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2 %: A& F#3l= 2 (bis(3-aminophenyl)-methyl phosphine oxide (DAMPO), bis(3-
aminophenyl)-phenyl phosphine oxide (DAPPO), bis[(3-aminophenoxy)phenyl] methyl
phosphine oxide (BAMPO) and bis[ (3-aminophenoxy)phenylJphenyl phosphine oxide
(BAPPO)) 2 3£} (poly(arylene ether phosphine oxide))E& #A3le ol ZA) 429 #3t
A L AlslAl 2 ALgslHch. = poly(arylene ether sulfone)® #4338l v|mABZ ALR-3}
Aok YHE DA $AFE 15000 EE 20000 g/mole2 Aoistge, obel Web)g 7
% do) o ZA $As} WSIAES AU AN +x9] dAYe Y% TGAZ 2HE ¥,
PEPOZ 7RIt of FA] AHd] 8l A4AEE dAsidt 18 48 gz Aska o
ZA] X1 PEPOZ 7R131H §3] 2% olF 53 dd43& 259

ABSTRACT: Phosphorus (P) containing monomers such as bis(3-aminophenyl)-methyl phos-
phine oxide (DAMPO), bis(3-aminophenyl)-phenyl phosphine oxide (DAPPO), bis[(3-
aminophenoxy)phenyl] methyl phosphine oxide (BAMPO), and bis[ (3-aminophenoxy)phen-
yllphenyl phosphine oxide (BAPPO) and polymer such as poly(arylene ether phosphine
oxide) was synthesized and utilized as curing agents or tougheners for epoxy resins,
respectively. Poly(arylene ether sulfone), PES, was also prepared for comparison. The poly-
mers were designed to have the molecular weight of 15000 or 20000 g/mole and amine end-
groups so that they can react with epoxy groups. Flame retardancy of all epoxy samples were
analyzed by TGA and only PEPO toughened samples were subjected to flame tests. The
epoxy samples cured with P-containing monomers as well as toughened with PEPO exhibit-
ed excellent flame retardancy.
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B & A7 AR dFA £ diglycidyl
ether of bisphenol-A (Epikote 828, EEW=188)
2A gapoln], FZ-AAWNA FFol AMg-E T
A &A=& 4,4’-diaminodiphenylsulfone (DDS, Al-
drich) % £ A¥AdA $44% bis(3-aminophenyl)-
oxide (DAMPO),  bis(3-
aminophenyl)-phenyl phosphine oxide (DAPPO),
bis[ (3-aminophenoxy )phenyl] methyl phosphine
oxide (BAMPO) % bisf (3-aminophenoxy)phen-
yl]phenyl phosphine oxide (BAPPO)E AM-314
o} (Scheme 1). & #idhs LEAS  poly
(arylene ether phosphine oxide) (PEPO)+ ¢l&
sl 98Il bis(4-fluorophenyl)phenyl
phosphine oxide (BFPPO)& o| &3] 2 234l
A g td, dEA R GAY FAAR AN
Ak =3 vm ARZ A FA] FRe] P
2] Al&5+ poly(arylene ether sulfone) (PES)
§ W3 AR olg adAe FHE #7)
go] 15000 % 20000 g/mole ©] ==& A)o|3ta
Al m-aminophenolg& ©]4-3led TER Lo
NH, %8718 7I=F 3l o &FA] 29} g3
T A=E 3

ol ERshs CHAY B U B4 £ H¥9)
A BAE dE Bidle dFAe BR 5VRlE
DAPPO, DAMPO, BAMPO, BAPPO ¥ BFPPO

i, ol
57 o

BFPPO

methyl  phosphine

X= CH, =-DAMPO

Scheme 1. P-containing monomers for epoxy curing
and/or PEPO synthesis.
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DAPPO= DNPPOZRE <dojxj=dl, bis(3-
nitrophenyl)-methyl phosphine oxide (DNPPO)
+ triphenyl phosphine oxide (TPPO)& 3}4ta}
Fig o4t AZAA et o)A Aozl
DNPPO& Pd/C Zu] oAl dlo|=efdg o] &-&
Fast Wgd ot ol Woriz FAR
DAPPOE d+=t. DAMPO+ DAPPOS} §H4 %
ol o v, AlzbgAdA] TPPOW4lel bis
(3-phenyl)methyl phosphine bromide (MTPB)&
AR}

Bis(4-fluorophenyl) phenyl phosphine oxide
(BFPPO)&= & ¢elx Grignardgh-go] &3l
Al=lojA=d|, p-bromofluorobenzened THF&uj
&4l magnesiun turning® ¥HgAIZ] T o7]d)
t}A]  phenylphosphonic  dichlroideE ¥H-AlH
BFPPOE ¢&t}. o] t}A] m-aminophenyld} wh
4% BAPPO& 9t} BAMPO: ©E #4o|
BAPPO9 #A47 &A|7h, Ao|FdL AlZgA A
phenylphosphonic  dichloride  tj4lel  methyl
dichlorophosphonite& Ag-sl= Aojt)h. 4" o
A= FT-IR (Perkin Elmer 2000), 300 MHz
NMR (Jeol 400 MHz) ¥ 2834 23 (Electro-
thermal 9100) 2.2 #4139t}

