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2 °f: E olojA= oA &7 phenylphosphonic dichloride (PPDC), allylphosphonic dichloride
(APDC)]| ethylene glycol (EG)& WHg-AlA AT Aol 880~1,560 g/molo] Ee]& AUt
0]& 0|83} polycarbonate diol (PCD)Q} &7 4,4’-diphenylmethane diisocyanate (MDD} Z35lo] 2l
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Abstract: In this study, phosphorus polyols, having a molecular weight of 880 to 1,560 g/mol, were
synthesized by reacting phenylphosphonic dichloride (PPDC), allylphosphonic dichloride (APDC), and ethylene
glycol (EG) in solvent, to enhance flame retardance of polyurethane. Phosphorus polyurethanes were
polymerized using the synthesized phosphorus polyols, polycarbonate diol (PCD), and 4,4’-diphenylmethane
diisocyanate (MDI) by a melt polymerization method. As increasing phosphorus contents of the phosphorus
polyurethanes, we observed that the remaining char amount increased. This tendency was also confirmed in the
following UL-94V test. We found that when the synthesized phosphorus polyols were applied, the resulting
phosphorus polyurethanes show UL-94V0 grade at above 0.5 wt% phosphorus contents.
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[1]. E?F 22232 (phosphonic) = &2 &AL & AF (char)E /g sto] A7 S Qo2 AbATt

AEHt 3tehd 93 kg dol =2 AE HolF7| TEE = As YotFo IAE UAY Adsts 54
ol 1S 2Fet= LREAELES TN A A = 7FA A QAHH4,5].

AmA Ao Fofof A T A7 Hoje il lrt 322l A FAAE+= A (red phosphorus), <1

[2,3]. BRol etz EAFofo| A= ¢l 7|Wte &2 3} 4tol 2B 2 (phosphoric acid ester) = EZAFOJE

= 2452 AEdd Ed A, e at (phosphate), 3£2~3EU]| o] E(phosphonate), Z3]H| o] E

fd-o]

5
= =N
zlo] o] 31 ¥l (dentin), o LH(enamel), X o} 24 1} (phosphinate), 3 AT 2-A}o]| = (phosphine oxide), A
&3t A arg oo AtvF 7EEEE AL Q1] F b4l (phosphazene) 5-©| STt Q1A dAA= T=AA

dAA e}t g oA e dA BTt Fast] wii

of AAA] A& A= PU, PC, PEE 51} & 18
T Corresponding author: Wonjoo Lee (winston@krict.re.kr) ] BAAE B o3k 2

61



62 Ao - 787
Apol AMg-FIL QATHS.
AuFA el Q1A BEALE T4 W OEE phosphonic

Agets o AHZRANS (ians-
esterification)™} Z3}+<23} (condensation polymerization)
Hol dth FFol= Sdl | EE3H (olefin metathesis)
5 0] &3t 8=} cyclic phosphazene E+=
phosphoric acid=2 X 7|33} (ring opening poly-
merization)< &3l FAst= At7F Wol %8 =i )
CH7]. Papa Aol st & =¥ete E9%
e Qle] Fhe kol AHY ol WolH =
A& A 11[8] Grassie and Scott ¥ 152 MDI
9} 1,4-butanediol (BD)Z A}-8-51o] A5 Ze]>d et
WA H7FA| 2 A poly(ammonium phosphate) A}-&
= ol ¢l4te] BDe He& = EeE 7HE53E Al7]
Ao R Q3 & ¢t A o] Wojx= Ao] Hilx]
oH9]. E3E, QARS EE] oY Ete] ARFA] carbo-
diimide®} 7t dgte & EFo] gk FHof SHAe &4
Ao A5 FASHL Ee S Ee dEdE I
H = I TH10]. Chang A5 A& %A of
Lol sk Aito Fol ool 98 9
she nEAE S4shln SRR
= Aol ®RIEYTHI,
B oo M= ol Z
e s Aoz o
A5t7] 98 WA APD
PPDCE EGof ¥h& /\174
Z7& PCD&} §HA| MDI
ol 0~1%<%1 Q1A E2
of g =94 54 %

acid chloride&

cyclic

flo

==

x2

fo
2

g A

o
fr ¢

i}

<l
o

d

14
ox

gy Q2 mlm o
o ot
mlo

2]

S
H) F——ﬂ _1.1)1,
At m1°

rL'1

N
2
oo

21, A A T2

PPDC+= TCIAFO Al Frufjslo Hi= o] A3 glo]
A2t} EG, triethylphosphite, allyl bromide, sodium
iodide, pyridine, BD, MDI+= Sigma-Aldrich Alof A <tul
st "W o] AAWA o] AFE3FY T Chlorotri-
methylsilane, oxalyl chloride= Alfa-Aesaro] 4] FLulj3}
o] o] AAA (o] AFE35F4 T} Dichloromethane
(MC), diethyl ether, dimethyl-formamide (DMF),
acetonitrile (ACN)2 HoneywellAlol| Al Lufjsho] AL
34ttt PCDE= (Mn 1,860 g/mol)= UBEA}O|| A FFulj 3}
of WMo YA gol AHEatec

