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Studies on the Synthesis of Diphenylphenylamidophosphate
for Flame retandant agents of EPS and It's the effect of
Flame Retardancy and properties in panel production

o] @ ¢’
Kwang-Woo, Lee’

<Abstract>

Diphenylpropylamidophosphate(DPPAP) was synthesized
as flame retardant for Expanded Polystyrene(EPS). Structure of
DPPAP was investigated by the IR, NMR, DSC. We
make FR panels with EPS beads which treated with
DPPAP and expanded by expand machines. FR panels were
used in this study after formation by form machines and then
cutting by cutting machines. The following conclusions were
obtained : 1. The new synthetic agent was developed
without the use of solvent such as pyridine or tertiary
amine in the synthesis of DPPAP which served as flame
retardant for EPS. 2. The flame retandancy effect of
EPS treated with DPPAP was found excellent in LOI
tests. 3. The properties of FR EPS panels treated with
DPPAP did not difference .

Key words :@ Flame relandancy, Diphenyiphenylamidophosphate,
LOI index
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2.1 A%

< Dokuyama Co. 1+ A] 2} trichlorophosphate,
phenylamine Junsei Co. B 1 i A]9Fg A
Mol wel FH3A ARRE e, ofAE, o
@2, FAGERLS F98E g2 ALS§)
T,

2.2 FaAe 34"
2.2.1 Diphenylchlorophosphate 2| §}4

Fig. 1 o] Yepdl upe} o] 217} Wz}
717} ¥-3so] %= 4 + FepAAo g 3
AFS FIAA HFEAIZ No & FYSIHA 2
2ol ¥wE Wil trichlorophosphate 1 &
addition funnel® 2] Z7}({f&§m)3s}laz, Aol it
W 140 C 2 2%& ¥ 24 A FQF g
A, WgF Ao 3jtES s 738t
Fig. 29} #o] 170-174TC (6mmHg)oll A H-A1 o}
A 91 diphenylchloro phosphate(¢|&d DPCP &}
%) & AU oW, WA WAEE= ¢35
TFAE AAZ7] 938t Nz 7F28 AHE-31% 2
W AAE H3lT4a 7IE2E XY AR
3|3

2.2.2 Diphenylphenylamidophosphate 2] 4]
Fig. 1¢] AA& A3t N2 7|H-8lelA 1 &
9] phenylamine & 300cc 9] ofA|E o]} of gh-&
3 Efsle Wi, 4oA DPCPE #HAsA
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A%H § 4

bl 1 Ansarsess ko Seethrsls of Fiume Pl

Fig.l Apparatus for Synthesis of Flame
Retardants

223 A EL] X9

A ) M EHHA] S FT-IR spectrometer(Mattson,
POLARIS "™)& Al&3le] KBr o2 F3
&1, A 2}7) B B354 'THNMR spectrometer
(BRUKER A4l AM-300)& AM&3te CDCls
g fvjg 3o FAEY. DSC(Shimadzu
AbAl DSC-50) & AH83td €3S S48 A

23 2|2 &9 EA FF

el A] W2 KS M 3808, L 9016 Al o=
2t N8 Yt 53 WEAAL 108 A,
A& 71 = INSTRON-4202, LAMBDA 2000 7|
7|12AM, FEE2F T4 5E 20mm/min, ¢S4
% 5 mm/min $HWELS 10%= o 4§aE}
Fov HuAAdYE 93ty 7€ ALE YIH
AF v ndYE Y.
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3ty AR (57) B AA A@ATAolM
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A E 2 FAMNY, FeAEE dAEo A

Al ege W3t sE AFALH, 7€ £H
2% wde #AEN vadAE dAFAS
Al Aol 4L 2400%X2400X75mm 2] Al HXE
g AHsle 2R( FF A +5 )M &
i MM E 5Fel| F-33o.

3. 4% 9 1%

3.1. DPCP §A4E¢ +x3§<¢l
trichlorophosphate ¢} ¥ & &

o DPCPE& {48,

Scheme 1 3} #t}.

¢ B4z g
olg9 RZAFEE

140 C
2 CeHsOH + POCIls =
24 hrs.

(CeHs0)=P(0)CI
1) DPCP (CeHs0)-P(O)Cl2
2) PDCP (CeHs0)aP(O)
3) TPP
4) 2 HCIT

Scheme 1. Synthesis of Diphenylchlorophosphate.

