CHAPTER III
EXPERIMENTAL

3.1 Materials
1. Acrylonitrile-Butadiene-Styrene Copolymer (ABS)

~: Alcan Chengicz td els |
5. Antimony trioxide (S50 203 Y2
: Dai-ichi Co. ﬁ‘{ -
6. Chlorinated polyethyiene{CPE
Y

e
AN 21N

Amnibnium bromide (N‘I-LBr)

Q RGN 7] 9] 2] 6 2
99 Ammonium chloride (NH,4Cl)
: Merck

10. Tin (9.42%)
: British Geological Survey Ltd.

11. Antimony tetroxide (Sb,0O,)

: Johnson & Matthey Co., Ltd.
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3.2 Apparatus

1. Flammability testing ; Polymer Laboratories FTA module
(ASTM D2863-91)
2. Two-Roll Mill ; Lab Tech Co., Ltd. Model LRM 150

3. Cutting machine \ Ljabtech Engineering , Model LRM 110

5. Universal tes

6. Impact testing

7. Scanning Elecif Y / S Mc \ CF
Microscop€ (Sk

8. Thermogra- ' ,
differential théfmfll an; alyzet”

9. Neutron Activa o "; yerra Industries, Model GR 2018,
Analysis apparatus =~ CA-S100

(7 7Y

[
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3.3 Preparation of ABS Compositions

An ABS composition was prepared using the ingredients listed in Table
3-2 to 3-5, in the following manner. A virgin ABS plastic polymer material,
free of additives, was utilized as the base resin. An ABS formulation can be

Wt temperature using the following

blended and injection molded @

procedure :
a) An ABS plastic.was-prehe dﬂtwo-roll mill for about 5 min.
The temperature of the Tollw ' ons ant at 180 °C for the front roll
and at 170 °C for the b € it was in the molten state.
b) The haloge bis(tribromophenoxy)ethane
(BTBPE) and/or s dded to the molten ABS and

¢) After blending, it biriogemtized for 10 min, the blended sheet was
removed from the two- fritls gut ifito the small chips by the cutting

machine :
d) The po V."ﬁ-.:»:—u»—»'-' : ‘:‘" 3 hr before injection

molding with the folbﬁ}v & procy | |

Cycle time ;5 seconds, IIIJCCthIl time : 1.4 seconds

o AU TUBIRT : o

Melt temperdture : 210 °C, Mold 1d temperature : 40 °C

T RRIR ﬁ’ifﬂ%‘%‘iﬂq ‘%"VPEI’“F@’HUC iifs

barre

Hold pressure : 8000 psi in the barrel, 5000 psi mold-cavity pressure

Test specimens were obtained for testing, according to Table 3-5.

By
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BTBPE is a halogenated fire retardant for applications where thermal
stability at high processing temperature is important. It is used for many
thermoplastic and thermoset systems. It also has good UV light stability for
light-stable applications [23]. Some properties of this compound are shown in
Table 3-1

Table 3-1

Pro

Properti

Cheniical Fara

Appearance

Bromine cont

Melting range (°C)
Specific gravity

Toxicity (W« | Notaskif or eye irritant

‘ii“ W“m
ABS resin 70
Fire retardant

BTBPE ~ 5 15 | 12 |20 | 23| 25 | 27 | %8

" BTBPE = 1,2-bis(tribromophenoxy)ethane



Table 3-3  Synergist fire retardant properties on ABS comp'osition.
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Composition Synergist fire retardant level (by weight)

2% 4% 5% 6%

ABS resin : Synergist fire retardant
96:4 03:5 94:6

Table 3-4 0g / ire retardan ei:herwith synergist

&\i\Q\ ABS composition

A ratio (part by weight)

NG \
‘ Comsi ‘

ABS resin 100
Fire retardant - \
18% BTBP ﬂ"vjf_*:fi_fi 225:95
4% (2118, 28, Sb,€ 25.1:5.1
6% ZHS, ZS, Sb,0;) 23.7:7.9
AUYINENINEINT
20% BTBPE + 2% (ZHS, Z8, $b,05) L 256 2.6
Fy

CRANER (32 AR RN I E
9 6% (ZHS, ZS, Sb,05) 27.0: 8.1
23% BTBPE + 2% (ZHS, ZS, Sb,0) 30.7:2.7
4% (ZHS, ZS, Sb,05) 31.5:5.5
6% (ZHS, Z8, Sb,05) 32.4:8.5
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Table 3-5 Fire retardant properties with chlorinated polyethylene

on ABS composition

Composition ratio
(part per weight)
ABS resin 100
Fire retardant
18% BTBPE + 4% ( 24.0:53:4.0
247:55:6.8
20% BTBPE + 4% 274:55:4.1
282:56:7.0
20% BTBPE + 6% ( 282:85:4.2
29.0:87:72
Chlorinated pﬂye yle “PE dded tﬁmost commercial ignition-

resistant ABS formulaﬁom to improve Q}ocessibility, impact properties and to

help reduce ﬂa%tﬂwwcﬁ}ﬂqgﬁrw fubning KBS as measured by the

UL 94 test [24ﬂThe properties of CPE are sh wn below :

