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A study on physical properties of polyurethane foams with

phosphorus flame retardants

Han Young kune

Department of Polymer engineering, The Graduate School,

Pukyong National Unicersity

Abstract

Of many types | of flame  retardants, the most used
halogen-containing flame retardants were put under environmental
restrictions in their. use, so phosphorus-based flame retardants have
come Into the. spotlight instead. Flame retardants commonly bring
about degradation. in-:thermal and mechanical preperties of resins
when added to resins. “Studies of new flame retardants were
conducted in an attempt to minimize degradation of physical
properties and require enough flame retardancy. In the studies, three
types of non-halogen phosphorus—based flame retardants were
synthesized with diaryl alkyl phosphate esters, aromatic phosphate
esters and phosphonium nitron flame retardants, which was then
identified by Gas chromatography(GC) and IR.

An inspection was made of the impact on thermal and mechanical
properties, with urethane foam added. Thermal gravimetric
analysis(TGA) was used to identify thermal properties, and

measures of Limit Oxygen Index(LOI) and combustibility were

= Vil -



carried out to check flame retardancy. Mechanical properties
completed the identification process through foaming magnitude,
rebound resilience, specific gravity, hardness, tearing strength,
tensile strength, elongation, and compression set (CS). As for the
basic responsibility in foaming, it was identified by Rising time(RT),
Cream time(CT), and Tack free time(TFT).

Regarding thermal properties of polyurethane foam, LOI values
showed an increase as the capacity of flame retardants rose,
showing a reduction in after-flame time by the flammability test. As
a result, an addition of phosphorus-based flame retardants revealed
an increase in flame retardancy along with. a rise in capacity.
However, an increase in flame retardant capacity indicated a rise in
RT, CT and TET, which brought about the consequence of delaying
the discharge of urethane foam. Mechanical properties ' presented a
slight difference according to flame' retardants, but showed similar
characteristics to the! properties of the existing halogen—containing

flame retardants.
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Table 1. Comparison with flame retardant
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2.2. AA FAA

St AA daAAe getew A oA JAAs FEES v 9l xEF
A QA dAAlE AR, JAt2EHE (phosphate), 2E2~3E4]o]E(phosphonate), 2=
Jy|o]E (phosphinate), ¥2~3-S-Ato]= (phosphine oxide), ¥~} (phosphazene)
o] 9t} Figure 1 & o8] A delxe] 718 rzolul),

0
—o—|1|>—0— —0—|1|>—0— —” —” —1|>:N—
5 | y | |
| |
phosphate phosphonate ~ phosphinate  phosphine oxide . phosphazene

Figure 1. A kind of the phosphate flame retardant.
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221 AA A G4 WY F

1A e FH mechanisme 7|43 aAoA FA] FL3E AR
4l A lom Rl 93] AAEH= Aitel] ot &4 W sl
QA g gty Z#e] 4 %W S=EA gg# 3 %ol

[3-5].

grantg, genkg ©@Enkgo oJste] charel ¥
5] A)

A mechanism
AA FAA ] iRl 93] POye oF 22 glyzo] AAEH =77
HAA e} FARSE G T ] 9&} hydrogen® hydroxyl radicals ¥ 33}

=)

PQe_+ He — HPO3
HPOFEH of =1 Ho=+"POye
PO;e + OHe — HOPO, + PO e
HOPO; + He — HxO + POs e

(3) Intumescent & ¥}
Ammonium polyphosphate (APP)ell 3sj@dste] AWy, 3o H37}
2

DAL B BAFS @S0l BAS BHIY An Ao wdP
WA 2 AN R Ay D B ShA W ZaEe
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2.22. A d2H =24 FaA

A AzHEA FAA = FA sl TaAl® ARRo] TheetH, 2
7= EEgEed vbaA ®2 ddA &% AHE- 5 AT
triphenylphosphate (TPP)7} PPEAl ¥ PCH E@l=of tste] 80 o] o]
F45-H PC/ABS ¢ PPO/HIPSe whste] G leiA dAA=Z ALE5 7]

ARG on], A =d o FE Bl HS EobAA sk TPPY
A3 Amgel W w7 MEd 9 £ Az E F Awetel st
29 £

=
o] vt webA, TPPY tiAl== a4 S MAdsd RS =9 7+x4
resorcinol bis(phenyl- phosphate)7} 90. 3 t) Z4k o] & H &= lct 17
U, RDP+= Aoz yrteERsiido]l =4 %ol AZ3 2 resorcinol T
2l bisphenol AE 483k bisphenol A his(diphenylphosphate)”7} W7}
ddo] Fzsta tAxe R FAH| 7| wwol dA 74 12y ALER
th Zbzbel] ik GaAA 2 A Wl Qo] sheFol Bl Elste] s w3 it

i ol

COAHOHO~HO

Figure 3. The upgrade flame retardant of TPP. (a) Resorcino diphenyl
phosphate(RDP) , (b) Bisphenol A diphenyl phosphate(BDP)
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2.23. EAXUYo|lE 9 FAYUYo|EA JHA

gl

HOlEA TAA tiH]
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HolE E= ¥AIYo]E7

3L

X2

A,
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)

HolEe] thH

Az Hgol A}

=TH101.