Scheme 1 2] WHgojA do|Zl ¥k AYA]E 9
TZE 97l HEiA a2 NEAAHE
FT-IR ¥ NMR & Fig. 4, Fig. 5 ¢} @t}
Fig. 4 ¢ IR 29 Edo|A 3100-3000 cm’
Boo] wrEkEe] ycy, 1600-1580 cm' 9}
1490-1460 cm™' H-ol WEEFHel EAFS
band 7} 93, 1310-1290 cm™' ol  vps,
1230-1160 cm™ ¥l Y p-o-ctan, 1150 em™ -
22 950 cm ' ¥l Vol A FS band
7 lom g WA ES DPCP ¢ Aoz ¥
ol¥n], F&'Wo] VElY AW EYH} x| Fio,

¥ Fig. 5 ¢ NMR ¥ EgA 73 ppm
of wr3kEglo]| 7|98l proton peak 7} E}
U} glen, o] NMR A¥MEYHE F3¢ A¥E
4935 Uxse Aoz Kol o] FAEO
DPCP 94€ & & . wWelA, Scheme 1 #}
e nkgARo o3 DPCP 7} &4 = &-ol
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Trichlorophosphate P(O)Cls Phenol CeHsOH
|
|
Synthesis( Temp. 140C, 24 Hrs )
|
Vaccuum distilation
|
!
Phenyldichloro Diphenylchloro Triphenyl
phosphate phosphate phosphate
CeHs0O-P(O)Cl; (CsHs0)2-P(O)CI (CeH50)3-P(O)
105-108C (7 mmHg) 170-174C(6 mmHg) 220-230C(7 mmHg)

Fig. 2. Procedure of Synthesis of DPCP

Diphenylchlorophosphate 1 Phenylamine
(CeHs0)2-P(O)CI CeHsNHz
|
Synthesis (Exothermic reaction) |
l
Neutralization NaOH 25%
!
H>O Elimination
|
Ethanol C;Hs-OH  Dissoluion
l
Filtering — NaCl
l
H:O  Recrystallization
l
Filtering ~> DPPAP
| |
HO [Emulsifying agent
|
Flame retardant: Diphenylphenylamidophosphate(DPPAP)

Fig. 3. Procedure of Synthsis of DPPAP

i}q]ﬂc]-_ Table 1. Yield of DPCP in Reaction Conditions

o] ANz AAE DPCP:= Fdo v dol

4 3 & olmg AgaEa'® gae AAsE Yield (%)

& A4 U AAY 9L E2ZA ¥3 8§ 12 339 372 558 484
of FRLPAlo T Algo] ZHsFor MW 18 365 447 569 447
i ZAAAQ woletn ygga Y 24 424 465 725 372

30 409 484 636 341
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Fig. 4 FT-IR zpecirum of diphenyichlotoplivaphale
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Fig 5 "1 -NMR spectum of diphenyichlarophosphate

T v h.l-. III'-I i'illll s
T

Fig. 6 FT-II epectiuin of dipheny lpheny lamidophosphate

Fig4 FT-IR spectrum of diphenylchlorophosphete
Fig5 "H-NVR spectrum of diphenylchlorophosphate
Fig6 FT-IR spectrum of diphenylchiorophosphate

1 i
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Fig. 7 '"H-NMN spectrum of diphenylphenylamidophosphale
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=
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T a Eo Bl L ] T s ey
T Bl rddama £y [T

Figg, B DSC Thermogram of diphenylphenylamidophusphale

Fig.7 "H-NVIR spectrum of diphenylchlorophosplate
Fig8 DBC Themugram of diphenyichlorophosplede

Table 1 & DPCP ¢ §tAdA1¢] wEE2%=9}
NS Al Zbe)] WE F£Eolt. &7 wolEaTH
S8 wolAA oy 160 T oA & RolA|
E AL B 4 A oA L yrgo] 2o
trichlorophosphate 7} 44t 7F2¢} o] Fjs
Ao g FAED AZto] ZAAFEF AnkHO
2 Z7}atAInk AA) A wkgFEAL 140 T
A 24 AN AL & T UG

3.2. DPPAP 4 &9 +x3<
314§ DPCP & propylamine ¥ Y& A]AHA
HENAEQ DPPAP & A<, WE4d
Z& Scheme 2 o YE UL

(CeHs0)2P(0)C1 + CeHsNHz ——
(CeHs0)2-P(0)-NHCglls + HCI 1

Scheme 2. Synthesis of DPPAP
(Diphenylphenylamidophosphate).

