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Abstract: The effect of the NCO index and catalyst type on the thermal stability of poly(urethane-isocyanurate) (PUIR)
foams was investigated to identify a method for enhancing the flame resistance of PUIR. PUIR foams were prepared using
4,4-diphenylmethane diisocyanate (MDI) and [(diethylene glycol)adipate]diol, which were synthesized by esterification of
adipic acid and diethylene glycol. Dabco K-15, Dabco TMR-30, and Toyocat RX-5 were used as the catalysts for tri-
merization and gelation. The amount of urea and isocyanurate groups in PUIR was semi-quantitatively determined by nor-
malizing their absorbance with the phenyl absorbance measured by FT-IR. The normalization data showed that Dabco
TMR-30 effectively generated isocyanurate groups in PUIR. As a result, Dabco TMR-30 effectively raised the decompo-
sition temperature and increased the 800 K and 900 K residues of the PUIR foam synthesized with an NCO index of 200.
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Figure 1. Chemical structure of the catalysts used to prepare the PUIR.



88 Hye-Kyeong Shin and Sang-Ho Lee / Elastomers and Composites Vol. 53, No. 2, pp. 86-94 (June 2018)

Table 1. Formulation Used to Prepare PUIR Foams

B-100 B-150 B-200 B-250 B-300
Base ester-diol 51.70 wt% 42.35 wt% 35.87 wt% 31.11 wt% 27.46 wt%
MDI 44.12 wt% 54.22 wt% 61.22 wt% 66.37 wt% 70.31 wt%
H,O 1.19 wt% 0.97 wt% 0.83 wt% 0.72 wt% 0.63 wt%
L-6900 0.93 wt% 0.76 wt% 0.65 wt% 0.56 wt% 0.49 wt%
Catalysts” 2.07 wt% 1.69 wt% 1.43 wt% 1.24 wt% 1.10 wt%
NCO index 100 150 200 250 300

*Catalysts: Dabco K-15, Dabco TMR-30, Toyocat RX-5
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Results and Discussion
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Figure 2. FT-IR spectra of (AA + DEG) raw mixture and the [(diethylene glycol)adipate]diol product.

0 W
- —O]—H
n HOJ\/\/\[(OH + 2n Ho%g C
X a2

Tin(II) Cat.

2

o) o)
n HO{(CHz)Z-o]u':—(CHz)‘,—&—o{(CHz)z-O}H + 2n H,0 A

2

Figure 3. The reaction scheme of esterification between adipic acid (AA) with excess diethylene glycol (DEG). The Tin catalyst is Stannous

2-ethylhexanoate.
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Table 2. The Calculated and Measured Molecular weight of the
Synthesized [(diethylene glycol)adipate]diol

MW Reactant ratio

(g/mol)  Equaa/Equpec
'Calculated Mn using Carothers Eq. 330.7 0.5
“Determined Mn using the measured 3747 30.55

hydroxy value

'The molecular weights were calculated using Carothers equation,
My = (DPyxMp)+M,, DPy=(1+r)/(1+r-2rp), with the value of
Mo=108, Mc=18, and p=0.982. The conversion was measured from the
acid value of the reactant-product mixture.

2The molecular weights were determined using the measured hydroxy
value (OH value) of the [(diethylene glycol)adipate]diol.

3The reactant ratio was estimated using Carothers equation with the Mn
(374.7 g/mol) determined from the hydroxy value.
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Table 3. Peak Assignment of the FT-IR Spectra of PUIR Using
the Reference Data®>?

Wavenumber (cm™) Assignment
3332 Ul, U2, ICU / N-H stretching
2926 C-H stretching
2270 N=C=0 asymmetric stretching
1710 Ul, ICU / C=0 stretching
1654 U2 (Urea) / C=0 stretching
1598 Ul, U2, ICU / Phenyl Ring stretching
1510 Ul, U2 / N-H bending
1411 Isocyanurate ring / C-N stretching
1221 Urethane / C-N & C-O stretching
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Figure 4. Three major functional groups in the poly(urethane-
isocyanurate) foam.
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Figure 5. FT-IR spectra of B-100 PUIR-foam.