Figure 5."The flame retardant having the Pentaerithritol structure.
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HyC—O0—P—0 | Al
CH; 3 (a)

0]
C2H5—1|>—O Al

CHs 43 (b)

Figure 6. The flame retardant which is developed in order to improve
the problem of the water soluble. ;
(a) Aluminium salt of the methylmethylphosphonic acid
(b)" Aluminium salt of the diethyl phosphinic acid
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Aol Qo] FiEol Yr TxE ofdle] TR wol EaTAl, W
MELAOE, guy FeEasdols, ¢uE TAvUelE Fo| £F
o,

I
HO—P—O—H
| o
00
®

(b)

HzN_P_ ONH4
0 |CH2 0

H4NO_P_H2C_N_ CHZ_P_ONH4
| (c)
NH, NH,

Figure 7. A kind-of the-flame retardant in which the nitrogen and
phosphorus arecontained. —-(a) ammononium

polyphosphate(APP) , (b) hexaphenoxy tricyclophosphazene |,

(¢c) Ammonium salt of the nitrilotris(methylphosphonamide acid)

F4¢l 3}gtE<2  hexaphenoxytricyclophosphazene=

Fssla ZAFolEA YA oy

317}
w ol freld Zue] g A% el ¥

l

N

3 91t} Ammonium polyphosphate (APP)& Z~E]
A4 L SgAA FA ¢&EHE = Ao ot intumescent F A
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e TASE EAQ GAAR Bl g A4S

150 CAAM =
& 7} @AY sttt Melamine phosphate (MP)i ©]Eth =2 300 Col A
A7 A Gl a3E wglsit. APP 2 MPE 4§ 7IAAH EA AS

e
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= ojA N FAATF FHE Hh% 3t
0 TF% ol FH7tstolof &, o= 3] A& =4 o] A3}y
@iloltt. 7he 2ol

2 ethylene ethylacrylate copolymerEEA ¢l Al(OH);E, Zdogdy) Zo =

2349 = Mg(OH)=E AF&3tl.  Aluminium trihydroxide:= 200 C o] Abol]

A g7 Al e magnesium hydroxides= 300 C oA ofefje} 7

< ®Wkgol F ®kgolth

w}2} ethylene vinylacetate copolymer (EVA)

2 Al(OH);* — + ALO3 +3H:0 (1807300C, -1075 kJ/kg)
Mg(OH); —  MgO +H0 (3007400C, -1220 kJ/kg)

2 AJOOH " — "ALOs +H:0O (4007450C, -700 k]J/kg)

i
AC)
2
o
fr

Hel VL A E S |2 WA o
[e)

2 03l 7aA 7)) A L dw-sAle o A& dagd s 13
gt A FIkER ddAd Fol B dva deAd lew e
Al FE719 wEI fEe g9 299 #a35 (low melting glass)=
Fgste]l ddg Fol7k Thsatth. FUA dAAE da AT 8
o2 guzs 28t a9 givH34l.
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2.4. Polyurethane foam

Polyurethane(PU)2 <12 A& foam, elastomer, 5 24|, Reaction
Injection Molding(RIM), Reinforced Reaction Injection Molding (PRIM)
2 g 5 Uy =9 AF Az ol&Hi Jow THLI 9
A 9, 84 T 53 BEAoR Adte] AA|E siEo] A
== Sdoln. oF, A, &9, Jd 2 Asa AE 53 22
A 2 S A A (flexible polyurethane foam)$t Wi, Ws AdH oY, o
T O BHad LNGAWY #a8 ddA o3 22 44 a4
polyurethane foam)& & 8% glow 1 9o nuidxr, SAED
packing A, sealant %3} x

TOoE ARSI I

N

o

0

m

S elastomer(non-foam)®t & A, ¥ A

PU % foamol Rt u &2 ¢f 85% AEolM, foamO 2 AH&3tE
PUL o AAste gl frE4el| S04 4 %84 prepolymer
) . E BAAATYG HAd AzHE

EAE FJEHE A wrge o& 7t~
foam< P A otA €},

2 AFoAE FAAZE FA e vHAE YIS dofrR7| fsto E
3t} [13-161.
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3.1. Ao 2 A=

A3Z4AE

Table 2. The chemical structure and characteristic of the reagent used

in the synthesis

M.W b.p. m.p d chemical
Name . . A Z A}
(g/mol) (C) (C) (g/cm?2) structure
JUNSEI
Phenol 94.11 182 40.5 1.071 CsHsOH
Chem
CHs ( CH2)6 YAKURI
Octanol 130.23 190 -15 0.835 PURE
CH-.OH Ch
em
Phosphorus DAE
] 153.33 1058 1.25 1.645 POCl3 JUNG
oxycloride
Chem
SAM
Resorcinol 110.11 178 110 B CeHgOs CHUN
Chem
Triphenyl DAE
326.29 244 50 - (CeHs0)3P(O)  JUNG
phosphate
Chem
. YAKURI
Potasuim
138.21 - 891 2.430 KoCOs PURE
carbonate Ch
em
Ethanol 46.07 78 - 0.790 CHsCH2OH

_17_



A
Phosphorus 340~ SAM
) 141.94 - 2.390 P20s CHUN
oxide 360
Chem
Triethanol 179~ (OHCH:2CHo>)3 DC
) 149.19 190 1.124
amine 21 N Chem
2873095 SAM
Ammonia| 17.02 36 =77 0.890 NH; CHUN
solution Chem
2E Aoke A geol mE Agsgrh
L e X 2 Al AL ¥ Resin premix(9200BR-2)+= w3 Fw 3 of
& ofstetol A ettt Prepolymer (011AP) = 4 T3

2 % A
FOo 2 AA| Folstdtol| A st T.
FaE F Ix A 54 HaE 98] AF8¥l Melamin Cyanurate(MC)<k

Tris(2-chloropropyl) Phosphate(TCPP)+= AH#| 7€l o] A %S AF-8-313 T}

\ = o

Ho N YN CL O—{:)—O CL

H o N= )N Ow/\CL
H CH;

(a) (b)
Figure 8. The structure of a melamine cyanurate and
Tris(2-chloropropyl) Phosphate. ; (a) MC (b) TCPP
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3.2. A FA

3.2.1. Diaryl alkyl phosphate esterd (A) 4 dA9 &4

[

o
234 phosphorus

>

Diaryl monoalkyl phosphate Al&e <l H=23 oA A

14

i

_—

O

(Diphenyl monooctyl phosphate)E %A
oxychlorideE ©] &3} % t}.

