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APPENDIX A

Table A.1 Tensile strength of commercial ABS and ABS blends with

fire retardants.

Composition Width Thick Tensile strength

(mm) (kgf/cm®)
Commercial ABS 3.10 486.6
3.10 485.9
3.15 485.2
| 3.12 4859
- 0.7
ABS with 20% BTBPE +4 J F 36 3.10 510.2
3.12 $123
310 503.9
311 508.8
% - 43
ABS with 20% BTBPE ﬁ% HS' 3.10 494.2
+ 3%.CPE 12.85 3.10 496.8
A YHINYRTNEANG
“Mean 385 3 11 g4 493.9
3.1
ABS with120% BTBPE + 6% ZHS 1 12.85 3.10 4973
+ 5% CPE 2 12.85 312 502.1
3 12.87 3.12 502.4
Mean 12.86 3.11 500.6

S.D. - - 29




66

Table A.1 (Continued)

Composition Specimen ~ Width Thick Tensile strength
(mm) (mm) (kgf/cm?)
ABS with 20% BTBPE + 4% ZS 1 12.89 3.09 502.2

+5% CPE 3.10 505.3
N 3.10 509.9
3.10 505.8

’ 3.9

ABS with 20% BTBPE + 63 3.08 505.4
3.10 500.9
3.10 505.8

3.09 504.0

aS - 2.7
ABS with 20% BTBPE + 6% ZS “~—— 12.8 3.10 489.2
o SUCPE 7 3.11 486.5
;, = ,i"'.l 3.10 501.3
| 86 || 3.10 4923

7.9

AUE NN
ARIAINTAUNNIING 1A Y



Table A.2 Impact resistance of commercial ABS and ABS blends with

fire retardants.

Composition Specimen Width Swing up Impact strength
(mm) angle (B) (kgf-cm/cm?)
Commercial ABS L, 3.18 120.6 9.53
‘ 120.6 953
120.8 9.36
120.7 9.47
- 0.1
ABS with 20% BTBPE + 4 119.8 10.20
119.4 10.53
120.0 10.03
119.7 10.25
- 0.4
ABS with 20% BTBPE+ 120.4 9.69
1 1202 9.86
120.2 9.86
¢ o Meangs  3.18 120.3 9.80
ﬂ . - 0.1
ABS with 20% B?BPE +6%ZHS ¢ 1 120.30 10.02
A WIRNAGU SJW]’W]EIW@ t e
317 120.2 10.06
Mean 3.18 120.2 10.03
S.D. - - 0.3
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Table A.2 (Continued)

Composition Specimen ~ Width ~ Swing up Impact strength
(mm) angle () (kef-cm/cm’)
ABS with 20% BTBPE + 4% ZS 1 3.18 119.2 10.‘70
. +5%CPE | 119.0 10.86
N 119.4 10.52
119.2 10.69
- 0.2
ABS with 20% BTBPE + 68 / 3 120.6 9.53

120.5 9.63
120.6 9.56
120.6 857

- 0.1
[/ A e
/e ; |
ABS with 20% BTBPE + 6% ZS 'ﬁl . 119.8 10.20
kYA
' e 19.9 10.13
= 1200 10.03
| A8 11 119.9 10.12
0.1

AUE NN,
ARIANTAUNNIING 1A Y
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Table A.3 Hardness (R-scale) of commercial ABS and ABS blends with

fire retardants.

Composition Specimen L L R Hardness
Commercial ABS 1 94.0 94.6 94.6 94 .4
943 943
944 94.6
Mean 94 .4
S.D. 0.12
ABS with 20% BTBPE + 4% // | \ _- 95. : 96.2 96.4
' 96.3 9.1
96.3 96.1
Mean 96.2
: 7 S.D. 0.17
ABS with 20% BTBPE + 6% ZH ; 98.5 98.4
+ 39 ./ 98.8 98.7
_.,-:.— 98.9 98.7
) , J Mean 98.6
| (N (Y, 7 __8D, 0.17
as it 200 bl v and | 1) ) 3 Pefe) T BASY oes e
o N +5%CPE € 2 966  96.6 963 96.5
AW TUE N VI B B kb e
q
Mean 96.6

