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A Review of the Flame Retardation of Flamable Polymers.

Young-I1 Mok

Hongneung Machine Industry Co.

BT i8S ATk (Flammability) 2 ##41k (Flame Retardation)o] 3te] }A &G 53]
AMERIES AFEE & MERI(Oxygen Index) 9} BEpim s (Smoke Density Rating) S EZSHL,
W SO TWHE EhtES oot B (Flame Retardant) 9} 9] 28 =] 7h %, BRI
THE, #RES Al 28 $#REs 7Y HEslss 2899, AA #RHE AL
Bf4: ¥ E.(Fire Retardant Paints), B54¢#ils (Fire Retardant Resins) 3 ##AR#E (Flame Retardant
Fibers)9] ol & Fof HMpy 2 &F#Hd S9& 3HFshich

Abstract

Flammability and flame retardation of various polymers are reviewed. The important items disc-
ussed in this paper are Oxygen Index and Smoke Density Rating which are used for the measure-
ment of flammability, flame retardants and their mechanism which transform flammable polymers
into non-flammable ones, processing methods for flame retardation, testing methods of tammability
and the price trend of flame retardants. Index has some actual formulations of fire retardant paint,
fire retardant resin and flame retardant fiber.
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o] ALY ¢e ZyidEEo] gz Table 1. Decomposition temperatures of Polymers
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SAA N A SRR @i B4
FAL o3 WEzshw ek Table 19 37}

a5 o Polymers

Decomposition
temperature Range

Polyethylene (PE) ;

T 9?2, Polypropylene (PP) \
2x B3l 24 Polyisobutene ‘
15 AL Polyvinylacetate

Polyvinylchloride (PVC) ;
Polyvinyl alcohol l
i
|

Polystyrene 506—100
A Fr)ZEAe Bz E dA Styrene-butadiene copolymer 227130
#hpel BhikE nEEES A2 BAdk= 9l Polyacrylonitrile 250280
o 9 xiabe] & =A<k 2060] FalE 4el Cellulose triacetate & 250—310
- ™= . h5-% \‘
o] %E}z)‘ ?:‘J'E"_‘Oﬂ ZAlE] E747h80] ulz e = Polyformaldehyde 1 222
Nylon 6, 66 | 310—380
A 15 o S 30 AlslE ‘
ol A 150,000 HA 500,000% &} ARghEol #H Polyimide resin | 500—600
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3 sith = *P%E}Z] -2 el Wla FE= o 3%
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£ BAAAAE @78 A 9% 4E B o] ZoplE Faqde ®am AAs AHD
g 2A Aged, old A9 A Fd P oleh Wi 99 2HT 4TS WA )
S Rome A4 BAZAAN GBF D A ARAAA med A BAME 3 AR
o}, Michigan Chemicals 3] A} Z# TBP vj = 2R oHes Bastm Az7bE 4%l X
A3 ¥el ohd 6uwkE o] 39 ALAel 4 HAP-L ok sy HEeITh mahy Eikitel
SFAE Bol 2 gloh, BHHE TBPE A& M el A A EE BMH 2 2 e A
Table 2. The price of flame retardants
Manuf | Fl tardant P_ri_ce
Manufacturer ‘ ame retardan (Cents/Pound)
Eastman Laboratories Inc. Triethyl Phosphate 42
Michigan Chemical Corporation 2, 4, 6-Tribromophenol | 190
Michigan Chemical Corporation Hexahromocyclodecane i 150
Michigan Chemical Corporation Pentabromo phenol i 240
Michigan Chemical Corporation | Bromotrichloromethane 255
Michigan Chemical Corporation ! Phosphorous Oxybromide | 205
Monsanto Company ‘ Triphenyl Phosphate (f 44.5
\«Ioﬁ=anto Company i Triphenyl Phosphate :\ 32
Monsanto Company Tributyl Phosphate ‘ 56
Velsical Chemical Corporation Chlorendic Anhydride 40
Weston Chemical Company Tris (Dipropylene Glycol) Phosphate ‘ 43
Tric (Dipropylene) Phosphate [ 45
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Table 3. TEA BetZeio] AlEHE
Az A | 4 A F | AEFMT)

% o 3w iDPE 50, 000

CVECM 60, 000
EA NS IR AN 27, 000
€ % & 3 | 45, 000

25,000
I N A 1‘ 25, 000
&3 Smeaga 53, 000
F I oz T ' 30, 000
A 500
& zh & | 5 86, 000

