Journal of the Korean Institute of Electrical and Electronic Material Engineers, Vol. 20, No. 2, p. 142, February 2007.

CyclophosphazeneZS 0Ol &

st ABSE HeiA 9

A

o

——

I

Synthesis of Flame Retardants for ABS using Cyclophosphazene

1 = 2 2,
M Zsh s, x4

(Young Jae Shin', Hae Young Kim?, and Jae Sup Shin®%

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.
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Cyclotriphosphazeneol #3 A& I F99

2o ¢ E0| ring opening polymerizationol 3
Z%0] 9len cyclotriphosphazene 1d A AE
ol gl dAde ¥R &eri5-18].

B A oA = hexachlorocyclotriphosphazene
phenol, bisphenol A, bisphenol S, resorcinol 5 2

ElE b cyclotrlphosphazene oy FERE ZE
2 7HA] fFEAES FAET ojAEE ABSFA
o] dAA= /\}%0}‘211:}.
2.4 9

2.1 Alet

Hexachlorocyclotriphosphazenee  (F)5 2ol A
Agom o]AL trimer® TAE 624% 17
o] 3gHEe] 62 witwrt XggHol oH Ur“izl

38 wt%E tetramerZ o] Fo{Z 8739l T
el s¥Ee] EBolldy EFEoH. &
trimerg ¥7] Y= 65 ColA 2¥ 2T
(fractional vacuum sublimation)& 2 A&
hexanedl A AAAs AT o o oA &F
hexachlorocyclotriphosphazene® mpe 113-115 T
b=

Phenol, bisphenol A, bisphenol S, resorcinol<
Aldrich A%< Al&stgom aste] Aok 19
Aerg ALgEte HAMAZE BAMA @2 &F
3 ABSTE (FIAYERE 4oy o ABSY ¥
¥ 104 g/er o)d, 9FAEE 392 kg/ent ] AT

b ol 4>

ro 2 oo oph

22 2H4717]

Fourier transform infrared (FT-IR) spectra
FT-IR 680 (Jasco International Co.)& AF&3+%
o8, UTM2 SFM 10 (United Calibration Co.)&
Ab8-8tg a1, Thermogravimetry £4 (TGA)S
TRY 910 (Perkin Eylmer)2 A}£3l9t}. Tz
LOI A18-e MKM JD-14% o] &3l AAEAT).

2.3 AlH HE

AAg Azs7) %8 FAZE Haake Rheo-
corder 903 compression molding§ press$ Fuse
Mp-50& AHE89 T ABS A 50 g& 180 CT=E
7k9 ¥ Rheo-corder 90¢] ¥ 31 35 Fof o] A
i FAEd dAAELS ABS A9 F 47
10, 20, 30 %% H7Is)AM 5 min F¢ F T
Z g oAS AU 4, ofd # EF 190 CT=
7}2 ¥ compression molding$ pressel ¥ ¥

AN AAA T3 =FA], A202 A2E, 20073 24

7hsl & B% AL vHEQT) o “}1 AlH 9
T FA+E 30 £ 05 mm °JY e o]AE UL
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2.4 UL94 A g

ULM A8E % Ase
13.0 £ 05 mm, 7 30 =
£33t

ULY A82 A Zo] Bunsen burmerE o©}&-3)
102 B¢ E& A 8d 2T} dlojq Al Ee]
A & Fo A" wiztx] dele AE SAHE
At 2l @A B o] A Fo UA EBS
Eolx o]Hol AR WAAY AE ® SAHFIA
§ =

Zo] 120 mm, %

05 mm= A ZeA A
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f&ﬁ}.
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2.5 Limiting oxygen index (LOl) Al®

Ag Age 4ol 120 mm, £ 65 + 05 mm,
F7 30 £ 05 mmE THEAL o] AlEe] 50 mm
He YA AL F3 o] AREE LOI 4 A
o) 9% el gt el o) AR} A3k
2 ANZ Zd 50 mm7tA] 38l dy g F g%
g z43ld ZERYd. &
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LOI/100 = [O2)/([O:]+[N2D)

