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FAAQA AR st gz 9425 24X FE dAdA] N A77r v ity 2 ATl M= hexakisp-
henoxycyclotriphosphazenes /33l o1, o]AS ABS X9 WAARZ A18-3}o] E?}E‘r a8 blsphenol AE
©]&3}4] cyclotriphosphazene T-Z& %%t Aol  SREES IS ol5% Al ABS A9 HAAR
AREste] Hokth FAE RS AL v S IS BolFlon Eatgke]l AA AL 7]-"?17]- wol
A4S 944 S o EolAth 131‘4’ olf g HFEES ABS A9 FAAZ AEEIS W olE IHPE
£ ToA vud EAsFe] w2 shgEo] ABS A0 ¥ $5E dAAdS YERAl s9lem ABS £ 9 =¥
Al AL ] -k sFsith

Non-halogen flame retardants have been the focus of extensive research because of environmental problems. Hexakisp-
henoxycyclotriphosphazene was synthesized in order to use as the flame retardant of ABS resin. And using bisphenol A,
the polymers containing a cyclotriphosphazene structure were synthesized in order to also use as the flame retardant of
ABS resin. All of the synthesized polymers themselves had the excellent flame retardancy. And as their molecular
weight and crosslinking density were increased, the thermal stability was increased. But when the synthesized com-
pounds were used as the flame retardant for ABS resin, the lower molecular weight compound in these compounds
showed the better flame retardancy and the better physical properties of ABS resin.
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1. A = kel a3 AaL 9l
Phosphazene 2] FA 99} 91 YAzt o] o7 18] & zb
AR e vlg B o] ZekaES ARESlaL o o] 4 9l AAe) e ﬂXﬂ% Nkete] = AlgEol FEsta e
uid w9 whE SRR FThelal itk tiFEe] SEkEEL A AxrEolth. AF7HA] Hid we 3 stEEo] ©]2]gh hetero
of wig- Hokek o R Ul Jlon= ogA v} AgeleE & &S &"’ AT}, webA] phosphazene T-2% wl¢- 957 WA
2}2~El 9] ofo] FTleIH s EA; HIHA ol 3R] ddAe S 1Y oz A7, ol 725 Zte IPEES] dAAR

2 O o AA AL ok 53] 989 F9lelA dojih= o A o] g 7FsAle vlg =2 Ao R FekE1]. Cyclotriphosphazene
o] TEfrE S ddslehe TAE Al tisk A5 el of #&t A= L FeUe] B2 A5 ring opening polymerization
/‘1 u9- 2 HSE 2L BRI A Skl Qv AL Al E dis) o FF=e] 3lem cyclotriphosphazene 18] AHAIE o] &3sh= AT
sh= W ofe] 77 QAN 2 Fell 71 AA|H olm HEg i = BA Zokrh2-15].
ol JAAE H7ishs HhHolth ABSSA|+= acrylonitrile, butadiene, styrene .2 TAE 2-F A Z
25 927 2 ARSER GAAES U] S22 FEA Al Z¥E 217] 71719] cabinet, 27, Q12 EA T vilg- B2 AlE
golth. e} oejgh RS V|EoR e dAAES At AREE AL SlTh o] d ABS A= HAStA7]7)7F v EA
WA u -5 71A7F HAEHE 5o HAE AL B 3 o H3) g slow 4R Urh
AEe] XA tiido] Har glo], o]AES HiAT A2 HAA < E Aol A= hexachlorocyclotriphosphazene= phenol, bisphenol

T F A2} (e-mail: jsshin@chungbuk.ac.kr)

144

A 53 H-SA]A cyclotriphosphazene 18] T35 ZH= 2 714 f =



Cyclotriphosphazene s ©]-8&

A5S Bk o) AL ABSTAS) WA AESRE AE A

2.4 9

2.1. A] oF

Hexachlorocyclotriphosphazene- (F7)F1ol| 4] 7]5- Qigkon o]
< trimer2 TE 6748 1] FE|o] 313E0] 62 wi% 7t E3HE o
glom, U A] 38 wit% = tetramer® ©| 7171 8218 o] 1] e
slhEolth. =73 rimerE 7] dlA= 65 TolA B 23 &
3H(fractional vacuum sublimation)E 2A]gF o hexaneol Al AZ2H
I3tk o] wl Aoy &3k hexachlorocyclotriphosphazene ] mp
113~115 Ceoldrh