2.2. Allylphosphonic dichloride (APDC)2| &4
Triethylphosphite (1.17 mole, 194.50 g)&} allyl
bromide (1.43 mole, 173 g)& 35+ 1 L E&tA T o €2

o]

1=
j=rn
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_>L

- 0]

o

=
T

T 70°Cof| A 2317t F%F
]S ©]£3] bromoethane
o E3ES 100°Co| A T+

F 98 x| 7] H A Dean-Stark#}
& sl A st
B wale) ol

A E diehtyl allyphosphatev« Diethyl
allyphosphate (25.75 mole, 50 g)& © Hl7] s}
AZ= 1,000 ml schlenkZ&g}A =0 ACN 400 mlE 4
6] & t}2 sodium iodide (0.56 mole, 84 g)= & 7}35t Tt
< chlorotrimethylsilane (1.25 mole, 136 g)= %7} ?‘51-11}.
H7h 9 5 NGBS 40°Co| A 24| 7HECH
2 3-8 chlorotrimethylsilane™} &uj& 7+
&3l AAz o]& MC 100 mLo] =<Ql th3 DMF
0.5 mlE F7}A]1# Zt}. Oxalyl chloride (0.8 mole, 102
S ALolA A7 3 % 16417 E<F Wy Tk 80°C
oA TUEFE AL APDCE AUt} (Scheme 1).
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23. QA E2lg 2y

EG (0.32 mole, 19.99 g)3} TEA (0.59 mole, 59.50 g)
£ MC 30 mlo] =<l th& 250 ml 37F Eef2=of] £Y
3tch. PPDC (0.23 mole, 54.54 g)2} APDC (0.12 mole,
19.07 )5 MC 95 mlo|| QI th5 37 SZepaao] A
e A7 A Zoh Arbh g oy A4 B9V
SAISHRA 2o AT F TN chE TEA
HCIE o]i}sto] A AAA =3k 7 vbg-&
compoundE- diethyl ethero] t]AE &

2 d-3ES DI water 0]-83) A4
£ &3l W& AAAZT 22
o]-g3ll 40°C ZFoll A 24A7F HAEAA eghdl

of AHE AL 4 YUt} (Scheme 2)[12].

o] cyclic
S EERES
3 o
a ¥

(CH,),SiCl, Nal

—_—

TG

P p\o A 70°C, 23h

P. i P,
o N7 g\o/\ Oxalyl chloride o (\)I\Cl

Scheme 1. Synthesis of APDC.
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Scheme 2. Synthesis of polyol containing phosphorus and
C=C double bond.
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Scheme 3. Synthesis of polyurethane containing phosphorus
C=C double.
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'H-, 3'P-NMRL BrukerA}¢] BrukerAvance 300
spectrometer (300 MHz)E& A}&3l¥3 =4 fuj=
DMSO-d6& A}-&35}9ith. FT-IR 2" EZ L Thermo
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hydroxideE 248N AMEsf JA P o= AAbste
WA Eeleaee) @ 24 1 SY HEES
S5t 98 1 54 AIE 44 ASTM D 6389
ot QI AlHE AART AHY 542 Lloyd
Instrument A}2] LRIOKE A}-&3lo] =439} Q%
AEdzAL 500 No] 2= A 20 mm/min®] crosshead
speed, 20 mm gauge length= S}t & 73] &4 3}9]
B P £283 Beedne die) £
=A3}l7] 93l TA instrumentA}2] Q5002 AF&3)
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°C/min $2&E2 243519t A5 UL 94
Aol web 28 skelrh el E2 et
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3.1. Allylphosphonic dichloride (APDC)2| &+

FT-IR (Fig. 1) Z3}o]A] 1640 cm™ ¢J= C=C o]%Z
ol sigste w27t W EE Ao ' Hol APDC7L
AEAer FAESNT= A & 5 AN 3,190~
3,031 cm™ o) A C-H (Aromatic) 4123 = 2,900 ~2,800
cm'o Al C-HAIZ T A, 779 em'ofA] P-C Al%T 4,
1,062 cm™ o] A P-C (aromatic) 4121 = 1,274 cm™ o] A]
P-0 =72 5o S4WIEL B T 4 A
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Figure 1. FT-IR spectrum of APDC.
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Figure 2. (a) 'H- and (b) *'P- NMR spectra of APDC.

