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A new approach for Low VOC Flexible Polyurethane Foam
~Reactive Catalyst for the Gelling Reaction~

Takao SUZUKI
Yoshihiro TAKAHASHI
Katsumi TOKUMOTO
Hiroyuki KISO

TOSOH Corporation has developed a novel reactive catalyst (code name : RTEDA) that shows strong gelling
activity in the polyurethane (PU) reaction. While PU is widely used for various uses, reduction of volatile organic
compounds (VOCs) emission, which accompanies the PU reaction, is strongly desired for safety and
environmental considerations. Reactive catalysts are generally advantageous in reducing the emission of volatile
amines from PU foams, because they can react with isocyanate group during the foaming process and become
part of polymer network. Therefore, numerous variants of such catalysts have been proposed. However, the
catalytic activity of these catalysts is lower than conventional catalysts and the foam properties, curing function
and durability performance, tend to worsen due to the lack of gelling activity. For this reason, amine catalysts that
have high gelling activity compared to TEDA and exhibit low-emissions are a consistent demand from the
market. RTEDA has similar catalytic function as TEDA and showed excellent performance in catalytic activities,
durability performance and VOC reduction compared to other reactive catalysts.

This paper describes the performance of RTEDA as evaluated by the flexible slabstock and HR molded foam

formulation, and a new catalyst formulation is proposed for the reduction of VOC using non-fugitive catalysts.
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Scheme 1 Polyurethane Reactions
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Table1 Amine Catalysts
Abbreviation Chemical Structure Abbreviation Chemical Structure
| |
TEDA ﬁl} Catalyst A N. N.
[N - \/\O/\/ \/\OH
TEDA-L33 A 3 Catalyst B SN~-OH
L7 in DPG 66.7% |
RTEDA 61\1 Catalyst C | OH |
[NJ/\ OH N ~CNAAUNG
| | 70% |
ET  No~g~ NS inDPG(30%)| Catalyst D Nesa~~on
I H H R=-H and
RX24 Special Reactive Amine Catalyst E /N\/\/NTN\R —(CH,)sNMe,
S :




oY — R - Bl

U, FEDOWEIZHEE% . [ U < Sl L 22 Ew o 4
VYT A= bEMA, BREEE (TKA -3
Y= T4 I ) ICTEERIE L. 2ok
A AEFIED T — )L FAEEARRTAER < ¥ CPU
Tk — LER, BUFOREERITRT,

(1) ERX 7 7% (Table 2)

B 2 5 THLS5 & Table 21288, 2 J 75,
W AL 7 3 U RER R E R, 2O D0
il %35 Y 2{LXEC T+ — L &EB TS, TIT
X, TIVEO Tk AL VY EFHET 5 72012 R
ZfipE (SDO,/ #+ 2 FIL A X) OEE0IFKE» 5
0258 & TEI S B 7z, 727 + — 2DF KB
Eil— (54 X844 5=1000) L$5~xL, 73V
o B EZEL B2, k., B, BRI %E
20°C. 305X 3,000 5D HFHRIZ X D fruvy, 25X
25X25cmD A HE TS 7 IEE - LN (BIG
23°C) Wz TT ) =Rk L =,

Table 2 Formulation for Flexible
slabstock foam

Recipe phw
Polyether Polyol" 100
Water 5
Silicone Surfactant 1
SDO varied
Amine Catalyst varied
Isocyanate? Index=110

1) Tri-functional ; OHV=57.5mgKOH/g
2) TDI (T-80), NCO content=48.2%

(2) HR7 # —L%F (Table 3)
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Table 3 Formulation for HR molded foam

Recipe pbw
Polyether Polyol” 92.6
Cell Openner? 1.9
Water 3.2
Diethanolamine 0.65
Silicone Surfactant 1
Amine Catalyst varied
Isocyanate? Index=100

1) Tri-functional ; OHV=33.6mgKOH/g
2) OHV=34.6mgKOH/g
3) Modified MDI, NCO content=31.7%
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Table 4 Reaction Rate constants

Gelling Blowing Ratio

activity activity ~ (Blowing/Gelling)

kyw (X10) kow (X10) X101

TEDA 10.9 1.5 1.34
RTEDA 8.0 1.2 1.45
RX24 2.2 0.3 1.50
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Cat.C 3.6 0.9 2.38
Cat.D 2.3 0.6 247
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Fig. 3 Catalytic activity for slabstock formulation
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Table5 Formulation for emission

analysis
Recipe phw
Polyether Polyol" 100
Water 3
Silicone Surfactant 1.15
SDO 0.16
Amine Catalyst varied
Isocyanate? Index=110

1) Tri-functional ; OHV=57.5mgKOH/g
2) TDI (T-80), NCO content=48.2%

Table 6 Evaluation result for slabstock foam

Catalyst L33 }??I:SE OI/Z I)A Cat.B
Dosage (pbw) 0.25 0.60 0.49
Reaction Profile
Cream time (sec) 20 19 16
Health Bubbles (sec) 153 154 158
Settling (%) 0.2 0.1 0.3

Emission Analysis, CertiPUR Method?
Total VOC?  (pug/m?) 342 199 200
Amine®  (pg/m®) 234 N.D. N.D.
HCHO (ug/m®) N.D. N.D. 3.8
CH:CHO (pg/m®) ND2Y 11 N.D.
1) Values are corrected by using the background value
2) Total VOC : Values are converted as PhCHs,
Major chemicals are D5, D6, PhCl2 and BHT.
3) Amine emission values are measured separately from the
Total VOC
4) N.D.: Lower than detection limit (1.0 2 g/m®)
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Fig. 7 Catalytic activity for HR molded formulation
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Fig.15 Effect of various amine catalysts on PVC staining
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