Phenolﬂ} bisphenol A Aldrich A|E-S AFE-81g.om] Tute) Aok

S 15 AoFS ARESISITE HTHATE o7 &2 &% ABSE
(T)ZJI‘QETH Aom o] ABSO| WEE 1.04 g/em’o|H, A E
= 392 kg/em®©] At

2.2, ¥4717]

Fourier transform infrared (FT-IR) spectrat= FT-IR 680 (Jasco
International Co.)S AF&38}31.2™, Universal Testing Machine (UTM)
< SFM 10 (United Calibration Co.)} LR10K (Lloyd Instruments)E-
ARE-319131, Thermogravimetry 4] (TGA)< TRY 910 (Perkin Ey-
Imer)S ARESIACE 28] LOI A8 MKM JD-145 o] &3}
v, ¥4 ¥4 EAL110 (CE Instrument)E AR8-3FSIT)

2.3. Al A=

Al HE A|2Fel7] 918 X &= Haake Rheo-corder 903} compres-
sion molding-% press] Fuse Mp-502 ARE-3}ATE ABS 4] 50 g2
180 C = 7} % Rheo-corder 90 ¥l 591 Fof] o] Atol| A A
3k A 52 ABS %12 ol 22} 10, 20, 30%2 714 5 min
B A& EFE = vhe oIS 7 9, ofe ¥ 2 190 TR 7k
% compression molding-& pressell ¥l FelS 78] B Zeke] AJH
THEITE o] w) AJA] Fo FAIE 3.0 £ 0.5 mm ©]2H oA
UL94 A]& o]y} Limiting Oxygen Index Algoll A AlHE 2z}

AHE-313Tt

X rﬂlo o

2.4. ULY4 A
UL94 A1g& 918+ A& 2ol 120 mm,
3.0 + 0.5 mmZE A ZFe|A ARE-3FAT)

= 13.0 = 0.5 mm, 77

UL94 A1&-S Al Bunsen burnerS ©]83] 10 s 5 B2 A|8
of] Z¥c} tjojA] Aol Ho] A g Tl A4 w7bx] deEle gk
SAsIIth 183 $dd] Eo] 7K Fof| thA] E& Zolal o]Alo]
A w7hA] 9] AT B SAEIE 22 AEE T U Zl9] A
HES o83l 22 7 HASIA A5 d W] AlFS AAg
ol ANES AsiA V-0, V-1, V2 Al TR FHS wizth

V-0 %ﬁ% A W7HA] Al AlRre] A 10 s oJulo]ofof 3}

=

g2 4 dssom AN AnE G, 5 57l
131 1082 719 ape] A B ol oA o
#) golof @k, 223 A1F ol Wel ol £ Haol
U ghojof gk,

V-1 e AR A el Alzhel H

o

330 s o]ujo]o]of &
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] Zpzke] Al 2l A g At FeiA, S s AlEe] At
Q1 109e] Ake B Tlal] o]319] o] 250 sF A olof Frk
)3 AJg Foll Woll ol £ H3lgro| walrt dojux] grolof gk
c}.

V2 S - W7 el ARke] #4830 s olufolofof )
A

i ﬂw A 928 4 AN F ARE e, 5 57 Al 2
el ARke B g o|7le] Fol 250 5B WA Sofok Gtk

lﬂJ— Al Foll ol Fol & Halel ey} dojui wrk
2.5. Limiting Oxygen Index (LOI) A&

Al 5= o] 120 mm, & 6.5 £ 0.5 mm, ¥4 3.0 £ 0.5 mm
THERAT} o] AJHe) 50 mmEE Yol A& St o] A]HE Lol
7 gx o] Qg el Selwodrt 273 o] Al H3kE Al £
50 mm7H] 3 mino] 2] & F YEF kAol Ao wrE X
to] SR ACE & Aol 50 mm 48H=H] 3 mino] Zfshd
EEE 30|31 3 min odlo|H Ak FEE U] 3 min©]
9] Aol FE 71538tk & 7HA] Al 107] = Al
H WOk A3 o HargkS Teksith

ol 2 JlN' ftl
1.>. ol
1o

fE
tlo n®
5=

LOI/100 = [O2]J/A[O2]+[N2])