Wﬂﬂ*&ﬂ‘iﬁﬁ&%’]?ﬂmﬂﬁl

SBemﬁc gravity : 116
Molecular weight : about 80,000



3.4 Test Method
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Various properties of ABS compositions were tested using the condition

listed in Table 3-6.

Table 3-6  Conditions for testing ABS compositions

Properties Specimen Condition
Flammability | |F '
: Limiting Oxygen ||\ D-2863%{-.1/8' 1/4%2.5” | Mixture of
Index WA 0O, and N,
: UL-94 - Y JA - 1/16 0.5” V test
Tensile strength H- 38 \STM Type I | speed :
i/ . 3.0mm Smm/min
Wredenr ¥ " Thickness
Izod impact strength c ‘“: “14D-256\, 111/8% 1/2’x 2.5” | Notched bar
Heat Distortion p——— 8 | 1/4%1/2% 5” 18.6 kg/cm
Temperature _ATRIA AR
Melt Flow Index )4/  g/10 min | L£5g 220 °C x
- | 10 Kg
Rockwell Hardnesfj . -FV TMtype 1 | R Scale

o GRAANYEN NS

amammm“ ’

gﬂxﬂen ﬂae)E‘(ILOI), which is

a method for the determination of the relative flammability of polymeric
‘materials. This test conformed to ASTM D2863-91[ 25]. A material in the form

of thin strips of approximate dimensions 100 x 7 x 3 mm is clamped vertically

and ignited at the top, so that it burns in a candle-like manner in an upward

flowing mixture of oxygen and nitrogen. The oxygen concentration of the gas is

then adjusted until the minimum level for sustained burning is reached. In this
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study, LOI values were determined by using 10 samples in a Polymer
Laboratories FTA Apparatus. The Polymer FTA model LOI Apparatus is
shown in Figure 3-1. The fire performance data obtained in this study are

summarised in Table 4-1 to 4-8

o) dYIJYI d WL
: .

U _guig-_ LOI app aratus
Y WIANNIEU w’nwma d

Another method for flammability testing is UL-94 standard [26]. UL-94

contains test procedures for both horizontally and vertically positioned solid

plastic test specimens in the form of rods. There are two methods ;

HB test : The test specimen is clamped with its longitudinal axis horizontal
and a Bunsen burner flame is applied to its free end for 30 sec, the

burning rate of the test specimen should not exceed a maximum
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value dependent on its thickness or that the specimen extinguishes
it_self after removal of the flame.
V test : There is double Bunsen burner flame in the vertical dimension and

lists the criteria for each V classification as Table 3-7

Table 3-7 UL-94 vertical burn test

i
. , L/
Rating 0 w0 | vi | v

Max individual b <30 <30
Total of 5 specxmy \-.. <250 <250
Glow time after segofid 46 \ N <60 <60
Ignites cotton ‘ \ No Yes

\\

* . . -
Rating criteria ar€ repouted m €00
; L Y8

If only one speci pecimens does not comply with

E" : s
the requirements, another s¢ Sp ens is to be tested.

ﬂuﬂqwav
ammnimq

. NN
~ T L. o
‘ F R l

Figure 3-2  UL-94 vertical burn test
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3.4.2 Mechnical Properties Testing [27].

Mechnical properties of the thermoplastic were measured by following
the ASTM test methods as follows :
ASTM D638 : Standard test method for tensile properties.

pe I) dimension is shown in Figure 3-3

T—*”«—-

»
v

A

W13

L: 57 mm - 16 / ulf mm

AUs7 mm;m S0 oo
RAADIRLLIN i

R :76 mm

Temperature : 23.0
Relative humidity : 500 %
Distance between grips : 115 mm

Gage length : 50 mm
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ASTM D256 : Standard test method for impact resistance.
The test specimens dimension for Cantilever Beam

(Izod Type) test is shown in Figure 3-4

A,

Vg . -

e

7‘:“;" t\h\;g\x
VAN
s

w

1 6 mm
b
Unit : mm %
A: 10.16+0.05 = D3 0.25 +0.05
B: 32.00max, 3150 min : 12,70 +0.15

C: 635 AN

Figgrﬂ-4 Schematic of Izod typ test specimen.

w GUEANANINONT. . o .
W8N NNINYAY

Relative humidity :

Depth of specimen : 10.16 mm
Pendulum capacity : 11.0 J
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ASTM D648 : The test method for heat distortion temperature.

