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Fire Retardancy of Recycled Polyurethane Foam
Containing Phosphorus Compounds
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Abstract : Used polyurethane was chemically degraded by treatments with flame
retardants such as tris(3-chloropropyl) phosphate (TCPP), triethyl phosphate (TEP), and
trimethyl phosphate (TMP). The structure of degraded products (DEP) was analyzed by
FT-IR and P-NMR and it turned out to be phosphorus containing oligourethanes. Rigid
polyurethane foam was produced by using the degraded products (DEP) as flame retardants.
The flammability of recycled rigid polyurethane was investigated. The recycled polyurethane
shows a reduced flammability over virgin polyurethane. In order to evaluate flame retardant
properties of the recycled polyurethane foams with various amounts of DEP, the combustion
parameters of the foam was measured by a cone calorimeter. Scanning electron micrograph
of recycled PU shows the same uniform cell morphology as virgin PU.

Keywords . polyurethane, degradation, flame retardants, heat release rate (HRIR), cone

calorimeter
1. M B
- B} Algo] Fubdel wel mEat
Edel vaAE Adstaat gy dFE 9E
2}HL0H Aa glew  £3 0 wdAl{flame
retardant agent)& Ab&stol &AL Edel v
oqﬂ 0 511:/\1/\} 7]_11 3)1\1,]_

dyrron v ARl we &7
Ask FAAZ RFEEE f7AE F2 Aest dd ,
HEA a3 9hAR BRI FAE F HEAEe] At fad AR sl T A
AbshebFuldy, QEIE A, eabsbriodlg S 2wk gl A olu34

o [3,41.

B Ee g Aol 4 s
1
i

T2 2 e-mail : yjchung@kangwon.ac.kr)

- 182 -



he ddzle) Abgel e chgE o

7
o Aadele & 4 Avh wEA

pgol g SAAC] thkd At S
[5-7) otk ofA g e A
5 A7elt,

1 !
= A

i
ko

oAl A] a2 AE %
A

4 ARl e zF
s

3 9 ABESL HAAC
0]

al

:
TE

dre wlAaL glel

ela s o 9leh10,11)
S AzUyEy §29 oY, A
ekslol a8l Agke] wrEo] I ARG
Ao g Frhstn glow, o wE #HrlEe
okx Z7bstal gk ol# g ZElgdHw 7]
Agge 24 Qg dA ALE, 33
2 Qgge kA e AL Utk
[12,13]. o1& FolA dZAHA AEE P2
shebd ARG WYPERA glycolysis,
aminolysis, hydrolysis o] 2237 d¥=
AR g WSS et oz Zastr] Wil
AuEdS gy 47 ofydwH 7o
70

Lo

2 da B ook oojye 540 Z3 v|xE
2agg A4 = 9z, AgE AHE AT
B8 A Adfste Aol o HFHoR
ol &5 A K gl ARtk

o H2oE QASTES o183
Sege] Fai7k A7H2 slEd, Ko Troevet
TE AFAEL GAAR AEHL UE A
vz 3F2L AMgee] ZgeEs 3
sgHos st o)FA Rad EHE
NMRS Eate] 71 3xE n@ega, 28
g AAEY] g B4 d7st B
o3t rH14-16]. 23y FAH oz AT
2% ol£3 ¥ Zsduy ALl o
DF&L ofx] o] FojXX] & AEjolth

weia B AP E HAEz ey &3
Hel AFEES HES] Asly ®slsta o
Al v AvbAdz gedtE £33 HxE
@Y. & 94 vl F3IFEY

tris(3-chloropropyl phosphate (TCPP), triethyl
phosphate (TEP), trimethyl phosphate (TMP)
2 olgsle] ZH$Yere FHoz Eas)
o 9o 44 E4E NMR, FT-IRE E3}4

HEh LA RS

parameter® 27438}
3¢ Brtstarh

n
]

NI
el eEe Azo] ALEH oA ohd]
= BASFAFY NCO #H-Fol 31x05%<
polymeric diphenylmethane diisocyanate
(MDDelW E2j&e FaEe gt EEdH
2 ZY&L AHesgr deEA AWEgA
2 GoldschmitAte] B-8404% AMg-8f3iom,
Zul& Air ProductsAt®) 3a ol FulE, &
ELAE HCFC-141bE A&3stdnh v H7HAl
2 B AFdA ghshy Falel o Axd
E2(DEP)& AH&-3tath

E

2.2 H 2Pl staty 3
A E e AANEE
Q7 shie

o
o

It Og\‘L
=

(o]

() Z&$-dg

71, 1A ), 2EAF A" 47 T2
vtg g Ao Beg 9325 E 190°C/HA
2 A7 F 1~-8 h &gt mutetEA o &9
SHe-g SF5E sk rivke A2 #AYE
FE B3] AAsATh #8854 1)
AL HelA 7igd HAo mE trimethyl
phosphate £} tris(1-methyl-2-chloroethyl)

phosphateZ 7FX 1 $33F4th

2.3 DEPY} eRpE Xid Eo|aee] Zh|
U At R B Ao shEhz] E&
o8 Ax% EA(degraded product, DEP)E
g geldtol(F polymero] wWdted 5, 10,
15, 20 wt%) AHg3tg . MDIE #1913 polyol
#H 7E HAAE B2 dE BYUE oA &
ujgk Fgo-s A 24 h Ax AASIYE T
T S AH o]iA ool EE NCO index
11302 Axtsted o gvbd 54 3, 3000
mpmlE 30 s T wikste FA Eupdw
Z4 Azxsdd. EFHD AZRA Z4E #IH
o ke ZFE 100 partE 7|EC2 AWIEA
Al 157 pph(part per hundred of weight), ©}%!
Zw|Z 0446 pph, DEPZ 10 pph 283 &¥E

