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New Non-Yellowing Flexible Polyurethane Foam Using Modified HDI

Keita ISHIBASHI
Naoya YOSHII
Hiroyuki ITOU
Kentarou SONODA
Yuusuke IBE

Flexible polyurethane foam is both light-weight and flexible, boasting outstanding resilience properties. It is
used as a cushion material in vehicles and furniture, and in a broad range of clothing materials, such as bra pads
and shoulder pads. For the isocyanate raw material in these flexible foams, TDI, MDI or other forms of aromatic
isocyanate, which are highly reactive and are readily moldable, are widely used.

While these aromatic isocyanates provide the abovementioned benefits, they readily produce quinoids caused by
photooxidative degradation, and are easily discolored from exposure to the sun. For this reason, special measures
are employed to inhibit discoloration for a certain period of time in clothing, shoes and for other applications where
discoloration presents a significant problem. This is achieved by blending in large amounts of expensive ultraviolet
absorbing agents and light stabilizers intended to prevent discoloration.

Further, flexible polyurethane foam using aliphatic isocyanate and alicyclic isocyanate as a substitute for aromatic
isocyanate is being reviewed as a potential permanent countermeasure against discoloration. Isocyanate for flexible
foam tends to have favorable forming stability properties when NCO group reactivity within a molecular is not on an
equivalent level. While IPDI application was investigated with each foamer, the low reactivity makes polyol formula
preparation difficult, and there are a limited number of foamers that have successfully made it to market.

Additionally, limited IPDI production results in a low supply stability, and the high price and low vapor pressure of
IPDI also causes workplace environment-related issues.

As a result of various studies into the development of a high performance, non-yellowing foam formulation that
resolves these issues, we were able to verify that HDI allophanate, which is used as a raw material in the functional
urethane field, would be an effective solution, and we successfully developed a non-yellowing foam formulation with
the following properties.

[1] Exhibits higher reactivity and better formability properties than HDI monomers due to the use of highly

functional HDI allophanate in the raw material

[2] Extremely reduced amount of isocyanate monomers included in the raw material, making it ideal for use in

workplace environments
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[3] Mechanical properties on the same level as, or better than, TDI foam

[4] Exhibits much better static durability compared to conventional flexible foam

Details on the development status and future issues, etc. pertaining to the abovementioned formulation are

included in this report.
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Table 1 Condition of the Foam Sample Preparation

Mixing speed

- 7,000r.p.m.

Components temperature | : 25°C

Foaming size

. 250mm X 250mm X 250mm Acrylic Box

Conditioning before testing |: 23°C, 50%RHX72h
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Table 2 Raw Materials

Category Name Description Specification
Isocyanate A HDI based special prepolymer NCO contents=19.9%
Isocyanates
HDI HDI monomer NCO contents=50.0%
PPG A Polyether polypl Hydroxy value=56mgKOH/ g
Polyols PPG B Polyether polypl Hydroxy value=33mgKOH / g
PPG C Polyether polypl Hydroxy value=280mgKOH / g
Catalyst A Gelling
Catalyst B Gelling Metal based
Catalysts
TEDA L33 Gelling
Toyocat ET Blowing
Surfactant A For standard slabstock foam High reactivity
Silicone surfactants | Surfactant B For HR slabstock foam Middle reactivity
Surfactant C For HR slabstock foam Low reactivity
Additive A Hindered phenol anti-oxidant
. Additive B Hindered amine light stabilizer
Additives
Additive C | Benzotoriazo le ultra-violet absorbent
Additive D Phosphate compounds
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Table 3 Basic Composition determination

Isocyanate A 100
Polyol A 100
Catalyst A — - 0.8 0.8 08
Catalyst B — — — — 0.2
TEDA L33 1 5 - - -
Toyocat ET 0.5 0.5 0.5 0.5 0.5
Surfactant A — — — 1 1
Surfactant B 1 1 1 - -
Water 3.5
NCO index 100
Cream time (sec) | no reaction 300> 30 28 28
Rise time (sec) — - 150 145 144
Recession (%) — — 35 15 2.3

% Recession (%) = | (height at rise time) — (height at 2 min after from rise time) | /

(height at rise time) X100
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Table 4 Polyol Composition determination

Name () [ G [ G [ Go | (v
Isocyanate A 100
Polyol A 100 50 45 45 45
Polyol B 15 15 15
Polyol C 50 40 40 40
Catalyst A/ Catalyst B/ ET 15
Surfactant A 1
Water 3.5
NCO index 100 | 100 | 100 | 110 | 120
Property
Density kg/ m3 55.3 55.5 55.3 54.2 53.2
25%CLD N/ 100cm? 2 10 8 18 25
TB kPa 22 52 78 92 110
EB % 140 120 117 117 121
TR N/ cm 1.5 2.2 3.1 34 4.2
Table 5 Selection of Additives
Additive A (hindered phenol AO) 0.5
Additive B (HALS) 0.2 0.5 0.8 0.8
Additive C (benzotriazol UVA) 0.5
Additive D (phosphate AO) 1
Weathering test under 1 day | white | white | white | white |yellow | white
L. Appearance
Room condition 3day | pink | pink | pink | pink |yellow | white
Accelerated weather test | Surface of foam melt | melt | melt | good — good
(50h) Appearance pink |yellow | white | white — white
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Fig.1 Light stability of FPUF Fig. 2 Surface condition of the foams in light stability test
(Yellowing Index) by xenon lamp
Table 6 Density Reduction
Isocyanate A 100 90
HDI 10
PPG A 45
PPG B 15
PPG C 40
Catalyst A/ Catalyst B/ ET 1.5
Surfactant A 1
Additive B/ Additive D 1.8
Water 35 | 45 | 55 | 42
NCO index 120
Ratio of polyol and isocyanate | 100/159 | 100/184 | 100/209 | 100/ 156
Density kg/ m? 53.2 442 40 375
25% CLD N/ 100cm? 25 15 12 12
Hysteresis loss % 30 52 60 28
TB kPa 110 120 97 87
EB % 121 150 130 178
TR N/ cm 4.2 4.5 4.1 3.9
CS (50%dry) % 0.3 0.5 0.4 0.5
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Fig. 3 Light stability of FPUF
(Tensile strength at break retention rate)
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