S.D. 0.05




Table A.3 (Continued)
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Composition Specimen C L R Hardness
'ABS with 20% BTBPE + 4% ZS 1 965  96.9 96.7 96.7
+5% CPE 2 96.6  97.0 96.4 96.7
496 970 969 96.8
: 1 ‘// Mean 96.7
W — S.D. 0.09
ABS with 20% BTBPE + 6%28 O 2.. 988 992 99.1
930, 995 99.5 99.4
99.6 99.5 99.5
Mean 99.3
S.D. 0.22
ABS with 20% BTBPE + 6 o7 a2 97.4 97.6 975
+5% CP ‘@:%-ﬂ; : 97.6 97.6 97.5
i bIN
\ TR 4 97.3 97.4
Y Mean 97.4
| S.D. 0.06

. UHNYNTNYINT

qu: Left ¢

QRAMIATUNNIINGA Y



Table A.4 Heat distortion temperature of commercial ABS and ABS blends

with fire retardants.

71

Composition Speginic Temp (°) Mean S.D.
Commercial ABS
152 2.8
ABS with 20% BTBPE
74 .4 0.8
ABS with 20% BTBPE + 6%
74.2 0.2
ABS with 20% B 1
| F5%CPE 3 738 0.1
ABS with 20% BTBPE 4% ZS
ﬂﬁ&ls’)cﬂ&l'ﬂﬁw YANT s o
a 735 |
ABS @mmmfu ll TN Y
+3% CPE 74.6 74.2 2.0
3 73.6
ABS with 20% BTBPE + 6% ZS 1 74.2
+ 5% CPE 2 73.8 73.8 04

3 73.4
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APPENDIX B

Calculation the percent of elements in residuces

Table B.1  Determination of Sn from sample
- ABS wi % BTBPE and 4% ZHS
-
- 1th PE and 4% ZS
additive W Zs
no. P h 1 2 8
weight (g) 0 4 0.0638
area 12 5 U 231
time at (min) L4 5 .45
% Sn 396 - | < 4, 1.91
char yield i j . E
platic origin My 0.6
Sn {add) S AZT w;-.' 00100
Sn (after) e B 0.00241
%Sn residuce A e %
s if_d_,;_,.i
T
SN
Table B sai]
D S and 3% CPE
- ABS with 18% BTBPE, 4%ZS and 3% CPE
NS
additive I I d Zs
no. ) 4 3 1 2 3
(9) 7,4 00695 | 0 0600
ea 1837 | 1
time at (min) 500 |1000 [10c0 |1000
% Sn 1.14
char yield 16.27%
platic origin 03725
Sn (add) 0.c076
Sn (after) 0.ccc8
%Sn residuce 10.53%
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Standard Sn

Sample

78
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Example of calculation

From sample ABS with 18% BTBPE and 4% ZHS (Table B.1), determination

%Sn according to the first time was calculated as follow :

A, = Ae®T (3.4)

ZHS 1,

From equation 3.5 ¢

where :

‘o e

Wexgh sample

AU T ﬁ&m@m&a N9

LAM9DI0LNIAN AT

1263 0.0644

= 3.76%



Table B.3 Determination of Zn from sample
- ABS with 18% BTBPE and 4% ZHS
- ABS with 18% BTBPE and 4% ZS

additive std ZnO ZHS ZS
no. 1 2 1 2 1 2
weight (g9 | 0.00054 | 0.00 0.06330 006167 [ 0.05970 |0.06040
area 172 \ 2 3760 6433 4687
time (sec) 120 1) ) 120 120 120
% Zn - g 2 K g 435
char yield . 9.90%
platic origi % | 0.6030
Zn (add) \ 0.0068
Zn (after) 3" 21 0.0024
%Zn resi JFr 7= | . 35.29%
W&
2 $Z0
I
Wi
Table B.4  Dgtermination om sample
- ABS» | 18 , 4% ZHS and 3% CPE
e
d 3% CPE
-
additive s HS zs
no.
eight (g)
3 ea ?
e (sec)
% Zn . [ 216
N R
g u? in o o
9 Zn (add) 0.0036 0.0042
Zn (after) 00017 0.0019
%Zn residuce 47.22% 45.24%