Poly(arylene ether phosphine oxide)2| £ %
24, 2o 2E® YWYl we® PEPO:
Grignard ¥Hg-o] 93] A% BFPPOS} AR
Bis-A 2 m-aminophenol2 o] &3} A stH Tt
(Scheme 2). 37 #2132 Carotherg] A 449
oA 15000 2 20000 g/mole® ZH& G ow,
PESE & oz 3] vl A a2 A3
ol #$4E Rl E/HEYT S99 FAAA B
4 HE 2 gheo] s dzAIl #, oAl CHClel
£33, FA-A=AHPE wEsh

dojzl nERE AF LEAM &AF] ARAT
Fol, A= F4, vy 2 AL dAEY
o A= 2L 2AH HAZAE ol8dldey, §
22X E RYoz 25 CAAM dA st 2l
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LEA A% AEA A B $4 AT

Bisphenol A BFPPO-G m-Aminophenol

NMP / Toluene
15% excess K2CO3
150~170°C, 12~17 Hr
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Amine-terminated Poly(arylene ether phosphine oxide)

Scheme 2. Synthesis of poly(arylene ether phosphne
oxide).
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B4 AAEYon, PEPO € PESZ 7R3k 9
ZA] A= SEM (Jeol JSM-5800)& o]83la] 4
2 & @t Reldo]2x+ TA-2010 DSC
B ARl A A7 slA 10 C/mine2 250
T +2AA FHsigen, A8 XL
TA-2050 TGA=Z #7]%9]7] 3ldA4 10 C/mino.
Z 800 C7A +eAA 24319t SEM& A gL
Au-Pdez EWE FIH3S AMgsgen, 10-
15kVZ #4319

DEX U o|ZA| AR HAAIH. PEPO Z&
2 PEPOR 713l ol ZA] AJge] Uiy #4&
TGAEA #al oh)z} 71A Zlo|ElE o] &% 4K
Yoz 2Adyen, PES 9§ ¥ PESE 79
3 ol ZFA AlEe vindth. A4A1¥ 4 PEPO
9 PES Hg2 1L THAE )83t 280 €9
L5 FA7E ¢ I1mmr} HES AxdH e,
7x20mm 2712 Fe} Aslgh dEAl AEE
3x6x20 mm=7}e] ANHE AZ3p ARSI A
2NN = ARE EF Yol dart A3E g7t
Ao} A7 3 AR7 BEozRy AU F At
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g1 3 %

OlE BRshs ciak A DEXS oY U B4
B A9 g4¥ UL 33k d3dls NMR
2 FT-IRZ 2A% 27 2% H3s #A72E
M Aoz gUHden, £x3 2 §4& Table
1¢] Ae)slgr}. Table 164 Bi= uie} o] WA
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7} BAPPO ¥ DAPPOXT} @e $3H& BdFa
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Table 1. Characteristics of P-Containing Mono-
mers

P-containing molecular weight  melting point
monomer (g/mole) (c)
m-BAMPO 4305 80
m-BAPPO 4925 91
m-DAMPO 246.3 152
m-DAPPO 308.3 203
p»-DDS 2483 175

Table 2. Characteristics of PEPO and PES

cal. p tit. [7] T,
(M) CSPAEOUPary (dL/g)e (T)

15000 NH, 16771 025 181
20000 NH, 20784 0.28 185
15000 NH, 16293 0.33 187
20000 NH, 21973 0.38 192
2 25 1, Chloroform. Ty by DSC, 2nd heat in nitrogen.

PES

PEPO

185 €9} 192 C& RYF T loH, YUz £
o) ¥e mEz= AL 2R {FIYUANRE (T &
HAFh

3718971 stel TGA EAA PESE 2949
gE3 HAL AX 700 C F2AN BFE 2}
o] AFHo] 0% 71 He ¥idd], PEPO= 500 €
Hadld 30% 322 F73] 4% ohe AA3] 7
A8l 800 CAAM ZFao] oF 10%7F Hi Ut
(Fig. 1). @WatA 670 C7X= PES7F B 4%
Wi, 1 o]de 2xdAME PEPOZE o (A%
Ao @)

ol ERE CIEHE ZE oIEAl X2 8
A, 4,4-DDSZ 7A3id JdFA T, 195 °C A=
Ql whgell Qlg FHdhe WBAMZ A3 dFA 5
el T = 170 € (BAMPO), 181 C (BAPPO),
177 ‘¢ (DAMPO), 180 ¢ (DAPPO)& DDS= #
3} FA FAETG B T, BAF3 J&d,
ol ol ©FA7} 71 meta linkage wjE2
Eoldt). wekM T, & %oleld para linkage& 7}
A g o] gAol a7

ASE qZA FAE 29412 2 A& A
u, 83 PEPO ¥ PESHT} 9 100 ¢ #&
400 'C FZoA AlFElY 50% 322 FHI A
T g oA EE #FE AA 600 C F2AA
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Figure 1. TGA curves of PEPO and PES.
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Figure 2. TGA curves of cured epoxy resins with P-
containing monomers.