<A, Zd94, N2 7F&%E 2 mechanical stirrerS A3 1L
kettleS AF&3to] A A 715 &tolA 1moled phosphorous oxychloride
9} 3 moleo] ¢ #-2(2mol phenol, 1mol octanol) S F3fe] A€zl <l

2F3} ¥F$- (phosphorylation process)S Z &t =, w3 Z7]o wk

S7d°] W F3% phenols 12 Fdsta, dA Aol &8 F wHgA
23 octanolS T 3ATE. phenol Y AlolE WELEE 100C=E
A8t octanol ¥ & 120CE F2Al7 wr&S A & o
H [e) = [e) =

8- phosphorous oxychloride®] =78k HF&A] o 2 <9lsfo] Wk £
= wEAv b9re HAEE (Trialkyl =% Triphenyl & ® 9 side
reaction)o] o] @ar, W3 Vg FAA BAE T 3 FEgEo) HCl h2aTt

E]_]__
g wAss B ok,
Kol
[e]
o

Ao,
:?l_g‘
i
ol
.
= Vol
i
2z,
aiil
o
X
rlr
I
oo
=
Iy

Table 3 phosphorus oxycloride®} alcohol®] WHE EH|/A] 7l
S A4S yerd F ol Table 4= 1o wE HkEZ
o .

il
&
il
i
Rup =y
=
pI =)
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Table 3. The reaction condition according to the reaction mole ratio /

time of POCIs and alcohol

No | POCI  Ist alcohol  2nd alcohol el
0.
(mole) (mole) (mole) 1st reaction 2nd reaction
A-1 3hr/100C
phenol octanol . .
A-2 1 6hr/100°C Shrs / 120C
(1.5) (1.5)
A-3 9hr/100C
A-4 3hr/100C
phenol octanol . .
A-5 1 6hr/100°C Shrs / 120C
(16) (14)
A-6 9hr/100°C
A7 3hr/100°C
phenol octanol g .
A-8 1 6hr/100°C Shrs / 120C
(1.8) (1.2)
A-9 9hr/100°C
A-10 3hr/100°C
phenol octanol . .
A-11 1 6hr/100C Shrs / 120C
(2.0) (1.0)
A-12 9hr/100C
A-13 3hr/100C
octanol phenol . .
A-14 1 6hr/100C Shrs / 120C
(1.0) (2.0)
A-15 9hr/100°C
A-16 3hr/100C
octanol phenol . .
A-17 1 6hr/100°C Shrs / 120C
(1.2) (1.8)
A-18 9hr/100C
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Table 4. The experimental result according to the reaction mole
ratio of POCIl; and alcohol

2st reaction

T (%)

No. | ezt =
TPP  DPMOP DOMPP  TOP (%)
(hrs)
3 - 50.2 49.8 -
A-1 6 - 52.7 473 - 61.0
9 - 52.0 43.8 4.2
3 85 53.8 37.7 -
A-2 6 12.2 564 314 - 65
9 16.6 55.7 25.2 2.5
3 19.0 54.8 26.2 -
A-3 6 194 58.2 22.4 - 63
9 245 57.8 17.7 -
3 - 60.5 395 -
A-4 6 " 63.5 35.3 1%2 66
9 F- 59.8 349 53
o 8.8 59.7 1| 5] '3
A-5 6 12.9 58.0 29.1 i ] 71
9 17.4 56.4 281> 2.7
2 26.0 58.0 16.0 =
A-6 6 29.0 57.0 14.0 '3 73
9 31 53.0 16.0 -
3 19.0 69.0 12.0 -
A-T7 6 20.6 70.4 20.6 - 63
9 16:8 70.2 13.0 -
3 34.2 64.2 1.6 -
A-8 6 33.8 63.1 3.1 - 68
9 31.1 61.8 7.1 -
3 44.0 60.0 14.0 -
A-9 6 45.0 584 12.6 - 67
9 45.0 55.0 14.0 -
3 10.5 82.6 6.9 -
A-10 6 7.1 85.2 7.7 - 87
9 5.2 86.9 7.9 -
3 28.5 57.8 13.7 -
A-11 6 304 63.1 6.5 - 65
9 34.1 62.9 3.0 -
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3 31.7 62.1 6.2 -
A-12 6 34.6 58.3 7.1 - 71
9 47.6 46.7 5.7 -
3 20.8 40.2 275 115
A-13 6 20.2 44.3 245 11.0 66
9 215 47.1 18.8 126
3 22.4 48.8 20 8.8
A-14 6 23.5 50.2 16.2 10.1 69
9 24.1 49.1 174 9.4
3 23.2 48.2 165 12.1
A-15 6 24.1 535 119 105 68
9 24.8 55.6 9.3 10.3
3 19.8 39.5 23.2 175
A-16 6 20.4 43.1 o2 15.3 73
9 20.1 42.7 24.0 132
3 21.1 405 13.0 25.4
A-17 6 184 414 16.7 235 69
9 17.9 42.2 18.8 MY
3 184 385 |1 29.4
A-18 6 19.1 42.6 122 26.1 74
9 19.4 40.9 16.9 22.8
18- % 7] phenol9)  ¥tS =H| 7} S/ & HAad o= TPP A
o] FrlateE AIFS -H AT
HAH WS 2AS FstmA A3 S Ao Hkg Eu]o
2 DPMOP (HFAAE)e wkgAdS vug Ay A-10 wr&x7o] 714
sk ot AztEh o] e wE AL wkg-2S Figure 8ol