At least three test specimens were used for the test. The specimen were
tested under the conditions in Table 3-5 at 23 + 2 °C and 50 + 5 % relative
humidity for not less than 40 h prior to testing.

ASTM D785 : Standard test method ockwell hardness
: cordance with Table 3-6. The

Qr a sufficient area to permit

For each of the pubpgrties mecasired, at ee samples were tested to

surface of each speci

the presser foot to co

analysis. These teclfﬂ: dﬂof action of the additive :
solid phase or gas phas‘e retardation.

AUIAINYNINYINT

3.5.1 Quantitative Anal¥§ls of Elemental by NAA
a Ea:]‘n{a anq;lyfs]szgcymam ’lngllr]e(;ﬂ a/l?ho?of analysis for
chemical elements in trace quantities. A radioactive nuclide is formed when an
element is bombarded by neutrons or charged particles such as electrons and
protons.
In a nuclear reactor, stationary conditions are established when the

number of neutrons released in a given volume is about equal to the number of
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neutrons which participate in new fission acts. Neutrons from a nuclear reactor
are composed of thermal and fast neutrons. Thermal neutrons aie neutrons with
an energy of about 0.025 eV.

The interactions between thermal neutrons and most of the nuclides

through the (n,y) reaction produce radlolsotopes which can be identified by

3.1
(3.2)
from (3.3)
(3.4)
where :

2 5
e

¥

e to be zero
nuclide

Ié
.
".l}.‘: Lol Eadis
- b

i

A
A,
A
T

= w o ooy faaaa

y'. = ?—gﬁg_-:’

tie =B[ ae m

Theoreﬁ utg @%‘E‘J’ﬁ@w% ﬁcﬂﬁf the element present

in a sample by‘¢omparing the coynt rate of a standard w1th that of the sample

one AR FIEH SR P84 G oo town

equatlon
%EX = Co& X Wgaa x %STD (3.5
Cstd Wex
where :
%EX = % Element in sample

%STD

% Element in standard
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L = Count rate of sample
Cstd = Count rate of standard
Wex = Weight of sample
Wsa = Weight of standard

In this study, NAA was u Wn, Sn, Br, Cl and Sb analyses in the

and standard, the sample was

mlal and the vial was sealed by

1 neutron radiation and the

weighed (about 0.05-0.07.g)-iii

heat. The standard '

amount of radioisotopesp equations 3.4 and 3.5. The
results are summerized i
Irradiation tifesy décay. tume o) mes and energies of the

emitted radiations arefShg

Elements ‘ ‘ &s 1] L',T—,,f:f'--':ﬂ'?"""_-'; i' ng | Energy | Counting
| : ame (keV) time
-
Zn SFn 24384d 10d 1155 | 1205
- F’T’HEJ’J%H ﬁWE’]ﬂ‘i S\ g
Sb W2y, 272 q‘ 30 m 30m 564 0 100 s

o 3 TR 304 NRA T P18 e | o

c1 -l 372 m 2167.0 | 300s
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3.5.2 Thermal Analysis

Thermal analysis has been used extensively to study in detail the various
individual stages occuring during the breakdown of polymer under the action of

heat, and can provide useful information regarding the mode of action and

dan
&w 0 gravnnetry (TG), derivative

thermogravimetry (DTerrdm calorimetry (DSC) provided

a useful way to investigatesthe“thermal de ation and combustion processes

effectiveness of flame retar

For this study,

which occured within th
Two main proc ed; initial degradation wherein the
readily combustibl bnm ;qr ield ‘&ar and char oxidation in

which the char producg vr et i ustion is then burnt off.

Furthermore, the weight of sidueremaining after combustion can indicate

T =

the presence or formatio of'm)ﬂ:cnm ustib!

2 oﬂthe initial degradation step
would indicate that th? fire retardant pagperties arise from a condensed phase

reaction, i.e. ﬂ%ﬁjtﬁﬁaﬁiﬂ})ﬁﬂdﬁ»% E:Fﬁirﬂ ? however, the initial

degradation profile is unchanged a vapour phase fire retardant mechanism 1i is
o I U ST, S e ot o
a more Stable component within the char.

In this study, the samples, weighing about 50 mg, were analyzed on a
NETZSCH STA409 instrument. The heating rate was 20 °C/min from ambient
temperature to 1000 °C. The atmosphere was air, with a flow rate of 100
cm’/min. The results are summerized in Table 4-10 and plotted in Figure B.20

to B.30 in Appendix B.
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