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Abstract

Non-halogen flame retardant have been focus of extensive research because of environmental
problem. Hexakisphenoxycyclotriphosphazene was synthesized in order to use as the flame retardant of
ABS resin. And using bisphenol A, bisphenol S, and resorcinol, the polymers which contained
cyclophosphazene structure were synthesized in order to also use as the flame retardants of ABS resin.
All of the synthesized polymers themselves got the excellent flame retardancy. And as the molecular
weight of the compound were increased, the thermal stability was increased. But when the synthesized
compounds were used as the flame retardants for ABS resin, the lower molecular weight compound in
these compounds showed the better flame retardancy and the better physical properties of ABS resin.
In case of using resorcinol, it showed the best flame retardancy.

Key Words : Flame retardant, Cyclotriphosphazene, ABS

.M & 7HAl Fol Eugl ddAY FeAde awE T
ABS =A% acrylonitrile, butadiene, styrene©] a Az 9}1‘:}, 5ol el $:?4 Al Dol
i T ' ’ : FAEol EetrES ddgste FAE nEA
TET 4 48 FRZ, polystyrened] 5 HE AT Zolq He 2 HFS Zm chEolA
- " R ’ g FAZE QR 3 Fel A AAlAeH B
18] I polybutadiene® 3 WEAA ol o 2% o] velAE Asbehs wrol).
$e7 448 vebdt ABS $R¢ $EE W3 SSo St R AEHE AT H2
DN SO f‘ﬁ; ff;ff"ﬂj gol w2l fEASoIt 2y oldd w2a
Z 2o A= Z} e g 7kA BER ohE B2 R =o 3
A}$7]li1 5}5_0}1;_ SR R %—;]%Ej‘i oli :Exﬂj—o% f}zﬂﬂ S.}xﬁé{% :H
ABS A% danst M oee Ao duA o ;jt .E_jf}i s fjl M A
9\)\]:}‘ ;jzg‘—qjjﬂt?;;_or];;ﬂ]xﬂgoﬂjulof‘rﬂ”;o;ﬁ ;J
Eepage] Agge) Fled @S, sAd s T
ji‘;ﬁ; "ZLQZ‘_—;—H iiiﬁ '5[1%2] %ﬁi_‘jt_’ ,:i:ﬂz Phosphazene iL¥l& @4 HAAkeh ol dx=xt
B T e A A e o]Foll mE 23 Sirh Aae L FAAE
| SHEDIS| S MAH M Adereie AEEel FEIw RE Lemeld
o) Eeoystn ahet AF7A Hug Be ddA stgEEe] oHd
(B2 HZEA| LT HAS) hetero 9454 Z1 9tk wE4 phosphazene
a. Gorresponding Author : jsshin@chungbuk.ac.kr FEE O 4% ddAS By AoE AZE
ST 200610, 9 W, olel@ F2E 2E dFBE dAA2A ol
e B hsAe 9 e Ao wudts
AARREE 1 2007. 1. 15 & 7Ie’s :

142



2 EtY
o] ring opening polymerization®] 7%

AAZ

Cyclotriphosphazeneo] #3 3=
ge dFE
o] 9lom cyclotriphosphazene 3L
ﬁl—h A7 BA ¥ivH5-18].
B oAFo A= hexachlorocyclotriphosphazene<
phenol, bisphenol A, bisphenol S, resorcinol &3
g] ?ZE 71—3_
SJAES ABSFH

= 5]

18

o
o

vF-8-AlA  cyclotriphosphazene
2 7] FEAES AL

o weldz A9

2.4

2.1 Ajek
Hex achlorocyclotriphosphazeneg (F)F 2ol A
o oL trimerE TAYE 67¥ 1w H
«] ﬁr%‘}%ol 62 wt%7t = glom vrx
38 wi%t tetramerz o] Folx 84 @y ¥
gol #HfEe] EBYdE EFEoT £5¢
trimerg A7) AdhA= 66 TolA B 1F 53}
{fractional vacuum sublimation)& A3 54
hexanel X AMAAeATE o W oA =43
hexachlorocyclotriphosphazene® mp+x 113-115 C

o]t

Phenol, bisphenol A, bisphenol S, resorcinol<-

Aldrich A&& ALg3Fgoem vk Aeke 135
Aok ALgEgTh AT SoltA e a5
3 ABRSE (F)IAYBREE dgoer o ABSe |
T 104 g/an o)™, AAFEE 392 kg/ert o]t

2.2 M7}

Fourier transform infrared (FT-IR) spectra:=
FT-IR 680 (Jasco International Co.)& AF&343
o™ 1JTM-2 SFM 10 (United Calibration Co.)<&
A28+ 1, Thermogravimetry E41 (TGA)2
TRY 910 (Perkin Eylmer)& AME3lsich 81
LOI A8 MKM JD-14& o]&3lo] AAst4Th.

