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Flame Retardants Containing Cyclophosphazene Ring for ABS

Young Jae Shin*, Youn Rok Shin, Soo Jin Park**, and Jae Sup Shin’
Department of Chemistry, Chungbuk National University,
Cheongju, Chungbuk 361—763, Korea
*Department of Electrical Engineering and Computer Science,
KAIST, Daejeon 305—701, Korea
** Department of Chemistry, Inha University,

253 Namgu, Incheon 402—-751, Korea

(Received November 17, 2006, Accepted June 29, 2007)

B
J

-
&% gl

81—/\6]

A7E BT 29 phenol2FE &
Arkehd, 22 oke] A7lE o 8 WUl e

=)

g

D ERAE IR B IAAE /NEst] HAske] cyclophosphazene A
A% Az AM-Ete] Bt} Chlorocyclophosphazene®l phenol, catechol, aniline, 1,2—diaminobenzene
2 HSAIA 2] F2AEE 3981510 ol50] ABS drkbt 2 dddS vehERE ULY4, LOI 5.2
2 A sl o]5 WAAE sHs ABS A2 B4 Poprolt) Catechol 25
FEAY 7ol novolac

Hej 90tt,

5§48k °l52 ABS

=)

il

i

22 meAte}

A7 7HE 2
ERE vl

E = I Y

Abstract : Cyclophosphazene derivatives were synthesized in order to use as a non—halogen flame
retardant for ABS. Chlorocyclophosphazene was reacted with phenol, catechol, aniline, 1,2~diaminobenzene
respectively, and each product was characterized by UL94 and LOI test for ABS resin. The physical pro—
perties of the sample containing these flame retardants were also characterized. The derivative synthesized
from catechol showed best flame retardancy, and the derivative from phenol exhibited the flame retardancy
in which the synergic effect was shown with novolac.

Keywords : flame retardant, cyclophosphazene, ABS.
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& dAAY] Age] Has) A3 ik
FEAE L] AR TUIHE S, ShAll) wlnA Hedt 2 ABS 4°R|= acrylonitrile, butadiene, styrene®] ZE-& A
FAEES WS Al E9 o o8 X2 nh wEkA HAdE A2, polystyrened] 93 e, A1 A, 484
IEA; A7 Foll SRl WA FeAde Nk o AR

dasiEle EAE nEAel tig A7 FolA vie- E viss 3t
3 GRAA et Qv a2 Ang dAasiske e o8
ZRIZE QIARE 1 Fell 7P Al el Bl ol dlAlE
H7¥ehe Wolth

IERb fEE FE AN dAAES difRe] g2 f&
Agolrt. 22 ol2ld RS 7|2 0R dk= dAAlES
7hRARE w5 JA7E Elehe Tl EA w2l MA@

=0
=1

TTo whom correspondence should be addressed.
E—mail: jsshin@chungbuk.ac.kr

273

7 polyacrylonitrile] 978 Y&, 71414 A= W43, W34,
28)31 polybutadienes] 975t UIFZA] 5o o937 42&
Epdith ABS A9 S5= Wiy, e, 487, TV 53 22
7HAARE 2 2ol AFAEE] o] 71| FiT) thE B AN
71714 =. 2o]1 Qlct o]} o] de] 2ol ABS 44 Wddt
]9 o]5)g Zelaeoz dejA] ok
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GAARA 0)8 7h5E e B2 Aoz dokgnt!
Cyclotriphosphazene®l| #3t Q7= 7 ko] T2 H7E0]
ring opening polymerization®] HA&£¥o] 910 cyclotripho—
sphazene i8] AAF olgsh= A7 B Gkt
2 dFellA+= chlorocyclophosphazenes phenol, catechol,
aniline, 1,2—diaminobenzene 53} ¥-&-A17 cyclophosphazene
2 72E 7 2 7K REAES Tk o]RES ABSE

)] GelAlz AFgsto] ugich

4 oy

Al Chlorocyclophosphazene2 () 720 o o2&
trimer 2 7-4¥ 6249 1] 2] 550 62 wtd T Ql
o Y| 38 wt%t tetramer® ©]Foizl 82189 17 )
9] sigkEo] Eolgle EFEIL 5% trimerE ¥7) YairiE
65 Collx 48 AF F3Hfractional vacuum sublimation) & 24|
¥ ol hexaneolX] AA3I3AE o] W} PBoizl $25=3F hexachlo—
rocyclotriphosphazene ] mpt 113~115 T ojich