2.6 Hexakisphenoxycyclotriphosphazene (HPCT)
o &a

5 L, 4 neck ¥h$7lel phenol 2823 g (3.00
mol), sodium hydroxide 120.0 g (3.00 mol), € 70
g (3.88 mol), toluene 1400 mLE 9T 283
of 7] stirrer, 2 %7, Dean-Stark
trap, reflux condenser® 4 3ldvl o] EHES
6A1ZHESt reflux® EA WA 7)HAA Dean-
Stark trap2 ©| &3 2& ¢43] AA sodium
phenolateZ A A th =83 hexachlorocyclo-
triphosphazene 173.8 g (0.500 mol)€ chlorobenzene
900 mLol =9 f4& FujsiA H9 &4 I
74sta 110 TollA 4412k F¢t v AT A4 €
NaCle& ZAzHAd AAG Fof L=E rotary
evaporatorol A} @3 FUA 7 A BEZ 59
ol A A&stgth, 2l AF ovenoll A &3]
Z3te] HPCT 2715 g (& 1 785 %)& EAUTh
'H NMR (300 MHz, DMSO-ds) § 7.1-75 (m, 30 H)

mechanical

2.7 Bisphenol AE 0| &3t cyclotriphosphazene
5 (CTA)el &M

2 AFAE bisphenol A2l %¥& FAstd th
g BEarze BRAZS e FFPESSE A
sttt ool WEAAd FA ¥y & JHAE A
=3t

5 L, 4 neck ¥r&7]ol bisphenol A 685 g
(0.300 mol), sodium hydroxide 24.0 g (0.600 mol),
2 25 g (1.39 mol), toluene 500 mLE ¥ Aot 2
#3 o7]°] mechanical stirrer, %A, Dean-
Stark trap, reflux condenser® Attt ©] &

FES 1285 refluxdie] WHEA|
Stark ol&s E& i)
bisphenol A9 sodium saltZ A A Z T
& 3 L 4 neck %+&7]o] phenol 2446 g
(260 mol), sodium hydroxide 104.0 g (2.60 mol),
E 80 g (4.44 mol), toluene 1,000 mLE Ut}
z2]i 7)o mechanical stirrer, =4,
Dean-Stark trap, reflux condenser® # X3} th.
o] EFEL 12NZHEQ refluxdty HHEAIF|HA

trap2

Dean-Stark trap2 ©]-§3] 2& @43 AAs
sodium phenolateZ A A At}
Bisphenol A9} sodium salt7} E13lE, A

43 5 L, 4 neck ¥H3-7]el hexachlorocyclotri-
phosphazene 173.8 g (0.500 mol)¢] chlorobenzene
900 mLel Hof gl &AL AR o £F

28 4 A E9 refluxdtaA wkgA T, g
2 7)o oA THE sodium phenolate &9%-&
A7kt a8z vA 6A17HE S refluxdtEA
HE-3- Al FH o}

Hge A7 Fo B 2 LE ZAUESdY 84
H 3A3E EAE0] uAg vk YAE HAAE
Azz YA B2 104 F= Mol & Fo IF
Az7AA A3 #HF8A cyclomatrix FE] <]
e 2941 g (781 820 %)E AU

2.8 Bisphenol S& 0| &3} cyclotriphosphazene
=& (CTS)e &4

CTSe $4e CTAY 43 22 Wies
3tgith. o 7]o) A = bisphenol A Wl4lel bisphenol
SE Agslg o AlEE Ew¥)= bisphenol AE
gAdd msp 2ol A FAstAT

& 9] bisphenol S 75.1 g (0.300 mol), phenol
2446 g (260 mol), hexachlorocyclotriphosphazene
1738 g (0.500 mol)& AM&-3tH & uf cyclomatrix
Heje] st 2933 g (8 803 %)E AU