2.6. Hexakisphenoxycyclotriphosphazene (CT1)] ¥

CT1 Bl 270e e g&ate] FAsklthie]. (&
78.5%, mp: 112 C)

'"H NMR (300 MHz, DMSO-dg) § 7.1-7.5 (m, 30 H)

2.7. Bisphenol AS ©]-8-3} Cyclotriphosphazene 317-AF] 34

B ool A= bisphenol A2] Y-S ZHslo] thekst Ealtzel B
Ae e DEASE SPISIC oflel EAel 4
7HAE AlLsoit

5L, 4 7 WS-}~ bisphenol A 228.3 g (1.00 mol), sodium
hydroxide 80.0 g (2.00 mol), & 70 g (3.88 mol) toluene 1000 mLE
Yotk 18] 3L 9 7]l mechanical stirrer, <=7, Dean-Stark trap, k
F 97471E AAERlh o] ERES 12 h B SRAIIEA
Dean-Stark trapS |83 22 2438] #|A30 bisphenol A2l sodium
saltS A F T

T U2 3 L 4 7 9-3EZgk2T9] phenol 103.5 g (1.10 mol),
sodium hydroxide 44.0 g (1.10 mol), & 40 g (2.22 mol), toluene 700

mLE 2At}h 18]3 o]7]9] mechanical stirrer, <=7, Dean-Stark
trap, HF W25 AAERIE o] EFES 12 h 59 $F AI7WA

[T

ot
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Table 1. The Formulation for the Synthesis of Cyclotriphospha-

zene Polymer (unit: mol)
product phosphazene* bisphenol A phenol
CT2 0.50 0.25 2.7
CT3 0.50 0.40 2.4
CT4 0.50 0.50 22
CT5 0.50 0.75 1.7
CT6 0.50 1.00 1.1

* hexachlorocyclotriphosphazene mixture

Table 2. Elemental Analysis of Cyclotriphosphazene Derivatives
Synthesized

calculated found
product C H N C H N
CT2 63.12 4.52 5.89 62.84 4.59 5.58
CT3 63.56 4.61 5.79 63.23 4.78 5.64
CT4 63.67 4.66 5.71 62.97 4.72 5.67
CT5 64.54 4.82 5.58 64.10 491 5.44
CT6 65.20 4.95 543 64.17 5.03 5.39

Dean-Stark trap= ©]-83] & 38| AAF| sodium phenolate S 3
A3

Bisphenol A¢] sodium salt7} E0131=, 1ol @44& 5 L, 4 7+ vb
582230l hexachlorocyclotriphosphazene 173.8 g (0.500 mol)©]
chlorobenzene 900 mLell o} Q1= 8AS& H7lsigich o] E3HES
4 h 52t FFAFTE 28]a of7]e oA W= sodium phenolate
g1 A7IET 22l oAl 6 h B9 BFAIAC

HESE A7 Foll 2 2 LE AReRitY d4E A =dEe

gl

wA% 9nk BE WAL A= b 22 108 A Aol 7
ol ZF ovenoll A 18] 712 Sl cyclomatrix ILEAF 329.5 g (7
£ 85.0%)S ATk

3. 43 % aF

3.1. Hexakisphenoxycyclotriphosphazene (CT1)<] 3

$2]7} =2 A}8-3F hexachlorocyclotriphosphazene- trimer<} tet-
ramer®] EFEZ o]FolA Qr}. &5 wimerE A7 Y= 65
CollAq 1 ¥ 53Kfractional vacuum sublimation) S A A]3F S0
hexaneol| A AAZASIITE o] w] Pzl =438+ hexachlorocyclotri-
phosphazene2] mp= 113~115 Co|t}. Hexachlorocyclotriphospha-
zene (trimer)®] IR spectrum o -P=N-ol 2]} absorption®] 1218
emollA] LFERU, octachlorocyclotetraphosphazene (tetramer)$] -P=
N-of| £]3} absorption> 1310 cm’ oA YElstt) ZHzte] IR spectrum
S B9 trimer®] 7ol 1310 ecm o] 4= absorption©] A1) ¢l wh
2 tetramer®] 790 1218 cm™ ol 4] absorption©] A¢] §lom g,
o|]AEY] EFE9] IR spectrumS ol BRI Z}Zke] Aol el
owgh4] g o F4o] Jlesiiitt

QoA #e|$t =3 hexachlorocyclotriphosphazene& ©]-8-5}o]
CT1E FA3Is v o =3 W8 w4 71 FE= CT1

o] dojAnk o128 mp= 112 Coldek vt WdAmA o] 574

T3k, A 1748 A2 3, 2006

Scheme 2. Molecular structure of cyclomatrix polymer containing
cyclotriphosphazene.
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Figure 1. IR spectrum of CTé6.