3.2. QA ZEl=el B

APDC%} PPDCE Table 13} Z+2 H| &= EGS} W&
A#A oA Z8eL 4359k FT-IR (Fig. 3) oA
APDCO] H]go] 7 W5% C=C o] F 2T ol ool
1,640 cm'of| A AT ARAE AL & $ Qn
PPDCS} APDCO] ] & WSto] w2 2Aeke 'H-NMR
S B34 82 W9 EGHE2 methylene protoni}
o #Eu|9t OH valeZ4 & B9 weo| hydroxyl
group®] ¢} gel permeation chromatography (GPC)E
ot skt A E2lee /4T APDCE}
PPDCe] EH]+= 'H- NMR (Fig. 45 %3to] A4kslol
o F4% F APDCE] H&o] Yol of wr} 4L
Ao BopA] APDCO] WHEAo] AT Ao o e
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Table 1. Synthesis of polyol containing phosphorus and C=C
double bond

Molar ratio OH value 'H-NMR
Entry
PPDC APDC EG mgKOH/g Mn(g/mol) Mn(g/mol)
1 1 0 1.15 87 1,290 1,310
2 085 0.15 1.15 129 880 990
3 0.7 03 115 86 1,310 1,290
4 0.3 0.7 1.15 72 1,560 1,530

(a)

(b)

(©)

(d)

T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Figure 3. FT-IR spectra of polyol according to APDC ratio
(mol%); (a) 70 %, (b) 30 %, (c) 15 % (d) 0 %.
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Figure 4. 'H- and *'P- spectra of polyol according to APDC
ratio (mol%); (a) 70 %, (b) 30 %, (c) 15 % (d) 0 %.
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QA7 Zejgdee Zaedee] 4R AR
Fost7] 9)ste] APDCE| dtsfo] 15 mol%E 1&2
Z 3l 914 Z8& (Entry 2)7} PCDQ} MDIE %3}
TS Sl Ak ZY e AT Ao A

B FT-IR (Flg. 5) AFE oA o] QY| o] E 9
NCO7| o] afg3dl= 2,270 cm™' o A o =7} A 3] AL
2k 2] 3l 3,460~ 3,340 cmlow N-HA %71 %50l 353}
L ¥3, 1,750~1,700 cm'oA C=0 7lHd w3
1,131~955 cm'oA] C-0-C Al&AFua 181
P-O-C2] % = =27} 1,140 cm'o| A T2 gl
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Figure 5. FT-IR spectra of polyurethane containing phosphorus;
phosphorus contents = solid: 1 wt%, dash: 0.75 wt%, dot: 0.5
wt%, dash dot: 0.25 wt%, dash dot dot: 0.1wt%, short dash:
0 wt%.
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Figure 6. TGA analysis (phosphorus contents = solid:
phosphorous based polyol, dash: 1 wt%, dot: 0.5 wt%, dash
dot: 0.25 wt%, dash dot dot: 0 wt%) and tensile strength test
of polyurethane containing phosphorus.
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FT-IR (Fig. 5) A3}o| A 2 1,170~ 1,000 cmq o o
of Al P-O-CAIZZ 59 27} Q19 tT*E*Ol AZ45 T
39 A7|7F 718k AT 1640 emlo| Al C=C o|=
A3 9= A] )19 FEFo] soldaE ATt Al
S Felsta.

A E&9 ol 571 S5 A= (Fig. 6)
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Table 2. Flame retardant test (UL-94V)
PO0% P 0.1 % P 025 % P 0.5 % P 0.75 % P1%
AlH 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
o] A A| 7k [ i 0 0 0 0 0 0
(s) 22+ M4 - - - 0 0 0
1223} . - - 0 0 0
ekl O O O O O O O O O x x x x x x x x %
e iR a=s V-2 V-2 V-2 V-0 V-0 V-0

mol) Xt ZFFe el e P-0-C (149 ki/mo)o] FHol
wolx|7] W Eol x|t 400°C o] 4Fo AL iAol K
aE Eeodee 19X e Bajodenc ge
charrt FAEE AL & 4 vk GANE A
(Table 2) 7] 2] Zajoajete A F uhw 4£35EYY
o}, Bx7} upete] PR we] WolA WA WshE e
2A7L Agen ot Zeledg o] <l geol
05 wi%eol Aol A Rl T2 57 ekt 1 AT
A5 V-0 BAH A

4. 2 2

C=C o|zZd%S x23sk= APDCE 4T o
PPDCe} 37 EGS} /H-g-A1A QA E8 &S
oh &AHo] 880~1,560 g/mol] &= dglem o
S9] E42 FT-IR, NMR, GPCE& E35}9]
i 31P-NMR& 53to] o|FZ2E xgsh= <
gl &of 9lo] Z3E AL & 5 Aok EI 'H-NMR
= A o]z ATo] 5~6.5 ppm Ao]of| A C=CEE4
olFddel dFst= WAE W T 4 Uk
APDCE} PPDCO| hefoll & EAFF9] Zpol= AY
e Ao el skqlnt o] QA EY&ES o835t
PCDe}3H7| MDI9} &35S &35t & des
AL Q1 FEF Afolof] mE B4 WHIE 54 3
th 219 hefo] Al wet EY et A=
oF AAlEo] Fadte AFS Holal dES =7

Z ftasks A4S ¢ = 9 ol A Eg Lol

A4S ULMY A FH O S5 Qo) e
0] 0.5 wt% ©oJAFE .
of PPDCS} APDCE o] §-5to] SAT Hej e o
LB GASHS e AS L 4 YN
A Ee 9o we Ay Fok] Agd sHs Aol
ole o= 7dHc.
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