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Abstract: The flame retardancy of polypropylene is improved through the blending of the
proper ratio of halogens and phosphorus compound with the polymer. The flame retardan-
cy of modified polypropylene was measured with use of TGA and oxygen index tester.
The decomposition temperature of the pure polypropylene is 370°C. On the other hand,
that of the blended polypropylene is in the range of 391°C-448°C. The oxygen index of
pure polypropylene is 16 and that of the blended polypropylene is above 26. From these
results, it was demonstrated that the flame retardants in blended polypropylene show
good flame retardancy without severe damage of mechanical properties.
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Polypropylene ¢] wlods}el] gt 3

Table 1. Properties of Pelypropylene

Sample Poly-

Physical propylene

properties 1088
Melt index ASTM D 1238 g/ 10 min 10
Density ASTM D 1505 g/ cm® 0.90
Water absorptivity ASTM D 570 % <0.01
Tensile strength ASTM D 638 kg / cm? 370
Elongation ASTM D 638 % >500
Rockwell ASTM D 785 R scale 112
Izod ASTM D 256 kg+cem / em 2.0
Melting point KPIC method T 163
Vicat ASTM D 525 (¢ 155
Thermal deformation ASTM D 648 (& 110

temperature

Specific heat KPIC method cal/g C 0.46
Thermal conductivity KPIC method 10*cal-cm / em?sec C 3
Arc resistance ASTM D 495 sec 130

A% yodAlZ Polyscience Co.2| tri-
allylphoshosphate (TAPA), triallylphosphite
(TAPI), Stauffer Chemical Co. 2] Fyrol 76,
Hoechst Co.2] Exolit 405, Exolit 422 ¢} Mer-
ck Co. 2] ammonium phosphate dibasic (AP)
= AEeld o Z2RAAE YA ZE DOW
Chemical Co. %] FR-300-BA, FR-651-A 9}
Riedel-deHaen Co.2] hexabromocyclododecan
(HBCD) & 4}-&3}3dch of 9lol] Si0,, Al(OH)s,
K, COs, Sby Oy 52| ¥71% wtad dshdl & 55
AloFo g 2p-g-sgich

2-2. Polymer blend 2] H|=

25 163C2 ZAxl hot roll millel)
melt index 10g/10min, #/ % 0.90g/cm®*3) PP
€ 9] milling st A G EE vk o2 =
= 24 Eghwigt 4719 4 blending &9 ¢t
kA7 PP blend o] Sklsl drmm 4 &
$13}oq
ok 4 ~ 527 milling & Al43} el milling ¢)
E¢% blend polymer & wloj o] siddt 44
of ubx|ale] 413 v} PP & At 2r)2 2

2}4] 168C & condition % hot plate (Carver

blend polymere] B8 EI 4]7]7]
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Laboratory Press Model C, U.S.A.) o =
i1 18,0005}3-=2] qredSs 3 27k slsle] PP
plate 2 mbEo] A2 4}-8351%c)
2-3. AHAX|4=(Oxygen Index, OI)
2 Agoll 4= ASTM D 2863 - 760 =t} =F
= e o] Wy o R A9l Speci-
men -2 type D¢l film or thin sheet form
specimen dimension ¢l # 52+0.5mm, 2 o] 140
+ 5mm, 77 0.2mm 22 samplingdted oxygen
indexer ol Wel 5w %Har A AFod
OI ko= =is}gich

oxygen index ] A}

_ 0,
" %= 75, FN,) X 100

n=oxygen index
O =volumetric flow of oxygen, em®/S
N; =corresponding volumetric flow rate of

nitrogen, cm®/S
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Fig. 1. Oxygen index vs. flame retardant per-

cent.
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Fig. 2. Change in oxygen index for polypropy-
lene containing phosphorus compounds.
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Fig. 3. Change in oxygen index in various Fyrol

76 composition,
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Fig. 4. The relationship between oxygen index
and flame retardants containing halogen
compound.
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Table 2. Oxygen Index of Fyrol 76 Mixture on
Polypropylene Blend Plate

Composition of flame Oxygen
retardants mixture Index
by weight (W/W)
PP/Fyrol 76/HBCD=100/5/5 30
PP/Fyrol 76/HBCD=100/5/10 >30
PP/Fyrol 76/HBCD=100/5/15 >30
PP/Fyrol 76/FR-300-BA=100/5/5 29

PP/Fyrol 76/FR-300-BA=100/5/10 >30
PP/Fyrol 76/FR-300-BA=100/5/15 >30

PP/Fyrol 76/FR-651-A=100/5/5 >30
PP/Fyrol 76/FR-651-A=100/5/10 >30
PP/Fyrol 76/FR-651-A=100/5/15 >30
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PP ot ateql spehse] ekl w4y
Fyrol765] shibel gho wala/lmq 24
sk 4-4x1 4 go] Table 3ol vhehih olch
Table 3 2| Asboll 45 =pekel g dblod )
H 2} g3t = PP 9] OI g+
g xhod A0 Wo) Folch
3-4. 2, 2 A RIIBHE saee &
g ‘L d12F AAX) 40| 2AH|
chel shibgsh A s el ik
o hlendmg zg} 7o

X
of 29¢j4to 2§~

PP/AP=100/5, 01=21
PP/AP/Fyrol 76=100/5/5, 0l=24
PP/AP/Fyrol 76=100/5/10, OI=30 o]}

sl

o|ohE ApAle A4 B FES o 4
848k=73 Mk Fyrol 76458 <l shat%-9 w4t
skod 4p8-stw OI 7} 300]4H8] gho o3 9 == o