Standard ZnO
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Standard ZnO

Sample
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Table B.5 Determination of Br from sample

- ABS with 18% BTBPE and 4% ZHS
- ABS with 18% BTBPE and 4% ZS

additive Std NH,Br ZHS Zs
. 1 2 3 1 2 3 1 2 3
weight (g) 00061 |000s1 |0.0057,| 00644 |00609 |0.0621 |0.0638 |0.0652 | 0.0807
area 13830 | 14970 o 1417 28114 [ 26148 | 16455 | 25585 | 21469
% Br . 138 1382 928 10391 | 1160
char yield ; 9.90%.
platic origin —YT — 0.6535
B¢ (add) 076, 0.0830
8¢ (aften : 7 BN P~ 0.0071
%8r residuce g 8.55%
AP\
s
dELL
I NgaLy
Table B.6 ~ Dgtermination rom sample
st e 8
-A ' E, 4% ZHS and 3% CPE
’ ’*'..l:‘.f.g__t S
d 3% CPE
additive Std " +Cl Al ZS +Cl
no. : 2 3 1 2 3 1 2 3
wel ) 0.0053 “I'0! , 0_|0.0600
areP 14307 596
% Erqﬂ gl s - ise0 B
char yield ‘

q Br (after)

%Br residuce
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Standard NH,Br Sample

MCA #1 - Canberra S100 - STDBR4 - MCA #1 - Canberra 5100 - -] -
Tag lu?bor 140 Plet‘tod On : wed 10 {ul 1996 @ 03 39 s2 Tag Number : 14t he:ucsan m 53 30 Jul 1956 @ 03.40 a1
Sead Time ©8.93% Acguire S:aszed : wed 10 Jul 1956 @ $2.0C.57 Sead Time @ 9 35% Acguire Staried . wed 10 Jul il" © 03 64 3%
756. axeV ) 799 Okev 736 4kev 799 okev

e |
143 VESa 8152

JJ‘U . L

Cursars756 qkev From 773.2%eV From 772 tkev TO 783 ikev 3
Countg=78 Int=16217 Ar Inz=lS5441 -'Ol;:)lfﬁ‘-1713‘ ;;:;{l:'.':;: :gg.gg
nent from
o,
\ BPE and 4% ZHS
Standard NH Bz .+ i Sample
MCA #1 - Ca T . MCA #1 - Canderra S100 - 2S-BRS -

Tag Numper : 143 ‘ Piotted On : Wed 10 Jul 1996 @ 03 33:41
Sead Time : il.0e% Asguire s:nuu : Wed 10 Jul 1996 @ 03 17:28

799 . 0keV

756 . akeV

*-
T4 VFss #1932

‘Lﬂwﬂ gl ingaas| |

i 'N 4keV !r:n 77: svav T2 780.1keV i Fset(ls)s 100 ¢2 Cursors736. dkeV From 17: LET) TS 780 €keV Pses(ls)= 100 c¢
Sucsess * Area=i4370+-1.47%  Elap(Ls)= 100 00 Countsalls In2ai79; Areas21sete-l Cox  Elagilsie 100.0¢

s VEFSs 8152

- e

Figure B.10 NAA diagram of Br element from
ABS sample with 18% BTBPE and 4% ZS
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Standard NH,Br Sample
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Figure B.12 NAA diagram of Br element from ABS sample
with 18% BTBPE, 4% ZS and 3% CPE