_22_



O
) '/L“\ + 1 a—b-a Q _P_O_<:>
H j | 100°C/3hrs

/ \ O—<:> = - P . N2 T
_P_ + 1 _// W S e ;
Q / " "120°C / 9hrs

Q‘POO + $

T
O
— (0]
RV N W g

(Side reaction)

Figure'9. Synthesis of diphenyl monooctyl phosphate.
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3.2.2. Aromatic phosphate esterl (B) 4 A9 &4

Aromatic phosphate ester 7| A A 2 A& tripheny!l
phosphate(TPP)¢}¢] o ~HZ X 8gtg& o] &ste] AIFES x1dqeta
o WEAdS FdA717] Y8iA aliphatic alcohol®] o} Resorcinol ¥}
2 diold FxE ZtE aromatic diol FEjS] X 37| E A& =
A, 294, N2 7F2F 32 9 mechanical stirrerg A X3 1L kettleS
Ab-gstel da 71 st ]/‘1 HES Ad stglon, SHEs o AHE
2 kS A AL EH = F0f (KoCOs, NaxCOs, MgCly, HoSOs p-TSA)E

& °] £ potasium carbonate(KoCO3)E AF-8-3} S T}
X

<3
S o] AN T2F A2 HEgol 7FHREEo) 1 UHrOﬂ 7“”?% XJ

Table 5. The ‘reaction. condition according to the reaction

temperature-change

TPP Resoreinol }
No. =1 _(mole) ke =7
(mole) (mole)

1 110C / Ny 1

120C / N2 1
130C / N2 1
145C / No 1
160C / N2 1
175C / No 1t

1 0.5 K:CO3 / 0.03

S O A W N
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Table 6. The phenol extraction amount and yield according to the

time by the reaction temperature change

No HkS A 7ko] wE 3% Phenol (mole) T Agk&
' ohr Ahr 6hr Shr (%) (%)
1 0.387 0.512 0.589 0.710 85.1 1.42
2 0.412 0.489 0.595 0.715 86.0 1.65
3 0.453 0.614 0.725 0.892 86.4 1.78
4 0.652 0.785 0.881 0.950 81.6 1.90
5 0.710 0.775 0.912 0.930 76.7 1.96
6 0.853 0.828 0.967 1.100 57.8 2.20
A7 g e} 13009 FAW B ] <} 53}
AH g =7% selsheld.
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Table 7. The reaction condition according to the change of the TPP

and resorcinol mole ratio

TPP Resorcinol _
No. Z1] (mole) HES =7
(mole) (mole)
B-1 K2COs / 0.03
B-2 1.0 0.5 KoCO5 / 006 130C / N»©
B-3 K2CO5 / 0.09
B-4 K2CO3 / 0.03 \
Bo 1.0 0.66 K0, / 006 130T / N2 1
B-6 K>CO5 / 0.03
1.0 0.75 203 / 130C / No
B-7 K>COs / 0.06
B-8 K.CO3 /-0.03
B-9 1.0 1.0 KoCO3 / 006~ 130C / No?t
B-10 K2COs5 /.0.09
B-11 1.0 1.15 K.CO; / 003 - 130C / Ny?
B-12 Ko€CO3 / 003 130C / Na?t
1.0 1.30 ]
B-13 KoCO; / 003~ 145C / Nu?
B-14 1.0 1.50 KoCO;3 / 0.03 . 130C / Ny?

it

Table 7& resorcinol®} Zwje] & B W3lo] u}
A3d AyE Table 83 %t}

A z=dold.
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Table 8. The phenol extraction amount and yield by the change of

the TPP and resorcinol mole ratio

kS A]7bo]] W& 3= Phenol (mole)

e Ohr Ahr 6hr 8hr (%) v
B-1 | 0453 0614 0725 0982 864 uAE 44
B-2 | 0574 0713 0731 081 83 udw o
B-3 | 0630 0718 0817 0875 845 udw o
B-4 | 0688 0757 . 0868 1115 888 ud% i
B-5 | 0672 0748 0860 1120 79 nHE 9%
B-6 | 0689 - 0874 & 1072 W25, 866 . \nHE o
B-7 | 0714 | 0899 = 1221 | 1478 720 AR oy
B-8 | 0769 = 1103 1202 | 1712 = 836 .~ udm i
B-9 | 1288 1315 % 1469 | 1781 618 Adm i
B-10 | 1156 1879 1391 | 1734 828 nA% i
B-11| 0707 1294 #1383 M 87 747 =A% 94
B-12 | 098 1478 1784 1912 725 R
B-13 | 1365 1760 1831 1924 736 R
B-14| 13%2 1650 193 201 62.1 R

Table 8¢ wz} B-1¢] yb
Ak 1o & JfEA A

o

[}

A A FAaol AHel x| o

HES-21 S Figure 9o e St}
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| TS 003K,C05, N, 1

|
i Z  + 05 |

s # o o, 130°C

o

Figure 10. Synthesis of Resorcino diphenyl phosphate(RDP).
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3.2.3 Phosphonium Nitrond (C) d<d A2 A