2.9 Resorcinol2 o[ &%t
F=H (CTR)2 A

CTRS #AHE CTAY A 22 wyoz
st Tl g7 A+ bisphenol A Ao resorcinol
< Agslgden A183 E H+= bisphenol AE
g e} o] A FAHsAT

& £9] resorcinol 33.0 g (0.300 mol), phenol
244.6 g (2.60 mol), hexachlorocyclotriphosphazene
173.8 g (0500 mol)& AF&3l¥ S W cyclomatrix
Helo) SFE 2719 g (& 842 %)E FUH

cyclotriphosphazene
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3.1 Hexakisphenoxycyclotriphosphazene (HPCT)
o] A

Q227) =2 /\]—%?ﬂ hexachlorocyclotriphosphazene
trimer$} tetramer?] EHEZ o]|F oA Yt}
T3 trimerE V7] 98 E 65 CTollA £
% 3}(fractional vacuum sublimation)& A%
o hexaneelA AAAS}ATE o] W A &
3t hexachlorocyclotriphosphazene®] mpx 113-
115 Tel%ith Hexachlorocyclotriphosphazene (trimer)
9] IR spectrum o] -P=N-9 2]% absorption®]
1218 cm el A} v}eEbUH,| octachlorocyclotetraphos-

A

Dpear

A7 AR A 588 =X, 208 A2E, 20073 29

phazene (tetramer)®] -P=N-¢] ¢]3} absorption
1310 cm el WehdTh Zh7be) IR spectrum$
B trimere Aol 1310 ¢cm 'l A= absorption
o] A ¢lT HIhE tetramerd A$-dE 1218
cm oAl absorption®] A9 glemzE oA E9
EHEY IR spectrume o] @ Zrzhe] Fu
Q ¢Fe] A& digfd oz FHo] 7hEstHh

HPCTS #Adeol Al83 ®He  Dean-stark
trap2 ©]-&38l9 sodium hydroxide®} phenol& ut
2 AA sodium phenoxideE A3 the& o|RE
hexachlorocyclotriphosphazene® 8+&-Al# HPCT
g $A3E Aol

gl A E&3 43 hexachlorocyclotriphos—
phazene-g ©|-&38le HPCTE dAsE S o o
7= Y4 Eq“ 4—7‘4] 7t% e & HPCT7F 4
oAt cJAe = 112 Colith 2y BaiA
2ZAY BEYS -f'% 3}7] A#A molding e steld
2o gko] X g7} Weslry] w &, hexachloro-
cyclotriphosphazene® &ETE Felz & Ed#
%< A2 HPCTE #Asted AHEstdh o) ¥
A A HPCTE A2l 2283 x5 4
B2 AT

3.2 Bisphenol A, bisphenl S, resorcinol z+z}
2 o| 8%t cyclotriphosphazene A< &4

2 AR gud BxES z2+E cyclotri-
phosphazene F+E=XES 44371 #3814 bisphenol
A, bisphenol S, resorcinol 2tzte] & H|E WA
7|W A cyclotriphosphazene 5 A& A4t
E 1o A | AEF eEY B AL Y
12 =3

CTA29 CTA3= 1A ez <dojzxior
CTAlS m$ HAe] 2 A4 Jehz FAHYT.
CTAlL &x%Fe] ¢ 2 AdAA AF =Y
W, CTA3E 2 £4FE 714 & A 43=5A
. o]E 25 g &% AES At Ry
ol A g3 HPCTE acetone, benzene, toluene,
cyclohexane, chlorobenzene, 14-dioxane, THF,
DMSO, DMF, dichloromethane E5o] &350
u CTA3E #1¢ 2E& &vo &35x &Ach
CTA1& THF, DMSO, chlorobenzenedl &3] %1
o1 CTA2¥ DMSO, chlorobenzeneol| -& 8% it}

