyrolysis injector

Gas Chromatography

The gas-chromatograph analyses were performed by using an GC
8000Series chromatograph (Fision, Norwalk, Connecticut, .S.A.) equipped
with a flame-ionization detector and fused silica capillary columns: 30
meters length, 0.25 mm.i.d., stationary phase - OV-1701, film thickness
0.1-0.15 micron. The temperature of column was programmed from 50°¢c
after '3 minutes to 220°c with an increment of 10°c/min. and then
operated isothermally at 220°c for 10 minutes. Detector and Injector
temperature was 250°c.

Helium for chromatography was used as the carrier gas at a flow
rate of 20 ¢cm /min. The FID was supplied with 30 ¢m /min. hydrogen and

300 cm /min. air.



	CHAPTER III APPARATUS AND EXPERIMENTAL METHODS
	Materials
	Apparatus
	Sample Preparation
	Recipes of Polyvinyl Chloride Compounding
	Measurement