- 183 -



Vol. 24, No. 2 (2007)

AE 115 pph FYste] Tgtele A zshgnt

o E9E wasly] & QA 4o
A e =Y TEsAREd v QY
dAAE e At dd ZEeYEd Az

s} 717 BAR Aot Hlw BT,

2.4 gM=H

GAATE o vAFERd mAe S 3
7V5t7] 918} Scanning Electron Microscope
(JEOL-JSM 6500F SEM)& 414313t A8
of detwi g Fukste 25 kv &AL 50
el W&z #ZEHUY. Jascorlel FT-IR
spectroscopy(Jasco Fourier Transform
infrared)® VarianAt®] NMR spectrometer
(Vaian NMR-AS500 )2 ©}&3l9 DEP$} PU
9 42§ nAIT.

2.5 Cone calorimeter Al

g8 747 d4& #HEguE 4L IS0
5660-1[17] 7]l w2} dual cone calorimeter
(Fire Testing Technology)E& AH&3}th cone
calorimeterd} 93t 4WE8& S UFEY
AR AaFo] Aba 1 kgo| AR EW
131 MJ8} 4do] HEdH e taiuddE
o2 st oIl AT HAEe] =

== [e]

Aol Haido} dzdl e

S8 Ak AnEe Adad BAdan. 4

o A4 % grEEd GAuHg 9

&& 2 (D7 o] 2jste] Axrar

q(t) = (Ahe/ro)(1.10)Cy/ AP/T. 1%0(;2—_ é%oz
1)

ar(® = a(v/As 2)

SYHA T GuE&KW/mD), qlt)
DA EEKW), A, 0 AEAY EHFmY), A
he @ £Fd429&IK]), o - SEFEH A
Az A, C ¢ AxdEy mARs
(m"’kgK"?), AP : 28929 +&2HPa), T.

e gu 2ol Ae] 7Ale] AYLE(K), XO; :
09 EEZA tig ALE7] T B=5IH,
X0y AaE-A7] F=F2 Z7|Fkelch

Cone calorimeter A1 8- dA AA3t4 =4
S P 2 BAG AEWozA dAgse

ol galt) :

A A2 dArAdE Ashal

e TF
F7kg ¢ 2lE 539 (dynamic method)©)
t‘o* & IS0 5660-19 wa} AA|etgx
_O__

1
ALY or 7‘—21 waln 2%
50i5% of| &

23+2°C, AU E
A% e &
A&l ghA
alEl o] g #o l k 29 o], *MHAW
o] Ay }—20.95 01%7} B2 wAs}
U] &5 258 0.024+0. 002 m/sE A OQ}ME}.
2 AFoA] AAHE A BEE cone calorimeter
Hoz Astn 9% Hage LAy
2 50 kW/m® EAdo] 8 Eob w%A
439 A7 HsE Aezne o
ERES Fargie.

H

——

ke

éﬂ"%

Mo M ox 2

parameter&

b

1. DEPQ| alsty X BM

Fig. 12 £ Z%49, ¥ 249998
JAASFTES o839 Eaisty deojzxl B4
(DEP), 18] 2 zw%al #ete] FT-IR 23
Egelr). o ZofHes dAsgER 3

AN F de *M“A FT-IR 2= E ]
Al 5 ZedddA B glddd P09
24 9327 1250 em” (P=0 str, vib)olA #
ek weba g4 2 os Ad=
Ede A8 XFE & H% = ZHdd &
glariede & £ vk E 1710 em” F29
C=07t2rdr| IaE QAEL T EFAS
dAee] A5 Sdags o FAFErE A

: “a
T (2} Recyaled PLE Ty VTN

w0l

2 L . H i i R . i
2200 2100 2000 1390 1800 170 1600 1500 1400 {300 1200
e 1)

Tig. 1. FT-IR spectra of ; (a) polyurethane
scrap, (b) degraded PU by TEP, and
recycled PU.



&l

3} =

sl 4% PU 28adE F272%S o
71E Sdote] ofnl N-HoA o Bz <)

& A k.
Fig. 2= TEP¢} ¥ Zu|$-des TEPRE %
aﬂg}o:} AE 249 P-NMR /\)nEFJo]\:}
Fig 19] (a)o} wiste], & TEPY ~HEHO
2 P=0HYS THLE AN&7|E] WAL o]
22 Fig. 29 T4 A &3 AdP)E
ejml ke o 7hA) 9lzwhe] 053 ppmoll Al HhE
sk ek QB RS ol &ste] 3 13|
d Foedw &gare 4% P-NMR 23
By v Joj A} ofe] A7k
] e FEvdE ud
Li’r%%oﬂ 91611 el <&
P gejanE

s g F ?\A‘jr K. TroevzF AA) g
i};”%l ofsl A

UE
mlo

Eg
2

pos
o
e
¥
;0
rir
=
o

a2

lo

o
0,

mie

ook afy
s
o
o
N
o
ol
o
O(

o
o

oz M L7
oo ox ot

=2

>0

0T

g N
=2
i
_O‘L
4
0, -

P

2l 2

_n#’!)

Hz

4

oft

2

2
o & %

oo

e E S

Lo
e}
N
é
P
2
o

i
'l /
0 4
a
=
=
N
—
&

Decomposed PU with TEP

Fig. 2. P-NMR spectra of TEP and degraded
polyurethane foam by triethyl
phosphate.
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Fig. 3. SEM Morphology; (a) PU foam, (b)
TEP/PU foam, and (¢) DEP-TEP/PU
foam.
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