CTA2¢9 CTA3: A%s GPC §WE 27 of
H49 GPCE ’f:l/\]%} T §19A ¢ CTAlS GPCE
0]—%3}] l:!x}_a]; 2% & o]gir,], Z;l—]zs]- HoE
22 1,800 °l°‘ H o]AL 67ty Y|z whA
213 #HaE 257 AZd= de ez
g}

o
=7t
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3 1. Cyclotriphosphazene +Z3& 4317}
e g2 B 24, (a9 &)

Table 1. The formulation for the synthesis of
cyclotriphosphazene derivatives.

(unit : mol)
Product HCP' A?* S R* Phenol
CTAl 050 025 2.7
CTA2 050 030 26
CTA3 050 040 2.4
CTSI 050 0.25 2.7
CTS2 050 0.30 26
CTS3 050 0.40 2.4
CTR1 050 025 27
CTR2 050 030 26
CTR3 050 040 24

! Hexachlorocyclotriphosphazene mixture
2 Bisphenol A

% Bisphenol S

* Resorcinol

Bisphenol S& ©]-&% cyclotriphosphazene #%
Aol FAE ellA T3 CTAY FA9 A+
Ze oz FAsHed B vjx ® 1o ol

Hetgidoh 49 SgEY EAS 49 B &
o] oig g =e AFTE CTAS A-$9 A9

H &g A#E He FYUoh

CTS19] 7o GPCE =A3Z FFEAFS
1,850 ¢Iith. CTS1%#H CTS374A e ZE R &
AEHL 79 v&stgdon CTS3Y IR 2HEH
< 9 24 YT ¥ 28 AFEd
phenyldl o1& FF7F 15895 1489 cm el A,
O-phenylel 913 E47F 1220 cm 'l A, P=N o
% F47F 1152 cm ol A et

Resorcinol® ©] 48 cyclotriphosphazene &%
A FAE gl FHF CTAY A BS99
Ze o g gAdstgdoen & HlE E 19 o
JERIIT $A4 9 38 E4L 49 2E &
o] g LA Ed AFEE CTAY A A9
i3 A5 Bo Fuh

CTR1Y A% GPCE &A% HARzFL
1,700 oiglchk. CTR1SE CTR37ZHA S 2E IR &
HAEHL Ao v&stgden CTR3Y IR ~29EA

Transmittance (%)

2400 1400 400
wavenumbers (cm™)

ag 1.
Fig. 1.

CTA39 IR ~¥HEY,
IR spectrum of CTA3.

CTAIRE CTA37MA¢} RE IR 2dEZL A
9] Hl&slgen CTA3Y IR 2HEH o
Jedidth 28 18 4¥HRE C-H o 9% &5
7t 2970 cm el A, phenylel <& F4rb 15907
1504 cm'ellA, O-phenylel 98 F47F 1220
cm oA, P=N o] 98 FF7 1169 cm oA 1}
237 a=4

146

100
%T 80
60
3400 2400 1400 400
Wavenumber({cm-1)
O3 2. CTS39 R 2HEH,
Fig. 2. IR spectrum of CTS3.
€ a9 39 Jehid 19 3& A4¥HEd O-H
of g F47} 3300 cm 'Ol A UER O™ phenyl
o ol& F47 16027 1487 cm el A}, O-phenyl
ol 918 F47}F 1265 cm ol A, P=N o ¢& &%
7} 1225 cm ol A Yl o714 Be R O-H

-

&4 & resorcinol Fol & ¥ wkgslm
O-HY 2% Zez #Add.
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a3 3. CTR39 IR 29 EY,
Fig. 3. IR spectrum of CTR3
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a8 4. HPCT, CTAl, CTA2, CTA3% TGA.
Fig. 4. TGA of HPCT, CTAl, CTAZ2,
CTA3.

