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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.
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FeRge ARGl S7Ie W, ShAlel] HlaA FHeRst = ABS °A)5= acrylonitrile, butadiene, styrene®]
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AR A o] 7FsAe mhe =S Aow ekt
Cyclotriphosphazene®] 33t A= 1 FQFe] W2 AE9]
ring opening polymerization®)| F5%o] 2121 cyclotripho—
sphazene 18] AHA|S o] &ak= 7= WA gk
. qtollA+= chlorocyclophosphazenes phenol, catechol,
aniline, 1,2—diaminobenzene %53} W+2-A]# cyclophosphazene
18] F2E 2he 2 7 fRAES 5k oSS ABST

A1) AA = ARg8lo] BT

Alef. Chlorocyclophosphazene (59)F1ofld A% o o]
trimer® 773% 6713 17| FE|] glgkEe] 62 wt% ZFE] 8l
o YR 38 wt%i tetramer® ©]Fo1% 8718 2] 1] HE|
9] 3)gkEo] Eolle EdEolty 5%t trimerg 471 $l8lX=
65 ol 4 2F 53H(fractional vacuum sublimation) Z 24|
$F %o|| hexaneolX] AA73}3c o] wf BoJx1 =3¢ hexachlo—
rocyclotriphosphazene®] mp+= 113~115 T ©]3{th

Phenol, catechol, aniline, 1,2—diaminobenzene, antimony (V)
oxide, oxalic acid dihydrate:= Aldrich #|3%5-& A8 1
Hhol] AlokS- 15 AlokS ARESISITE H7HAI7L Eol71A] 92
& ABSE (F) AL d1om o] ABSS] Ui 1.04 g/em’
oln], QA7 392 kg/em® oLk

2M7|7|. Fourier transform infrared(FT—IR) spectra:=
FT-IR 680(Jasco International) = AF-311.01, universal test
machine (UTM)-2 SFM 10 (United Calibration) & AM-3}31,
thermogravimetry ¥2(TGA)-> TRY 910(Perkin Eylmer)S-
AREERITE 133 LOTI A3 MKM JD-14%8 o]&3to] AAJsk
P=g

PhenolS 0|&%!} Cyclophosphazene S=A[(PNCP)2| &, &
Flof o] magl WS g-88lo] F438IIT) Phenol® NaOH
£ Dean—Stark trap= &3l "F5-A17] sodium phenolates THE-17,
o§7]¢]| chlorocyclophosphazene2 ¥+-3-A17 PNCPZE 4331tk

48 1 75.2%, "H-NMR (300 MHz, DMSO—dg) & 7.1-7.5
(m, 30 H)

CatecholZ 0|&%} Cyclophosphazene |=AHI(CTCP)2| &Y. +
Flo] oju] Bl WL S-galo] st

4% 1 53.9%, '"H-NMR (300 MHz, DMSO—ds) & 6.7—7.2(m,
12 H)

Aniline2 0|&8} Cyclophosphazene F=A|(ANCP)2| &+, &
Flo] oju] Byl WM S-galo] st

4% 1 64.7%, '"H-NMR (300 MHz, DMSO—ds) & 6.8—7.1 (m,
30 H)

1,2-DiaminobenzeneS 0|&%t Cyclophosphazene F=AI(DACP)
of . Edol| oln] Bag WSt S-gate] FAdslgict

4% 1 49.1%, '"H-NMR (300 MHz, DMSO—ds) & 6.5—6.8 (m,
12 H)

Novolac Resin@| &M, £3lo] ojn] xagl o™ o|gslo]
SA335199+=1) phenol, 37% formaldehyde, oxalic acid dihydrate,
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water 5= AFE-3ISIT

A HMEL AJEE AlEeE] S8 Fx| 2 Haake Rheo—corder
90} compression molding% press?! Fuse Mp—50S A3}
Atk ABS 4] 50 g= 180 CTZE 7F4¥ Rheo—corder 909 ¥
3 74asE ol o] ATellA FAS dAAES ABS A9} 3
7}7}+ 9.1, 16.7, 23.1 wt%=Z 718/ 10 min Bt & 234 =
k2 o171 AY 9, ol B 2% 190 CTE 714% compression
molding & pressell 91l A4S 7Hl ¥ 2] AlEE W=t
o] wj AJH Hyt FAE 3.0£0.5 mm ©]ew o]7S UL94
Al&olt} Limiting Oxygen Index A&l @A AH-E Zeba] A}
g3k