A

oL,

371 184 moldingS st B2 el A5 LRs
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3.2. Bisphenol AE ©]-8-3 Cyclotriphosphazene 11%-4-2] 3143

2 ATl A= thgst E445FS 2= cyclotriphosphazene AL EAE
FHd3t7] 91804 bisphenol AS] = HIE BISIAIZ|HA RS
Table 1o 3238 wf AREg WEE-Eo] & W& YERAT

Jeln 3 F Qolr) BYREe] 2 P4 ARE Table 20 X
Alsgiek

CT378 CTe7HA= AR doflon] CT2i= vie- Aol 2 o
Al ez ol CT2E SRl vl 2 QoA A Y
W, CT3& A58 2AE s AAEHNIL, 1 e 2=2E CT6
2 g A5 Bd2E gol 7 @2 d4E ¢ des A
EATk o5 B tisl] &l A& AAlste] Btk CTs¢}
CT6T acetone, benzene, toluene, cyclohexane, chlorobenzene, 1,4-
dioxane, THF, DMSO, DMF, dichloromethane =5l &3] %A &k
o, CTIS $lolA A5 BE &vjo &3)=%lc}l. CT2% THF,
DMSO, chlorobenzene®l &3 %1

CT3, CT4, CT5, CT6 217he A3k &5 27] o]#9] GPCE A
AlgE 5= GIAAIRE CT29] 799 GPCE °]83 43 EA-2
2F 1800 o|SAtk o] 22 623 E] & wpud Hat 2.57] A= A
Axo] = o= gutE)

CT6LZHE A2 IR spectrum= Figure 1°] YJERNS]

i3

E
h
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Weight (%)

CT25H CT671419] EE IR spectrum= 2] H]3518]om C-H
o 93 EF7F 2970 em 'Ol A, phenylel &8 E57F 15903} 1504
cm’ oA, O-phenylell &3+ 7} 1220 cm'oll 4], P=Nel| ¢J&+ &
7} 1169 em' oA YRSt

e BE SRMEEC TGAE do] B3l 1 A¥E Figure 201
HER AT

Figure 25 ¥ CT1o]4} CT29] 7ol ko] 7H4dlr] A 2sh=
SEE 300 T F-Folw, AEA] CT3HE CT67HAE 400 T <A
1A =% L*ﬂ AlFE AT} Aol & ehgAdel a9l
=2 ket gk shuwAdte] wol EoldE CTeol 750l
=2 Jé 95 Hol TRtk webA] 7t ddE o= e &
o 7]oJE ghhar ek 223 600 ColA] dol A &
HlwE] B CTIS 15.9%, CT2E 19.3%, CT3+ 27.2%, CT4=
32.5%, CT5% 35.3%, CT6+ 37.1%°]31t} o] Z23= 2vwnd 7k
Aol EoldgE 600 CollA ol A= o] T7lshs Ae &
ATk o)A S LEA] e ol B IRHES B
|3he ] s £ 2o R A oA WS vER
= o8 7K WAYUE 5ol char o] she] F8
R

°

7
Hr o of

&rﬁp

o 2 & rr
o2l
o

3.3, doAd A

AAAQ FAS SAE] A Lo A
ﬂ 019} 3 Lol A A = a7 AAEIT.

