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Abstract : Polyurethane nanocomposites with inorganic nano fillers for the improvement thermal stability
were prepared by the urethane reaction. Fire retardation properties of polyurethane nanocomposites were
investigated by cone calorimeter and limited oxygen index (LOI). Maximum heat release rate of MMT—PU
and BixO3—PU polyurethane nanocomposites were decreased as 50% than polyurethane matrix and fire
retardation properties of MMT/Bi:O3—PU nanocomposte had the best improvement. The LOI of
polyurethane nanocomposites also were improved as filling fillers in the nanocomposites over 20. The
maximum heat release rates of MMT—PU, BizO3—PU and MMT/Bi2O3—PU polyurethane nanocomposites
were 764, 707, 635 kW/m?, respectively and MMT/BisO3—PU polyurethane nanocomposite exhibited the
highest value of fire—retardant. We confirmed that polyurethane nanocomposites improved the fire
retardation properties.

Keywords : polyurethane, fire—retardation, inorganic nano filler, cone calorimeter.
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Figure 1. Reaction scheme of polyurethane composite.

Table 1. Preparation Conditions for Polyurethane Nanocomposites

Sample Filer =~ PEG IPDE T0301¢ TPB® A0

Name (wWt%)  (mole) (-NCO/-OH) (wt%) (wt%) (wt%)
PU ~ 005 105 012 00075 001
MMT-PU MMT2wt% 005 105 012 00075 001
Bi0~PU Biu0s2wi% 005 105 012 00075 001
MMT/ - MMTLWER e s 012 00075 001

Bi,O3—PU BixO3 1 wt%

“MMT : Na*—montmorillonite. “PEG : Poly (ether glycol). “IPDI : Isophorone
diisocyanate. “T0301 : Poly (caprolactone). “TPB : Triphenylbismuth.
/AO : 4,4'—methylenebis (2,6 —di—tert—butylphenol).

e $dsl7] f18te Figure 19} o] 2= 247]
I, wRE7) Bl @] F-2 500 mL 4 HES

¥} -2 AN Figure 13 22

o
S
[0
)
._]
Q)
=5
@
—
RIS

Z2] 92t viEYAE Y517 9181e] Table 13} 2 =31
PEG, T0301, AOS} TBPE Y& & 70 CollA] 1083 Kl
8] N7 T AL A 208 Z9F Wk N|Q] -8 AAS)
ot F82 AA = Hke7)e] Nat—MMT, A7 2 BiOsE PEG

rﬁ‘w%

WL 2 50 TR A8kl IPDIS] OH/NCO index?} 1.057} =
LE 3o} AYRE 3 158 Eo whkele] Zuledd ZaZau=
3

At
shH Z29de SR E Az fste] 719 H)
T2 g7)of ZE|ZHE Yl 60 T AFLEA 1417 591 7]
5 AL 65 TollM 48A17F B2t Fd" A} whgsie] 9 F
Ae] BT S AZeIcE

X-ray & £M B3z ) Eakd 2449 44 1tz gl
S 3117 98l Cu Ka radiation?} cured graphite crystal mo—
nochromator”} 21 XRD (Model #D/MAX—2500, Japan) &
o]&sted RS SA3IGIeh ofm HolAdE 40 kV, tube
current 40 mAZ 31} 9 =1~15° H ol & BAapech

FT-IR AHEZ M. M9 et 2oy, Ze)ede 2
AR F2EAE $18k] SHIMADZUAR] IR Prestige—21

Polymer (Korea), Vol. 31, No. 5, 2007



406 &5 A

FT-IR spectrometers AR-310] 3<= 4000~600 cm ! o]l
A scan number 32, resolution 4 cm™ & 3}0] WES A x3
A5S Ao AHEY B45 319tk

Cone Calorimeter #A. #|x=¢t Z&] A& B dAE52] e
UzF 7l whE dAE T ALEAS #Es] $I5ke] Fire
Testing Technology 1.td.2] cone calorimeterE- ©]-83}1 ASTM
E1354 9 1SO 5660 Al@WHC2 heat flux 50 kW/m®, flow
rate 0.024 m*/s3}0] z} Alge]] st o WESE(HRR), o) & W
EHE(M-HRR), FSPARHTTD, A4 & P=HTHR), a4
A(EHC) ¥ CO, CO; &S S0

SHAIMARIZ(LON &Y. 7] WedAe] vl 75 2est
of Azt E9-dE e EAIRS] dAAS gRle] fl5te]
ASTM D2863—87 Al&WHe| ulg} Japen SUGA Tester Co.
Ltd.¢] LOI ZAIE olgslo] 7+ Alzel thg LOI Algks 3sisich
LOI AJgS- 918l 44371(150%7 X3 mm) &] AlES AE F o]
£ S Qbl R o® 1S dHEES AayEA £5 V1A
£ YUt HIAA AL A el e bkl w5 S5t
o] LOI A13S s}iet”

SEM EEL E3ME Alze] ARE-et FVheqiRte] BERA] ¢
ZE 18kl SEM #22 siiv). ZF Alsell tigk SEM JEOL
AFe]l JSM—-6700F SEMS- o]€3}] A|8Z Ion sputter® gold
coating?t & & X2000°.% slo] SEM#-2sl3ic)

25.4A

Relative intensity

1.7A

6 8 10 12 14
26(degree)
(a)

Relative intensity

260(degree)
(b)

Figure 2. XRD patterns for inorganic fillers and nanocomposites.
(a) fillers and (b) nanocomposites.
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Figure 3. SEM photographs of (a) MMT and (b) BiyOs.
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Figure 4. FT—IR spectra of polyurethane and nanocomposites.
(a) prepolymer, (b) polyurethane, and (¢) nanocomposite.
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Figure 5. Heat release rate for polyurethane nanocomposite.
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Table 2. Thermal Properties for Polyurethane Nanocomposites by
Cone Calorimeter

Sample TTI M-HRR A-HRR THR _
Name  (se) (WD) (Wmd) ) | VMPHRR
PU 18 1189 452.87 153.2 0.015

PU/MMT 18 704 367.16 82.6 0.026
PU/Biz03 19 745 389.24  103.2 0.026
PUMMT+Bi,03 18 634 177.61 80.5 0.028
“TTI : Time to ignition. M—HRR : Maximum heat release rate. A—HRR :
Average heat release rate. THR : Total heat release rate.
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