Zigol 0%7 €€ & + Ak (Fig. 2). I&
#3= @9l DAMPO, DAPPO, BAMPO %
BAPPOZ Zste olZA] 2= 3718971 TGA
EAdAM daAde] 71Fe] H chare] ZAo] ol ¢
5S¢+ U

600 ColN  TGAZAE #AMdr¥E, DDS,
DAPPO, DAMPO, BAPPO, BAMPO &#oz 2
3ol F71E & 4+ Aot (Table 3). DDSZ 7
3te oA FA] A9 F{FFL 600 T2 760 TAA
2zt 8.4%2t 0%t H)3, BAMPOZ 7A3}g o
ZA F29 B¢ Azt 47.3%9} 318% UL ¢ &
ot 28l DAPPOs} BAPPOZ 7Asld A$7t
DAMPO$} BAMPOZ 7A3d 741} o ve 3
FFE Ueplisdl ols WA w2} CHel FAR}
old] 2% Aeg HojAT

PEPOZ ZIQIStEl ol ZA X|2| £4. 4,4-DDS
2 73 dEA T, 195 C F=o|9, PEPO
2 AU AZA] FAe e T & Hol:
e PES7} 371 A& H713e] 10% 01 301M F
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Table 3. TGA Results of Cured Epoxy Resins
with P-Containing Monomers

weight remained? (%)
at600C at700C at760C
EPON 828+ DAPPO 180 29.0 20.6 825
EPON 828+DAMPO 177 349 26.1 20.3
EPON 828+ BAPPO 181 375 29.2 216
EPON 828+BAMPO 170 473 386 318
EPON 828+ PDDS 195 84 0 0
¢ Measured in air.

epoxy sample T3 (C)

Table 4. T, of PEPO and PES Toughened Epoxy
Resins

tougher (wt%) Ty ()
PEPO-NH, (15k) PES-NH, (15k)
0 195 195
5 192 192
15 191 182, 192
25 194 184, 193

el T & BHoFEd o] PES Az oz
Folgrt} (Table 4). PEPOS} A3g o] ZA) 527}
Hlxd T,.& BRAF7] g 42a 3L A3
dolBr] 98l SEME AMg¥ @3, PEPOz 7
A3E AN EA] 2= ARe AL BoFa gt
Ak, 5 e T,& 23+ PESZ 7elsig o=
Al Alge FEE AEE d4E B3
PEPOZ 7R1std ol ZA] A9 4L A7)
® PEPO9] o] F7184E P41 glon, @A
Swt% e A7fHon ofF % AUAANL HY
Z3 Qlth (Fig. 3). PEPOZ 7R13d oEA s
600 Col3ldlX= PESE 7ZQ13ke ol Z4] $x]9} ¥
=% AHAEE  JehliAEh, 600 ColAdAE
PEPOZ 7RI3lE 87} vl ¢ & AFHL HoAE
t}(Fig. 4). PESE 7R13lg o & A&E 650 C
dA AFR3Fo] 0%AH w¥isle], PEPOR 713t
AFA Al&E 700 CAME HL AFPL HAF
I Atk wEA AE $iEhs G AEE d
Al AU dE R EAE T AEA
A BE obF £ WS HAFD 9], o
€ A& ks I3 9o Algdnt
DEX} W ol FA| X[ HAAAIH. A2 o F
Al 29 4y $49) ¢A PESe} PEPO 9§
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Figure3. TGA curves of PEPO toughened epoxy
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Figure 4. Comparision of TGA curves of PEPO and
PES toughened epoxy resins.

Figure 5. Flame  testing of epoxy resins modified
with PEPO(15k, 20%) and PES (15k, 20%).

o] d2AHE dAEA. PESEEL Jla glolgt
ol o3 Hstsl=e o 30xP=r} AP oo, BRo
E7E fd A= A& daslo] WE AN 9
3 dasglon, 4vAQ PERES) A9} v)ss
it (Fig. 5). 37t PEPO¥RES A$ Has:
H 2 AZEE o 1¥olH, wule BRIM e
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T A&7 4o

PES2 7R1%tg ol FA] A&} DDSE 73 of
F4 AR 25 PESUEH o] A& AN} 2%
d4¥ drx] dast AHe dEd, 20%
PEPOZ 7ZRI3td Al &EA] 42 20-3023 =7 o
£7b AYH F 222 43U olel) o
Aae ditoz dojiks Ao vimE + x|
%, PEPOY] o]@ olZA) $xjo] vy i 8
A=A

a4 B

1. 9& #f3h= @A DAPPO, DAMPO,
BAPPO 3 BAMPOE 48l o) %A 479 %
A2 AMgslon], AsE oEA $AE 170-
180 C FE9) T, ol g daye uy

2. 4§ VH3: 12 PEPOE A EA 53
o By YAl L ATE By

3. AANYIME A& Hiahe LEAE BT
NEA ABE M ARG sl $48 dAde
B F9T}.

Atel @ B ATE Aol SHATAA
Qulz FYsIgon, oo ZAk=gu.
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