Phenol, catechol, aniline, 1,2—diaminobenzene, antimony (V)
oxide, oxalic acid dihydratet Aldrich A|ES AM3IGeH
Yol Aok 15 Aok ARSSIGIL) A7 A EoiA) & 5
g ABSE (P ALERE dor o] ABSY UEE 1.04 g/em’
o], APEE 392 kg/em? ©]3iTh

=M717|. Fourier transform infrared FT—IR) spectra®™
FT-IR 680(Jasco International) 2 AME313 2™, universal test
machine (UTM) 2 SFM 10(United Calibration) & A8} 3,
thermogravimetry #4(TGA)2 TRY 910(Perkin Eylmer)-&
ARESIGAT)E 1831 LOL A8 MKM JD—14 & o]23le] AA)st
et

Phenol& Ol&8} Cyclophosphazene SE=AMI(PNCP)2| &H. &
ol olv] Bug WHe® $-gsle] §43515ik. Phenol# NaOH
& Dean—Stark traps 23 WF-AIA sodium phenolate 2 9517,
o471 chlorocyclophosphazeneg ¥h3-AA PNCPE gH4jslgict

& 1 75.2%, '"H-NMR (300 MHz, DMSO—dg) & 7.1-7.5
(m, 30 H)

CatecholZ 0|&8} Cyclophosphazene SZA(CTCP)S| &, &
dell olm] B el sl gt

48 1 53.9%, 'H-NMR (300 MHz, DMSO—dg) § 6.7—7.2 (m,
12H)

Anilineg 0|88} Cyclophosphazene SSH(ANCP)2| &H. &
Fofl on] Bag HpHe! S-gale] At

& 1 64.7%, 'H-NMR (300 MHz, DMSO—dg) & 6.8—7.1 (m,
301

1,2-DiaminobenzeneS 0{&%} Cyclophosphazene S=AI(DACP)
o &Y. FHlol o] Ru® wpgeM S-gale] T

& 1 49.1%, 'H-NMR (300 MHz, DMSO—dg) & 6.5—6.8 (m,
12 H)

Novolac Resin2l &Y. &@e]] o|n] Bad wge” olgsjo]
23+ +=1 phenol, 37% formaldehyde, oxalic acid dihydrate,

22|, A31A A4z, 20074

3 - AAA

water 5-& AME3ISITh

Al HIE ARE AFEE] %) 4% 2= Haake Rheo—corder
907} compression molding g press$) Fuse Mp—50& ARL3
Stk ABS 44| 50 g2 180 CZ 71¥9% Rheo—corder 900l ¥
I 7Ka% Fof] of AFelA AR HAAES ABS T2 $A
717} 9.1, 16.7, 23.1 wt%Z 37} 10 min S+ & 28+ =
g o] RAS 7 9, ol B B 190 CE 71289 compression
molding & pressell 93 &S 718l 3 2okl AlBE vHEQITh
o] w AlHe] FF FAE 3.010.5 mm ©)08 o3& UL
Algolut Limiting Oxygen Index Agol WA A B-E Aepa] A}
33irt.

UL94 AIE. UL94 AEE AT AlEE Z9] 120 mm, & 13.0%
0.5 mm, 77| 3.0£0.5 mm& Al2sir AM-sHAc

UL94 Alg2 AlEel Bunsen burnerZ o]€3f] 10% 9 &8
Ago] Zitt tholx] Algel] Bo] 4] 3 $of) Ad wirkx] dele=
ARME F9315ich TE]a k3] Bo) AR Fofl o] BE Bolx
o|zlo] AR wi7kA] 9] ARME T FAESItE 2 AR e ol
N NEEE o] 83l 247} F e AR F e A1FE AAs
Fol o]5 AHEE A V-0, V-1, V-2 Al 530 53%
oz