2.3 Al H =

AEE AAs7] Y FAEE Haake Rheo—
corder 90¥ compression molding$ press¢! Fuse
Mp-50& AH&3l99 T ABS A 50 ¢& 180 €&
7}8 ¥ Rheo—corder 909 ¥ %9l Fof of &
A FA FAAMES ABS FA9 %o zz
10, 20, 30 %8 H7}EA 5 min < & S|
T 05 olAE AW 9, ofdl # EF 190 T2
748 compression molding & pressoﬂ T &<

A7NAAA 2B =1 A, A204E A=, 20074 248

Ztal B B AEE
I FAE 30 £ 05 mm
&

THEATH o] u AlH
olom ol A& ULYM
J o]t} Limiting Oxygen Index A€o ZA Al
& ZaA AEErE Tk

rEL 2> o e
o

24 UL94 A ™
UL A8 93t Algs Zo]l 120 mm, &
13.0 £ 0.5 mm, F71 3.0 = 05 mm= A Zsjx AL

>

9] Bunsen burner
ZEeh o] A A

dee Al

©,

tr oxl mr oo
o

2

fr tm

>,
2 2

o

i
X,
o
o
2
o, N o rlo
i,
2
)
3

~

[N
Auch
&
i
O oo puom

ML 3
o,
Rl
flo
9,
2o
fil o
s
F-E4 i, ol
rin " -
ooy
AN o
O
= 2 N,
>
)
o
i
A
o oo T Y
ol
ok
offt ot 24 3R W ok

o

N 2 e

ol o gy 3

iln a3

o
il
o, rZi

z &
X
)
it
AL

£ o o

o]

R B < Jo
g
= ol offl

of

Do

I

¥
w8 o

o
it
fo mx O m =l

(o
—
()
rE
>,
ok

B
i
=
X
L
i
4
kn)
o
% o

to
L

ek, e a A
s w3l geiuA @

& nd

a

o
©
e

Ooof o 1o S
§

o
-

o8]
o

o B <
e

pas

>

e

ot o wly
T
&1:
x

!
o2 oo L2 o

e 2
2
i
[
M
3]
>,
e
ofy
=2
=
2
olff
9,
=l
i
oy
=2

|98}
O

Mok Beo< fo
3

e oy

> >

b 3
R 2 ot ng
N T ()

>

O
'
=
k1
r“l
‘QH

2.5 Limiting oxygen index (LOE) Al
Ag AFEe 4ol 120 mm, & 65
A 3.0 £ 05 mmz TEYT o] A5 50

g 33 o] ABEE LOI 2F A
ko ag3: o] Az HE
ol Ay =& & 9

g A7 =
% et A FEE 2 g 3
} g 9



J. of KIEEME(in Korean), Vol. 20, No. 2, February 2007.

LOI/100 = [0/ O)+[N2D)

2.6 Hexakisphenoxycyclotriphosphazene (HPCT)
of gt
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mol), sodium hydroxide 120.0 g (3.00 mol), & 70
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Cyclotriphosphazene F=AE 4317

@ e BT x4 (B B)

Table 1. The formulation for the synthesis of
cyclotriphosphazene derivatives.
(unit : mol)
Product HCP' A® S§° R' Phenol
CTA1 0.50 0.25 2.7
CTAZ 0.50 0.30 26
CTA3 0.50 0.40 24
CTS1 0.50 0.25 2.7
CTS2 050 0.30 2.6
CTS3 0.50 0.40 24
CTR1 0.50 025 27
CTR2 0.530 030 26
CTR3 0.50 040 24

! Hexachlorocyclotriphosphazene mixture
z Bisphenol A

8 Bisphenol S

* Resorcinol

I
3 8 8 8 3

Transmittance (%)

3

(=1}
(=]

2400 1400 400

wavenurrbers {crmi”)

o 1.
Fig. 1.

CTA39 IR ~¥EH,
IR spectrum of CTAS3.

