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Abstract: Ammonium polyphosphate-polyurethane foam composite (APP-PUF) was prepared from poly(adipate)diol/
ammonium polyphosphate composite (f= 2), polyether polyol (f = 4.6), and PMDI (f = 2.5). As a blowing agent, H,O was
used at various concentrations. The thermal decomposition behavior, morphology, closed-cell content, and density of APP-
PUF were characterized. At the H,O concentrations lower than 3.5 php, the cell size of pure polyurethane foams (PUF) and
APP-PUFs were close each other. As the H,O concentration became greater than 5.0 php, the cell size of the PUFs greatly
increased compared to that of APP-PUFs. Addition of 1.5~1.9 wt% ammonium polyphosphate to the PUFs greatly enhanced
the thermal stability of the PUFs, so 50 wt% residual temperature of APP-PUFs increased to 380~488°C, which were
30~70°C higher than those of the PUFs. Thermal stability of the PUFs and APP-PUFs increased with H,O content and then

decreased once H,O content exceeded 5 php.
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2 A3 AL, o] & polymeric 4,4-diphenylmethane diisocyanate
(PMDI)9} HF-S-A]4 APP-PUFE A| %3514t} APP-PUF W&
Alofl gFet4] BrE A9l H, 05 ARt et 2o 4
ol frElet SElobe] e =3k

Experimental

1. €8

Ammonium polyphosphate polyurethane foam (APP-PUF)
B3A)| 2} &3 polyurethane foam (PUF)2] =g =<2l APP-
poly(adipate)diolZ} poly(adipate)diol> Sigma Aldrichol| 4] <+
3§ OFTZAKAA, adipic acid)z} T oD 2| S(DEG)S
AMgSte] sttt thbs7] &&= polyether type
polyolel SC-455 (f = 4.6)2 ZE=a}8to]A], APPL S H|AF
Ao skt FHES AT 2B AR5 90°CY
A 24X7 AZA|A ARESEA T} Polymeric 4,4-diphenylmethane
diisocyanate (PMDI (f = 2.5), COSMONATE M-200)%= Kumho
Mitsui ChemicalsAt] AZ-S ARG} Sz 2 2225
(HLO)E 3150w el FEAZ L-6900S A-8a5
t}. PUF B3] Qh3zof] AR &0 N, N-dimethylcyclohexyl-
amine(z== 99%+)2 Sigma Aldrichol| A S-Y5+4 . Table 1
of Adof AR Y=o &8 3HE EA4S A sttt

2. E2/oiC|mo|EC|E B

H A3 o) A% APP-poly(adipate)diol2 AAL} DEG2] o
2H 232 F5t A E e, o AH 23} Hk-g-of o
A APPE F{I5k3ict. §Hg-7]0) DEGS} A9 APPE &
gk = 110°C7HA] 7hgstal 259 Z47], SEAUe]A,
HE wWHl7| S ARE-35le] APP Y7} DEG W9 13 EALE]
=5 AAY BEE s oA WIS 2EE
150°CE $23F3L AAE Y3519 carboxyl groupi} DEGE]
hydroxyl group®] o AH| 23} ¥h-g-S =3Pst= FA|of|, APP
rpe] U BAT BARIYY FAE Sk DEG
159 0589 AAS E4J51 AA 18T 0.00582] Zdf(p-

Table 1. Chemical and Physical Properties of the Raw Materials

toluene sulfonic acid)E £t W 2= = 150+1.5°C
2 §ABI0m 24 pig] NoB 8710l A4 Fdslai
HHS- & A EE B2 Dean-stark ZX| & ARE5lo] A ATHS
2 o AHES} S Ao R FEsHHTh ¥4
=Y AV st AEES ALt o AEgY
HB7} wlm] et A oA BES-S FR5TH v T= AR
O] AghE-2 99% ol/dol it oA A|ZH APP-poly(adia-
pate)diolo]] EAHE APP= 79 At AI7HA] S-227F dojut
A k. APP7} A 92 poly(adipate)diol®] 7%
APPQ] E¢]u} A 2] 34-& A 9|5} APP-poly(adipate)diol
A AleH EE Y oR o AH =23} Bkg2 a5k