V-0 58 A4 7R Zels Azt #43 10% oujelodof
s 21748 Alg 3 2% &R 0T AAR A9E ek, &5
N A8 AR 1099] A Wi71x]e] A7k 25F Tl o)A
Fo] 502F gA golok stk TI8la AlE Fofl Yol Fo} ¥ &3}
Fol| 237} dojubA] Yolok g

V-1 T8 744 W7iR] dels Alzle] #4330 oujoledof
sk} Zize] AR g 2 A AAe RS ek, & 570 Al 4
R 1019] AIZbe BF- T3] o]219] o] 2502F x| gojok
ok T3 A Fell el Fol £ Edliel @il dohx] 9o}
oF et

V-2 T8 74 riA] el Azl 438 30% ouolojof
sh Z¥z}e] Al o 21 A AAJeE g geir, & 570 A8 A
TR1 10¥19) AI7hE 25 3] o219 §o] 25025 ¥A] gojof gt
o} 73 A8 Foll Wel ot & Hilol w3} dous "k

Limiting Oxygen Index(LOI) AI¥. A8 A= Zo] 120 mm,
£ 65105 mm, 77 3.010.5 mm=Z TETk o] AlFe) 50
mmHE Yol A& 31 o] AJEE LOI FA 2X)9] 4% 2k &
BEAUTh 282 o] Al F3HE AR Foll 50 mm7iA] 3] A
H g T UEE AkA9L A4 FEE 2Es] SR = A
E7} 50 mm A4dR=t] 3] 2HetA Akl SRS ¥ol1 3
£ ool Akl EE W] 3] A we] Ak FEE
7153150tk & 7FA] Aol 107 A= AFE FH)8IA ofe)d vt
5 AY o Hagks ok

LOI/100= [02]/([Oz] + [N2])
A Y E2

Cyclophosphazene S.=HI2] €4, 27} T2 AM23E chlorocy—
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clophosphazene2 trimer$} tetramer®] E3EE o]Fojz} itk
573 trimer & 7] $18iME 65 Tolld 14 1% $3Hfractional
vacuum sublimation) & 418k Foll hexaneol|X W24t
o] uf ¥oJA <3 hexachlorocyclotriphosphazene? mpe=
113~115 ]t} Hexachlorocyclotriphosphazene (trimer) £
IR spectrum & ~P=N—°f| 2J$t absorption®] 1218 cm™ el
A Y, octachlorocyclotetraphosphazene (tetramer) 2
—P=N-oll 93 absorption 1310 cm™ ' vyehdt}. zpzte)
IR spectrume 29 trimer?] %o 1310 cm eX= absorp—
tiono] A 91 WHNZ tetramere] Z-$oll= 1218 cm oA
absorption®] 72| gleug o)75e] E39] IR spectrume &
o] B Zkzke] Al ool ofmigkx] tigkg oz Fo] rlsdf
Ak

DAAEXS] EAE 54517 H8M moldings 34 AEE A
Zsled w2 2k9] chlorocyclophosphazene©] Q38}7] wj&o],
I % BT IF 3 $3E 9] o}3=& chlorocyclo—
phosphazenes £4% ez 5 F2J8ix| &2 A= PNCP, CTCP,
ANCP, DACPE 343k=dl ARE-3Isitt. ©18Al 4393 PNCP=
AN s2AETE ) AR EHATE vt el Belgt
4% hexachlorocyclotriphosphazenes ©]-&3}0] A%< PNCP
5 SIS ve o =@ WS we 1A 7HF FElR PNCP
7} BoJFk 0)22] mpE 112 Ce)ck Chlorocyclophosphazene
EEENE 49 CTCP, ANCP, DACPE 55 14 Hejz o
oAxch sk ILEES BT EFESAT o) FXE
cyclotriphosphazene ¥+& 7]1202 310 Scheme 19 VERJSIT:

ABS $X|E 9|8t M2 Cyclophosphazene REAIS| AR, &
st BE slEES 944 PgAS AuRY) s da VA
alolld TGAE Qo] ®3ir) 1 AnE Figure 10 YehiIth