7 o5 EA AHA(CT3, CT4, CT5, CTO)E 7FX 1L
Alste] o o] B ULY AlgolA] ofF %Xj& V-0
< B FUok o] A= o)F A Al wfg- 9re e
7H AL Y-S Kol FUh

2 AollA e SRMEES WAAR AREE
ABS FAE AEEIGith ABS A= ulg- thekst HEjE 9271 AL
|3l AEAEA S 5|7t wlg- 0134—% El%x}i Eige
A Atk ABS Al £ AFtellA] FAg ddA $HES ABS A
o] <ol tiaf 10, 20, 30% A 2}z 31l Haake Rheo-corder 902
o] &3] 180 CollA & 4] 5= ol compress molding& pressE ©]

/\6] )\16-5]
3

to =l wx @ K
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Table 3. UL94 and LOI Test for ABS Flame Retarded by
Cyclotriphosphazene Derivatives

Flame

No Retardant Content (%) UL9%4 AFT* LOI
1 CT1 10 - 16/Burns 20.6
2 CT1 20 V-2 14/19 21.9
3 CT1 30 V-2 10/15 22.8
4 CT2 10 - 14/Burns 21.5
5 CT2 20 V-2 11/15 22.4
6 CT2 30 V-1 8/12 23.7
7 CT3 10 - Burns 19.7
8 CT3 30 - 18/Burns 20.2
9 CT4 10 - Burns 19.3
10 CT4 30 - 22/Burns 20.2
11 CT5 10 - Burns 19.3
12 CT5 30 - 23/Burns 19.7
13 CTé6 10 - Burns 19.3
14 CTé6 30 - 25/Burns 19.7

* Average flaming time after the first and the second ignition

&3lo] AlES AT o]E AlHES 7FA AL ULY4 *1641} LOI
A8E 3k IS Table 39 Atk UL Al ] Hfole 27
g A& vjuE sb] Y84 A S 7T gl $°1 Eol
AZ w7 Az F A BS 7T o v Fol o] AF

w|7}x] 2] A7HS 7] =33

Table 3¢] A#E W CT19 AT 10%E AHE3IE 750l
UL94 AlgollA Eael 54 XgARH 20%«3— A7kIE e v-2
S5S YEIITE 283 30% S HAUES e v2 5
WAL 20%E H71etS wiel vlaskel s HH Aol B9l o] 7
A= AlRro] F 2~4 s A FolE0], HIF 22 SFo|A N 27
Y 2GS YeRlglen, Lol 3= 0.9 Axe] F71E veR
Atk CT29 HAFE 10%E AHEIS 9o UL Al8olA 55
o EA ZAA 20%E H7IelE e V2 THS UERISIHE 2
231 30%5 H718I9E e V-1 535S YER e 20%E 7t
39S wok HwES w AjHe] &<l Ho] AX|= Azto] Hy
2~4 s A% FojE] T o £ WS UERR e, Lol
#HE 13 R 7 UERIITE FA SR CT1 CT2E H|a
3 B CT27} CT1ET 438 28 HaAde Yehdc) £3] CT2
E 30% AMEEIS Wl V-153S YER AAl A= AT
Ho] F9ltk CT3, CT4, CT5, CT69] ZA-$-ol= A9 vt Ax
YERSITE o]F B ULY s8¢l 54 %32om 30%E 37t
S W A ES 2t dids dwt Eo] ARew F wAele
Eol AXA &tk 1aL Lol Al ZelX % 58 ABS F4el o
3k LOI gkol] 19.30]22 o]5 52| LOI #ko] £3F ABS 449
LOI &3 =LA th2x] 2k

olg3 BE As F JﬁH B w CT3, CT4, CT5, CT62] 7%l

£ 24 A7 ABS A9 Alol=dl EAIF JE Ae= 3t
ST o] RS Al T2 180 CollA AAlsIslE o] 2ol

£ 2FAk= F5] ofd FelRe] WEE YeRX] e rn g ol
HAA R A feixE ol mAlg REHE vE

i o
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Table 4. The Tensile Strength and the Elongation of ABS Flame
Retarded by Cyclotriphosphazene Derivatives