and

33 ABS TXx&5 43t
phosphazene #xx]2| Al

A A BE FFEEY 93 dFHES A
HE7] 93le TGAS 9o Btk 1 AxnE
g 49lA 2 671X o] YERN

oY 49 432 A¥Rd HPCTE 300 € %
2ol A FEo] rAasty] Alzae CTALL 310 T
FZolA, CTA2: 330 T ®EIoA, gz
CTA3= 350 T F2oA F o] Hastr] A1&st
Rk Y o FEUE F A R D Qe 5%
& drlsle dol FESE, F% 7 ;}71
AlFste =7 284 dtn 98S @ &£
Itk & 23] o A 9L Fu Nlt
o2 dAado. a8 a 600 CAlA Fol U= 3}
Hlas] BH HPCTE 159 %, CTAlE 19.3 %,

e H 2 cyclotri-

M

;O

al

o
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ANAAA B3 =EA], 208 A2F, 20073 29

Welght {%)
o
o
T

w b
o o
T T

n
o
T

10 |

[} 100 200 300 400 500 600 700
Temperature (T}

. CTS1, CTS2, CTS39 TGA.
. TGA of CTS1, CTS2, and CTS3.

Weight (%)

0 100 200 300 400 50 60 700
Temperature {T)

38 6. CTR1, CTR2, CTR39 TGA.
Fig. 6. TGA of CTR1, CTR2, and CTR3.

CTA2= 250 % CTA3+ 27.2 %ol

Aol Toluss

o] dx}

600 TelAM &
ATk ol FEA

gdA =

2 A zte ),

o2 7}x] =

&% dAYFe)7] Q&

AormE CTS1IS 320 € 32
Al&stE CTS2E 360 C

:&OM CTS3%= 380 C F-ZolA F3o) 2
7] AZetdeh o)A GA] o) o9t go] ¥
A4gNg F 7RI dE SFES
%ol SNEFE, THFo BaEr AFse
57 284 g8t S o & Atk Jal

£
iR
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uEL' o
b$NW$
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I 600 TAA ol & Fg vus) ¥ CTS1
196 %, CTS2E 252 % CTS3E 27.7 %ol

o @o] CTAY #A$9 wdstxz Bxgo ¥
oJUIFE 600 ToA Fo} de %o] ZE7lste A
& 2 7 Uth

CTA% CTSE ZA#& wlusf »rd CTSY 4
o7} CTA Bl 88 £ 98 FAHLS B
o] F3 gty B3 CTA3% CTS39 %9 2o
BalZo] 2 ZA 50 CHEY & #o)& e

el olAL CTSVE 7HAzZ sle
ol oz QyztETh

a9 69 A%E Aved CTR1S 320 C ¥&
ol ZFeko] ztAsly] AlFelw, ZCTR2E 340
T B2oA, CTR3E 360 T F2oA Fko] 7
437 A)zetgT) o] A3 Al ko] oo s
Zo] $A4% o #ErE F A A de 3T
g Huste o] TUMEFE, TFo] B
AlZste £x71 F7bstdYh. 1el3 600 CellA
ot ¥¢ v¥md 2@ CTRIL 205 %,
CTR2E 273 % CTA3E 302 %olgith o A3
HAl ko] oS3 Zo] BAFe] FoldeE 600
CToll A ol 3l& &o] 78t A2 Yyt

CTA, CTS, CTR o] A 7}x 2%e AxE v
I BE FFo] FAFY] AFEFE 2EE CTS
7t b wom 600 TolAM el 9= %e CTR
o] 27 o o)

Boh AAHQ dddE 437 Y8iA UL
AdE AlEsch z28lx o9t 4 LOI NI =
stAl AAstge. de uA gz dojn o
ZEA AA (CTA3, CTS3, CTR3
UL9 AlES AAE Heped o
UL94 Al golA o} ¢hdd V-
k. o) AIE ol
dadE HAL YEE Be Frh