-]
ek elshzht s 4bR Fyrol 769 ol 432 v

nergistic effect Oﬂ /]0154\1}1 Azl o

PP oflcl ol whod a9} F-7)apat 23 Bgha)H
blending 5} %14 7%,

PP/TAPA/Sb,0; =100/5/5, 0Ol=17

PP/Si0, /AT (OH), /K, CO; =100/20/20/10,
0I=19
Table 3. Oxygen Index Value from Polypropy-

lene Blend Treated with Halogens and
Phosphorus Mixtures

Composition of flame

) Oxygen
retardants mixture Index
by weight (W/W)
PP /HBCD/Fyrol 76=100/5/5 30
PP/HBCD/Fyrol 76=100/5/10 >30
PP/HBCD/Fyrol 76=100/5/15 >30
PP/FR-300-BA/Fyrol 76=100/5/5 29

PP/FR-300-BA/Fyrol 76=100/5/10 >30
PP/FR-300-BA/Fyrol 76=100/5/15 >30

PP/FR-651-A/Fyrol 76=100/5/5 >30
PP/FR-651-A/Fyrol 76=100/5/10 >30
PP/FR-651-A/Fyrol 76=100/5/15 >30
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Table 5 ol 4 vbod

A 7} 7bE o tensile strength b A Adke A
3kol ¢loli PP 100gell Fyrol 76 20g -

= ajl&= tensile strength 7} o5  E-ekaich
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PP chip?] 7
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E— 711‘_'—'—‘6}9\1 L}'-
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odskg ubl Ao g azkxlc)
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4% tensile strength”} 370kg/cm?,
elongation 500% ©| 4} o] <) =n
o] ulE PP
of blending st PP film -&
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vl 5lo3 blend
A 7yst
- tensile strength
1.2%olsL2 4 500w %
a2 A
29} 4 blending 5} = 41 thermal degradation
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to

whad 2] 5l

2 Helsx 2 PPyl 31C~52C ukst PP 7t A2& 5= 727t 2lck HBCD 3 FR
o o 2ol 4 galel el Bkl 2O -300-BAE AhEek A9 M B9 atgebi ol
2 el ool oddtsiedl mhal xpsof AR4x] ° g MW Eo 2sle] pale brownish vellow &
T e FRbebe] Abckel el Wl Helxl PP sl o2 47s{n FR-651-A 7% A5t
Table 4. Results of Thermogravimetric Analysis of Polypropylene
o ) Range of Decomposition  Residual
Composition of materials . Oxygen
by weight (W/W) pyr?IySlS tenmp., car.bonaceous nde
C C solid, %
PP 253-419 370 0.53 16
PP/Fyrol 76 =100/10 157-450 391 0.57 26
PP/Fyrol 76 =100/20 157-471 415 0.54 29
PP/HBCD =100/10 235-465 392 3.30 30
PP/Fvrol 76/HBCD =100/5/5 190-451 4438 2.97 30
PP/Fyrol 76/FR-300-BA =100/5/5 192-460 417 - 29
PP/Fyrol 76/FR-300-BA =100/5/10 195-471 414 0.97 >30
PP/Fyrol 76/FR-651-A  =100/5/5 172-460 406 0.75 >30
PP FR~300-BA/FR-651-A=100/5/5 224-469 430 1.59 >30
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Table 5. The Tensile Strength and Elongation of Polypropylene

Composition of materials Tensile strength Elongatjon o1 Color
by weight (W/W), film type (kg/cm?) (%)
PP chip 370 >500 colorless
PP film 363 1.2 16 colorless
PP/Fyrol 76 =100/10 277 0.4 26 colorless
PP/Fyrol 76 =100/20 79 0 29 colorless
PP/HBCD =100/10 334 0.7 30  pale brownish yellow
PP/Fyrol 76/HBCD =100/5/5 303 0.5 30  pale yellow
PP/Fyrol 76/FR-300-BA =100/5/5 162 0.1 29 pale white
PP/Fyrol 76/FR-300-BA =100/5/10 262 0.6 >30 pale white
PP/Fyrol 76/FR-651-A  =100/5/5 244 0.3 >30 pale yellow
PP/FR-300-BA/FR-651-A=100/5/5 338 0.8 >30  pale brownish
yellow
H g7 1A ZAF0R odLd a4 yel- gk dl 244 PP/Fyrol 76/HBCD=100/5/5
lowing g 4Fe] dojubelr 4 #5lch 12} yel- (W/W) 4ol 4 B2 448, OIg 30°.
lowing & 42 4ol 2|al Auk dojrh= ZH o] 2 e Hx & PP Fal 25 370T,
obu ] ZE 2} ol radical o] ZastedE o] OIZF 16 cls 2a) &5 = 78C o Zo}a 50l
GEE A RAE Askal ol fi o b glek &E Mol4oz Adslgeh Eakohuet 4

0] vtod## 7} 2 tensile strength = 303kg/cm?
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PP2| wedg 3t @ A4S o] $ste] Oxy- = Asko] 9= Ao 2 sicks] =& blending W
gen Index, TGA % DTA 2 £43192 4 % A7 287 eh(PP ¢ blending 4l
S & & tensile strength, elongation % iz 7ko] 7o} W42 tensile strength7} &3
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PPuch Ol gho] 1004 Z7bslolm, Ha)om 1. A. Takaku, . Appl. Polym. Sci, 25, 1861
= 21C~78C 742, dia) 3E 5= 31C~ (1980).
52°C 7} =] gkAbs] ok 2. P. Bajaj and A.K. Sharma, J. Appl. Polym.
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