Tensile

1 - 0 392 15

2 CT1 10 363 14

3 CT1 20 327 10

4 CT1 30 274 72

5 CT2 10 369 14

6 CT2 20 337 12

7 CT2 30 294 9.1

8 CT3 10 356 11

9 CT3 30 245 4.4

10 CT4 10 349 12

11 CT4 30 244 52

12 CT5 10 346 11

13 CT5 30 240 5.0

14 CTé6 10 348 12

15 CT6 30 239 45
Aot Jrkar daEch 2 Aol HapAPLE: o] §3le] o} u|
Alg REe ElEd B By} ol HASA BEg wE A9
wAXo] 2T o Yolxglel statdth F£3 o5 uEAL WAAlE
S A 227 AR O 5 FXd giEl dAAR AEE - Ald)
28 3dHe 1Y e o Ak B A e E CT2)
7357 71 & Ans e A4 AlES ke 3l
T CT29 Als7t 7P ¥o] 716Gt 19 CT27} ABS 74

ofe] E3ldolA] HolRtr] v‘f—oi S =
olglgt WAAIES AME3I9S W ABSO] B2 @A Wish=7}
& ARt G AEE Q’IOH THEE AlEE 7ML o] AES
UTM 7171l 7014 tensile strength®} elongations 574383l 1 2
= Table 40 ERARATE
Table 4914 CT1Z} CT20l Ujgt ZT}E 1|3
2} elongation®] 7247} CT29] ZA$7F o 22 A

1 AN
o] %57} delg AglAE CTIel Hls) S35

tensile strength
T Ak CT2
= B4 oA

LA
H 2=
=

Kol
=

3 AL B ABS F#|df] gk &8Ado] CTiRY CT27) ¥ §-=
3 Ao g FekdAr) CT3, CT4, CT5, CT69] 7%l A tigh 7+
48] Fo] CT13 CT29] 7-5-9F vlaslgls vl w9~ =LA vhepwith
FAA G A 9] Aol M E Kol F9l%0] o5 EF9 ABS T4
o gk s3hdo]l £4 AJS Kol Frh

AEHo= CT3 CT4, CT5, CT62] 79 o5 BFE 1 &AAl &
228 19 53 FAAdS 7L AINE ABS A S
Fofahe= tlE Gl eFskomr EapEke] BlalA 22 CT29 7
7t 7P 958 daAdS YERISICh

] Aol 71 93 A3E BHolF CT2E ABS 4|l A7}
solS W] TGA®] Wsls A Eg E} ABS Al CT2E 77}
10%, 20%, 30%% Yolx F/43 AlHES 7L €2 TGAS] A%
£ Figure 39 YJERAATE

Figure 39| A¥E B dAA7} 37k 79, &5 ABSel Hl3)

T3k, A 1748 A2 3, 2006
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Figure 3. TGA of pure ABS resin and ABS flame retarded by CT2.
4 ool o7k vobAltk. o3 A ePgAe] Wol delAE
MM Aol Ak o2 ek @olth T1ea ol @ @
7dE300~400 C Atelell ARt vERskom T HwE Ao e AF
& Bk 500 T oA Wkl e H7ke dedale) o)
shkes oM Z7181SIT) o] AL Figure 29 A¥E wFof

2T 7 A
Al o8] @4d Ao T4,

=
©

A
=

£ 3

A7

4. 4 =
Hexakisphenoxycyclotriphosphazene= 3Hd3ste] ©]71S ABS
o that Gl Abgate] Bekor] ULy Ald3} Lol AldL
t}. T3k bisphenol A ©]-8-3}4] cyclotriphosphazene %Z«“—
HAES sl on, o]5E JA] ABS 4] FAA R AE-3to]
Skrh B At Al @48k cyclophosphazene 125 Zh+
AR - 2 GRS UERleH 58] £kl AdsS
i Zhadste] Woldas 43 d/do] molxlth  ATtelA
3443k cyclophosphazene 735 2= 33EE5S ABS resinol gk
HAAZ ARESIE W, o] Tl ExFEe] 1800 3}eHEo]
ABS Aol 7P g dA-E YERA slF31oH ABS 4] €]
EEAQ AAE 7P skl slFeleh o sRE-S ABSOll 30%
& F7IeE ol ULod Aol v-1'550l =2ed &= 81’1l Lol
ARolX e 71 £& A3E UEISIth o] 3] % tE
st E 57 HaEkS W ABS A9 7Y E3do] ralgink
HeR7] SleixE 2 2Rl =

Az o7 Yo7} o5ak YA
xM WA E FaslA e Agal s iRjele] Fa4ol % &

Jr-

=
Al

E’.\_.“l——— %0 =
A

o] =L 2004dE EHUFH AR YA

o Slete] AEIglon] ol A=,

o A7) A9
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