E dFoA §4% AFEES
g 4d nEAEE ABS F Agslgd ot
ABS #A & ¢ vk gz ) AHEse
DEAZA FFG4E RAF7|7t S ojEE 2
Bz g8A 9tk ABS A 2 d3dN &
4% dodA FRES ABS ¢X9 % wial 10,
20, 30 % 4 ZtZt E%3te Haake Rheo-corder
902 ol &3te]l 180 TolM I ol & I
compress molding& pressZ °] &3l AIRE A
z3&tg et HPCT, CTAlL, CTS1, CTR1-S ] &34
WHE ABS ARES 7M1 UL AE#H LOI Al
He 3 AAEZ ofg Table 201 A stel ULM

sulfonyl7] ol

0] =
PR

i
td
i
[ [ =V ]

# 2. HPCT, CTAlL, CTSI, CTR1S daA=
Apgste]l THE ABS A# 9] ULY4sH LOI
Ay A3

Table 2. UL94 and 1OI test for ABS flame
retarded by HPCT, CTAl, CTS], and
CTRI1.
Flame  Content "

© retardant (%) ULS4 AT Lol

1 HPCT 10 - 16/Burns 206

2 HPCT 20 V-2  14/19 219

3 HPCT 30 V-2 10/15 22.8

4 CTAl 10 - 14/Bumns 215

5 CTAl 20 V-2  11/15 224

6 CTAl 30 V-1 8/12 236

7 CTS1 10 - 14/Burns 218

8 CTS1 20 V-2 10/15 229

9 C(CTS] 30 V-1 7/12 24.2

10 CTR1 10 - 12/19 219

11 CTR1 20 V-2  10/]13 238

12 CTRI1 30 V-1 6/9 249
* Average flaming time after the first and the
second ignition
NEe Ao 22 o 489 ATDE was)
AA AE ES 7HA o F Fo Eo] AA
g7tz o] Azt 7 A B AT gz ¢ &
ol Eol A wAX Y AZHE 71ESA

¥ 29 2#4E E¥W HPCTE 10 % A&t e
Sl UL AlgdeolM T30 &2 EgA9 20
%E H/MEE S e V-2 592 YERY. 2
1 30 %E HUtst e WE V-25FE e
R 20 %E A7letdE do v wEHS o
ol B2 Eo] AXE Aol PTF 4% AE
olgol, MlE 2L FFoAY 2F o FL W
Ae Jehgen, LOI % 09 A= 7t
[Sa=abi =

CTAlY A$E 10 %E Ar&stde A5l
ULY A A 550 X EAAT 20 %5 3
A8 "W V-2 55¢ YEHdY. 283 30
%% A7kEge WME V-1 $3¢ veEdden
20 %8 #AVEES w9 vz o Az
B Eol ARE Azto] H 3-4% FE FAE
o] &y o £& ddAdE JeElyAed, LOI
FHE 13 AXY = W

o A



® 3. CTA2, CTS2, CTR2E dAAZ A&
o ®E ABS AlE9] UL94e LOI A9
A,

Table 3. UL94 and LOI test for ABS flame
retarded by CTAZ2, CTS2, and CTR2.

1

i, o s o
13 CTA2 10 - Burns 208
14 CTA2 20 - 16/Burns 215
15 CTAZ 30 V-2  12/16 229
16 CTS2 10 - Burns 209
17 CTS2 20 - 15/Burns 21.8
18 CTS2 30 V-2 10/15 231
19 CTR2 10 - Burns 212
20 CTR2 20 - 13/Burns 222
21 CTR2 30 V-2 10/14 234

* Average flaming time after the first and the
second ignition

CTS19 ZA$= 10 %5 AHE3de A5
UL9 Al@olA Fdo 24 ZIAT 20 %& 3

ZbaEE We V-2 88 JEAT 283 30
%E #H7MEAE "We V-1 5% vehiided
20 %& H7MEAe deok asHs W AR