Hk-go A dojr AAES FEE FUsHI
9% FT-IR¥} NMR € Fig. 6, Fig. 7 ol Y&
U] 21 o}

Fig. 6¢] IR 2¥E@e|A 3200 cm ' ol
V-t 2800-3000 cm ' Yol 3E3e
V-t 2300-2400 cm 'R-oll WS @b
29 ye-pu EBAEFSF band 7F UL,
1600-1580 cm™ ! Hol wWEEglel SEAH{SF
band, 1170 cm ‘¥l vp-o, 1240-1190
em 19 950 cm™! B2l vp-o-canEAFT
band7} & Aoz Mo}l o] 3}¥ELS DPPAP
o] Rog ¥} Fig. 7 ¢ NMR =¥ Eg
o % 7.3-75 ppm HF-oll WEFEFE 2] proton
peak, 1.9-2.5 ppm o] -NH-CeHs~ o] 7]¢l
& proton peak 7} YEld ZAog Hol HF
341 B2 DPPAP 9 3}8t7%9F dAFS &
T U4

olAle] z} A#HEgo|A DPCP ¢ phenylamine
o] w8 Scheme 2 ¢ o] Z& o]
DPPAP 7} §4598< &argch ™

Fig. 82 DPPAP ¢] DSC 4 A 3E Ve
d 208 DPPAP ¢ §3Fe] 13176 T 1 A
& 15t
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i AE| 2 &Y AdWtAElREe EHE 4
8t7] 91alA AldE A3t Table 29 2o W4
2AE| R Eo] AwrAE]|2 & v]aLAjo] EA A<
AR Wzt B 4 U weAEE A
HZEAZE 1.29] Aol n&o 0924 AMN7F T
g8, WEyE EPS7F 1391216 wHldte] 129]
¥ bending ZEE 18 ¥} 16 22 & zo]=
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Table 2. Properties of EPS and FR EPS

Dmmy(g/ﬂ } i
- e | 18| 10
G gomd | 08 | o8
Fire Resistance (sec) 1.2 0.9
1000 il M
?&rﬁ%ﬂ“ of heat 1 4398 | 0.0387

Table 3. Properties of EPS and FR EPS Pannel

EPS (322 2078 (712
FR EPS (778 2362 750
e B 129 5%

*1)Tansity of distribution pression (kg * f)
+2)Compression tensity in vertical axis(kg - f)
«3) Shear Tansity (kg * f)

Table 3elA& 4wt WIA(EPS)# @HUd
(FR EPS)®] AFE& A¥E A3 WAdEHES
& AHERE AF wdY Axde A7 ®

e Ao wdEHy, Ayt gdy e
A5 apolx= AE2ES] o|& Qg o] o
g} de] HAzjolo] osliA WAE o=
o

Table 4= (F)8Y AA Al§ 7400 A

Table 4. The results of flame retandancy test in
panels

”;:;:-E:E ____________ : -'1'ﬁﬁ“””“'-"”+ '“‘"“.'::;}.:E‘::;ﬁ&?:m;:::::‘.j
HEHIIH.H 3 9
time{min) : "
Number of l 1
test times
Highes
(S‘m’l?* 554 552
termp.560C)
Back highest
lemyp.
(allowable 215 201
lenp. -
below 350°C)
e S LPG LPG
Transformat
Deightiu‘:, not exist not exist
Crack
Back flarmme nolt exist not exist
The lapse of 3 min. after heating was appearanced
mm&?ﬂlﬂmﬁmﬂm color
: Min. was ¢
mm in a section in back of test sample, and appearanced
bend phenomenon.
However, The except (wo phenomenon was ot
appearanced a special change
Result of |The result of impact test was nol discovered
impact test |extraordinary difference except  some crease.
Result of
%ﬂm The result of water injuction test was not discovered
 Tm—_ extraordinary difference
14
(Kg/cr)

ANEE A3E Jehidd. w3 39e® 308
b AE% Ay fH7IE] FHaxE 560 T
ol Aol A §AEar, SiHe] Ha HAELE 5§
A2 350C ]3¢ EPS #do] 215T% #A
o] u]3le], FR EPS #42 201 CEA #HA &
& Agg Yepda gloew, o] AL e Ao
ol &le] 7)ol Ha|sle= Aol 7|98 Ao
gorgct =23 o8& @AY FH7FE}
FEAgoM e AlgAN Sold AgE WA
2 g¥gkar, A&HE FA wye] WA FA
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