Table 4. Normalization of Each Characteristic Absorbance Peak
of B-100 IR Spectra

Wavenumber Normalized
Assignment (cm™) Absorbance Value
(A1/A\598)
N:-C:O : 2270 0.0000 0.0000
asymmetric stretching
Ul, ICU
C=0 stretching 1710 0.1360 1.0746
Urea
C=0 stretching 1654 0.0820 0.6482
Ul, U2, ICU
Phenyl Ring stretching 1598 0.1265 1.0000
U1, U2
N-H bending 1510 0.2162 1.7089
Isocyanurate ring 1411 01336 L0557

C-N stretching

3. Poly(urethane-isocyanurate) 2| ZA|HS}

Figure 62 Dabco K-155 &1l 2 AR&-3}o] ©E3 B-2505
50CoA 24X7F /4 A171H, HEgo] B AE=XE L7]
5t FT-IRZ A& H3E 43 2405 HojEoh ¥
A2 & 58 olyjof] 43 PUIR &9 IR spectrad]] NCO 3]
7} VehR] ggkom, ICU (1411 em™), C=0 (1710 cm™),
Urea C=0 (1654 cm™), N-H (1510 cm™) 9} 39] E33=E F
TFEFAIZL AYA(phenyl) ko] AlZte] Zpstol = UA5HATH
o] 25 ¥ PUIR foam §H/J-2 §h-3-o] H}2A]| ZIgY=|ojA] Hz
Z71°] tfFEY] ko] &4 He Aoz FHH.

4. NCO indexo0f| 2|8t PUIR & = H3}

Figure 7~9+= Z}Z} Dabco K-15, Dabco TMR-30, Toyocat
RX-52 AF23te] NCO indexS #3HA] 7|8 PUIR foam< 9t
E3t3, 259 FT-IR spectras Aspst 215 19 Ao
2, PUIR 9] 14 AJE Z9]| A isocyanurate (1411 cm™)&t
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Figure 6. Variation of the normalized absorbance values (Anco/
Aphenyl: AU1/Aphenylx Aurea/AphenyI: Aisocyanurate/Aphenyh AN-H/Aphenyl) with
time at the fixed NCO index of 2.5.
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Figure 7. Variation of the normalized absorbance values (Ays/
Aphenyly Aurea/Aphenny Aisocyanurate/AphenyI: ANCO/AphenyI) with the NCO
index. Dabco K-15 was used as the catalyst.
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Figure 8. Variation of the normalized absorbance values (Ays/
Aphenylx Aurea/AphenyIa Aisocyanurate/Aphenny ANCO/AphenyI) with the NCO
index. Dabco TMR-30 was used as the catalyst.
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Figure 9. Variation of the normalized absorbance values (Ayi/
Aphenyh Aurea/AphenyI: Aisocyanurate/AphenyI: ANCO/AphenyI) with the NCO
index. Toyocat RX-5 was used as the catalyst.
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ol A S-&et7]7F wol A4 =, NCO index7} 200 o]/Fo] =
o]0} isocyanurate A0 B/3}E= A & 5= Stk FE,
A(C=0)/A(phenyl) Z+& NCO index7} Z7}3to] whah 7+43}
T}7} NCO index7} 17004 & A 7HA] 2L thA] Z716H=
AL Holt}. o] isocyanurate 7]% 1710 cm 'l C=0
o3& 7}1XY 3 7J9] isocyanurate ring®] 3742 C=0 7|7}
9lo B2 NCO index’} AR wa} isocyanurate?} o] 2§
AHE|T C=0 stretching o3t W37} Za)x]7] wfo|c}.
Dabco TMR-30Z Zu|2 AMESE Z(Figure 8), A(C=0)/
A(phenyl)} A(ICU)/A(phenyl) 7t 5 NCO index7} # 3 o]
w2t A AR = FEFS HojZth NCO index7} 2002
2500 A A(ICU)/A(phenyl) 3t Z+z+ 2.33} 2.92 Dabco K-
152} Toyocat RX-5& AR&Et 7390l H]sto] A3 2ot o]
= 3709 35 ofnlo] #ile] X2 Dabco TMR-309] 3}k
F-Z7} isocyanurate ringZ} networking @Ad ol F-2]317] W&
olet 24},

e

5. PUIR Zo| gX £

gt PUIR &9 83 §4& TGAE ©]&3to] Air 7|57
3lo] 10C/minl 2 $2A|7|0 BA35}9c}. Figure 10~12%
NCO indexE 100, 200, 3002 2 H3}IA] 7|0 T3 PUIR &
o] A8l Aol Air 7|5 Stof| A PUIR foam& =74 2 2}
gl o] Bz} dojdrt. A3 A7 AnhE sl " Figure
10~129] &3 A4S sfAlstd o2 2ot 13 23 o
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Figure 10. TGA curves of B-100 PUIR foams synthesized using
Dabco K-15, Dabco TMR-30, and Toyocat RX-5.
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Figure 11. TGA curves of B-200 PUIR foams synthesized using
Dabco K-15, Dabco TMR-30, and Toyocat RX-5.
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Figure 12. TGA curves of B-300 PUIR foams synthesized using
Dabco K-15, Dabco TMR-30, and Toyocat RX-5.
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Table 5. Degradation Temperatures of B-100 Synthesized at NCO Index 100 with Dabco K-15, Dabco TMR-30, and Toyocat RX-5