2. BoTHER TEE W KR B

2-1.  #410] Bk ¢ (Ignitability) 3} "k

#ame) RS BhAiESh BB (Combusti-
bility) e 2 S = vk, Bikigd

Table 4. B X} B 2 At A 8]

wpel  #ksh

GRA @, S A S)
E 2 oy @
A A A AEH TEET) 78 a—
< P b
Z 94§88 | HDPE 70 !
=6 80 76—79 7845 L 17,070
PP 80 §
| BD 50 f
& o 3 ¥ | LDPE 100
Ve 150 76—79 20, 632 57,090
EDV | 296
¢ 4A FHE | SM ; 80 76—78 2624, 17,000
F A A esE | TPA | 100 76—78 12,267 | 44,334
- - 25—50 S : ‘
T ¢4 =¥ | SBR @D 77—78 5306 ;3,166
i |
E 7| ABS | 6 76— 4,0% |

HWAHAK KONGHAK Vol. 15, No. 4, August 1977



214

Teble 5. 2ME #i#eo| BRidsit
%ﬁ w0 mgec | HEEEERE Woom &
i
B 400 480 27
: 420 850 27 ST
475 960 FEo) Al ks 5
f 530 875 e &
532 - g ¥
: 540 885 =k
560 855 %7
| — ; — =3
l bl
. 450 i 697 47
| 570 ‘ 839 =2
19, e 49 494 HHoz AgL Ao A% £EE A
Bk %%%01 Aotsle s AzkEt A&t BAAA 9l LS
ng °é°i’ﬂﬂ}. A ERE & 5ATL @A Aed 2AEe AP
O] WS T2 s el vtz y 2 @EEY oT3te i wel
ﬁ’i“}ﬂ A4 B Agy ek AATCC-34-1969 72 g3l Al 3y
HMEEE S oS of 7hA e ArgF e Az glom ZHdE &
e AATCC 33—1962 AF4EYE  F AEAZLE 12244 322 @547 KK
of AEAY BRALES BEEES i 2D GRS =T Agez oleh
OIS BEMEE vln e 24
. o BRREHR BBBE
WA 2 B EESSS] TR ¢

]

ﬂfﬂ FEDS Y E

shed S5 HojAE Blg
F WHTE 483
‘X] fsﬂ %

_QLL

~

fo rlo
5

-+
5

yo EE oy

/l] oz |
o] whet DLE]-X] A 541:]-3)
HEgin TR RIS HERAE £
Z Lok &7 (Ignition Source) 2 Hi&i—r—ﬂ A
7%?} F Mo g AX=EHE Az =3k 2
o] (gh3tel A#e] 3 Zeo)of HKFN (after-
glow) il o2 FEA

ahalEEt M5 M43 1977 83

& R,

BB 2 BT &1 TR E R

By #E e AU A ] 9 eA E*“?Fiﬁ
2O 9} ?‘tﬁ""‘ (SDR) & A-&-3bA] 5 A

EARAN= E— 1 A RS Tal?f}-?- =
49 214 d sl jeEsr 2RAAY
B dAA T =d ZA J3A HAud &
bg o2 JE fEt ANEd o TES W
Brite] v WRE B slE A 53 Aok
HHBE AVste B ol T MMl A=
wbd ko] whAlo] FutstAl Hok 53] #
Hle ¢2A 3FES ALte Ffde g
g ol v dAsict, &RAE TR
ELTE EE JEARM: (Non-flammable) o] =7 &}
FiEEo] o : 7 go] =},
Polystyrene 3} 7to| 4 A< (Side chain)e] -k
715 W Zdz v BT TRER 3

vt} 22 Polysulfone, Polycar-
71 &k

BERE R
bonate 1} Polyphenylene Oxide ¢ #ko]



< (Main chain)e] B&E7] 5 21 SHFZL
WEEIEBO AsEsto) 28 =7 et 9ok
FET AN AR TE 24 22T

sich Bzt e
44 e ol AEE
A g8 AgFeinm g

|2
Martmﬁ’OT 184 ZrdHel ERd MFEEHE

&9t Axg EUAE AA =]
%73‘5%%% AR BiEE AL 49T F U E
o o] £ A AF Axd b FIEER
EFeE o]

— VOz
or= Vo.+ Vi, 100

OI : BARIERL
Vo, : E71A159] 4t
Vi, : TR71AS5] A5
Tesoro 8] AF+AE7
9] Hephleol e {E‘%B‘J e RS
7} QltbE AL Gopulel  Table 6. o] o] Eo)
233 29 fapES] Olgke]l A3 slth

Table 6. EEFIEHZLL

| BEEk | mowmE
| ©D ‘ (SDR)
29d2 o2 s \ 1.3 | 1
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Fig. 1. Typical smoke density rating plot