Table B.7 Determination of Br from sample
- ABS with 18% BTBPE and 4% Sb,0;
- ABS with 18% BTBPE, 4% Sb,0; and 3% CPE

additive Std. NH,Br Sb,0, _ Sb,0; +Cl
= 1 2 1 2 1 2
weight (g) 0.60500 00321 0.0512
area 1 10743
% Br 343
char yield
platic origi .
Br .
Br (af
%8r resi /
e
NE
ﬁ-’-;
Mg :
JI‘I,
v
Table B.8 erpuination om sample
- F e : and 4% Sb203
3 and 3% CPE
addiﬁQ ‘_L Std. Sb,0, %szo, Sb,0, +Cl
I~ ‘ = 2
weight ( 00379 . 50, o.(de 0.0512
area 54053 45329 | 12084 | 95615 53395 50170
e | ¥ 318 dioos [0 708 s
q W " idd ‘ 64 7
q platic origin 0.7651 4429
Sb (add) 00256 00143
Sb (after) 0.0067 0.0036
%Sb residuce 26.17% . 24.32%
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Figure B.14 NAA diagram of Br element from ABS sample

with 18% BTBPE, 4% Sb,0; and 3% CPE



Table B.9 Determination of Cl from sample
- ABS with 18% BTBPE, 4% ZHS and 3% CPE

- ABS with 18% BTBPE, 4% ZS and 3% CPE

addjtive Std. NH,CI ZHS Zs
no. 1 2 1 2 1 2
weight (g) 0.0004: 006028 | 006078 | 0.06041 006018
area 1 326 375 375 445
% Cl 0.2 on
char yiel 68%
platic s 39
i
Cl{a
%Cl resi
AL

N(©

e

. ~

Table B.10 terr 1 from sample

s Pty

- ABS~wi %3 PE, 4% Sb,0; and 3% CPE
o
Sb,0, + Cl
I no. | 1 3
weight (g) 000044 | 000044 | 000046 | 006078 0.06041 0.06018

387

area © 450 1059 353) | 1059 (a5l

1233 {411)

287 297

0.17

platic origin &

q IV R

oy

AN R e

q %Cl residuce

1.43%
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Figure B.16 NAA diagram of Sb element from ABS sample

with 18% BTBPE, 4% Sb,0; and 3% CPE
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Standard NH,Cl Sample

MCA 21 - Ccnbnu S100 - STDI-CL - MCA #1 - ;.“.,- a ;,oo - "nsx-a.
Tag Nusber : 161 Fiotted On : Tue 16 Jul un ® 04 21 0 ' |Tag Number : 160 ictte : Toe 16 Jul 1956 @ 64:19 41
Dead Time : 0.11% Acquire sur ted : Tue 16 Jul 1956 @ C2:46:10 Dead Time  : 17.86% A:qu ro s arted @ Tue 16 Jul 1996 @ 02 3a:33
2092 skav 2232 CheV 2092, 8keV

2222 Cwev

S~
4 i VFSs 3%¢
i
W |
Curscr=2052. SheV From 2161.8keV . o From 21€1.ewev T2 2177 Zkev Pret(ls)e 30000
Counts=0 Int=363 Are T t A Ints=427 AT222)26+-10.21% Elapils)= 300 oo

from ABS sample
and 3% CPE

Standard NH,CL 7/ = /0 Sample

"eA £1 - Can ?’ CA #1 - Canderrs S100 = 2S51-CT =
Tag Number . 161 FBictzed On 2 Tue 16 Jul 1395 @ 64 18:52
Dead Time i 6.31% Acguire Started : Tue 26 Jul 1996 @ 02:31:5%
2092.8keV 2232 OkeV
12 vESs 3t§ ‘ Lizd VESs 3%6
¢ “ l
i
lwu_i l !
Cursss=2C52. tkeV From 2161 8kev TO 2176 lkeV Fset(ls}s 0.05 Curscr=1092 8keV From 2161 EkeV To .le Fsetils)s= 39¢. 00
Counts=0 Int=363 Arepzd€le-t 70% Elap(lyt= :no 02 Countg=ll Int=443 Ar u-"l--, 16% Elep(le)= 200 00

Figure B.18 NAA diagram of Cl element from ABS sample
with 18% BTBPE, 4% ZS and 3% CPE
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Standard NH,CI Sample
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