Ethanole phosphorus oxideE oA A 7}slar 80TCeoNA 1A% 30
S WS AYAH T @AMl %o phosphorus oxideE T st
A5 =& HEE QA ethanol®] 7]t} Fubgo R FE&o] i
AE Holmg FoE Q3kth o] 3A-E mono alkyl PhosphateZ
st HAoltk, &7 7)o chain Zeld wg} st ¢3-E (ethanol,
propanol, hexyl alcohol, octanol, lauryl alcohol, cetyl alcohol, stearyl
alcohol)= o]-&3to] A& dqsAt.

tgog2 60C olst= Wz %  triethanol~amineS 47} 3}ith
triethanol amine> Hol#* %= phosphonateE #} “ammonium alkyl
phosphateE = /AAds F= A4 12| 983 &84 7A=Y TR
AHEEA A A7 $ 12004 34 ZE BRS-o X3 A7) ol thA] 90T =
Wzt 3 % phosphorus oxychloride® A7} st} o] Aol A
triethanol amine Wtoll £ 9= OH 718 FZego] =0 23 ukg ik
=2 HCl gas7} @AsHA Ak A7F & 125 7135Co| A gh&& X3 A
7l=d 9g FTE AlFE HCL gasd Aol A& w71 18 A7t
7229 WAo] WMF o gks| whEoll FAHW 9% E Yot E o] &5t
of T35 UPeAt-FT3ALNHY 718 =L 29lste] iy 42 ¥
2| EZE A H A A

8 HANA 2F g5 ¥ ¥h3ES phosphate)E FAICE dal NS

ol
2

ol
-

rr o

o,

3 975 T Y FHE 5ol B vt ES AA Fo] ==
ot} oluf, do 9% amine WA o] WA £ glomg UedAe 3}
W Ao] dhAlE 4= it}
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Table 9. Characteristics of products with different alkyl groups

AFESE Alkyl HF S E AN v
C-1 Ethanol 5 A4 5
C-2 2-propanol AL Frg oA} A
C-3 Hexyl A pie

9

C-4 Octyl Qiéiﬂ zasi‘j?% "%
C-5 Latiryl | o} | A 51 4F IR
C-6 Cetyl AN 3% 0| &
C+/ Strearyl PR A nl &

Table 9= | E@A 94 4 o= 7HA 9] alkyl”] & AH&3tla = A=

o] Az ddAd S vetdll Aolh alkyle]l Zol7t Zdol AR HEUL 9
< 7S & ddn akylZ19 207 ZoiAE ddA o] A53EhA|
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Table 10. Simple burning experiment result

of C type flame

retardant

A% 54 Az AR A ol

Ferel

C-1 2.5 sec Char
34

s}epel

C2 6.5 sec Char
34

C-3 11 sec 1.6 cm

o
CH4 3 sec 2.2 cm

[

(O
Table 91| mhe o ¢l
Gol 7 GRAT g

953 ethanolE AM§-3

ok
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O
N I
2EtOH + P,0s —\ET_,. I(EtD—Il’—DH}

OH

l 1 Triethanol amine

i
2 _ jﬂ—#’—{)Et
EO——0 -~ ,-* ~ der
OH N\
OH
l 0.3 Phosphorus oxycloride
i 0

gl v )

M- oWar & —ﬂ}—of\f’ N
|

\_\

OFt 0 0
| o on
0
0 ~ANK
O=pP—0 (8]
clmt D—IL— OFEt
é!'

l 28-30% 23 L|0}= =3}

Figure 11. Synthesis of phosphonium-nitron flame retardant.
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OFt 0 O

Figure 12. Phosphonium~-nitron flame retardant.
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3.3. Polyurethane foam A%

A
H

I
2

=

=K

o

N

B

=
g i

f

{pOH

Isocynate

3

7|8t E7HN

\I,
2 —
T B
@ LH =
[SSeH] W..
= O K=
® = o
o = @
et

L]

[==]

=

Foaming

Figure 13. Cup foaming process of urethane foam.
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B
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1

Fol moldd ol A

0§

s

o =
AeE =4

_q

P9l (isocyanate)

Hn

g A

=]
=i

v BxA s

=1]
P

R (polyol)el] |

KeX
=

o
1=

ket o
t}.  mold

£L=2 172 &

141 2,000 rpme]

7}3]

A 10

60 Cel

=
=

==
K=

4 moldel]

a3

Eek L

moldell

3} ¥

- 60°C O

Weighing

Foaming Pouing

Product: 10mm X 200mm X 10mm

Figure 14. Mold foaming process of urethane.
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341. H& F9 w34

GAA ] ke wE e WE Ao wreA W3 cream time (CT),

rising time (RT), tack free time (TFT)E =43} Q"Jé}‘}iﬂr.

EA ) Eol7k Hargel ol2¥ Y ol W HA &S W] AR TFT+=

Sy A mdel EHAgE Adol AFEA = A2 R

342. ¢4 &4

(1) AAAIRF

Felld T4 LI 7| EB g0l AA Ede WYY 43 & o

o] A 7He =AU, F22FAe] Flammability testers AF-g&3to] Ad

(2) AF& A5 Al (LOD

Al AFA A4 (limit oxygen index)A @2 ASTM D2863¢ +3to] =4
S 3}lt}. Fire testing technologyAle] fire testing machines AF-&3}%3
o A AR s 7FE WY B3RO0 E 302 w9k IE AAS W
GA Aba A FE SAsta I3t Al 37 T AAERR A4 A9

=]
=
}\v/]:;(]
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3.43. 71AAX &4