UL94 AIE. UL94 AIS S35t Alm= de] 120 mm, % 13.0F
0.5 mm, 7 3.010.5 mm= A=A ARg-3lich

UL94 A¢& A8 Bunsen burnerZ o]-&d 10% %<t
Alsol Zith tjox] Alzel Eo] 24 g el Ad wizkA] del=
ke S8t 283 $E] o] Al Fof T =& 203
Zlo] A w79 AR B SAsIsIcE 2 AlsR T o
N AEEE o]83l 27} 7 A AN d HY A At
Zof o]5 AES Arldid V-0, V-1, V-2 Al 5H°% 555
Eipei=g

V=0 Ta2 A4 u7iA] deli= Alzte] 43k 10x ouojefof
st Z4zke] Alg o 29 A% or NS ATE Bl £ 5
N AIES] A1 1088 AR w7kx] 2] AlREs B Ts) o]5e]
Fo] 50xF gA Holok sttt T12lar AIF Foll Wol| Fo} & H3}
Foll s} dofutA] grotok sit

V-1 55 A4 wyiA] dels Al7le] #Ask 30% oJujojojof
sh Z¥te] Alg o 2x A AAISE AYE FeM, S 50 Alee] A
1 10919 AlRkg B Ual o]719] Fo] 2505 g4 Yolof 3t
ol 28] Al Tl Wef| Eot F Halkel] Wyt dojuA] gkot
o itk

V=2 552 A4 w7 dels Algto] 343 30% oldje]ofof
3h ZizZte] Alg o 21 A AAs ARE A, S 57 AR E
1 1098 AlRke: B tlal] o|719] Fo] 2505 dA] Yolof 3t
th 2223 AR ol el ot i H3lskel et dojuks Hrk

Limiting Oxygen Index(LOIl) A&, AJ3] AE+= o] 120 mm,
% 6.520.5 mm, 77 3.0£0.5 mm= =30tk o] Al5e] 50
mmEE Yol AL Sl o] AIBE LOI 7 ZA19 9% o) &
Hegith 183 o] Algel HskE A7 $oll 50 mm7kA] 3ol A

g ES ks A0 sEE 2dsle] SHEYlth = A
57} 50 mm 943R=d] 33#0] Zyshd 2k FEE o)1 3
i ofuo]H AkAS] FEE UFo] 30| AY wie] 4kl wEE
715319tk 3 7] AEe] 1071 o] AlEE FH)siA o= vt
5 A3 Fof| Hagks Fsliglth

B o
=4

i

LOI/100=[02]/([O2] + [N2])
21 Y EE
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clophosphazene trimer®} tetramer®] TF-EZ o]Fo|#] Stk
<8 trimerE ¢7] Y8 65 Tl #8 2F 53H(fractional
vacuum sublimation) & A8k £ hexaneollx] 1273331t
o] W] AoJx 4473+ hexachlorocyclotriphosphazene] mp+
113~115 ]38t} Hexachlorocyclotriphosphazene (trimer) 2]
IR spectrum & —P=N-¢] ]38} absorption®] 1218 cm ‘|
A Yeld| octachlorocyclotetraphosphazene (tetramer) <]
—P=N—¢] ¢J3} absorption 1310 cm el vreRdt). zhzte)
IR spectrum< ¥ trimer?] 7%l 1310 cm™ ‘ol absorp—
tion®] A¢] 13 HHHE tetramer?] A-$olE 1218 cm ™ ellA]
absorption®] #2] gl o|REe] &S] R spectrums &
o] BR Z37}e] AAR] o) ofmglA] tfegkd o ® o] 7hsst
it