CTA1%E CTAAY RE IR 23EHLS 7
9] Hls3tgled CTA3Y IR ~H9ER o
dedigith, 28 18 Awud C-H o o3
7F 2970 cm ‘el 4], phenyloll &8 7 15007
1504 cm'olA], O-phenylel <& FF7 1220
em el A, P=N o 9] &57} 1169 cm ol A
EbstTh

o[:

146
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e o gAstgen B HE X 19 7ol
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o] 3 SHEY AEE CTAY A¢8 A9
2t AHE Beo ST

CTS1¢l ZA$ol GPCE A3 AFEAZHELS

850 °l%iel. CTSIHE CTS374x¢] 28 IR =

PG

1,

HEgL Ao HLstd o CTS39 R ~9EH
S 2® 24 YERIUT " 28 AdEd
phenyle]l 918 F47F 15807 1489 cm el A,

O-phenylel 3 471 1220 em oA, P=N ¢
e B4F 1152 em ol A vheRgh
Resorcinol& ©]£-3 cyclotriphosphazene

;‘(]]94 ﬂ-/k—} = 01—0]] }\1 TSL/\-] 3t CTY A\-/] sl—kl J 9]
71-_9_ Hlb‘i o7 ELM 0]_0:1 O tq 51_ H]

=

7 -$-s}
X 19 2o

dehile. #4949 BeEe B4 A% ny 8

o] i3 g3lEe AFE CTAY A58 HY
Hl =gk 278 Ho TR
CTR1¢ Z %9 GPC® &AY HuEEAHFe
1,700 °}ith. CTR1%€ CTR37ZIA 9] BE IR &
HEPe A9 wkagdor CTR3Y R 25Ed
100
%T 80
60 ‘ :
3400 2400 1400 400
Wavenumber(cm-1)
o= 2. CTS3¢9 IR 29 EF,
Fig. 2. IR spectrum of CTS3.
S I% 3o vERAth 1" 38 A¥EY O-H
of ed F57F 3300 cm oA WERE o phenyl
o o8t EUh 16027 1487 cm el A, O-phenyl
of 9% 471 1265 cm oA, P=N o <& F5
7b 1225 em oA webgth 9714 2ol X O-H
of 23l &4 & resorcinol Fo| $F [k ¥HEE 3L
ol & O-HYl & AL 2 geher).
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Fig. 3. IR spectrum of CTR3
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3.3 ABS TAE 4¢3t —HH=Z  gyclotri-
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4 AT BE SEEEY 44 o4F3Ad
27} fste TGAZ dof Byt 1 43
Y 4olA 77 671l e A

29 49 AHE A¥RWE HPCTE 300 C &
2ol A FFo] 7asty] AlEse CTA1L 310 €
BoA, CTA2E 330 T #3A, 183
CTA3= 350 T H-2A FHo] gastr] Alzbst

T

Ak FAE 9 A8E

2
ol

ﬂ!lﬂl ﬂ!lo

B& Hutsle 4o S7ESE, S0 74
AZste 2271 284 &8t
A & Aol d g Aol

Ro=z #AHAT s 600 CeollA
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e
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Fig. 6. TGA of CTR1, CTR2, and CTR3.
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600 CollA ol gle 4g wms] By CTS1 2. HPCT, CTAl, CTS1, CTR1E WA=
6 %, CTS2% 252 % CTS3% 27.7 %°1% AHg3tel BHE ABS AlHe] UL94sH LOI

Mo @ rlr fd

. #O] CTASY A%9 mANAR EAFe] & - AY A
HEE 600 CollA ol sle ol Frtsles 3 Table 2. UL94 and LOI test for ABS flame
£ 5 sith retarded by HPCT, CTAl, CTS1, and
CTA® CTSE AnE dwd 2¥ CTse 7 CTRI.

F7F CTAC] wisiA H4 F2 d94 ke = Flame Content

o] 3 gtk B3 CTA39 CTS3e] 499 o UL94  AFT  LOI

0
retardant (%)

wAFe] 2 HoM 50 TAHAES & AolE Y 1 HPCT 10 - 16/Burns 206
HElE. o5l CTS7h 7HA 3L 81 sulfonyl?] o HPCT 20 V-2 1419 219
]@ji}i *ﬁj—zﬂm CTRLe 0 © 3 HPCT 30 V-2 1015 228
v = 4 CTAl 10 - 14/Burns 215
A FwFel Fasts] AlFsts, FCTR2E 340 — 0 v 115 24
T R2o] A, CTR3E 360 C F-olA o] 7 '
aab] AT o A# A okel oA ) 6 CTAlL 30 V-1 812 236
ol AT o) XL% 12 = 7 Xz Q= 5 7 CTSl 10 - 14/Burns 218
29 Hrlsle o] Zr@4E Fgo] gadhy) 8 CTs1 20 v-2 10715 229
AAste ex7h F7hEE. 2Elm 600 ColA 9 ¢Ist 30 Vi1 71z 242
ol 9l 4¢ wms ®W CTRIS 205 %, 10 CTRL 10 - 1219 219
CTR2E 273 % CTA3E 302 %elgith o A3 11 CTRI1 20 V-2 10/13 238
oA ko] o o] BEAFo] HoldFE 600 12 CTRI 30 V-1 6/9 249
CollAl b gliz o] S7hshe Ao et " Average flaming time after the first and the