3. E2|LYEHE M=ot 2N

APP-PUF 534 = 204 IS AAA A==k A A
A TdAZ WE L7)o APP-poly(adipate)diold} polyether
polyol (SC-455), &ZA|(H,0), A 2| & A EZA|(L-6900)5 F
stal wHt7|E AREShe] 1,000 rpmofl A 6027 S9-S5
T HA AR, EFo] B B4 2/4dE0 PMDIg}F Suf
£ E95} 3,000 rpmof| A 3027t HF-2-A|# APP-PUF &g
AE EEZAFT dx7F A5 APP-PUF 534 = A2
N 24N SN T RERR), AEFRHES ST
APP-PUF REE A], 92E9] NCO index= 1.18 S| A HT}.
APP-PUF$} £:4=3F PUF Ao ALE3H 9859 2AHE
Table 20 Ag|s}Fch AEAZ AREEH H,09] %2 2.3~9.0
php H il A HSAIZ ow, H,0 Bl whet A4 vhe=
o] 3+9-5 OH o] Y22, NCO indexE 1.12 27|
95to] PMDIS] Eerg 2 geteict el 2 JEAE 15
php, E1j+= 1.8 php?] H|-&E T3}t APP= poly(adipate)-
diolo]] 5.0 wt%= #-4tE]o] IX|RE, APP-PUF E3HA| o= 2t
7o) = Aof| what 1.48~1.91 wi% 3H3-5] o] glth. APP-PUFS
sk Ao YApTE 7] FAPEAEE] 7 (scanning elec-
tron microscope, SEM, FEL, inspect G50)& ARESle] =3
on AReE U BajsEs Rl 52 457 9
8 FZTFE A (thermogravimetric analysis, Perkin Elmer
TGAT)= A2 7|57 stoll A AAIsHRTH TGA 24 AJHo| 7+

Hydroxyl value

YEquivalent

No. of functional Viscosity at 25°C

Substrate (mgKOH/g) wt. () aroup (eps) Remark
Poly(adipate)diol 366 153 2 450 -
Poly(adipate)diol/APP 280 200 2 820 APP 5 wt%
Polyether-polyol (SC-455) 450 125 4.6 5,700 -
IPMDI - 2150 25 310 -

DThe equivalent was determined form the measured hydroxyl value.
IThe equivalent was determined from the measured NCO index.
3Polymeric 4,4-methylenediphenyl diisocyanate.
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Results and Discussion
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Figure 12 44> PUF®} APP-PUF®] SEM AR O 2, &2
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poly(adipate)diol 2] &= (450 cP at 25°C)e]| H|5lo] =2 A1}
7, APPol| &J3} open cello] @o] A= wiiZo|tt.
APP-poly(adipate)diold} PMDIE H,0Z 3 A|of A E=
CO,9| itat PAL =43t PUFo| H|gto] Jerl &2
APP-poly(adipate)diolo]] £]3}e] Bl S dro b2 A o] AJ3}o)
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&7} PUFETH oF 2uf o] & A& Bt ol £ A
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APPQ] 7| 24(1.48~1.91 wi%)2. 2 APP-PUF A|2E9] 1
=& A4S Figure 39 AA| 783k FAFSHATE. APP-
PUF W=7} 4435 Hashes ks 24, 5% PUF
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Figure 2. The variation of the cell diameter of pure PUFs (®@)"
and the APP-PUFs (m) with H,O (blowing agent) content. The
content of ammonium polyphosphate of the APP-PUFs was
maintained at 1.70+£0.22 wt%.
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Figure 1. SEM images of pure polyurethane foams (PUF 1~5)" and ammonium polyphosphate polyurethane composite foam (APP-

PUF 1~5).
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Figure 3. The variation of the density of APP-PUFs and PUFs"
with H,O (blowing agent) contents. The content of Ammonium
polyphosphate of the APP-PUFs was maintained at 1.70+0.22
wit%.
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Figure 4. TGA curves of the pure polyurethane foam samples
(PUFs)."
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Figure 5. TGA curves of the ammonium polyphosphate poly-
urethane foam samples (APP-PUFs). The content of ammonium
polyphosphate of the APP-PUFs was maintained at 1.70+0.22
wt%.
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Figure 6. The enlarged view of the portion between 300 and 700
°C of figure 4."
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Figure 7. The enlarged view of the portion between 300 and 700
°C of figure 5. The content of ammonium polyphosphate of the
APP-PUFs was maintained at 1.70+0.22 wt%.
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Table 2. Formulations Used to Prepare APP-Polyurethane Foam Composites