Figure 19| A& AR CTCP7} 71 ¥4 ¢haAdo] Ut
ot CTCPt 350 C ¥-2olM |3 5% #AE JehiH
600 CollA FolslE &2 5%l B33tk DACPE 600 Cell
A FORIE R T9%E Y- Wol B ko] 5% X B
o} FF AVl 200 T F2MFE AlgE<ler Algxlos
271 dolrh ojgAl 600 T Zo] FL 2ToMn B
o] g REL FAARA AR ZE AES 7R} Qlvka
Az} 12 ol WIS YehllE o 71X dAUS Foll
char 8/4o] shtel Fadt miAYEeY] wlioltt. ANCP:=
350 C RZMRH 5% 240t A1AEA e 600 TolM ot
R % 53%0130tk PNCP= 400 C7H) 5% 247 719 9
of AAA) 97 YL 7P FdTh 2813 600 TolA got
= ke 16%°13ch

£ Aol @498 eSS YAAR AT A aE2AE
£ ABS FAIE APESi. ABS FAE F2 xR e
ARGEE TRARA GRS Fols7t vl olele nEAE
A itk ABS FAlof & dFellA] FAI% A FHES 7
7} 9.1, 16.7, 23.1 wt%7} H 5= £33} Haake Rheo—corder
905 olgsled 180 TolA] & 4e] & Fofl compress molding
£ pressE o]&3l] A|EE AZ3)9icth PNCP, CTCP, ANCP,
DACPE ©o|&3lA TH= ABS AEES 7FX)31 UL94 AlEs LOI

“Px P N N
o N o ol 1.0
\P\\N/P\ :@
(o] 0
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Scheme 1. Molecular structure of the flame retardants.
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Figure 1. TGA of PNCP, CTCP, ANCP, and DACP under nitrogen
gas.

=
Foll Eo] A wi7iR|e] Al F AR £S5 7R gl b &
of Bo] 7z W7tx2] A7k 7123153

Table 12] Z3E 19 PNCPE 9.1 wt% ARS5RS 7390
UL94 AZelM 53l €4 #3AT 16.7 winzE 78I
Y= V-2 S5 VEhIgth 281 23.1 winE H718He o

=

o

2 W AlFel B Bol AAE AlZlo] Bt 4% AT Eo)E0,
H[E 2 FElAR £F ¢ 2 ¢S verdigled, LI
= 09 AxS F71E UehIch

CTCPY] A%ol% 9.1 wtBZ ARESIFN-S Wi UL94 Al
S39 BA AT 16.7 winE A7elae v v-2 53
e 78T 23.1 wi%®E J7REISE He V-1 S92 U
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Table 1. UL94 and LOI Test for ABS Flame-Retarded by PNCP,
CTCP, ANCP, and DACP

571 - A

Table 2. UL94 and LOI Test for ABS Flame-Retarded by PNCP
and CTCP with Antimony(V) Oxide and Novolac

Flame Content

Flame Total content

retardant (Wt%) ULY%4 AFT LOI No Retardant Additive” Ratio (Wi%) UL94 AFT LOI

1 PNCP 9.1 - 16/Burns 20.6 13 PNCP AO 4:1 16.7 V-2 13/18 219
2 PNCP 16.7 V-2 14/19 21.9 14 PNCP AO 5:1 16.7 V-2 12/17 220
3 PNCP 23.1 V-2 10/15 22.8 15 PNCP NO 3:1 16.7 V-2 8/13 228
4 CTCP 9.1 - 14/Burns 21.8 16 PNCP NO 4:1 16.7 v-1 7/11 239
5 CTCP 16.7 V-2 11/15 23.0 17 PNCP NO 5:1 16.7 v-1 8/12 230
6 CTCP 23.1 V-1 7/11 24.3 18 CTCP AO 4:1 16.7 V-2 10/15 230
7 ANCP 9.1 - 17/Burns 20.1 19 CTCP AO 5:1 16.7 V-2 9/13 233
8 ANCP 16.7 - 14/Burns 21.4 20 CTCP NO 3:1 16.7 V-1 9/10 231
9 ANCP 23.1 V-2 11/17 22.2 21 CTCP NO 4:1 16.7 V-1 8/10 235
10 DACP 9.1 - 15/Burns 20.3 22 PNCP AO 5:1 23.1 V-2 9/14 229
11 DACP 16.7 V-2 12/19 21.8 23 PNCP NO 4:1 23.1 V-1 5/7 256
12 DACP 23.1 V-2 9/16 22.2 24 CTCP AO 5:1 23.1 v-1 7/10 233
25 CTCP NO 4:1 23.1 v-1 6/8 251

*Average flaming time after the first and the second ignition.