ﬂll

CTA, CTS, CTR ©] Al 7}A] 59 AnE u
AWl B FEFe] Ay AlFete 25+ CTS
7} 74 Eeon 600 CeolA el o+ 42 CTR

second ignition

F1

°f 2% ¥ B N Aol 27 o 4%a 23E Hway)
B} AAF0 ddH S S48 sl ULy g Je Be AT ga @ T Bol A=A
AP A= 2Ela olgk g LOI A3 A e] AZkE T odA B sbAT ga b F
g7 dAAsEE dd A FeER doj ol o o] AR WA A& 712G}
ZER AA (CTA3, CTS3, CTR3)E 7Ixxz % 29 232 By HPCTE 10 % AL&39S
UL94 A8-g 2Ase] BYedH & EFE Aol UL9d Agelr SFd 84 £HAT 20
UL94 Aol olF 43 V-0 55& Bd F %E F/Felg S W V-2 555 YeEsiy
Atk o] ZA3E os nEA AFAL wW§ $pE 3 30 % HUMEES de V-258S e
A S A3 e Be Foh A 20 %E HUFElE wel vl w Al
B AT §43 FFEES ddAR AL Bo B4 Ho] AXE Azte] B 4% AX =
g Ay nEAEE ABS FAZ Adsigh ojgo], HlE T FFAT 2F ¢ FL& 34
ABS A= d$- o FHE st AEEE AL vehiged, LOI #E 09 AL Z7ME
AERZA FAAS B30 we e 2 Ve LT
282 4dAd vk ABS Xl B A CTA1Y A% 10 %5 AH&E9E 499
e ddA TEES ABS A %o tis 10, UL94 AFdlA S5 84 #3AT 20 %5 A
20, 30 % ¥ ZZ+ &33sto] Haake Rheo—corder 7tetde e V-2 555 JERAT 28 a 30
90& olg3dte] 180 TelA = Ao & Fd %E F7lege e V-1 5352 Yehigler
compress molding§ pressE ©|&3le ARE A 20 %& #HUMSHE we} wasds wf A=
z3t¢th HPCT, CTAIL CTS1, CTR1E °]-&s|A 29 Bo] AXE Aol B 3-4% AL EolE
THE ABS AEES 7HA3 UL AEH LOI A o] FA&A o L ddAdS YeEden, LOI
gg 9 Z7E o} Table 20 A s%ch UL FE 13 A= =715 el



E 3. CTA2 CTS2, CTR2E YaA= A143
o] ¥HE ABS Al¥lel UL94e LOI 4
A3

Table 3. UL94 and LOI test for ABS flame
retarded by CTAZ, CTS2, and CTR2.

n .
No I_i;?:nt Co(;m UL94 AFT"  LOI
13 CTA2 10 - Burns 20.8
14 CTA2 20 - 16/Burns 215
15 CTA2 30 V-2 12/16 229
16 CTS2 10 - Burns 209
17 CTS2 20 - 15/Burns 218
18  CTS2 30 V-2  10/15 23.1
19 CTR2 10 - Burns 21.2
20 CTR2 20 - 13/Burns 222
21 CTR2 30 V-2 10/14 234

* Average flaming time after the first and the
second ignition

CTS1¢ %= 10 %% AHEstde A9
ULY AlgelAl S5 84 2gAN 20 %5 3
Hetds We V-2 SEE YeEhddeh 295 30
%% Atetsle e V-1 §98 vEdgleH
20 %2 Atstele we vlwagle o Asd
e wol AXE Azte] Bit 3% AR o183

o, LOI nE 12 ARy F7HE

CTS19 ZA4% 10 %& Algase 399
UL94 A[FolA SiFel 4 E8Xwr 20 %S
Fatde We V-2 558 vedth 2ea 30
%E A7tdE WE V-1 55E UEhgenH
20 %E H7MesAE W wusRs w AR
29 o] AXE AlZte] AH 4% AR FEY

-
HE

on LOI 1.1 =9 2718 veusich
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Table 4. The tensile strength and the elongation
of ABS flame retarded by HPCT,
CTAl, CTSI, and CTRI.
0 Flame  Content stf:;sgﬂ; Elongation
retardant (%) (kg/emd) (%)
1 HPCT 10 363 14.0
2 HPCT 20 327 10.0
3  HPCT 30 274 7.2
4 CTAl 10 369 14.1
5 CTAl 20 337 12.0
6 CTAl 30 294 9.1
7 CTS1 10 368 14.1
8 CTs1 20 341 125
9 (TSl 30 301 9.3
10 CTRI 10 372 139
11 CTR1 20 350 12.7
12 CTRI1 30 308 95
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