15e obd) Hxt

(1 "=
LA o] W& block W& AHEEHloH, block
Akl ARg3E A9l A7]E 100mm X

AALE T Block HZ9 A
7 =4 & EAo| uzt

o
H]T 7:"/11 T2

200mm X 10mm o] o™,

Atk Sio,
Block H| % = @3xA| o] HA| FA / ExA ] HAA 3

2) A=
AXE+= KobunshiAte] Asker type €. (shoreC) durometerES A}-8-3}o]
KSM-65189] 3ol =48ttt Shore Cv 2=Z& W2 =4 Whyow
AlA L F7 12mm ©|Fe] AS AF&3SIA, 12mm "]l AS AJHS A
A 12mm| o]/ H A ko] SA g AlHEE EEsjolsty AEAE =9
A dulgto] Al HAE QS W s 3 HEF7 VM =2 o=
sho}
3) I A & AGgE

machine(UTM;model 1435, ™ Ztech)E A}-&3}4]

Universal testing
KSM-6518 =3}

cross head speedi=

Z7stdrh o] W UTM load cell 500 kgfe]w

200mm/min®. 2 A AsIA sto] =A3dFA T}
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=58 AL foam= ¢F 10 mme 5419 A& 30+0.05 mm<]
Ef

2 Az AlES KSM-6518° &3te] ity A5 =w

gk 27%e] e F5% Atolo] AlFHS 2 AlFEH FA 50%el 3l 3 st
= spacerE 7l & 4=A1A 50+0.1 CT7} A ¥+ air circulation oven
oANAM 6 AZF EF dAY T F dF FA A AFAS Ao ALolA
30 FF WA F FAE AU 5L APl AFEE AlPEHS 3

M= 39 21, compression sets ofdl] 2ol o] &to] ALtHE T}

FTEEEE (%) = [ (ot / (t) ] x 100
to : AEAHY] 7] FA
tr . A g BEAS o F
ts - spacer bare] T 7

Figure 15. Apparatus for compression set.
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A4% 2% 4 137

4.1. Diaryl alkyl phosphate esterdl G @A ¢ &4

dAAe §4d AEE Lotr7] 95t GCE AtgdAd e, &

S glols o & =2 =A35lo
A Felsty] fldte] TGAE S48t
] w2l s o=
153
1.00000
%
5
{1.80000
060000
e
0. 40000 =
=
020000 P
R (T 50000 10,0000 15,0000 20.0000 25,0000
# RT(H) WA (mVesec) & H E(x) ] # g
1 4071174 | BY 7.900 53.586
2 3.733 141,785 VB 5.700 1.866
21,367 199,579 | BB 18,700 15.789
42,238 014.399 BP 6600 b0
5 22,463 1270.520 | PB 14,800 16,723

Figure 16. GC data it reaction is closed.

_40_



A type 9] FA $4 T T4 AEE 9 ] Yste] 23 WS F 3AI%H
@92 monooctyl diphenyl phosphate(MODPP), dioctyl monophenyl
phosphate(DOMPP), triphenyl phosphate(TPP), trioctyl phosphate(TOP)¢] &t
2S SAA . Figure 16914 2 4= A& peak & 21% WFE 238 Alo]d
U9+ peakE2 WLE peak H-¥ DOMPP, MODPP, TPP <=o|t}. TOP9 7

G- 172 tiell peak”} A=t BZH A d= e Hol YA FUtta
dEoh GC A Al 27] 43 dlol Y42+ phenol peak 2 7i-t€] octanol
peak &= ¥hgo] o] wat A A el & F AAL w9 vk

GC data ol X += peak”t HZE A G4t o2 d A} Aol A=

Figure 17. TGA data of the diphenyl monooctyl phsophaste.
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Figure 172 Diaryl alkyl phosphate esterd] Waix|e] Eal&wE Uolw
7] $1% TGA 574 dataolth. TPPO] 47 $d/do] 27| ufZel ] A&
7b dojurm e diE 2 Rk B3I Eeiss e Ay Boks
] 209CeolA A= dEd= side reactiono] 93] A= TPP,
DOMPP #hi #aet) = A ELS 282CoA] s g5 3 3 5 312

t}. TPP Xt} MODPP7} t] €& o=z olA3te

_l\ﬁl il
["O
]
+
haes
32
)
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4.2. Aromatic phosphate esterd YA 4

a9

o] A& & resorcinold ©]&3 RDPS A Aot whgo 23
£ gl Gh3&5 table 8ol A A WEGAFFo] EFol we &5
2= phenol®] el ol gl & 4+ At

Phenole] F&Ho] veo = ol wel A9 Ayois &2 I

A= T THA SAA B4 D e Aotk

b
foud
20 N o
{ @ «
| & = M
® o W
8y x © X R
o © E ; o
e S & S 1
o 3 g, @ > o)
g g (N'F ¢
g ]
(]
' o)
10 a
o)
o2}
f jo2]
= N
= 8 ya
th &
@ - -
b L]
tn R O
0 0 = W
B f=
0 »
K w =
N N 3 ©
© & G
= X
0
" (5]
3
3000 2000 1000
Transmittance / Wavenumber (cm-1)

Figure 18. IR spectrum of the RDP.

Figure 182 Aromatic phosphate esterZl <1412 IR spectrum®] t}.
147571600cm ' W& % C=C peak® 3¢l & 4 19031 7257845cm ' ¥ 4]

=

o A P-O peak, 124071300cm ' AFo] o] A P=0 peakZ &2l &} t}.
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Figure 19. TGA of the RDP.
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4.3. Phosphonium NitronA YA 9 £4

50

40

L88°L8L

651961€

30

L¥'Z86Z =
99'86%71
€Z'slet
FAAA R

20

—= 90°ESe+

4000 3000 2000 000

Transmittance / Wavepumber (cm-1)

Figure 20. The IR spectrum after P>Os dropping in Ethanol.
Figure 202 ethanoldll phosphorus oxide 4 7F % 2] IR spectrum®]| t}.

monoalkyl phosphate®) A GF = gelskeltd. 7257845cm ™! ¥ 9ol
A P-O peak, 124071300cm = AFel el A P=0 peak <18} T}
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Figure 21. The IR spectrum of the Phosphonium Nitron flame

retardant.