ERiIoH 16.7 wtBE H7IeIE wio)l vlnstle o AlEe]
£l Bo] AR A7) BF 4% FE FojE50] ©§ & JidA
S vehigion, LOI % 1.3 AR F718 Jehigich d4
HPCP2] A3} vws) A Ankgo g Hslg go) 7AxE= Azt
o] Welg on B3| 58 & CTCPE 23.1 wt%=z A7155
< o) UL94 Ao V-1 TF0] Yotk Aok

ANCPZ AME3IGS o= 16.7 wt% 2 J7FM S UL94 AlE
X SFo) BX EPom 231 wt%s INFE W V-2 55
vehigich d3lst £0] AXE A= ¢k PNCPSF CTCPE
ARREISE Aot vl s B gol T/t

DACPZ AMg3I5S we] UL94 A1 ZA¥= PNCPY CTCP
2 A2E19e mo] Avte) nlws) RE PNCPY 7% Brk= o
2 A3} doRAR CTCPY) A-Hthe 23 &3t 4435 U
Eligich a8y LOI A8 Ask= PNCP2) 7398} u)5:3t gho)
dojF on] CTCPY Aapths 27 53t ghEo] dozich

AEA0F CTCPE AMBINE W7t & A7 A% FoMe
7V 958 Aus JeRl e DACPS PNCPE 719] vt
WaAgde Rod Fo=d) DACP7} okt 95319t J8]3 ANCP
B AT de ol 7R 4 & JdiA dIE He] Tk

ANCP®] 73] 0)712] TGA Zs}oA 600 TAA Holgle
o] 79%2 wil$ @] whiel, % WS TdiEAN
UL94U LOTe} 28 Aol vl A3 Adis 134 gdsict
18] 3 oleh= HHE TGAS] Anelr 71 w2 A S5 7ot
veht CTCP7F 7F <8t BAdg wof ik ol A
= NS YepdlE vizUSe] wile- ksl sl vebd 4
H7 o 3k 7ix] Ak 2 WAAE Hrlsly] ok Al
2 deiE), YAyt 9 vl vAYUSRS Adle A
sl BRENE IS wiske whfo] glov ERlE AARRE
AL sk o) Qik dazRE HIE Yalishs Wl
= 2EHoZ i &4 Aold s Al A WEY charg
FA = w83 daS Zhe VIAE 2AAA A4 U
= Py Bo) vk 13=E JdAle] 1 Exo] dHoF <

E0H, A31¥ A4F, 20073

*Antimony (V) oxide(AO), Novolac (NO). “Flame retardant : Additive.
**Average flaming time after the first and the second ignition.
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o] /)= AT F WHow e PG shHoR
ohyn] Hl% FHow QFYSHAE WA char B4
295 2= TS BANA Qa9 Mg PeisEA

e e S glth CTCPS) 797} ol9) 2e 3%

al

>,\l
Mo

O, i oX
£orlr e

iorp o
rﬂrfi

]

S
[u r-orl“

ct.

3 G AP Btk AU H7MIRE F7)AE antimony
(V) oxideZ A&8IRN o™, {71412+ novolacs EAste] ARS8t
At} o) ATASE dAAY EFE Fol b 0]RE ABS
resin®l] L3I AFES BETE T2 o] ARES] WM
UL94¢} LOI ¥ o= &35 PNCPS} CTCPE AMHESIE
2] A3E Table 20 YeRAATh