29 Eo] Axe AVPO} ﬁé& 3%
o9, LOI #% 12 A=
CTS19l 7A$:% 10 %=
UL94 AN EoA SFd &4 %i‘iﬂﬂ& 20 %2 A
718l e W V-2 55 Jveide 2z 30
2718l S W V-1 %—%%
20 %8 A S we w
EQ Bo] AR Azto] HiF 4% Z9E9
om 1Ol g% 1.1 BEY =712 el

HPCT, CTAl, CTS], CTR19 A#HE Z¥3
®»w CTRI1, CTS1, CTAlL, HPCTS #A2 44
dol St grl.

T3 CTA2, CTS2, CTR2E ol&sir wE
ABS Al2o tg ddA 243 AdBE F 30 U
b=
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E 4. HPCT, CTAl, CTS1, CTR1S YdA=R
A

Agere] WE ABS AWe) ARAEs)
kg
Table 4. The tensile strength and the elongation
of ABS flame retarded by HPCT,
CTAl, CTS], and CTRL
o Flame  Content sfr(::gﬂti Elongation
retardant (%) (ke/em®) (%)
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 12.5
9 CTs1 30 301 9.3
10 CTR1 10 372 139
11 CTR1 20 350 127
12 CTR1 30 308 9.5

3 AHE3E9lE W ABSY B4
2 ojgA Wi 71E AFRgY Jadd AFS
9] 7}A 3 o]RAES UTM 717)
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CTAl, HPCTS Zath AAe% 94 39 2
A2 5
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cyclotriphosphazene T3& Z+& Ex%e] & 3
FEES FAtHoH, oJgE A

ABS A ¢
GAAR A3l E?&‘:} 2 dFelA FHAE
cyclophosphazene +Z& Zte nEAE AAlL

- Ee
ARQFE
B4 ol

vdg e "}E}lﬂﬁi"t‘] 53] EAFo|
DR TtuAge] BoldrE EX ¢
Foldth. B dFddA Nire ke
cyclophosphazene T%& zte 3IdEES ABS
resin®] g GAAZ AEEHES o, FAAS I
FEE FoAMe HPCTE Adstn £

83t o] ABS A 713 53 ddA
Wglew =3 ddAs d7td ABS $ =
A A= 71 54 vEdc §43% g
FE Fo resorcinolS AME-IIE wf 7HF
g A4S e o] RES ABS°ﬂ 30
%2 zwo}ﬁ W ULY4 Al A V-15574 =
298 4 A3, LOI AT 713 ?E 3
& YEUATH

uAtel 2

o] EEE 200585 FEUWSE s&dTAYA}
del dvu ALl -43}04 AqEgon ol zt
AP=EY T

(]

o
o
re

[1] K. Y. Kim, C. Lee, and B. H. Ryu, "The

improvements for fire retardancy and

radiation resistance of chloroprene rubber”,
J. of KIEEME(in Korean), Vol. 17, No. 11,

p. 1205, 2004.
[2] K. Y. Kim, K. Kim, G. B. Kim, and B. H.
Ryu, "A study on the irradiation aging of

chlorosulfonated polyethylene containing fire

retardant additives”, J. of KIEEME(n

Korean), Vol. 12, No. 10, p. 854, 1999.

M. Gleria and R. D. Jaeger, "Phosphazene”,

Nova Science Publishers, New York, p. 485,

2004.

[4] P. Potinand and R. D. Jaeger, "Poly-
phosphazenes: Synthesis, structures, properties,
applications”, Eur. Polym. J., Vol. 27, p. 341,

{31



1991,

[5] J. Y. Chang, C. B. Lee, J. H Baik, J. R.
Yeon, and M. J. Han, "Synthesis and thermal
polymerization of phenylbutadiynylphenoxy
group substituted 1,3 5-tricarbonylbenzene,
cyclotriphosphazene and 1,3,5-triazine”,
Korea Polymer J., Vol. 4, p. 133, 1996.