ARz e B8 S4E] 218 moldings 314 AlEE Al
2Fsle™ B2 9k9] chlorocyclophosphazene©] H317] wjEo,
TS BF QY B 532 A7) o8l $E=E chlorocyclo—
phosphazenes Z3H= HHZ = LelabA] % A= PNCP, CTCP,
ANCP, DACPE @/dsh=tl] ARg-3ISit,. oA st PNCP+=
7oA mEAETE AA AdHE S T kel FeF
573} hexachlorocyclotriphosphazene= ©]-83103 48] PNCP
= S v oRE et Bls v A 7 FElE PNCP
7} Sojxitt o]7e] mp:= 112 ‘Coliek Chlorocyclophosphazene
F3EEYE $49% CTCP, ANCP, DACPE: B 1A ez o
ozt st e BT EFEECIAR o5 FxE
cyclotriphosphazene RF 7|22 &} Scheme 1°f YRS,

ABS £=X|Z 2[&} LIoIKH|Z Cyclophosphazene SEMI2| AR, &
gt BE dEEl 44 S AFR] skl i 71A
Sl TGAE o] ®S)th 1 A3E Figure 1 YR

Figure 12] 35 Alwndd CTCP7} 7Fg |2 okxdXdo] wiek
th CTCP&= 350 T HelM J48 +%F 745 dehi
600 Cellx] ol 2 5%l =3sI3ith. DACPE 600 Cell
A FolglE - T9%E vilg- ol FF bxdo] ek &
ouf FEF A7 200 C FeANE AlFES oM AL oR
a7t dofsith o]gA 600 T} o] e 2EoME B o
o] = =S WRAAIEA ARgske 2E AEE 7HX7T itk
Azpsitt 1 olfiE RS vEllE olE 7 mAUSE Fell
char @/de] shte] Fast wAYSZo] wiZeltt ANCPE
350 C Lelxiel S5 747k AR 1eH 600 CellA] ot
= 92 53%°]20tk PNCP+= 400 C7HA] 53 7471 A9 9
ARAR] A7 P93 7 =3ith a7 600 CollA] Hot
Sl RS 16%°1Th
E AFellA S IESS IAARE AR ) At
= ABS A5 AEsloit ABS A= T2 AR gl
AREEE IRALEA WS Folal)7) mikg- ofele aEAE
A Qlth ABS Aol 1 AgellA e ddAl $RES 7
7+ 9.1, 16.7, 23.1 wt%7} =% £31510] Haake Rheo—corder
90& o]gste] 180 CollA & 4lo] & %ol compress molding
£ pressE o&310] A|5E AF3I9Itk PNCP, CTCP, ANCP,
DACPE ©]&38lA W= ABS A555 7HAaL UL94 21933t LOI

o
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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.
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] st A= Table 1o FsIoick ULY AlFe] ZA-eol=
Z o] gt AnE vlwslb] fsiA s B 7T dla
Sof| Fo] A wzpA| o] AR 7 WA =8 7HATE tia W §
o =o] A 7A€ AR 7153

Table 19] Z3= B9 PNCPZ 9.1 wt% AREEIIS 79
UL94 AlellA Tl 54 Z3ARE 16.7 wteZ 7RIS
W= V-2 S vebsleh 18 231 wiw H7eilE
T V-2%ES YIS 16.7 wte® H71eIie wel nlwst
R AlEe] 221 BO] AR ARl it 4% FE FolE0,
HIE 22 SEolAN 25 o 23S veRlgien, LOI
= 0.9 F=2 71 YERSLt

CTCPY] Zol% 9.1 wt%= ARSI wii= UL94 Al&ellA
Sl B4 E3ANE 16.7 wthE F71elS wes V-2 552
YeRfglet 283 231 wt%E F7IEIE s V-1 552 Y

510
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Table 1. UL94 and LOI Test for ABS Flame-Retarded by PNCP,
CTCP, ANCP, and DACP

o - AL

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

Flame — Content o) AFT' LOI o Flame  ditive Ratio” |OWLCOMENt 1y a4 AR oI
retardant (Wt%) Retardant (Wt%)