Table 28 A39E ¥9 antimony (V) oxideZ AMS3I5S Wi
weirjo] ozt ZolpX|N T8A £ F71E BolA &Flch gt
novolac® AME31S Wi AdFet daide] 718 BoiFsgint o)
28 73713} novolac resin®] char 40l =52 Fo] YAGES 5
TR WEo R A Char 34 UIA vizvSel 4
g & BES x1A6km vk Novolac®] 37H= PNCPS] -0
I &9t Wi 3A Jelsken, CTCPY AolE E3h= 33
Ak PNCPS] 7390l a7t ddir ez o ok 53] PNCP
£ 16.7 wt%tt 23.1 wt%2 AME3I91E W novolacs H7¥sl7] A
o= UL94 Al3elx V-2 SF0]2A% novolac?] 7kl <))
V-1 S50 =}t o] A F5% wksjch, ANCPY DACP
2 AMg5198S W= antimony (V) oxidett novolac & ©f &3}
7h w9 2 YR o 2 2 Table 29 7 232 vehdix] 99l
PNCPE 231518 ) novolac®] E¢H|E2 3 12R=4:1¢
o o 2 A2 Jehliglon, F 3] FrAdol 16.7 wt%
Q1 el 5: 12% AAEle] Bt 419w} H)mai &=
F e Wl s vehich ZeE2 401 uge] APt ok
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Table 3. The Tensile Strength and the Elongation of ABS Flame-
Retarded by PNCP, CTCP, ANCP, and DACP

Flame Content Tensile strength  Elongation

retardant (%) (kg/cm®) (%)
1 PNCP 9.1 363 14.0
2 PNCP 16.7 327 10.0
3 PNCP 23.1 274 7.2
4 CTCP 9.1 370 14.6
5 CTCP 16.7 341 12.1
6 CTCP 23.1 299 9.6
7 ANCP 9.1 350 11.7
3 ANCP 16.7 318 9.3
9 ANCP 23.1 269 6.9
10 DACP 9.1 360 13.9
11 DACP 16.7 321 10.7
12 DACP 23.1 272 8.8
20 PNCP* 16,7 339 10.5
25 PNCP" 23.1" 280 8.0

"Novolac was used as an additive. PNCP : novolac=4 : 1. "Total
amount (PNCP +novolac).

HA2| &= Y73k ¢ Qlrt. 53] PNCPE novolac# 4 @ 19 H]
2 Eso] 23.1 wit% H7181I50E o) UL9 A8l V-1 55
& YeRRRE ALl V-00fl 771 3to] Bojxlom] LOI k2 25.6
o7 33| & ol doiRh

HOIRIZE HTIE ABS2| B4, ojefdt HAAES AMSIE W
ABSS| BA4L ojgA Wsle 712 Avngit) dadd Ade 98
FHFF A|ZES 7L o|ZEE UTM 7171& o884 Qs
9} AAE-S =431%itk. PNCP, CTCP, ANCP, DACPE%¥ &
H)E AlgE] st A8 d7E Table 39 YERASITE PNCPE
ARgsH= 739l novolacell 2J3) Yol dhat A5a byt =4 U
Bt g olREL S T Z431e] Table 39 EF e}
ik

Table 39] 27 AR A o AFolr] AR 471%] diA]|
7} BF 853 AeE Ho|w AN CTCPS AMgsle wivt
e WiAlEed v)sl ARG AFE Fo) ZF 1 Fok 53)
novolac®] 718 PNCPZ A3t Alg9] 7499l novolace] #7}
HA G 7] Alg9} v BY o] APk ol g Tt
2 X8 JeIich o] A#ZFE novolaco] HATHE F7)
AFlE 7o) ol@ ABS$F PNCP9) Alolx ©] 2 &3+ 5= 9
Al 2951 Sl Aoz At

4 E

Chlorocyclophosphazene 2 Z4-€ phenol, catechol, aniline,
1,2—diaminobenzene$& ¥Hg-A1A Z47+] cyclophosphazene

EAEE 5 o1RE ABS Aol i YAz ARgsle] 1
ok Wi AEe UL94 9 LOI AlY Wo 2 siich 1 2%
catechololX FE8 3HE0] 71 948k WS Bl F3ih
Novolac®] #717} cyclophosphazene 5419 W& =714
71E Ao gt 58] PNCPE ARESIE o) 0)2i3t 4
a7} g 2ok

ZIALe] 2 : o] =52 20055 EHEEhn SATAAAIE Y

A7) A el 2fste] ArFENeH o)of ZAR=HuYTh
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