[6] D. Mathew, C. R. Nair, and K. Ninan,
"Phosphazene-triazine cyclomatrix network
polymers: Some aspects of synthesis,
thermal- and flame-retardant characteristics”,
Polym. Int., Vol. 49, p. 48, 2000.

[7]1 P. R. Nair, C. P. R. Nair, and D. ]. Francis,
"Phosphazene-modified polyurethanes:Synthesis,
mechanical and thermal characteristics”,
Eur. Polym. J., Vol. 32, p. 1415, 1996.

[8] Y. W. Chen-Yang, ]J. R. Chuang, Y. C.
Yang, C. Y. Li, and Y. S. Chiu, "New
UV-curable cyclotriphosphazenes as fire-
retardant coating materials for wood”, J.
Appl. Polym. Sci., Vol. 69, p. 115, 1998.

[9] D. Kumar, G. M. Fohlen, and J. A. Parker,
"Fire- and heat-resistant laminating resins
based on maleimido-substituted aromatic
cyclotriphosphazenes”, Macromolecules, Vol.
16, p. 1250, 1983.

[10] D. Kumar, G. M. Fohlen, and J. A. Parker,
“Fire- and heat-resistant polymer based on
maleimido-substituted 2,2-bis(anilino)-4,4,6,6-
tertrakis—(4-aminophenoxy )Cyclotriphospha—
zenes”, J. Polym. Sci. Polym. Chem., Vol
22, p. 1141, 1934.

(111 D. Kumar, G. M. Fohlen, and J. A. Parker,
"The curing of epoxy resins with
aminophenoxycyclotriphosphazenes”, J. Polym.
Sci. Polym. Chem., Vol. 24, p. 2415, 1986.

[12]

(131

[14]

ANHAAAE G =ER, 204 23, 20073 2¢

S. V. Levchik, G. F. Levchik, A. L
Balabanovich, E. D. Weil, and M. Klatt,
"Thermal decomposition of cyclotriphosphazenes,
1. alkyl aminoaryl ethers”, Angew. Macromol.
Chem., Vol. 264, p. 48, 1999.

D. Kumar, G. M. fohlen, and ]J. A. Parkkr,
"The curing of epoxy resins with
aminophenoxycyclotriphosphazenes”, J. Polymer
Sci., Vol. 24, p. 2415, 1986.

D. Kumar, "Polybismaleimide containing
tetrakisphenoxycyclotriphosphazenes”, J. Polym.
Sci. Polym. Chem., Vol. 23, p. 1661, 1985.

[15] F. F. Stewart and M. K. Harrup, "Phosphazene

[16]

171

(18]

monomers from the regiospecific reaction of
tert-butylhydroquinone with hexachlorocyclo—
triphosphazene: A new composite material
precursor”, J. Appl. Polym. Sci., Vol. 72, p.
1085, 1999.

H. R. Alicock and R. L. Kugel, "Phos-
phonitrilic compounds. V. cyclized products
from the reactions of hexachlorocyclo-
triphosphazene (phosphonitrilic chloride trimer)
with  aromatic dihydroxy, dithiol, and
diamino compounds”, Inorganic Chem., Vol
5, p. 1016, 1966.

T. A. Luther, F. F. Stewart, R. P. Lash, ].
E. Wey, and M. K. Harrup, "Synthesis and
characterization of Poly{hexakis[(methyl){4-
hydroxyphenoxy)lcyclophosphazene}”, J. Appl.
Polym. Sci., Vol. 82, p. 3439, 2001.

D. Kumar, M. Khullar, and A. D. Gupta,
"Synthesis and characterization of new
3-nitrophthalimidophenoxy- and 4-nitrophthal-
imidophenoxycyclophosphazene monomers
and intermediates”, Phosphorus, Sulfur,
Silicon, Vol. 68, p. 59, 1992.