1 PNCP 91 - 16/Burns 206 13 PNCP A0 4:1 167 V-2 1318 219
2 PNCP 167 V-2 14/19 21.9 14 DPNCP A0 5:1 167 V-2 1217 220
3 PNCP 93.1 V-2 10/15 29.8 15 PNCP NO  3:1 167 V-2 813 228
4 CTCP 9.1 - 14/Burns 218 16 PNCP  NO 4:1 167 V-1 711 239
5  CTCP 167 V-2 11/15 93.0 17 PNCP  NO  5:1 167 V-1 812 230
6  CTCP 23.1 V-1 711 24.3 18 CTCP A0  4:1 167 V-2 10/15 230
7 ANCP 9.1 - 17/Buns  20.1 19 CICP A0 5:1 167 V-2 913 233
8 ANCP 167 - 14/Burns 214 20 CTCP  NO  3:1 167 V-1 910 231
9 ANCP 93.1 V-2 11/17 99.2 91 CTCP  NO 4:1 167 V-1 810 235
10 DACP 9.1 - 15/Burns  20.3 22 PNCP A0  5:1 231 V-2 94 229
11 DACP 167 V-2 12/19 218 23 PNCP  NO  4:1 231 V-1 57 26
12 DACP 93.1 V-2 9/16 22.2 94 CTCP A0 5:1 231 V-1 710 233
95 CTCP NO 4:1 231 V-1 68 251

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

ERISleH 167 wtnE 7189 wWel nlwslsls w Alsel
ol Ho| ZA= ARlo] Bt 4% AL FolEo] o & JoIA
S yehiglod, LOI 3% 1.3 %9 S71= Jehiglth %9
HPCP2] Azle} vlwal] wrd Ak og H3ke Eo] A= Ak
o] whg on 53] FEE HE CTCPE 23.1 wtaz H718K3
S o UL94 AlgolA V-1 S50 dolxith= Zlo|th

&
oA Sl B4 3o 231 wtaE 7RIS W V-2 55
YehfSict skt Bo] AX)= AREE ko] PNCPe} CTCPE
AREEIS 739k wlasl] B Wo| F7FESIch

DACPE 2831508 wle] UL94 A& A¥S PNCPY CTCP
= ARgSIolS wlo] Avle} vlwsl] B PNCP2| 49 Hrk= o
=& A} AolR AN CTCPY) SRk X 23t A3= 1
ERIITE 28y LOI A3 AvR= PNCPE] 7Z-9-9} vlsst ghol
ol om CTCPe] ARk o X3k ghso] fojAith

ARAOE CTCPE ARERISS w7k i A7 An Felxe=
7H 95 AaE YeISien DACPSF PNCP+ A9 Blszst
XS Bol 90t DACP7) ot $<313ick. 1211 ANCP
T2 AT Ay Tl 7P T4 o W vk B v

ANCPE] 7ol o]Z9] TGA ZAF}oll 600 CollA Foll=
o] 79%= Wit W] ulEel, 53 dAdS ZdisiiANE
UL944} LOIS 722 A A0l welrd A3 Avk= 18X ogith
23 o|ehk= WHlE TGAS] Anellr 7Fd wEA S5 12t
Uehd CTCP7} 78§53t bl S Ho] 0} olejst A}
= 9IS vERE wIAYSe] vl vk ] el verdt A
T2 o= T 71| ARte 7 JlAlE HrRP] oJHris AMLE
z i) IRAAE W3S vERlE AU SHlE dda
slef BAENE IS wiskX WHo] 9o EAl: Az E
AL Wefshs ol Stk dARYE HIS Welishe el
= TEFoE g B2 Aoldl AlRlE L = WY chars
Fodshs W 2]l ddS 2he 7)AIE HAA AAE WSl
SR= W SOl Stk 1E R dlAe] TR Bdo] dho= gt

ZE|H, A31¢d A4s, 2007

*Antimony (V) oxide (AO), Novolac (NO). “Flame retardant : Additive.
“*Average flaming time after the first and the second ignition.

o] = 7= S WellebuA] 5
F5F weoldS vER % 9tk CTCPS] 357} o9} 22 3%
= ke

CHE &7IMIel A7 et saf HE JdAe] Aol v 3

TWRE 2ol AHSHE Asait veRs A9 T vk 1
A 27t o ATrellA] HESE WAl disitz A7 kAl 2
3 = A|Fale] Bkt 71 Ay EE T4l antimony
(V) oxideE a3l or, R7]A12+= novolacs §dste] AREsH
Atk olg AHIES dAAS} 35 ol thA] o3& ABS
resin®l] E3x AFES TRESITE 283 o] ARES] WS
UL94 9} LOI o= Z43sle] PNCPS CTCPE AHEaRls
9] A= Table 29 YERAICE