Ist degradation
The used catalyst

2nd degradation

Tini (K) Tinr (K) Tierm (K) Tini (K) Tinr (K) Tierm (K)
Dabco K-15 4613 584.9 600.0 751.2 848.7 857.2
Dabco TMR-30 517.9 601.2 626.0 754.7 822.5 843.9
Toyocat RX-5 4583 615.8 662.0 768.4 837.0 871.3

Table 6. Degradation Temperatures of B-200 Synthesized at NCO Index 200 with Dabco K-15, Dabco TMR-30, and Toyocat RX-5

Ist degradation

2nd degradation

The used catalyst

Tini (K) Tinr (K) Tierm (K) Tini (K) Tinr (K) Tiem (K)
Dabco K-15 444.1 549.9 576.2 713.5 802.8 873.0
Dabco TMR-30 517.7 603.0 658.6 742.6 849.0 919.6
Toyocat RX-5 504.2 580.5 608.8 711.8 802.6 878.2

Table 7. Degradation Temperatures of B-300 Synthesized at NCO Index 300 with Dabco K-15, Dabco TMR-30, and Toyocat RX-5

1st degradation

2nd degradation

The used catalyst

Tini (K) Tinr (K) Tierm (K) Tini (K) Tinr (K) Tierm (K)
Dabco K-15 480.2 561.9 581.4 699.8 803.3 862.8
Dabco TMR-30 510.6 598.9 648.3 719.6 814.1 876.5
Toyocat RX-5 5162 589.8 655.2 711.8 809.5 885.1

o] FAEL A o]¢Jo= diisocyanate 38R}t Ak} Wh-g-
© =2 isocyanurate ring +XE FA3IL QloE=E Qg =
o Blsto] AR et Aakeo] 2t

Table 5~79] 1x}&} 23} Bafjo] AZLE(T,,), HI2E
(Ting), THZE(Tem )5 B2 8T M2 2= R3IA
9] (dW/dT) gko] peak= UEhh= A 22 A3t NCO
indexE 10002 gr3=o] Wz} PUIRS A £2 FeHIE
FASIA] F3t A B2 H T NCO index7} 2003} 300
A90|| Dabco K-152 AMg-ate] w3t PUIR Z9 1349} 2
27k e FUE ARESto] 'WEZ PUIR Fofl H|5H
W2 &AM AIEE . HEo] NCO index7} 200974
Dabco TMR-30:& AHE-3Fe] gt PUIR &2 12}¢} 221 &
3 AZF2 == Z4ZF 517.7 K3t 742.6 K2 & S0iE AR
gt PUIR 9| B]3tH 43| 2om 900 Kol A &= o] 8%
Ax G2 AZZ AASHTE. NCO index7} 30091 73,
Dabco K-155 ARE3}o] BFE 3 PUIR 9] 11} B/ @&
SEOA AR AL ASshnE 24 2a) LEe} W]
2 Aol gsich. Ba) WS BujEo) AEglel NCO
index7} ARl ot F7kske B2 HolEHh o]= NCO
index7} 2 Z A0 A] isocyanurate AAJo] 2 E|7] wjFo|c}.
Dabco K-152} Toyocat RX-55 AR&-38}e] 233 PUIR Z9
800 K £ ZH=F2 NCO index7} 20004 30002 # 2 o u}
2} 22} 25%2} 33%00| A 35%2 Z713t Wi of], Dabco TMR-
302 ARESEe] WHESE PUIR &9 800 KRS NCO index

7} 200014 30002 AA wof 47%NA 37%2 AT}
o]+ PUIR &9 &3f 2HFS EoloiWd ARgsh= Sufjof ot
2} NCO index 3t& A 35to]oF Bt AL AR

Conclusions

AAQ} DEGZH-E| 3AJ3L [(diethylene glycol)adipate]diola}
MDIE FUEE ARE-8to] PUIR &5 WEZA|7| 1L, o] 5 &9
355 g et7], £ o}7], isocyanurate ring®] IR spectra 7
T} TGA £A41& Foto] E3Ade £4% 2% o3
2 425 2ok

B o) AR5 33%9] Zufj(Dabco K-15, Dabco TMR-30,
Toyocat RX-5) %= NCO index7} Z27}3to] whe} L#ek7] o
H|5to] Fofl QHg 3t 9| o}7] 2} isocyanurate ring®] /0] 5
7kgttt. §3], #drlo] 39 obdl 3707 AR E ] ringat
networking @A o] 88t 7£2<] Dabco TMR-305 AME-3H
73-2-¢f| isocyanurate ring®] A4 o] st A o2 BA Q).

Dabco TMR-30-& AF238L] NCO index 20091 27 of|A] vt
33 PUIR F9] &3l =7 7P 11 23 o] 7P &
Al 4= etk w2k Dabco TMR-300] FeHg/do] L3t
PUIR & ‘Ixof Ag}sirtar wekgt. 124, Dabco TMR-
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