3. BAFYER WK Ao w3
FH|

3-1 BpAmOl T3 UBEEOl |

MEE SEE o8 HESHTTHES o &
A2 FohE] wek 2459 kel gk 3t
Aol mzE 3 vy, oloimel MRS Za
B 1311 18 A &Ei BE7} %ﬁiﬁ?ﬁ 2
ko] Fhuka] F o
o A -8 A Z= ﬁ%*’/‘aoﬂx BHREE A7 S
He AR 8o ZHZo] o] Foixl Qo

el ALEE = g diL:

X,
. L
) e =
‘3% %573_]'-:3 r_J'ﬁ OI'J—— %]\D}. ":T:‘ %:“ﬁ"q

o
——

B&-B3 X153 H4E 1977 89

T WA AT neA A4e SRHez AE
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Table 7. 2t BS&Fo wal BMEAEE 22 &R
= 5 F DA BEWL %)

Polypropylen 15

Vinyl Polymer ; 15
Cellulose (Paper or Cotton) ‘ 3—4
Polyester ; 2—8
Polyurethane ; 1-1.5
Polyurethane foam | 6—8

Al RbE AANFoz B S Ao,

APAANAY ¢354
AT fBE 244H
WA ghet, whebd gy

AR A B

R B 3o ANE sgatEe TSR
B3R ERYFEIL 2k 2 o] Aol
T WFEF LETEY AGAUR S 20 9
ol BMBRIEAS 3= AlE A BA4AAA

23t Ael=c

BEel ofo] Fridtwd HRHRE Fsbshd
BEY At Wt 2 BT HEY 94
(Flexibility), 7} 4] & 4 2 (Mechanical Properties),
fif Atk (Durability) 3 fif#ifgto] Zrasdtog »
9 Asteko]l B wet g4 =] gl

Table 8, BE3 <19 43 FHE v]x
3 FAct

Table B, MESAZIR CHE Qimt 2Ee| wjm

Zrolbof et

& 5 ¥ A (%) | BE(%)
Polyolefin 1 6
Polystyrene 1 6
Polyester 1 4—5
Polyurethane 1 5—7

o BEFH L o7 Eed o8 BRA
i_,,}. 7ko) o 49] oFo]
A4, AAH44 4 MA
AL 42

2% g4 FFE
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Table 9. BEE A0 EHF HAEE
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Epoxy Resin ' 16—20
Polyester 21 (Alycyclic chlorine)
28—31 (Aromatic chlorine)
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Table 10. Fire retardant paints

Total pigment/7.8 Vol. % Sh, Qs 835.50 26.96
Alkyd resin 229.00 29. 00
Petro-leum spirits 281.00 43.05

Lead naphthenate 7. 80 | 0.8
Cobalt naphthenate 1.00 ! 0.12
Magnesium naphthenate 0.50 5 0. 06
6095 Pigment volume
2)
Ibs.
Titanium dioxide 200. 00
Starch 65. 00
Ammonium Phosphate 380. 00
Aminoacetic acid 100. 00
Alkyd resin solution, 509 280. 00
Silicon resin solution, 60% 104. 00
Minerai spirits 70. 00
Cobalt naphthenate, 29 ! 7.00

References
1) U.S. Navy Dept. Specification 52, P22A,
June 15, 1946

2) T.M. Murry, F. Liberti and A. Q. Allen, Adv.

Chem. Sev. 1953 -

EHEt B HI153 H4S 1977 8%

Table 11. Fire retardant polymers
1) Fire retardant polyester molding resin

Application: Reinforced plastics

Wt(lbs.)
Non-halogenated resin 100. 00
Chloro Wax-70 15.00
Antimony Oxide  phosphate 13. 00
Benzoyl Peroxide Paste 2.00
2) Fire retardant epoxy resin

Wtilhs.)
Epirey 510 60. 00
Versamid 40.00
Tris/2, 3-dibromopropyl 15.00

References
1) Diamond Shamrock Tech. Bul. on Chlorowax
2) C.P.Farley, Monsanto Co., Detroit lecture, Match
23, 1971

Teble 12. Flame retardant fibers

iy
%
Acrylonitrile 73.00
Vinylidene Chloride 15.00
Vinyl Acetate .00
Acrylamide 6.00
2)
23
Acrylenitrile 63. 90
Vinylidene Chloride 32.50
Vinyl Bromide 3.60
Reference
1) Mansanto Co., Neth. Pat. 6,515,911, June 8,
1966
2) Monsanto Co., Belg. 674,638, 674,639 Dec. 31,
1965

G. Palethorpe, U.S. 3,487,058, Dec. 30, 1969
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