Table 22] A3= ¥ antimony (V) oxideZ AFE-313S wi=
weddo] okt FolpAwt 19A F SUHE HolA| vk 1ev
novolacs ARESISES: W= Zddst W) 715 Holagltt o]
21 713t novolac resin®] char Aol T8 Fo] UiXS =
7WZ7) w0 2 ABZEEIT) Char @A WA wiFuUSEe] F0
3k 3F B8-S 2H8kar vk Novolac?] H7H= PNCPE 75l
FE - FA JeRgoH, CTCPS) A9ole &ah= AU
A9k PNCPE] 7390l sa37} Atz o= o] Zick 53] PNCP
£ 16.7 wt%H 23.1 wt%=Z AMSI8EE wl novolace F71E] A
of= UL94 Algelld V-2 S53°|A %t novolac?] 71l 2Js)
V-1 55°= H3thk= Hol a4 753 stk ANCPY DACP
= AM3IS wli= antimony (V) oxidet} novolac &t} A&3}
7} wi$- ZA JEREC 22 Table 20 1 A9E VYeER)A] 99kt
PNCPE AR-5199S ] novolac®] &M1& 3 1HER=4:1Y
o O 2 A7E Jehglen, & 4 J7IYde] 16.7 wi%
]l Aol 51 125 AAato] Bk 4 1 1Y wie} nlwaix x=
e G S eRgIty JeEE 4 01 H1E9] HArpt P

&
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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
8 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* 16.77 339 10.5
25 PNCP* 23.17 280 8.0

"Novolac was used as an additive. PNCP : novolac=4 : 1. "Total

amount (PNCP +novolac).

Ao vlEr 78 4= Qlvk 53] PNCPE novolac¥ 4 : 1€] H]
H2 E981e] 23.1 wt% H71IE Wl UL94 AldelM V-1 55
ERIAEE A L] V—-00l 77k gkl 8ojxom LOI 7k 25.6
o7 3]  lo] ok
LIoAK| 7} 7=l ABS2| 4. 9] 23195 o
ABS®] #7322 ofgA Wsk= 7HE ARt ‘d"d"é *16‘ Skl
M3 AIRES XA o]RES UTM 71715 olgsiA Qe

R T

9} AAE-S =783tk PNCP, CTCP, ANCP, DACPZYE =
]l Al&% o] tigt A1& A= Table 3o YeR)SITE PNCPE
AFEEH= 73901 novolacell 2J8l v dell oist a3} EUﬂ =
Efgons Olﬁ%-J EAE 3 =Aslo] Table 3] 25 et
Bliel=g
Table 3] A5 AR o AolA] ARESH 4714 WA

7h B 053t A4S Hola AR CTCPS

2 WAAIEe vjsl] AT AE ghel &
novolac®] 718 PNCPE A3 A|82] 7§
HA] ok Z7ke] A7 e} nlwsl B o] AT ol 25 57}
H 5215 YeRIgith o] AatE%E] novolaco] HAAdRke: S}
A)7)= Zo] o} ABSS} PNCP2] Alo|x o] 2 23k & 9)
Al T Qs Aog ke

Ag3AGE 7t
T 0 Ak 59

o novolacO] =7}

2 E

Chlorocyclophosphazene © ZX-E| phenol, catechol, aniline,
1,2—diaminobenzenes ¥F3-A1A ZH2}9] cyclophosphazene -

_J_Xﬂ ]

ik A A1 UL94%L LOT A8 Wb e &igic) 1 At
catecholol|d] F 5% 31315
Novolac?]

zk= ABSE WeiA)
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S8 @alo] o2 ABS 440l tigt YAl Aol 1
o] 7 S8 P 1ol Tt

717} cyclophosphazene 5412 HAAS 1A

7l Aow WEQT 53] PNCPE AL4a191S ) oleie 4
S} g ik

AR 2 o] =2 20059% SETfe sk AR 2
1ma] A el ofsto] A-E gl o ofof ZAR=RIL,
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