Figure 21+ Phosphonium~ NitronZ Y dA¢ IR spectrume]th.
3400cm ™ F-ZollA AFl peak® N-H7| 9] #A oS &9 agrh
Phosphorus oxycloride®] ¢ % & 5 = ¥-SoA th=zke] HCI 7=
7 A S A "k wbgo] 9kw = A= HCL 7F27F o o] A
stA] s wolth Cl 9 52 &80 IdHA= 7HE &< & 7

Aot
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Figure 22. TGA data of the Phosphonium Nitron flame retardant.
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44. sd9& 9

“$dA

2 A" SH 24

Table 11. The table of property of material according to the content
of a A type flame retardant

Sample No. Foam-1 Foam-2 Foam-3 Foam-4
R / P 10 / 55
A (R div] %) 2 3 6 8
d24 € B A A7
7FE A ZF (sec) 15 15 15 15
ZFAAIZE (sec) 100 1 40.5 445 54.8
2 A4 (LOD) 19 20 21.5 22.0
gy wf-& (%) 365 363 359 356
HEdk ek A 32 30 31 32
o ON 0.208 0.213 0.229 0.254
=
OFE 0.204 0.203 0.224 0.248
A= 63 63 65 68
AEAE (kg/cm) 4,42 3.79 3.85 3.71
A4 E (kg/cm?) 104 11.8 14.6 188
MAE (%) 24 25 29 32
dTUEFE8 (%) 81.2 80.7 78.4 76.2
CT (sec) 11 15 15 15
RT (sec) 85 110 120 118
TFT (sec) 374 400 469 562

Table 112 A type dAA o] H7bge] e B4 % vebd
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Table 12. The table of property of material according to the content
of a A type flame retardant

Sample No. Foam-5 Foam-6 Foam-7 Foam-8
R / P 10 / 55
A (R diH] %) 10 20 30 40
d24 € EF A A7
7FE A ZF (sec) 15 15 15 15
ZFAAIZE (sec) 62.3 48.5 33.1 38.5
2 A 4=(LOD) 22.3 235 24.1 23.5
Wy & (%) 353 338 325 317
HEdkELA] 34 29 29 38
"= ON 0.276 0.312 0.330 0.351
N OFF 0.268 0.319 0.333 0.357
AR 72 67 65 55
AEAE (kg/cm) 3.83 3.02 276 1.88
A% (kg/cm®) 21.0 19.6 17.9 12.2
MAE (%) 35 40 35 35
dTUEHE=8 (%) 68.9 57.2 48.4 38.6
CT (sec) 12 15 19 21
RT (sec) 130 157 170 200
TFT (sec) 605 691 820 920

Table 12+ A type TaAAe] H7lHe e 418 YEW
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Table 13. The table of property of material according to the content
of a B type flame retardant

Sample No. Foam-9 Foam-10 Foam-11 Foam-12
R / P 10 / 55
B (R diH] %) 2 3 6 8
daA 4 AE A%
7FE A ZF (sec) 15 15 15 15
ZFAAIZE (sec) 100 1 54.6 48.2 50.2
24 A1 410D 195 205 22.5 23.0
9wl S (%) 365 363 359 356
Ela=lg =) 30 29 29 29
"= ON 0.201 0.212 0.218 0.228
=
OFF 0.194 0.211 0.216 0.229
AR 66 72 70 70
L= (kg/cm) 3.65 3.65 3.58 3.42
A% (kg/em?) 9.4 9.3 11.3 13.1
A &S (%) 25 28 34 42
dTUEHE=8 (%) 774 78.2 76.4 75.1
CT (sec) 13 14 14 15
RT (sec) 142 159 158 152
TFT (sec) 435 443 505 551
Table 13 B type ¢oi4l9] #7beo] me 2HEE e Aolth
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Table 14. The table of property of material according to the content
of a B type flame retardant

Sample No. Foam-13 Foam-14 Foam-15 Foam-16
R / P 10 / 55
B (R diH] %) 10 20 30 40
diAd 2 B AE dF
7FE A ZF (sec) 15 15 15 15
ZFAAIZE (sec) 44.8 41.5 35 32
24 A1 410D 235 24.0 24.5 25.0
9 uf & (%) 348 338 325 317
Ela=lg =) 29 23 28 25
e ON 0.242 0.257 0.270 0.265
N OFF 0.238 0.249 0.268 0.249
AR 72 57 55 58
AEAE (kg/cm) 3.31 3.25 312 3.00
NG = (kg/cmZ) 14.3 15.0 16.1 15.9
A &S (%) 45 50 50 45.0
dTUEHE=8 (%) 729 71.1 67.6 70.9
CT (sec) 19 25 29 33
RT (sec) 172 183 190 216
TFT (sec) 627 767 906 1,052
Table 14%= B type WA¢] #7bgo] b BHEE el Roth,
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Table 15. The table of property of material according to the content
of a C type flame retardant