Sample Poly(adipate)diol SC-455 APP PMDI L-6900 DCatalyst H,0
(Wt%) (Wt%) (Wt%) (W) (W) (Wt%) (Wt%/php)
JPUF1 28.84 9.39 - 59.62 0.57 0.69 0.88/2.3
PUF2 26.49 8.63 - 62.49 0.53 0.63 1.23/3.5
PUF3 24.04 7.83 - 65.48 0.48 0.57 1.59/50
PUF4 21.41 6.97 - 68.69 0.42 0.51 1.99/7.0
PUF5 19.29 6.28 - 71.28 0.38 0.46 2.30/9.0
APP-PUF1 38.28 9.42 1.91 49.74 0.69 0.82 1.05/2.3
APP-PUF2 36.37 8.95 1.82 51.72 0.65 0.78 1.52/3.5
APP-PUF3 34.23 8.43 1.71 53.94 0.61 0.74 2.05/5.0
APP-PUF4 31.75 7.82 1.59 56.52 0.57 0.68 2.66/7.0
APP-PUF5 29.60 7.29 1.48 58.76 0.53 0.64 3.19/9.0
DN, N-dimethylcyclohexylamine. ?The data for PUF1~5 were reported by Park and Lee.'
Table 3. Residual Weight of the PUFs and APP-PUFs at Various Temperatures
Sample 1,0 P/(?ll;’l;llzrsl;ir;e wt% of Residue mass
No. (php) (Wi%) at 350°C at 400°C at 500°C at 600°C at 700°C
DPUF1 23 - 535 433 36.3 31.6 26.9
PUF2 3.5 - 57.4 48.4 42.1 359 26.4
PUF3 5.0 - 59.2 51.2 44.5 393 31.4
PUF4 7.0 - 56.1 48.6 422 36.5 27.0
PUF5 9.0 - 50.4 35.4 18.8 16.8 16.2
APP-PUF1 2.3 1.91 57.6 50.5 42.0 36.5 30.8
APP-PUF2 3.5 1.82 58.9 50.7 43.8 393 332
APP-PUF3 5.0 1.71 61.6 56.5 49.5 443 37.2
APP-PUF4 7.0 1.59 63.4 543 47.41 41.4 33.1
APP-PUF5 9.0 1.48 60.9 46.7 27.8 229 22.0

DThe data for PUF1~5 were reported by Park and Lee."
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Conclusion

APP7} #45HA A48 APP-poly(adipate)diolZ §H4d3laz,
o] | &3 EoH|2-&2&(f = 4.6), PMDI (f=2.5)5 F
YR, H,OE TZA|=2 AME-Sto] APP-PUF EJAE Az
Sh9ich. 9lo} ol A= APP-PUF AR 59| ARHEHS
A7stel thgel A2E Aot

=94 TEZA 9t thEA, H0 T ZA|= CO2t f-FokE A
A1k Eaz Alof] AB/4d%E COx= PUFQ} APP-PUF A1) 2
7o} W=, AbgAel Fare Ech S5, HOR LE A
AAE Sdlotes SR 1A &3] Ao B H= 2
of BT BHAAN JRAEES K304 350°CHT} &
2 oA EP S FEAIXITE. APP-PUF 50% &8fi%t
e 7} 380~488°CE, &4~ PUFQ] 50% B2 of v

3} 30~70°Cut &olFth. APP-PUF9Y)| 385 APP: 1.70+
0.22 wt%¢l A& 11835}H, PUFY £ALEl APP7} 2ozt
I 350°C o9 aL2ofA PUFY] EtPAS FFAI7I= &
7} st APP-PUFS] FRe|Ztg2 WA= AREH
H,0 FQlgof| ket S7lst ot dashes B4 A< 7t
Zlt}. o] 23k APP-PUFS] &3] Aol 9F F=F8 ¢
A= $dloF &, CO, &, APP 3ol o] 371] QIX}Z9|
ol ot Aol AAE= AR FEHA
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