Sample No. Foam-17 Foam-18 Foam-19 Foam-20
R / P 10 / 55
C (R diH] %) 2 3 6 8
d24 € EF A A7
ZFEAIZE (sec) 15 15 15 15
AT (sec) 1001 84.8 66.4 61.2
2 A 4=(LOD) 18.8 204 21.0 215
iy W& (%) 365 363 359 356
HEdkELA] 30 31 32 34
N ON 0.210 0.216 0.231 0.252
N OFF 0.204 0.211 0.230 0.250
AE 62 65 67 69
L= (kg/cm) 4.32 4.30 4,21 3.97
NG = (kg/cmZ) 12.8 13.6 154 19.8
MAE (%) 26 28 31 30
dTrdEEsE (%) 79.2 78.8 76.7 78.0
CT (sec) 12 14 14 15
RT (sec) 75 105 130 125
TFT (sec) 381 317 502 570

Table 15+ C type @Al M7l e EHRE YEW Holth,

_52_



Table 16. The table of property of material according to the content
of a C type flame retardant

Sample No. Foam-21 Foam-22 Foam-23 Foam-24
R / P 10 / 55
C (RY di4] %) 10 20 30 40
diAd 2 B AE dF
7FE A ZF (sec) 15 15 15 15
ZFAAIZE (sec) 52.7 47 42 36
24 A1 410D 22.5 245 24.0 25.5
9 uf & (%) 353 338 325 317
Ela=lg =) 31 30 29 27
e ON 0.278 0.302 0.329 0.357
N OFF 0.277 0.297 0.324 0.348
AR 71 69 67 63
AEAE (kg/cm) 4.08 3.27 3.08 2.35
NG = (kg/cmZ) 22.5 184 16.9 13.9
A &S (%) 34 41 38 37
dTUEHE=8 (%) 74.6 67.2 56.7 51.0
CT (sec) 15 15 17 19
RT (sec) 120 145 162 192
TFT (sec) 595 650 749 878

Table 162 C type WAl 2] H7lakeo] wWE &4 3
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Table 17. The table of property of material according to the content
of a halogen flame retardant

Sample No. Foam-25 Foam-26 Foam-27
R / P 10 / 55
TCPP (R th¥] %) 5 10 15
diAd 2 B AE dF
7FEAIZE (sec) 15 15 15
ZFAAIZE (sec) 73 50.7 37
2 A 4=(LOD) 21.5 22.5 23
Wy & (%) 360 353 345
Ela=lg =) 30 29 28
ON 0.267 0.272 0.280
H| &
OFF 0.255 0.263 0.275
AR 69 67 66
AEAE (kg/cm) 4.12 3.57 3.02
A4 = (kg/cm?) 20.4 19:1 185
MAE (%) 50 43 35
dTUEHE=8 (%) 74.2 71.6 68.2
CT (sec) 21 24 25
RT (sec) 119 126 151
TFT (sec) 625 875 1,015
Table 17¢ @277 WdAe d7ldo] fe 2AEE Jehd Aot
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Table 18. The table of property of material according to the content
of a halogen flame retardant

Sample No. Foam-28 Foam-29 Foam-30
R / P 10 / 55
TCPP (R tiH] %) 20 30 40
d24 € EF A A7
7FAAIZE (sec) 15 15 15
ZFAAIZE (sec) 215 8.8 1.7
2 A 4=(LOD) 23.3 24.5 26.0
Wy & (%) 338 325 317
HEdkELA] 29 27 285
ON 0.253 0.288 0.315
H| &
OFF 0.255 0.287 0.314
AR 65 57 53
AEAE (kg/cm) 4.02 2.62 2.15
NGB E (kg/cm?) 18.0 16:3 14.3
MAE (%) 30 30 29
dTUEHE=8 (%) 79.1 65.3 63.9
CT (sec) 28 30 31
RT (sec) 177 214 238
TFT (sec) 1,062 1,283 1,438

Table 18 &7 FAA S H7t=e| WE =4%
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Table 19. The table of property of material according to the content
of a flame retardant

Sample No. Foam-31 Foam-32 Foam-33
R / P 10 / 55
MC (R} thH] %) 5 10 15
diAd 2 B AE dF
7FEAIZE (sec) 15 15 15
ZEA AT (sec) 145 130 125
2 A 4=(LOD) 19.0 21.0 21.5
Wy & (%) 360 353 345
Ela=lg =) 30 30 29
ON 0.210 0.224 0.236
H| &
OFF 0.204 0.223 0.229
AE 70 72 72
AEAE (kg/cm) 4.64 458 4.70
AAAE (kg/em?) 217 20:3 20.7
MAE (%) 28 28 36
dTUEHE=8 (%) 4.2 85.3 30.9
CT (sec) 19 21 22
RT (sec) 108 135 140
TFT (sec) 595 611 633

Table 19 MC9| #7l&o] we 24%
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Table 20. The table of property of material according to the content

of a flame retardant

Sample No. Foam-34 Foam-35 Foam-36
R / P 10 / 55
MC (R} din] %) 20 30 40
diAd 2 B AE dF
7FEAIZE (sec) 15 15 15
ZFAAIZE (sec) 112 110 95
2 A 4=(LOD) 21.5 22.5 22.5
Wy & (%) 338 325 317
HEdkELA] 27 28 25
ON 0.263 0.271 0.289
u %
OFF 0.257 0.277 0.287
AR 73 75 75
194 = (kg/cm) 4.63 454 4.10
NGB E (kg/cm?) 19.9 201 19.9
MAE (%) 42 45 38
dTUEHE=8 (%) 83.0 85.3 75.5
CT (sec) 25 28 29
RT (sec) 138 141 145
TFT (sec) 700 772 308
Table 20 MCe| d7bao] @2 24EE e o
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